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PREFACE 

The purpose of these volumes is to provide entree into the world literature for the year with English abstracts or 
annotated citations of all items that either contain fluid inclusion data or are pertinent to some aspect of fluid inclusion 
work. This covers all types of fluid inclusions (aqueous, organic, silicate melt, sulfide melt, gas, etc.), causes. and 
mechanisms of trapping (including various types of immiscibility), physical, chemical, and isotopic data, and data on 
experimental studies of systems pertinent to the interpretation of all types of phase changes occurring in inclusions, as 
well as to the sources and movement of such volatiles or fluids and their interactions with rocks. These data are 
generally given without editorial value judgments except in the case of obviously contradictory or obscure statements, 
where comments or [sic] are added in brackets. Language problems and major shortening make extensive editing 
necessary on some abstracts, and may still leave the meaning ob~cure. The extent of coverage varies in part as an 
inverse function of the availability of the original text to the average Western reader and in part as a direct function of 
the usefulness of the data. Items that are difficult to obtain, such as theses, and from the Chinese and Russian literature, 
may be covered in more detail than scientifically more important publications from readily available journals. Pertinent 
meetings, and the resulting publications. are also listed. 

Most items are from the current year, but a few that were not obtained before the necessary editorial cutoff for previous 
volumes are included. Some items cited as "Indexed under fluid inclusions" came from various computer searches but 
could not be looked up in time; they may involve only a trivial mention of fluid inclusions or they may be major items 
since such distinctions are not normally made in computer databases. Compilation of the subject index is one of my 
most time-consuming chores. The choice of index entries is evolving with each volume, and I would appreciate 
feedback from the users. 

To authors of pertinent articles that have been omitted or are misquoted here through haste or through language 
difficulties, I extend my apologies and my request to have these things called to my attention; to authors whose original 
abstracts have been drastically shortened, often by as much as 90%, edited or revised, I offer a reminder that the 
following "abstracts" are not intended to be abstracts of the whole paper, but only that part most pertinent to inclusion 
workers. I hope that these cuts have not resulted in erroneous, misleading or confusing statements. The obvious 
inconsistencies in citation, transliteration, abstracting, editing, cross-referencing, and indexing are strictly a result of 
lack of editorial time. 

I will be glad to learn of unpublished translations of foreign language inclusion literature, and will also be glad to 
furnish photocopies of the original text of articles or abstracts that have not been translated, or back issues of Fluid 
Inclusion Research, in exchange for partial or full translations for use in future issues. I would particularly like to 
receive abstracts from pertinent graduate theses and dissertations, as these are exceedingly difficult to locate and 
represent important contributions that may not appear in the published literature for years. 

I am deeply indebted to coeditor Belkin and Business Manager Bodnar for their hard work, and to the U.S. Geological 
Survey and Harvard University libraries for their cooperation. I also want to thank Joyce M. Angleberger for the 
excellent typography and editorial help. 

Sept. 28, I 999 Edwin Roedder, Editor 
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CONTRIBUTORS, VOLUME 31 

Many individuals contribute to the preparation of each volume of Fluid Inclusion Research. Previously we listed 
Regional Representatives who were asked to help in assuring complete coverage of the world literature by forwarding 
reprints or citations from their areas to the editors. The concept of Regional Representatives has outlived its usefulness. 
With the numerous international fluid inclusion meetings and e-mail, I receive much more material from people who are 
not Regional Representatives than from those who are. I am particularly grateful to those in the following listing who 
sent me rare volumes, or who translated abstracts, or wrote new abstracts, from the foreign literature. Unfortunately, 
with the FIR finances as they are, we cannot be as generous with complimentary copies as we used to be, so we can 
only send a few such copies to the major contributors each year. 
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SUBSCRIPTION INFORMATION 

The following deliveries are postpaid if payment is received in advance: 

$40 Volume 31 (1998), Volume 30 (1997), Volume 29 (1996), Volume 28 (1995, photocopy); Volume 27 (1994), 
Volume 26 (1993), Volume 25 (1992), Volume 24 (1991), Volume 23 (1990, photocopy) 

$20 Volume 22 (I 989, photocopy) 
$15 Volume 21 (1988) 
$6 Volumes 1-20 (if in stock) or photocopies 

Standing subscription orders receive 20% discount (e.g., Volume 29 = $32) 

All subscription correspondence, and checks (made out to "Treasurer of Virginia Tech") in U.S. dollars and drawn on a 
U.S. bank) should be sent to: 

Fluid Inclusion Research 
Department of Geological Sciences 
VPJ&SU 
Blacksburg, VA 24061 USA 
Telephone (540) 23 I -7455 or (540) 231-6521 
Fax (540) 231-3386 
E-mail jangle@vt.edu 

All correspondence concerning editorial matters, and particularly offers of help on abstracting or translation, should be 
addressed to the Editor: 

Edwin Roedder, Editor 
Fluid Inclusion Research 
Department of Earth and Planetary Sciences 
Harvard University, Cambridge, MA 02138 USA 
Telephone (978) 281-6 I 93 
E-mail roedder@shore.net 

VOLUNTEERS NEEDED 

The editors would appreciate any help that can be offered by the readers in issuing future volumes of Fluid 
Inclusion Research. Thus recent volumes have been missing a number of items from the French and German literature 
because some of our volunteer translators were not able to produce the translations promised. Help is particularly 
needed in translation and in preparing abstracts on a regular basis from various segments of the literature. These jobs 
can be partitioned into small units as desired; please contact either of the editors at the following addresses. On an 
infonnal basis, it would be most helpful if readers could send to the editors reprints or even just reference citations of 
pertinent literature. Such help is particularly useful to avoid missing obscure publications, such as theses, or 
publications in which the presence of inclusion data may not be obvious from title or abstract. If important papers have 
been missed in previous volumes, they also should be noted. 

Edwin Roedder, Editor 
Department of Earth and Planetary Sciences 
Harvard University 
Cambridge, MA 02138 USA 
E-mail roedder@shore.net 
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Harvey E. Belkin, Associate Editor 
U.S. Geological Survey 
Mail Stop 956 
Reston. VA 22092 USA 
E-mail hbelkin@usgs.gov 



REPEAT OF EDITOR'S SPECIAL REQUEST TO USERS 

A lot of volunteers put a lot of time into Fluid Inclusion Research each year since Volume I was published 31 
years ago. Many of these issues contained an editorial plea for feedback from the users concerning how it could be 
improved in text, fonnat, coverage, or indexing. Unfortunately, I have received almost no such feedback. As the 
preparation is by volunteers and the printing is non-profit operation, I cannot promise gross changes that will increase 
the load. But, I believe I can speak for the whole crew when I say that we want to make it useful, and hence we need 
your input. 

September 28, I 999 

ix 

Edwin.Roedder, Editor 
Department of Earth and Planetary Sciences 
Harvard University 
Cambridge, MA 02138 USA 





NOTICES OF MEETINGS, SYMPOSIA, AND SPECIAL PUBLICATIONS 

Edited versions of pertinent abstracts from these meetings will be found in the appropriate volume of Fluid Inclusion 
Research, 1996,v.29; 1997,v.30; 1998,v.31; 1999,v.32 

PAST MEETINGS 

ECROFI XIV, July 1997, Nancy. Abstracts from the meeting program were presented in FIR 30 (1997). Final papers 
were published in Eur. J. Min .• v. IO, 1998; these are given here as many have significant changes in 
authorship and/or textfrom that of the earlier abstracts. · 

IAGC - Water-Rock lnteraction-9, Taupo. New Zealand, March 30 to April 4, 1998. 

7th International Kimberlite Conference, Rondebosch, S. Africa, April 13-17, 1998. 

VII Exper. Min., Pet., and Geochem. Meeting (EM PG-VII), Orleans, France, May 14-16, 1998. 

GAC/MAC, Quebec, Canada, May 18-20-1998. 

AGU/MS/GS Spring Meeting, Boston, MA, USA, May 26-29, 1998. 

PACROFI VII, Las Vegas, NV, USA, June 1-4, 1998 (68 abstracts). 

IAVCEI International Volcanological Congress '98, Rondebosch, S. Africa, July I 1-17,1998. 

17th General Meeting of IMA, Toronto, Canada, Aug. 9-14, 1998, with a special session on fluid and melt inclusions. 

8th Annual V.M. Goldschmidt Conf., Toulouse, France, Aug. 30-Sept. 3, I 998, with a special session on hydrothermal 

reactions. 

European Union Socrates - Intensive Program, Modem Trends in fluid-phase petrology, Siena, Italy, Sept. 12-18, 1998. 

GSA Annual, Toronto, Canada, Oct. 26-29, 1998. 

Second APIFIS Int'!. Symposium Mineral Fonning Fluids and Ore Genesis was held Oct. 28-30, 1998, in Tashkent, Uz­
bekistan. The Abstracts Volume (165pp). F.A. Usmanov and He Zhili, eds., published by The Acad. Sciences 
of Uzbekistan, contains 69 items, some in English, some in Russian, and a few in both languages. In this 
volume of Fl R, translations are given of 20 of the most pertinent Russian abstracts, and of the titles of all other 
possibly pertinent items, published in Russian, translated by Dr. D.A. Brown. Abstracts originally published in 
English are also given, where pertinent. 

International Symposium "Mineral Fonning Fluids and Ore Genesis, in conjunction with II Symposium APIFIS (Asian 
and Pacific International Fluid Inclusion Society) Oct. 28-30, 1998, Tashkent, Uzbekistan (abstracts in this 

volume). 

The Society for Luminescent Microscopy and Spectroscopy continues to issue Newsletters (the latest is volume 11, no. 
I, Spring, 1999) that include excellent color reproductions of cathodoluminescence views, and news of interest 
to anyone using this technique, which is very pertinent to assigning origins to fluid inclusions. Membership 
information: Jinny Sisson; email (jinny@rice.edu). 

AGU Fall, San Francisco, Dec. 6-10, 1998. 

Workshop on fluids and fractures in the lithosphere, Nancy, March 26-27, 1999. 

European Union ofGeosciences 10th Biennial Meeting, Strasbourg, France, March 28 to April I, 1999. 
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Mineralogical Society (UK) meeting on Hydrocarbon-bearing Inclusions in Crustal Rocks--Study Methods, Applica­
tions, and Case Histories, April 7-8, 1999, National Univ. oflreland, Galway. Keynote speakers: Aplin, 
Bodnar, Burruss, Parnell, Piperon and Rankin. 

GAC/MAC Joint Meeting, Laurentian Univ., Sudbury, Ontario, Canada, May 26-28, 1999. 

AGU Spring, Boston, May 31 to June 4, 1999. 

ECROFI XV, June 21-24, 1999, Potsdam, Germany. Mss to be published in Chemical Geology. 

lUGG '99, The 22nd General Assembly of the Int'I. Union of Geology and Geophysics, including IAVCEl. Univ .• 
Birmingham, July 19-30, 1999. 

SGA/IAGOD 5th Biennial Conf., Society for Geology Applied to Mineral Deposits. "Mineral Deposits: Processes to 
Processing," Aug. 22-25, 1999, including a special session entitled "Fluid inclusions and ore formation 
processes. 

9th Goldschmidt Conference, Cambridge, MA, USA, Aug. 22-27, 1999 

Sept. 13-15, 1999, Symposium 100th Anniv. D.S. Korzhinski, Moscow 

Sept. 21-25, 1999, Third lnt'I. ~ymposium on applied isotope geochemistry, Orleans 

FUTURE MEETINGS 

GSA Annual, Denver, CO., USA, Oct. 25-28, 1999, including a two-day SEO short course on Techniques in 
Hydrothermal Ore Deposits. Web site--hnp://www.geosociety.organiz.ation. Telephone 1-303-447-2020. 

AGU Fall. San Francisco, CA, USA, Dec. 13-17, 1999; email (meetinginfo@kosmos.agu.org) 

Melts Workshop, March 16-18, 2000, Grenoble, cosponsored by COPCSE; Nicholas Arndt, email (amdt@ujf­
grenoble.fr) 

Geoscience 2000, April 17-20, 2000, Univ. of Manchester: Fluids in the crust. Ms. Maxine Winter; email 
(geo2000@geolsoc.org. uk) 

Short Course - "Fluid inclusion in diagenetic and low-grade metamorphic systems" by R. Goldstein, Univ. Pavia, Italy, 
end May, 2000. Deadline for subscription Feb .• 2000. Further information at URL 
(http://manhattan.unipv.it/Maggio2000N ersione%20 lnglese/corso%20inglese.htm) 

Symposium Geology and Ore Deposits 2000: The Great Basin and beyond, Reno/Sparks, NV. USA, May 15-18, 2000; 
Geol. Soc. of Nevada, SEG, etc. Registration phone (775) 323-4569; email (gsnsymp@unr.edu) 

COPLSE, Workshop on melt inclusions, "Early 2000," Rhone Valley, France. Organiz.ation Committee: N. Arndt, J. 
Blichert-Toft, A. Sobolov, E. Hauri, J. Touret; email (Nicholas.Amdt@univ-rennesl.Fr) 

GeoCanada 2000, May 29-June 2, 2000, Calgary, Alberta, Canada; Jeremy P. Richards, Univ. Alberta; email 
(Jeremy.Richards@ualberta.ca) 

AGU Spring, Washington, D.C., USA, May 30-June 3. 2000; email (meetings@kosmos.agu.org) 

Geofluids Ill, Barcelona, July 12-14. 2000; URL (http://www.ub.es/geoquimi/geofluids.htm) 

IA VCEI General Assembly 2000. July 18-22, 2000, Bandung, Indonesia; email (iavcei@vsi.dpe.go.id) 

31st lnt'I. Geol. Congress. Aug. 6-17, 2000. Rio de Janeiro. Brazil; email (31 igc@31igc.org.br). To include a 
symposium on modem microbeam techniques applied to fluid and solid species. 

Goldschmidt 2000, Oxford. UK, Sept. 3-8.2000: email (Gold2000@campublic.co.uk) 
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AAPG Int'!. Conf., October, 2000, Bali Indonesia: Session on fluid history and thennal analysis: Implications for oil 
exploration; email (P.Eadington@dpr.dsiro.au) 

GSA Annual, Reno, NV, USA, Nov. 13-16, 2000. 

4th Int'). Conf. Mineralogy and Museums. Dec. 4-8, 2000, Melbourne, Australia; email (bbirch@mov.vic.gov.au). 

AGU Fall, San Francisco, CA, USA, Dec. 15-19, 2000; email (meetings@Kosmos.agu.org) 

Goldschmidt Conf. May 24-27, 2001, Roanoke, VA, USA. Contact R. Bodnar, VPI&SU; email (bubbles@vt.edu}. 

I 0th Water-Rock Interaction Symposium, June I 0-15, 200 I, Villasimus, Sardinia; email (wri I O@unica.it) or 
( I fanfani@vaxca l@unica.it) 

GSA Annual, Boston, Ma, USA, Nov. 5-8, 200 I. 

IMA 2002, Edinburgh. Scotland, Sept. 9-13, 2002. K. Murphy, Min. Soc., 41 Queen's Gate, London SW7 5HR; email 
(IMA@minersoc.demon.co.uk). See web site--http:/lwww.minersoc.org 

GSA Annual, Denver, CO, USA, Oct. 28-31, 2002. 

11th IAGOD Quadrennial Symposium, S. Africa, 2002; email (ehammerb@geoscience.org.za} 
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ABSTRACTS AND CITATIONS, 1998 

Editorial Notes and Caveats 

Some items from previous years that were not available earlier are included; there will be more of such back date 
items in this and future issues as a result of the faster publication schedule. Items for which a full English translation has 
become available during the year are included, even if the item was previously abstracted from its original language. 
The first author's address (and email address, if available) are given as of the publication date only. Given names or only 
initials are listed as in the original. Differences in the transliteration procedures that are used in various Western journals 
for Cyrillic author's or place names have resulted in different spellings of what is probably the same name (e.g., Tsaryeva 
vs. Tsareva; Petersile, Petersilie, and Petersilje; Ye vs. E; ... iy vs. ii, etc.). 

To avoid problems in the use of various bibliographic databases, I have maintained such spellings as they appeared 
in the original publications. Similar problems occur with diacritical marks in author's names. (In alphabetizing here, 
these marks are ignored. Note, however, that some journals delete all umlauts, and others delete the umlaut but add an 
"e" to the author's name [e.g., O becomes oe], so the same author could appear at different places in the following alpha­
betized listing.) Names starting with "van," "Van," "de," "De," etc., are alphabetized under V (or D), in part with a 
cross-reference entry under the family name, except when the author's preferences are known; names starting with "Mc" 
or "St" are alphabetized exactly as spelled. The differences in custom between Spanish and Portugese peoples in the se­
quence of listing (and hence alphabetization) of double surnames presents numerous possibilities for error in alphabeti­
zation. Even worse problems exist for Chinese names, which have been alphabetized here according to what / believe is 
the family name, regardless of the order of printing in the original 

In a few abstracts, the use of "temperature of formation" is assumed to refer to Fl temperatures. Also, in a few 
items, cross-references are made to other items in this volume or to particularly pertinent items in previous volumes that 
have been recognized, but most such have probably been missed. In numerous cases, two (or even three) similar ab­
stracts by the same author (or authors) are printed here, even though they may be nearly duplicates; this is done because 
differences in data or interpretation may be present. Complete duplicates are merely cited. The software used in pre­
paring these abstracts results in some changes in alphabetization from the normal sequence used in scientific bibliogra­
phies. To avoid missing items, please note the following examples: O'Hara comes before Oban; Le Guem comes before 
Leaman. 

ABE, T. and TSUKAMOTO, K., 1998. An anempt to visualize the con­
ccntratmn/tcmpcrature field around silicate crystals growing at high tem­
perature (abst.) 17th General Mcetmg lnfl. Mineralogical Association. 
Aug 9-14. 1998, Toronto. Canada. Abstracts and Programs. p. A8 l First 
author al Dept. ofEanh Sci.. Faculty of Sci., Yamaguchi Univ. 

Such visualization has been realized successfully by high resolution 
laser interferometry for crystal growth at room T. but not as yet for high-T 
crys1al grO\\th. However. we had the prospect of visualizing this crystal 
growth pn>C4:ss by means of our sample holding method used in our previ­
ous in-situ observations. In this study. we employed a Mach-Zehnder inter­
ferometer for the test on the crystal growth of forsterite in the system Fo­
An•S1hca at T up to l 400°C. 

This anempt at such high T has been successful and thus the concen­
tration gradient can quantitatively be analyzed by pr~ing the interfer­
ence rrmges It was demonstrated first that the gradient of concentration 
becomes large with the increase of A Ts and inverse in growth and dissolu­
tion. This method is now being applied to the subjects mentioned above. 
However. the fiinges were distoned with the curved meniscus of the thin 
film of the solutio'n. which impedes a more detailed analysis of the conccn-
1ra11on gradient. This problem is now being addressed. (l'rom authors· 
abstract by E.R.) 

ABIDIN, H.Z., !'1O\"A, \'. and MA~GGA. S.A., 1998. Paleothermal 
characterisucs of the Masupa gold prospect. East li.alimantan. lndon~sia: 
Ninth Regional Congress on Geol .. Mineral and Energy Resources of 
Southeast Asia---GEOSEA "98 17-19 Aug. Kuala Lumpur. Mala}sia. Pro­
gram and abstracts. p. 119. Mineral Resources paper 22. Authors at Geo­
logical Research and Development Centre. Jalan Diponegoro No. 57. 
Bandung 40122. Indonesia. 

A few samples of quartz and calcite minerals from the Ongkang and 
Kiwi orebodies. Masupa Ria gold prospect. have been sampled for fl study. 
Most of the Fl were L-nch and consist oft:wo phases. L H!O and a V bub­
ble with UV"'9. l. Consistent UV ratios indicate that boiling has not OC• 
curred. The Fl are negauve crystal and elonga1e in shape. No visible CO2 
was detected in an\· of the Fl. 

At the Ongk~g body. PFI in quartz from stage 2 alteration have Th 
values ranging from 262-278°C and sal values range from 0.3 to 10.4 wt.% 
NaCl eq One of the above Fl has the lowest T, (-48. 7°C I and positive Tr 
( I 5°C). which may indicate the pre~ence ofCaCb 6H:-0 hydrate. The Th 

and sal value from stage 4 alteration are JSO"C and I O wt.% NaCl eq. 
respectively. 

Th values. which arc recorded in calcite from Ongkang m stage 2 al­
teration. range from 296 to 300°C with the sal values ranging from 1.4 and 
3.0 wt.% NaCl cq. 

These Th values are lower than the PFI in quartz and are consistent 
with the deposition of calc11e later than quartz. The S Fl wtthm calcite has 
lower Th values. i.e. 2876 C with the sal value of 1.9 wt.% NaCl eq. The 
lower T, and T rvalues (-4 l .2°C and--0.8°C. respectively) of one PFI in 
calcite is again indicative of salts such as CaCh in addition to NaCl. Both 
P and S Fl in calcite from the Ongkang bod>· represent decreasing T and sal 
with lime 

At the Kiwi orebody, a PFI in quartz has Th value of3 I 7°C and the sal 
value is 1.9 wt.1/, NaCl eq. The T• values of the SFI in quanz range from 
215 10 234°C with sal values range from 1.2 to 6.4 wt.o/• NaCl eq. The 
lower T«-65.1°C) and pos111ve Tr(2.5°C) values ofFI (SFI) in quartz is 
due 10 the presence ofCaCI: 6HiO hydrate. Th values of PFI in calcite are 
very consistent and range from 220 to 222°C while the SFI have lower Th 
values. i.e. 215 and 2 I re. Sal values for both P and SFI are O 7 to I 6 and 
1.9 and I 2 wt.% NaCl eq .. respectively. Again. the Th values of Fl in cal• 
cite are lower than those m quartz indicating late deposition. 

At the Ongkang orebody. the lower range of sal values ( OJ to l 9 wt.% 
NaCl eq.) are indicative of the absence of magmatic component in the hy­
drothennal F. The F 1s possibly due to mixing of the cooler hydrothermal F 
and less sahnc groundwater. Gold has been deposited in relation to the 
higher Th value (3.50°C) when the Ongkang silica cap was formed. 

At the Kiwi orebody. on the other hand.the Fis characterized by an 
increase m sal Fas T declined. The hydrothennal F is mixed with cooler, 
more salme groundwater. Gold mineralization has been deposited at sig­
nificantly lower Th ( 180-200°C) tFrom authors· abstract by E.R.) 

AGRlllilER, Pi,rrr and JENDRZEJEWSKI, Nathali,, 1998. Improved 
determinations of carbon and water contents in basaltic glasses by FTIR 
spectroscopy (abst. ): EOS. Trans . 79 (45) Fall Meet. Suppl.. p, F986 
Authors at Lab. Ge0<:h1mie Isotopes Stables. IPGP. 2 Place Jumcu. Pans 
75251 Cedex 05. France. Metropolitan: email « piag? ccr.jussicu.fr) 

Traditional!). the Bcer-Lamben law is used to detennme (OH-) and 
(COJ") m glass from infrared spectrum data This method practicall} re­
quirc:s the measurement of the thickness and the density of the glass, both 
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of which are sources of uncertainty. The weaknesses in the practical appli­
cations of the Beer-Lamben law have been overcome by an empirical 
analysis of the IR spectra. Usmg a large set of natural MORB glasses, 
whose chemistties span over all the vaneties of basaltic glass. we show that 
there exJStS a good linear rela1ionship between abs 1750 ("'lnCall absorbance 
in the I 7S0-1800 cm-1 domain minus mean absorbancc in the 21 S0-2200 
cm-• domain) and the density-thickness product. (From authors- abstract 
by E.R_) 

Al~A. D.E., MARICNAC, Christian, CHEILLETZ. Alain and B01· 
RON, M.-C., 1998. Gold-bearing arsenopyrite from the Koudiet el Ahrach 
Deposit (Edough, Annaba): Bulletin-Office Nari. de la Geologic. v. 9. no. 
I. p 3-20. 

At the Koudiat el Ahrach occurrence (Edough metamorphic basement, 
NE Algeria). stibnite, pyrite. pyrrho(itc. sphalcrite, galena and gold-bearing 
arsenop)rite arc found in ep1thermal quanz veins. Gold distribution within 
crystals 1s very irregular and it is very difficult to establish a corrclation 
with clements bearing arsenopyrite. The vuggy quartz is sirongly zoned, 
with abundant Fl. mainly P. allowing a description of the variation in F 
composition and T during quartz growth. Melling of ice occurs in the very 
restncled range of0-1 3°C. while the Tc is recorded around -21 •c. thus 
indicating a low-sal NaCl-dominated. F Th are in the range of I 80-270°C. 
and densities 0.795-0.854 g/cm1

. From one growth zone to the other. 
changes in both sal and Th are !he rule. Mixing trends between a very low­
sat F and a more saline F arc apparent. Mixing occurs either with an in• 
crease or a decrease in Th. (From authors· abstract by E.R.) 

AKANDE, S.O. and [RDTMANN, 8.D., 1998. Burial metamorphism 
(thermal maturation) in Cretaceous sediments of the southern Benue 
Trough and Anambra Basin, Nigeria: AAPG Bull .. v. 82. no. 6, p. I 191-
1206. 

Organic matter reflectance, illite crystallinity. and Fl techniques have 
been used to evaluate burial metamorphic conditions for the 
lithostratigraphic successions that accumulated during the Cretaceous in 
the southern Benue trough and Anambra Basin of southern Nigeria. These 
successions were mvaded by intrusives, volcanic rocks. and vein-type lead­
zinc minerals. especially m lhe Albian.Cenomanian section of the Aba• 
kahk1 Anticline_ Fl P-corrected T from vein quanz in the Albian shales 
range from 170 to 2S0°C. The results ofth1s work show that thermal matu• 
ration in the Cretaceous successions increases from the post-Santonian 
(Campaman-Maastrichtian) Anarnbra Basin into the older Bcnuc trough 
where strong diagenetic to "anchimctamorphic'· (i.e • very low grade 
metamorphism) condnions were reached The data suggest 1hat these 
sediments at the present outcrop levels onginally were buned at higher 
matunty levels.. Maximum erosion appears 10 have taken place on the axis 
of the Abakalik1 Anticline. The presence of bitumen in fractures and pores 
of the exposed Maastrichtian umts in the Anarnbra Basm suggests that the 
matured sediments gcncra<ed some unknown quantity of petroleum. This 
findmg. coupled with reported G finds and some oil in previous exploration 
wells of the Anambra Basin. enhances the possibilities of Cretaceous tar· 
gets in the downdip iegions. (From authors· abstract by E.R.) 

ALBAREDE. F., 1998. Reconciling mantle rare gas geochemis~· with 
tomographic evidence of whole mantle convecuon (abst): Mineralogical 
Magazine. v_ 62A. V. M. Goldschmidt Conf.. Toulouse 1998. Extended 
Abstracts. P- 34-JS. 

ALDERTON, D.H.M., 1998_ The genesis oftellunum-rich epi1hcrmal 
prec1ous-me1al deposits: Examples from western Romania (abst.): Geo­
logical Society of America Annual Meeting 1998. Abstracts. v. 30. no. 7. p. 
A-301 . Author at Gcol Dept. Royal Holloway (Univ. of London). Egham. 
Surrey TW20 0EX. UK; email (d.alderton@gl.rhbnc ac.uk) 

Au-Ag-Tc m1neraliza11on in the southern Apuseni Mountains of west• 
cm Romama 1s hosted by mid-Miocene ( 14 Ma) andesite stocks and lava 
flows formed in a continental margin subduction sening. Mineralization is 
found in quanz (plus Ca-Mn carbonate and barite) veins and in hydrother• 
mal breccias and 1s associated with adularia-sencitc/smectile and propylitic 
alteration assemblages The ore mineralogy is complex. but dominated by 
p~Tlte. base metal sulfides. precious metal lellurides. gold. and Sb- and As­
bearing sulfosahs Fl studies suggest 1ha1 mainstage mmerahzation oc­
curred at around 2so•c from dilute Na.Ca-K.CI bnnes. Evidence for spo­
radic boiling can be found_ 

Hydrogen and oxygen isotopic analyses of minerals and Fl suggest that 
the mamstage minerahzmg F had a composition of61"CF6 8 to9.9 and 
60=-29 10 - 76 (per mil SMOW). Sr isotopic analysis of the wallrock al• 
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teration assemblages indicates that interaction between hydrothermal F and 
sediments of continental deriva1ion was extensive. A scenario for F cvolu• 
tion which is supported by the Fl and the stable and radiogenic isotope 
study would be that the mainstage mineralizing F was dominated by mag­
matic water which had interacted with local sedimentary lithologies. Fur­
thennore, it appears likely that this F was exsolved from a magmatic body 
of unknown character which existed al depth below the associated andesitic 
rocks. Later carbonalCS and barite were formed at lower T from F with an 
increased component of meteoric water. 

In most cpitherrnal gold-silver deposits there is clear evidence for an 
overwhelmingly dominant component of meteoric F in the hydrothermal 
system. Tellurium-rich cpithermal deposits appear significantly different 
and were formed from F which were dominandy magmatic in character. 
(Author"s abstract) 

ALLEN, J.M., ASLUND, T •• SUN\'OTO, W. and SOE BARI, L., 1998. 
The Wabu gold skam. lrian Jaya. Indonesia (abst.): GAC/MAC Meeting 
Quebec 1998, Abstract ¼>lume 23, p. A3-A4. First author at John Allen & 
Associates. P.O. Box 32-290, Devonport, Auckland_ New Zealand; email 
(jmallen@jmaco.nz) 

The mineralising event is defined by deposition of loellingitc. followed 
by abundant Fe and As sulphides (pyrrhotite. arsenopyrite. pyrite). and 
finally minor base metal sulphides. Gold and Bi-Te-S minerals are inti• 
mately associated, and primarily occur as I within sulphides. Au and Bi are 
inferred to have been co-precipitated with sulphides. from hydrothermal F 
that were undersaturated with respect to metallic Au and Bi-Te-S phases. 
and to have exsolved from sulphide hosts on cooling and recrystallisation. 
About 2% of known skam is gold mineralised. restricted to zones off flow 
constrained by less permeable lithologies: marble. homfels and porphyry 
dykes. Intense. zoned ietrograde silicate-carbonate alteration clearly de• 
fines proximal mineralisation and F outflow zones. In contrast. alteration is 
weak in distal gold zones. where association of alteration and mineralisa• 
tion is indistinct. Fl in skam garnet. quartZ and carbonate record mixing of 
an Na-K brine of presumed magmatic derivation. with a S CaC!i-bearing F 
of low sat thal is inferred to have evolved during reaction of magmatic F 
with carbonale rnctasedirncnts to form skam. I in prograde garnet and 
pyroxene are Na-K-(Ca) brines recording high FT (70-80% NaCl+KCI; 
Th=400-600°C). I in quanz overlapping wilh mineralisation. and in la1e 
calcite. arc CaCli•rich and compositions trend toward the S F with which 
they are inferred 10 have incompletely mixed; they record high dilution and 
low T (CaChNaCl=-0.4-1 .S; Th I 00-450-C). There is limited ev1dericc that 
sulphide deposition and gold mineralisation occurred at the interface be­
tween dilute magmatic F and S CaC(z bearing F. (From authors· abstract 
byH.E.B.) 

ALTAMURA. R.J~ DEINES, P. and GOLD, D.P .. 1998. Stable isotope 
(611ot'•o and 6D) studies of Mesozoic quartz veins from the lantern Hill 
fault southeastern Connecticut (abst.): The Geological Socicty of America 
33"' Annual Meeting. Nonheastern Section. March 19-21. 1998. Ponland. 
Maine. v. 30. no. I, p. 2. ISSN 0016-7592. Authors at Dept ofGoosc1. 
Pennsylvania State Univ .. Univers11)· Park.. PA 16802. 

Oxygen and hydrogen isotopic data were obtained for quartz and F m 
its 2-phase aq I in veins that compose the lantern Hill (LH) quartz vein 
complex near North Stonington. CT. The LH complex 1s comprised pn• 
marily of an array of parallel veins within the core of a N-S trending nonnal 
fault zone that transgresses Upper Proterozoic "basement rocks" of the 
Avalonian terrane. In contrast to the core mne. wall rocks are dissected by 
older generations of quartz veins that exhibit a slockwork panern Based 
on a strict criteria that considers cross-cuning relat1011ships. orientation. 
thickness and texture. a sequence of 9 vein sels were delineated. The main 
stage of deposition is recorded by an array of parallel vems in the core of 
the fault zone. T) pically mesothermal Au-quartz lodes occur within reverse 
faults. the lH lode occurs within a normal fault and is essenhally "barren .. 
with regard to Au (0.015 ppm) An estimated 24 million m' of quartz suit­
able for use as indus!rial silica is present to a depth of 170 m 

Oxygen iSotopic compositions of quanz were obtained by laser-based 
isotope analysis. Where early- and main-stage quartz yu:lded 6110 / 160 
measurements between 6.24%. and 7.04%.. late-stage veins yielded values 
up to 10.8%.. The mean isotopic compositions of hydrothermal solutions 
thal would have been in equilibrium with such quartz was calcul111ed to be 
--0. 71%. with a range from -0.49 to - l .85'1oo. Tempera1ure data used were 
obtained by Fl analysis of the quartz veins. 

The hydrogen isotopic composition ofihe Fin equilibrium wnh quartz 
was obtained through the measurement of microliters of aq F extracted 
from P Fl trapped in the quanz. Mean 6D was detennined to be - 27%.. 



Fluid inclusion Research 

Dunng isotopic exchange between hydrothermal F in the fault and 
wall rocks. wall-rock feldspars were convened to sericite, and silica ~ 
released into solution. F originally more negative in 0110/160 followed a 
geothermal trend to become more positive. In this model meteoric watm ( • 
10%oo11O/16Q and - 27\\\ooD) exchanged with mctamoiphoscd I-type 
granites and became less negative with respect to 6110/1"0, but changed 
little with respect to oD. 

Emplacement of the vein complex into the LH fault zone occurred 
during the Middle Triassic at the time of the embryonic opening of the 
Atlantic Ocean. (Authors' abstract) 

ALTHAUS, T., NIEDERMANN, S. and ERZINGER. J., 1998, Noble 
gases in ultramaftc mantle xenoliths of the Persani Mountains, Transylva­
man Basin. Romania (abst.): Mineralogical Magazine, v. 62A. V. M. Gold· 
schm1d1 Conf., Toulouse 1998, Extended Abstracts, p. 43-44. Authors al 
GeoForschungsZcntrum Potsdam, Projektbereich 4.2, Tclegrafcnberg. D-
14473 Potsdam, Germany. 

We have studied abundances and isotopic compositions of all noble G 
in samples of whole rock xenoliths. mineral scpan11es thereof. single crys­
tals and host basalts. We have found clear evidence for a mantle origin m 
He, Ne and Ar isotopic composiuons, whereas Kr and Xe did not show any 
dcv1a11on from the attnospheric racios. (From authors' abstract by E.R.) 

AMANTOV. V.A., ORLOVA, M.P. and SOTNIKOV, G.G., 1998, Dia­
mond-bearing rocks in various structures and situations in the tectono­
sphere of Russia (abst.): Second APIFIS lnt'I. S)ltlp. Mineral Forming 
Fluids and Ore Genesis, Oct. 28-30, 1998, Tashkent, Uzbekistan. Abstracts 
volume, p, 37-38 (in Russian) 

AMTHAUER. Georg and ROSSMAN, G.R.. 1998, The hydrous compo­
nent in andraditc garnet: American Mineralogist. v. 83, p. 835-840. 
Authors at Div. of Geological and Planet. Sci., California Inst. ofTech., 
Pasadena. CA 91125, USA 

Twenty-two andradite samples from a variety of geological environ­
ments and two synthetic hydroandraditc samples were studied by Fourier 
transform IR spectroscopy. Their spectra show that H enters andradite in 
the form of OH. Amounts up to 6 wt% H20 occur in these samples: those 
from low-T formalions contain the most OH (From authors' abstract by 
E.R.) 

ANDERSON. A.J .. MAYANOVIC, R.A. and BAJT, Sasa, 1998, Micro­
beam XAFS study of aqueous chlorozinc complexing to 430°C in fluid 
inclusions from !he Knaumllhle granitic pegmatitc. Saxonian granulitc 
massif, Germany: Canadian Mineralogist, v. 36. p. 511-524. First author at 
Dept. ofGeol., SI. Francis Xavier Univ., P.O. Box 5000, Antigonish, Nova 
Scoua B2G 2W5. 

The synchrotron X-ray microprobc (X26A) at the National Synchro­
tron Light Source (NSLS). Brookhaven Nat'I. Laboratory was used to col­
lect zinc K-edge absorption spectra from saline (ca 36 wt% NaCl eq.) Fl in 
quartz from the Knaumohle granitic pcgmatite, in the Saxonian Granulite 
Massif. German), at T ranging between 30 and 430°C. XAFS spectra were 
also obtained from one Fl !hat was experimentally re-equilibrated at a high 
P of hydrogen. The T oflhe Fl was controlled during analysis with a pro­
grammable heating stage, Analysis of the XAFS data shows that ZnCl41· is 
the dommant aq zinc species in the Fl up to the average Tt (430°C). Fur­
thermore. the mean Zn-Cl bond length decreases uniformly from 
2.31±0.01 A at room T to 2.26±.0.02A at 430°C. The predominance of the 
tetrahedral chlorocomplex. rather than ZnCl2°, al high Tis most probably 
due to the h,gh chloride concentrations of the I brine. (Authocs' abstract) 

ANDERSON, A.J., MAYANOVIC, R.A. and CHOU, 1.-M .. 1998. Mi­
cro-beam XAFS measurements of zinc complexes in highly saline Fl lo 
400°C before and after experimental re-equilibration at high hydrogen 
pressure (abst.); Mineralogical Magazine. v 62A. V. M. Goldschmidt 
Conf. Toulouse 1998. Extended Abstracts. p. 55-56. 

ANDRE, A.S .. LESPINASSE. M., BOIRON. M.C., CATHELINEAU, 
1\1., CUNE,~ M. and LEROY, J., 1998, Evolution oflluid circulations 
and P-T regimes in the St Sylvestre massif by the use oflluid-inclusion 
planes (abst )· Reumon des Sciences de la Terre, Brest. 31 March-3 April. 
1998. p 63 (in French. translation by E.A.J. Burke). Authors at UMR G2R 
(7566) UHP Nancy I. BP 239. 54506 Vandcruvre Cedex. 

The end of the Her9nian orogcnesis 1s marked in the Central Massif 
(France) by an intense hydrothermal activity. which is partly responsible for 
the formation of mineral occurrences (Au. U) and for hydrothermal altera-
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t1ons. The F pcrcolalions arc already well-known in the zones mineralized 
with U (sectorofMargnac, Peny), but the lateral extension of these F and 
of the geothermal paleofields on the scale of the St. Sylvestre massif. how­
ever. is not well-known: this encourages a study of lhe )-dimensional evo­
lution of F circula1lons. The paleomigrations of F have been characterii.cd 
by the analysis ofFIP, thus allowing for the elaboralion of detailed relations 
between tectonic phases and F migrations. Three major episodes could be 
identified along the following chronology: 

• Planes N20: aqueous-carbonic F, Th= 350-410°C for minimum P, of 
60-90 Mpa (depth 4-6 km) 

• Planes NW-SE: biphase aq-<:arbonic F. Thn 350°C for minimum P of 
40-50 Mpa, and aq I with varying sal (0.9-12 8 Y.1.% eq. NaCl). 

• Planes EW: aq F with 4 6 wt.% eq. NaCl. T • = 220-230°C at P of IO· 
20 Mpa (estimated depth 1-2 km), 

The results suggest a process of isosta11c uplift of the massif. con• 
nected with an erosion stage, which is in agreement with the isotopic and 
thermal data ofScaillet ct al. (GCA v. 60. 1996). 

The composition of the aq~arbonic F (±CH.+ N2l remains similar in 
the whole profile. but their concentralion decreases from cast to west end· 
mg at i.cro. This variation in concentration seems 10 be strongly connected 
with lhc position oflhesc aq~arbonic F in rela1ion to the intrusive body of 
fine-grained granite (g2) which outcrops 10 the cast of the profile and 
which dips to the west. (Authors· abstract) 

ANDREEVA, I.A., NAUMOV, V.B., KOVALENKO, V.J. and KO­
NONKOVA, N.N .. 1998, Fluoride-sulfate and chloride-sulfate salt melts of 
the c.bonatile-bearing complex Mushugai-Khuduk. Southern Mongolia: 
Petrologiya, v. 6, no. 3. p. 307-315 (in Russian. translated in Petrology, v. 6. 
no. 3, p. 284-292), First author at Inst. ofGeol. of Ore Deposits. Petrog .. 
Mineral. and Geochem .. Russian Acad. of Sci .. Staromonctnyi per. 35, 
Moscow, 109017 Russia: email (vik@igem.msk.su). 

Inclusions of mineral-forming media were studied in fluorite from the 
celestile-fluorite rock of the alkaline carbonatile-bearing Mushugai­
Khuduk complex (Southern Mongola). It was found that the late igneous 
stages of rock formation were characterized by the presence of sail M (den• 
sity of I. 7-1 .8 g/cml and H20 contents of 4. 7-6.0 wt.%). salt M-solutions 
(density of 1.3-1.S g/cm3 and H20 contents of 30-40 wt%), and highly 
concentraled solutions (density of 0. 7-1.0 g/cm3 and HP contents of70-85 
wt"/o). The calculated composition of the salt Mis the following (wt"/o): 
26-35 CaO, 5.7-9.9 SrO, I 2-1 9 BaO, 2.7-11 NaiO. 3.7-3.9 K20. 29-33 
SOi, 0.1-10.9 Cl. 2 1-5.5 F. 4.7-6.0 H20, and 2,1-4,5 CO2. The Tofthe 
salt M (670-600°C). M-solutions (550-370°C). and concentrated solutions 
(430-265°C) were determined. The cooling of the salt M resulted in the 
crystallization of fluorite. calcite. barite. hahte. and a series of unusual sul• 
fate minerals with high contents ofCaO, Na20. K20. BaO. SrO. and F 
within the I. The poss1b1lity of carbonatite M segregation during the differ­
entiation of alkaline magmas is now acccpecd by many petrologists. The 
data obtained from the study of salt M I together with experimental results 
suggest that the same process may also produce sulfate-dominated M with 
high concentrauons of fluorine and chlorine. (Authors· abstract) 

ANDRESEN, Bjerg. '.\1UNZ. I.A., JOHANSEN. Harald and JOHAN­
SEN. Ingar, 1998. Compositional and isotope data on hydrocarbon fluid 
inclusion- A tool for bener understanding ofhght hydrocarbon migration 
and trapping (abst.); American Chemical Society 215th National Meeting 
Program, Dallas. TX. March 29-Apnl 2. 1998. paper no. 0 IS. Authors at 
Inst. for Energy Tech .. P.O. Box 40, N-2007 Kjeller, Norway. 

A reproducible method is developed for the determination of compo­
nent and stable isotope composition of CO2 and CI-CS G components 
from bulk Fl extracts. The method 1s tested on hvdrocarbon Fl from some 
North Sea samples and compared 10 data on resci"Voir G from the same 
area. The obtained data will be discussed m combination with data from in 
situ analytical techniques such as microthermometcry. PVT constraints and 
Ouorcscence spectroscopy. (From authors' abstract by E.R.) 

ANO\'ITZ, L.M .. BLENCOE. J.G •• JOYCE. D.B. and HORITA, 
Juske, 1998. Precise measurement of the activity/composition rela1ions of 
H20•N2 and H20-COJ fluids at S00°C, 500 bars: Geochim. et Cosmo. 
Acta. v. 62. no. 5. p. 815-829. Autho,s at Geochcm Group, Chemical and 
Anal}1ical Sci. Div, Oak Ridge Nat'I. Laboratory, Oak Ridge, 'flll 3783 I• 
6110, USA. 

The activity/composition relations ofHiO-N1 and H.-O-C02 F have 
been measured at soo•c. 500 bars. The results are more accurate. and 
much more precise. than any currently available. especially for H20-poor 
compositions. The data suggest that H10-C02 F exhibit large positive 
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deviations from ideality at 500°C, 500 bars, in marked conlJtlSt to values 
predicted by available EOS. These results indicate that more accurate 
models for both H2O-N2 and H~Oz F arc needed. (From authors' ab• 
stract by E.R.) 

ANOVITZ, L.M., LABOTKA, T.C., BLENCOE, J.G. and Sli~GH, J., 
1998, Activity-wmposition and phase relations ofHzO-CO1-NaCI fluids at 
500°C, 500 bar5 {abst.): Geological Society of Amcnca Annual Mcecing 
1998. Abs1racts, v. 30. no. 7. p. A-319. First author at M.S. 6110, Bldg. 
4500-S, Oak Ridge National Laboratory, Oak Ridge, TN 37831-6110; 
email (anovitzlm@oml.gov) 

H10-CO2-NaCI samples were reacted at 500•c. 500 bars and 
a(H2Op().42S, 0.437, 0.560. 0.606, 0.678 and 0. 798. Results indicate that 
all these activities lie in the V-NaCI two-phase region and that the last 
value is close to the three-phase (V+brinc+halite) field. Data from this 
experiment suggest that the V comer of the three-phase field hes near 
)G(H2O)-0. 730. X(NaCl)-(),032. (From authors' abscract by H.E.B.) 

APPOLD, M.S. and GARVEN, Grant, 1998, The hydrodynamics and 
geochemistry of MVT ore genesis in southeast Missouri (abst.): Geological 
Society of Australia. Abstracts No. 49, 14th Australian Geological Con­
vention, Townsv1llc, July 1998, p. 11. First author at Dept. of Earth and 
Planetary Sci .• Johns Hopkins Univ., Baltimore, Md 21218 USA. 

Coupled mathematical models for brine migration and geochemical 
reacuons during flow are described here to illustrate the complex yet ele­
gant control of basin hydrodynamics on the giant MVT ore system ( i.e., 
Viburnum Trend} in southeast Missouri. Ore fonnation was concentrated 
in southeast Missouri because of the regional flow patterns, aquifer pin­
chouts, and favourable conditions foe chemical deposition of Pb-Zn sul­
phides due to F mixing and cooling. u·ntil recently, the mechanisms 
thoughl 10 cause ore mineralisation have remained untesced in a hydrody­
namic sense and only a few have been theoretically evaluaced with geo­
chemical reaction path type calculations based on thennodynamic model­
ing. 

Numerical simulations, based on the finite clcmenc method, test sccady 
and transient flow models for brine migration across the entire sedimentary 
basin. We solve the partial differential equacions governing simultaneous F 
flow, heat transfer, and chemical mass transport for saturated porous media. 
Our mathematical models suggest thai ore format10n is constrained hy­
drologically 10 time scales less than a few million years, otherwise brines 
resident m the foreland basm are "flushed" by mecconc recharge across the 
Permian confining layer and the heat pulse assoc1a1ed with basin-scale F 
flow arrives 100 late to elevace brme T along the flow path and establish 
thermal conditions recorded by Fl data. We show examples of reacuvc 
flow 10 tesc geochemical models of ore deposicion· I) metal and reduced 
sulphur transport in a regional brine that deposits ore while cooling. and 2) 
metal transport in a regional brine which mixes wilh local F containing 
reduced sulphur within the Viburnum Trend. The pros and cons ofbolh 
scenarios arc discussed in light of the hydrodynamic sening. tFrom 
authors ' abstract by E R.) 

AQUILINA, Luc, BAUBRON, J.-C., DEFOIX, Denis, DtGRA.'1/GES, 
Philippe, DISNAR, J •• R., MARTY, Bernard, and ROBE, M.-C., 1998, 
Characterizauon of gases m sedimentary formauons chrough monnonng 
during dnlhng and core leaching (Balazuc borehole, Deep Geology of 
France Programme}: Applied Geochem .• v. 13, no. 6, p. 673-686 First 
author at BRGM. Dm:cuon de la Recherche. I 039 rue de Pmville. 34000 
Montpelher, France. 

Continuous analysis of the drilling F and core sampling show good 
agreement Although higher concentrations are obtamed m the drilhng F, 
the drilling to core rauo shows a relatively constant value These higher 
concentrations are due to cnishing of the rock during drilhng and the influ­
ence of the sediments surroundmg the borehole. The characterizauon of 
the G with deplh indicates 3 different :zones: (I) the Jurassic carbonates, 
with hrgh CH, and COz conccntracions: (2) the Tnassic upper sandsconc 
and middle evaporitic units, with average concentrations of He. CO2. N2 
and low CH,. and (3) the Triassic lower sandstone unit and the Carbonifer­
ous silts. wnh high He. N1 and low COz and CH. conccntrauons These 
trends indicate that diffimon is not a major process ac Bala:zuc and that the 
formations remained relauvely independent from each other. Nurogen and 
CO2. which are the mam constituents. show a reverse com:la11on. The He 
record m the continuous measuremenc 1s correlated 10 a maJor F transfer in 
the formations of the lower part ofche borehole. along the IJzcr fault . 
(from au1hors' abstract by E.R.) 
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AQUINO, J,S. and MORRISON, C.W., 1998, The relationship between 
epithcrmal and porphyry Cu-Au mineralisation in the Oi:zon deposit, Phil• 
ippines (abst.): Geological Society of Australia, Abstracts No. 49, 14th 
AuStralian Geological Convention, Townsville, July 1998. p. 12. First · 
author at RTZ Exploration, 296 Far East Asia Village, Visaycz Ave., Que­
zon City. 

Epithennal mineralisation hosted in alsic (advanced argillic) alteration 
is popularly thougJ,c to be cogenctic with adja«nt porphyry copper miner­
alisation in many major districts. In the Di:zon deposit, open pit mining has 
exposed geological relationships that bear on the timing and genesis of 
porphyry and epithcrmal mineralisation in such a system. 

Dizon is a gold-rich porphyry copper-gold deposit hosted in an Early 
Miocene andesite-diorite stratovolcano. The als1c alteration carries no 
mineralisation of its own at this point, but lhe rock is stlll ore because lhe 
quartz in the porphyry veins has protected the enclosed sulfides from 
leaching during als1c overpnnt. The alsic alteration 1s part of a blanket thac 
covers SO km2 and at least three discrete porphyry systems in the Di:zon 
area. In the mine itself. lherc is a sharp base to the blanket which clearly 
overprints lhe pocassic, sec and propylillc alteration zones. 

Fl and isotopic data suggest the porphyry syscem formed from high sal 
magmatic Fat >650 to 3S0°C. It was eroded by at least I km before the 
alsic blanket developed. The epithermal system was formed by the boiling 
of low sal F ac 390 10 I 30°C <300 m below the prcsen1 upper surface of the 
blanket. The Pb in lhe cpithennal system 1s from a more enriched source 
than that in the porphyry syscem. 

The simplest explanation of the relationships, chemical differences and 
F data, is chat the porphyry and epithc:rmal syscems are relaced to cwo dis­
crece magmatic-hydrothermal events and two discrcce igneous episodes. 
The alsic alteraiion is not genetically related to the porphyry system, but 
pan of a much more extensive blanket formed by degassing of younger 
dacitic inttusions, localised by a prominent set of cross-cutting faults. The 
broader relacionship between the daciuc and dioriuc intrusions is not en­
tirely clear. They could be two completely separate igneous events, or early 
and talc phases of one evolving magma11c complex. The narrow time in­
cerval (approx. 700,000 years) and I km of erosion between the dioritic and 
dacitic igneous events is similar to developments 1n many active island arc 
stratovolcanocs, including Mt. Pinatubo, which is only 5 km fi"om D1:zon. 
(From authors· abstract by E.R.) 

ARANOVICH, L. Y. and NEWTON, R.C., 1998, Reversed detennination 
of the reaction: Phlogopitc+quanz-cns1ati1e+po<assium feldspar+H2O in 
chc ranges 750-87S°C and 2-12 kbar at low H2O activity with concentrated 
KCI solutions: American Mineralogist, v. 83, p. 193-204. Authors al Dept 
of the Geophys. Sci., Univ. of Chicago, 5734 S. Ellis Ave., Chicago, ILL 
60637 USA. 

This study requires revision in estimates of H2O activity of granulitc 
fac1es metamorphism. An important consequence of the expanded H2O 
activity range of granulices is that alkali chloride solutions of only moderate 
concentrations (XH20=0.5-0.7], which arc the values observed in accual Fl 
in many kinds of igneous and metamorphic rocks, arc a feasible alternative 
to the V-absent condicions considered ncccssaiy by many workers based on 
previous low estimates of aH2O. Panicipation of concentrated brines in 
deep-crust/upper mantle metamorphic processes enables alkali mctasoma­
usm and other kinds of chemical transport in an aq F without large-scale 
melung of the crust. (From authors' abscract by E.R.) 

AREHART, G.8. and HULSTON, J .R., eds., 1998, Water-Rock lntcrac• 
uon, Proceedings of the 9th lnt'I. Symposium on Water-Rock lnceraction­
WRI-9, Taupo, New Zealand, 30 March-3 April, 1998. A.A. Balkema. 
Rotterdam. ISBN 90 5410 942 4. 

ARMSTRONG, R.N .. ROBERTS. S. and WHITE, N.C., 1998a, Inclu­
sions and the included: An investigation of porphyry forming magntas 
from the SW USA (abst.): Mineral Deposits Study Group Annual Winier 
Meeting 14-16 Dec, 1998, St. Andrews, Scocland (unpaginaced). First 
author at School of Ocean & Earth Sci .. Univ. ofSouchampton, South­
ampton Oceanography Ccncre, Empress Dock, European Way, Southamp­
ton, SO14 3ZH. 

The role of the magmatic system in the formation of such deposits is 
scill not fully understood. No information on the acrual late stage magmatic 
M composition has been forthcoming. In this study, data is presented fi"om 
che analysis of Ml hosted within quart:z phenocrysts obtained from two 
actively mined porphyry copper deposits. Morenci (Arizona) and Chino 
1Ncw Mexico). The use of Ml presents an unparalleled opportunity to in• 
vestigace the late stage chemistry of a magmatic system. Volatile and metal 



Fluid Inclusion Research 

contents of Ml from the central parts of these porphyry syslems arc re­
ported along w11h abbreviated trace and major clement data. In addition to 
these Ml data, analysis obtained from biotites included within the quartz 
phcnocrysts arc also presented. 

The Ml analysed were hosted within bipyramidal quartz phenocrysts; 
these I were remelted with varying success. Major clement data as ob• 
tained by EPMA showed high SiOi, AhOi, and K2O contents and low total 
Fe and MgO. Measured Cl contents arc up to 6920 ppm. which is typical 
for such calc alkaline systems. Copper values arc variable (7.5 to 478.4 
ppm), but in general tenns elevated for a calc-alkaline system. These high 
Cu contents probably reflect the time of entrapment of the Ml, relative to 
the magmatic systems overall evolution. 

Biotites included within the bipyramidal quartz phenocrysts represent 
preserved micro phenocrysts, magmatic in origin, and were probably crys• 
talliscd in an oxidised magma type. Furthermore, the presence ofbiotiles 
indicates the magma was water-saturated prior to quartz crystallization. 
Cop~r values measured for these biotites arc extremely variable with some 
exceptionally high copper contents being recorded (0.001 to 4.655 wt% as 
measured by SIMS). Low sulphur contents (below the EPMA detection 
limits). and the absence of a positive correlation between Cu and S sug­
gests 1ha1 sulphide 1s not the copper-carrying species. (Authors' abstract) 

ARMSTRONG, R.N., ROBERTS, S. and WHITE, N.C., 1998b, Quartz 
phenocryst morphologies in mineralised porphyry deposits: An insight into 
the MVP exsolution process? (abst.): Mineral Deposils Study Group An­
nual Winter Meeting 14-16 Dec. 1998, St. Andrews, Scotland ( unpagi­
nated). First author at School of Ocean & E8!1h Sci.. Univ. of Southamp­
ton. Southampton Oceanography Centre, Empress Dock, European Way, 
Southampton, SO 14 32H. 

Many mineralised porphyry systems contain bipyra1mdal quartz phe­
nocrysts (!}-quartz form) in their central plutons. The occurrence of such 
phenocrysts has been investigated by past workers, but often dismissed as 
insignificant to the mineralising process. Observations from phenocrysts of 
the Younger Granodioritc Porphyry from the Morenci deposit {Arizona) 
provide a record of magmatic volatile exsolution. The phenocrysts, al­
though now presenting a bipyrarnidal habit, record several phases of 
growth in the form of growth zones and included mineral species. The 
preserva1ion of these features, and indeed their formation. is dependent on 
two key parameters: I. The degree of undercooling of the M (tin. and the 
temporal dependency of this process; and 2. The M/magmatic water con• 
tent, and its variation through time. Petrographic observations demonstrate 
that the degree of water saturation through the late stages ofM evolution 
was variable, with the M pnor to initial quartz being water-saturated as 
indicated by the presence of included b1otites. A resorbed/spherical growth 
core to the larger phcnocrysts 1s indicative of large~ T and probable water 
saturation. Some of these spherical cores have Fl trapped at their margins. 
Repeated zones ofbipyramidal form suggest low tiT conditions and a non­
saturated M with regards 10 H2O. It is also tentatively suggested tha1 the 
preservauon of bipyrarntdal quartz forms may be evidence of crystalliza­
tion-induced volaule overpressuring. The quantification of this process 
could provide a potential pathfinder for mineralised porphyry systems. 
(Authors• abstract) 

ARMSTRONG, R.N., ROBERTS. S. and WHITE, N.C., 1998c, The 
ore-forming potential of calc alkaline magmatic systems: The melt inclu­
sion chemistry of a copper rich andesite from Hahajima. Japan (abst. ): 
Mineral Depos11s Study Group, Annual Meeting. 5-6 January, 1998, Univ. 
Greenwich, UK (unpaginatcd). First author at Dept. of Geol., Univ. of 
Southampton, Southampton Oceanography Centre, Empress Dock, Euro­
pean Way. Southampton SO14 3ZH. 

Silicate Ml provide a method of directly sampling the volatile and ore 
metal con1cnt of magmatic systems. Plagioclase-hosted Ml of a copper rich 
andcs1te from Hahajima. Japan, contain significant levels of copper (up to 
2000 ppm). an average water content ofJ.26 wt¾. and a CI/H2O ratio of 
0.06. This high copper content can be attributed to the presence ofCu­
sulfidc blebs. Simple geochemical modelling demonstrates that the paren-
1al M to the andes1te was not enriched m copper. and that the presence of 
sulfides is a consequence of the changing intensive parameters of the 
magmatic system, namely the /02 and /S. The measured volatile contents 
of these Ml appear to be typical of that of an arc andesite. The data tests 
the existing theoretical models of porphyry copper formation. and high­
lights some of the processes that occur which prevent the majoritv of calc­
alkaline magmas producing mineralised systems. (Authors· abstract) 

AR~ISTRO'."IG, R.N., ROBERTS. S. and WHITE, :"11.C.. 1998d. The 
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ore-forming potential of porphyry copper systems: Utilising melt-inclusion 
chemistry (abst.): Geoscicnce 98, Geol. Soc. Biennial Meetings, Keele 
Univ., 14-18 April, 1998, p. xyz. 

ARTYKOV, A.A., 1998, The rare-metal magnes1an skams of stockwork 
type in Uzbekistan (abst): Second APIFIS lnt' I. Symp. Mineral Fonnmg 
Fluids and Ore Genesis, Oct. 28-30, 1998, Tashkent, Uzbekistan, Abstracts 
volume, 78-80 (in Russian). 

AUDETAT, Andreas, GONTHER, Dctlef and HEINRICH, C.A., 
1998a, Formation of a magmatic-hydrothermal ore deposit: Insights with 
LA-ICP-MS analysis of fluid inclusions: Science, v. 279, p. 2091-2094. 
First author at Inst for Isotope Gcol. and Mineral Resources, ETH Zentrum 
NO, CH-8092 Zunch, Swnzcrland; email (audctat@erdw.ethz.ch) 

The physical and chemical mechanism of ore precipitation in the Yan­
kee Lode tin deposit (Mole Granite, Australia) was quantified by direct 
trace-element microanalysis off(. Laser ablation-inductively coupled 
plasma-mass spectrometry (LA-ICP-MS) was used to measure clement 
concentrations in a series of Fl representing the F before. ·during, and after 
the deposition of cassiterite (SnOi). Tin precipitation was driven by mix­
ing of hot magmatic brine with cooler meteoric water. At the same time. a 
separate magmatic V phase selectively transponcd copper and boron into 
the L mixture:. [Fig. I]. Authors' abstract) 

See also Barnes and Rose, this volume (E.R.). 
See figure m the Illustrations appendix. 

AUDETAT, Andreas, GONTHER, Dctlef, and HEINRICH C.A .• 
1998b, The magmatic-hydrothermal evolution of a un granite: The Mole 
granite, Australia (abst.): Program and Abstracts. PACROFI VII, Pan­
American Conf. on Research on Fluid Inclusions, June 1-4, Univ. ofNc• 
vada, p. 8. Authors at Inst. for Isotope Gcol., ETH Zentrum/NO, 8092 
Zorich, Switzerland. 

Using advanced F- and Ml t~hniques we tried to reconstruct the 
magmatic-hydrothennal evolution of an intruSion from the very beginning 
to the very end. 

The Mole Granite was chosen because it represents a typical member 
of tin granites, is strongly mineralized and shows a well-developed regional 
zoning from Sn-deposits in the center, through W-deposits near its margins, 
and basemetal deposits in the adjacent country rocks. Particular anentton 
has been paid to the study of Fl and reciystallized M I, using I petrography. 
microthermometry, high•T melting experiments and quantitative analyses 
by LA•ICP-MS and electron microprobe. Quantitattve reconstrucuon of the 
F evolution in several vein deposits and in miarohth1c cavities, together 
with analyses of different generations of M I leads to an integrated picture 
of the relationship between the magmatic and hydrothermal evolution of 
the Mole Granite. 

A first generation of silicate-rich M I occurs on concentric growth 
zones within quartz phenocrysts and contains between 2 and 100 times 
higher concentration of Cl, F, B, Li, Cs, W, Sn, Bi, Sb,~ and Ag than 
whole-rock analyses. whereas most other elements do not differ from the 
bulk analyses by more than a factor of 2. A second generation of M I can 
be found together with P V I (and probably highly saline bnne I) in quartz 
crystals in miarolitic cavities as well as in magmatic topaz. These I reveal 
extremely low first melting T {<S00°C), and Th between 700°C and 740~C 
Their composition reflects an extreme degree of fractionation. with a fur­
ther enrichment of the above listed elements by up to one order of magni­
tude. A third generation of M I coexists together with V • and brine I in 
outgrown embayment structures in the same quartz phenocryst as genera­
tion I and have a composition close to the whole rock. 

Fl studies demonstrate that in thew. as well as Sn-deposits of the 
Mole Granite ore mineral precipitation was driven by mixing of a boiling. 
400-600°C magmatic F wnh 200-300°C meteoric groundwater. In all cases 
the F mixture was additionally enriched in Cu. B. Li, (+M. Mg and poss1• 
bly REE) due to the condensation of magmattc V in10 it. The fracttonation 
of these elements mto the V phase has been quantified by analyzing coex­
isting v. and brine I in several boiling assemblages. 

The zonauon from Sn-dominated deposits in the granite interior to W­
dominated deposits near its contacts seems to reflect an increase in the 
volatile content of the magma towards the lop of the magma chamber. Ex• 
perimen1al results and petrographic observations in 1he Mole Granite sug• 
gest 1hat lhe typical associauon of minerahzation of Sn. W. 81, Li. and REE 
with F-rich cnv1ronmen1 can more readily be explained by an increase m 
the F-content of the fractionating melt, rather than by fluor-complexing of 
these dements m the fluid. tFrom authors' abstract by E.R.) 
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Avt LALLEMANT, H.G .. GOTTSCHALK. RR.. Sl~N. V.8. and 
OLDOW, J.S., 1998, S1ructural analysis of the Kobuk fault zone, north• 
central Alaska. Geological Society of America. Special Paper 324, p. 261-
xxx. 1998. First author at Dept. ofGeol. and Geophys., Rice Univ~ Hous­
ton, Texas 77005-1892. 

The cast-west- trending Kobuk fault zone in the hinterland of the 
Brooks Range fold and thrust belt, north-central Alzka. consists of several 
poorly exposed, mcgascopic anastomosing faults. Rock slices between 
these faults arc defonned by numerous mcso- and microscopic faults along 
which only minor displacements occu~d. Kinematic analysis of the 
small-scale faults and analysis ofFI in quartz veins emplaced synkinemati­
cally along these structures indicate that the Kobuk fault zone undcrwcnl at 
least four phases of deformation. The first structures (F 1) were the result of 
northward thrustlng that scartcd in early Middle Jurassic time. F2 faults are 
related to north-south extension during the mKI.Creuiccous. F > faults are 
related to nght•lateral strike-slip displacements that occurred dunng Lale 
Cretaceous and Tertiary time. A fourth phase (F,: north-south extension) is 
indicated by the Fl study. This defonnational history, however. docs not 
apply to the entire fold and thrust belt; at the same time that lateral dis• 
placements (F, ) occurred along the Kobuc fault system. northward thrust­
ing look place in the forcland portion of the Brooks Range fold and thrust 
belt. indicating that plate convergence was right-Oblique resulting m dis• 
placement panitiomng. (Authors' abstract) 

AWWILLER. D.N. and SUMMA, LL., 1998, Constraining maximum 
paleotcmpcl'lllllre using quartz cement abundances; apphcations to the 
hydrocarbon syslC!Tls ofSoulh Amcncan fold and thrust belts (abst,): 
AAPG Bull., v. 82, no, I 0, p. 1888, 

Accurate pred1c11ons of oil vs. G in fold and thrust belts are strongly 
linked to a good understanding of the relative timing between maturation 
and thrust emplacement. Unfortunately, the information obtained from 
conventional palcothermomctry techniques ( e.g .. Fl, v1trinite refleccance, 
apatite fission track) 1s often not sufficient to fully constrain thermal histo­
ries. To address this problem, Exxon is currently applying technology that 
uses quartz cement volumes, predicted from simple precipitation kinclics, 
to help constrain the tirnc spent near maximum T. This information is usu­
ally nol oblainable from other paleothcrmometry 1echniques. To date, we 
have used this technique on the Maracaibo basin of western Venezuela, the 
Llanos and Catarumbo basins of Colombia. and the Santiago basin of Peru 
II is particularly appropriate for Late Cretaceous and Paleogene reservoirs 
of the region, because these reservoirs are typically quanzosc. quartz cc• 
ment is the main pore-filling cement and they have appropriate thcnnal 
hisloncs. In general. the quartz cement paleothcrmomctry is most effective 
for quartzose sands1ones that encompass a broad range of grain siz.cs and 
contam little dclrital or authigcnic clay. The opumum 11mc•lempc1111Ure 
window in fold-and-thrusl settings ranges from approximately S My a1 
160-170°C 10 80 My a< 100-1 IO°C. Outside 1hcsc bounds. quartz cement 
paleothermometry may be useful. bu1 some sandstones with typical gram 
size and soning parame1ers tend to be either completely cemented or nol 
cemented ac all. (Authors· abstract) 

A \'[RS, John, 1998. Trace clement modeling of aqueous lluid-pcridotitc 
mteraction in the mantle wedge of subduc1ion zones. Contrib. Mineral. 
Petrol.. v. 132, p. 390-104. Author at Dept. ofGcol .. P.O. Box 105B, Van• 
derb1l1 Univ .. Nashville. TN 37235 USA; email 
(john.c.aycrs@vandcrbilt.edu) 

Recenlly measured partilion coefficients for Rb. Th, U. Nb. La (Cc). 
Pb. Sr, Sm. Zr. and Y between lherzolitc assemblage minerals and H}O•rich 
F (Ayers ct al. 1997: Brenart ct al. 199Sa.b) are used in a two-c0mponcn1 
local equilibrium model to assess the effects of interaction between slab­
denved aq F and wedge lherzolite on the trace clement and isotopic compo­
si1ion of island arc basalts (IAB). The model includes four steps reprc• 
scntmg chemical processes, with each process represented by one equation 
with one adjustable parameter. in which aq F: (I) separales from cclogi1e in 
the subduc1ed slab (Rayleigh distlllaiion, mass fraction off released Ffluod), 
(2) ascends lhrough lhe mantle wedge m isola1ed packets. exchanging elc• 
mcnts and isotopes with depicted lhcrzolite (zone rctinmg. the rock/F mass 
ration); (3) miKes with d~lctcd lherzolite (physical m1xmg. the mass frac­
tion ofF in the mixture X ""'): (4) induces melting to form primitive JAB 
(batch melting. mzs fraction of melt F...-). The amoun1ofman1le lhcr· 
zolitc processed by the F m step (2) determines its isotopic and trace cle­
ment signarure and the relative contributions of slab and wedge 10 primitive 
JAB The average composition oflAB can also clfect1vcly be modeled 
wi1h no contribution from the slab ocher than HiO (i.e .. skip model step I): 
n• 27. xt1u"'=o.21. F~.17 with r-0.992. The IAB may retain the slab 
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s1gnarure for elements such as Band Be that are highly incompatible and 
tha1 have very low concentrations m the depicted mantle wedge. The rela­
tively high cquilibnum Dmincral/fluid values measured by Ayers ct al. 
(1997), Brenan el al. (1995a) and Staider et al. (1998) suggest thal large 
amounts oflluid (>S wt%) must be added to lhcrzolitc in the JAB source. 
(From author's abstract by E.R.) 

AYORA, C., CENOON. D.I .. TABERNER. C .. FANLO, I., GARCiA­
VEIGAs, J. and PUEYO, J.J., I 998, Water-rock reactions in cvaporite 
basins: Their role in the fonna110n of potash deposits: i!! Water-Rock Inter­
action. G.B. Arehart & J,R, Hulslon (eds), Balkcma. Rotterdam ISBN 90 
S4 IO 942 4, p. 289-292. First author at lnstitut de Cicncas de la Terra. 
CSIC. Barcelona. Spain. 

The chemical evolution of several potash-forming and potash-~ 
cvaporite basins has been reconslruclcd using mineral associations. solute 
content analysed in Fl and numerical simulation of cvapora11on scenarios. 
The sulphate depiction of brine is responsible for the type of potash de­
posit K-sulphatcs or sylvite, Both dolom11iz.a1ion and the addition ofa Ca­
rich solution into the basin account for the ratios between the major solutes 
analysed. Early diagenctic replacement of anhydrite by polyhal11c could 
explain the vanablc and depleted amount ofpotasSium found in Fl These 
processes took place to different extents in the basins of the same age. and 
within the same basin, and therefore cannot be attributed to global changes 
in the oceans' composition. (Authors' abstract) 

BACH, Wolfgang and NIEDERMANN, Samuel, 1998. Atmospheric 
noble gases in volcanic glasses from the southern Lau Basin· Ongin from 
the subducting slab?: Earth and Planet. Sci. Leners. v. 160. p. 297-309. 
Authors at GeoForschungsZentrum Potsdam. Dept. 4.2. Telegrafenberg. D-
14473 Potsdam, Germany. 

Noble G conccntrallons and isotopic composilions have been deter­
mined for four submarine volcanic glasses from the Valu Fa Ridge (VFR) 
in the southern Lau Basin. The samples are the least diffCTffl(iated ones 
from this area. and they display enrichments in F-mobilc clements similar 
to the nearby island arc. 1Hct'Hc ratios are slightly below average MORB 
(6.8-7 8 Innes atmospheric), whereas Ne, Ar, Kr. and Xe have isotopic 
compos,uons very similar lo air. Together with previously published data 
from VFR and other spreading segments in the Lau Basin, our data show a 
systcmauc latitudinal variation of increasing Ne, Ar, Kr, and Xe abun· 
dances from north to south as well as Ne and Ar isotopic compositions 
changing from MORB-likc 10 abllosphcrc-hkc in the same direction. 
Moreover. isotopic compositions and noble G abundances of the lavas cor­
relate strongly with Ba/Nb ratios and H2O concentrations Based on these 
observations and mass balance arguments, we propose that the atmospheric 
noble G come from the subducting oceanic crust and are not due to shallow 
contamination with air dissolved in seawater or assim1la110n of old crust. 
Our data suggest that the noble G released from the subducting slab are 
atmosphenc and thus contain little or no solar He and Ne. In addition to 
the fact that ratios of He to heavy noble G arc small in aged ocean crust, He 
has possibly fractionated from the other noble G due to its higher diffusiv­
ity. and thus He transpon from the subductinF, slab into the mantle wedge 1s 
probably insignificant. We propose that the Hct'Hc ratios lower than 
MORB observed in the VFR lavas result from rad1ogcnic ingrowth of Hem 
a highl) depleted, and hence degassed. mantle wedge after the enrichment 
of U and Th released from the down going slab (Authors· abstract) 

BADALOV, S.T., 1998a, Geochemical prerequisites for diagnosing possi­
ble non-traditional kinds of gold mineralization (abst.): Second APIFIS 
Int 'I. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30, 1998. 
Tashkent.. Uzbekistan. Abstracts volume. p. 91-93 (in Russian). 

BADALOV, S.T., I 998b. Principal sources of water and energy and their 
significance in ore-forming systems {abst.): Second APIFIS lnt'I. Symp. 
Mineral Forming Fluids and Ore Genesis, Oct. 28-30, 1998, Tashkent. 
Uzbekistan, Abstracts volume, p. 16-19 (in Russian). 

BAI, T.B. and VH GROOS, A.F.K., 1998. Phase relations in the system 
MgO-NaCl•HiO: The dehydroxylation ofbrucitc in the presence ofNaCI­
H2O fluids: American Mineralogist v. 83. p. 20S-212. 

BAI, Wanch,na and QING, Min, 1998: Prospecting and appraising in­
dexes based on the quartz inclusion in Xiaoqinling gold field of China 
(abst. ) Second APIFIS lnt'I. Symp. Mineral Fom11ng Fluids and Ore Gene­
sis. Oct. 28-30. 1998. Tashkent Uzbekistan. Abstracts volume, p. 9S-97 (in 
English). Authors at Gold Gcol. Inst. of MMI. Langfang. Hebei. China; 
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email (xkuechen@public.lfpn.hc.cn) 
The Xiaoqinling gold ore field consists of more than I 200 gold­

bearing qumtz vems, of which only I 0% have been evalwucd or pros­
pected. The paper proposed evaluating indexes based on study ofl in 
quanz. infrared spectroScopic fearurcs and the Td ofl in wall rock. 

There arc 4 typCS of infrared spectra of quanz in Xiaoqinling gold ore 
field. diffenng in the relative peaks for HiO and COi. Types I and II arc 
high-grade ore quartz vein, types ID and IV are poor ore and non~re quanz 
vein. 

Indexes of evaluation of"infi'artd spectra relalive density" arc given. 
involving the value of Di and D2/01 of non~re quaJtz and gold-bearing 
quanz [but 01 and D2 arc not defined; E.R.) 

The detona11on (sic, dccrcpitation) T (Th) and its varialion is one of 
the indexes which are more reliable to evaluate the degree of gold-bearing 
of quartz vem. . 

The variation of infuircd spectra parameter ofl (i .. e .. 0 2 and Di/Di] in 
vertical direction. along with the values of Th, can prediCBle quantitatively 
denudauon degree ofote body. (From authors' abstract by E.R.) 

BAILLY, Laurent. MILESI, J,.p., LEROY, Jacq11es and MARCOUX, 
Eric, 1998. The Au-Cu-Zn-Sb cpithcnnal mincralisa&ions of the Baia Mare 
district (north Romania); New mineralogical and microthermometric re­
sults: Earth and Planet Sci .. v. 327, p. 385-390 (in French; Engl. abridged 
version 1998). First alllhor ac BRGM, DR/MGG, BP 6009, 45060 Orleans 
cedex, France. 

The Au-Cu-Zn-Sb ep1thcrmal mineralisations of the Baia Mare district 
(north Romania) and their Mio-Pliocene calc-alkaline volcanic host rocks 
are linked to the presence, at depth, of the Baia Marc batholith. recognised 
by geophysical and field studies. The sal and T evolution of Fl from Baia 
Sprie and Sasar deposits are intcqnted as being linked to the thermal 
evolution of the underlying laccolith. The global evolution, however, 
shows many irregularities related to brinlc tectonic activity and phrcato­
magmausm during mineral deposition. (Authors' abstract) 

BAIN, J.H.C .. WITHNALL. I.W., BLACK. LP., ETMINAN, H., 
GOLDING, S.D. and SUN, S.-S., 1998. Towards an understanding of the 
age and on gin of mesothcrmal gold mineralisation in the Etheridge Gold· 
field. Georgetown region, north Queensland: Australian J. of Earth Sci., v. 
44. p. 247-263. First author at Australian Geological Survey Organisation, 
GPO Box 378, Canberra. ACT 2601, Australia. 

Fl data indcale T• in the range 230-350°C. (From authors' abstract by 
H.E.B.) 

BAKER. T., I 998, Alteration. mineralization. and fluid evolution at the 
Eloise Cu-Au deposit, Cloncuny District. northwest Queensland. Australia 
Econ. Gcol .. v. 93. p. 1213-1236 Author at Nat'l. Key Centre for Eco­
nomic Gcol.. School of Earth Sc, .. James Cook Univ. of Nonh Queensland, 
Townsville. Queensland 4811, Australia. 

The Eloise deposit is hosted by Proterozoic rocks of the Mount Isa 
inlier. The deposit is characterized by very high grade. chalcopyrite­
pyrrhoritc-rich mineralization hosted by matic silicate alteration. The sys­
tem has a distinct chemistry. with enriched Cu. Au, Ag. Co. Ni and Zn. 

Fl in pre-. S)TI· and late• to post-mineralization veins indicate an 
evolving F history. P I and associated homblcnde-biotite assemblages m 
premineralization veins indicate a high-T F (450-600°C). and sal esumates 
suggest it was an ultrasalme brine (32-68 wt¾ total salts). Fl in stage Ill 
quartz in mineralized veins display a wide range of Th (-100-S00"C) and 
ganguc assemblages (actinohtc-chlorite-muscovite) suggest mineralization 
was a cooler event (200-450°C). I associated with the mineralization have 
a lower sal (30-47 wt% total salts) than do prcmineralization I. and vanable 
Fl typCS occur within the same clusters. which may reflect F mixing The 
ultrasalinc nature of the F and preliminary sulfur isotope results (0.4-2.0%.) . 
suggest the ore F was predominantly magmatic. Metals were carried as 
chlorocomplexes and H2S was the dominant sulfur species. Important 
factors in ore deposition were a decrease in T and sal. and sulfidation of Fc­
silicates. Eloise is interpreted to be a structurally controlled. distal. mag­
matic. hydrothermal vein deposit. (from author ·s abstract b> E R ) 

DM identified include hahte. Fe-Mn-Cl•Si. FcCh-2Hi0 . unknown 
sylvite. pyrosmalite and ankcnte/dolomite. (£. R.) 

BAKER, Ti moth)', LANG, J.R .. and MORTE!liSEN, J.K., 1998. Hy­
drothermal fluids associated with intrusion-related Au-deposits with litho­
phile affinities: Examples from the Tombstone pluronic suite. Yukon 
(abst. ): Program and Abstracts. PACROFI VIL Pan-American Conf on 
Research on Fluid lnclus1ons. June 1-4. Univ. of Nevada, p. 9. Authors at 
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Mineral Deposit Research Unit. Univ. of Bntish Columbia. Dept. Of Earth 
and Ocean Sci.. Vancouver, BC, Canada; cma,I (t.bakcr@eos.ubc.ca) 

lntrusion-re181Cd Au-mineralization charactcriz.cd by a lithophilc metal 
assemblage ofBi-As-W-MotSn is recogntzed in several magmatic prov• 
inces. and includes significant examples at Kori Kollo. Bolivia ( 64 
Mt@l.26g.lt Au), Salavc, Spain (-15 Mt@2 git), Kidston. Australia (94 
Mt@l .48 g.tt) and Fort Knox. Alaska ( I 58 Mt@0.83 g./1). Deposits in this 
group are genetically associa1ed with reduced I-type intrusions emplaced on 
the inner (cratonic) side of continental margin arcs or in continental colli• 
sion settings. Most deposits arc hosted by intcrmedia1e to fclsic. sub-alkalic 
stocks or plutons. Mineralization Styles most common arc sheeted veins or 
breccias, both with low sulfide contents (arsenopyrite and pyrite). Altera• 
tion zones arc charactcriz.cd by narrow envelopes ofsericite. K-feldspar. 
albite, quartz and/or carbonate around veins. 

The defining metal assemblage for the belt is Au-W-Bi. with variable 
As-Sb-Mo-Sn and locally significant Pb-Zn-Ag. Intrusion-related mincr­
ali1.81ion in this belt is zoned from sheeted Au-quartz vein systems withm 
the intrusion, to W±Au skams al the intrusion contacts. to sediment-hosted 
Au and Pb-Zn-Ag veins both within and outside extensive contact aureoles 
which surround the intrusions. 

fl studies have focused on regional definition of F types present in 
addition to more detailed studies of individual deposits. Two major Fl typCS 
arc recognized: (I) low sal (0-6 wt% NaCl eq.) carbonic Fl (Type 4). and 
(2) halite-bearing (30-40 wt6/4 Naef eq.) aq Fl (Type 3). Secondary L-nch 
aq I (Type I ) occur locally whereas V-rich aq I (Type 2) arc absent. Type 4 I 
arc ubiquitous, have CC>i:H2O which vanes from area to area, commonly 
display evidence of immiscibility and homogenize between 220 and 
350°C. Eutectic Tare typically depressed by I to 4°C below that of pure 
COi indicating the presence of additional gaseous phases. Type 3 I are lo­
cally present. and may contain sylvite. carbonate and sulfide m addition to 
halite. The majority ofl homogenize via halite dissolution (between 200 
and 400°C). At the Mike Lake prospect. however. Type 3 I homogenize via 
V loss and coexist with P Type 4 V-rich I, suggesting immiscibility be­
tween the two F. Pressure estimates based on Fl suggest depth of emplace­
ment may be a significant control on F composition and evolution in the 
intrusion-related Au-deposits; low P systems (--0.5 kbar) contain abundant 
high sal F in addition to ubiquitous carbonic F: high sal F occur locally m 
intermed1acc P systems (-1-2 kbar). and generally T)pe 3 inclusions arc 
absent in high P systems (>2 kbars). (From authors' abstract by E.R.) 

BAKER, Tim and THOMPSON, J.F.H., 1998. Fluid evolution at the Red 
Chris porphyry Cu-Au deposit. northwest British Columbia (abst.): Geo­
logical Society of America Annual Meeting I 998, Abstracts. v. 30. no. 7, p. 
A-367. Authors at MDRU. Dept. of Earth and Ocean Sci., Univ. of British 
Columbia. 6339 Stores Rd .. Vancouver, B.C. V6T 124; email 
(tim baker@cos.ubc.ca) 

The Red Chris Cu-Au deposit (522.7 Mt@0.35%Cu and 0.27 
g./tAu). northwestern British Columbia, is hosted by a prc-accretionary 
(203.8:1: 1.4 Ma). hornblende monzonite to quartz monzodioritc porphyry 
which forms part of a suite of dikes and stocks that intrude l81C Triassic 
volcanic stratigraphy. Trace clement geochemistry suggests that the intru­
sion has a composition which falls on the boundary betwccn alkalic and 
calc-alkalic composuions. although alteration and mineralized quartz 
stockworks are more typical of calc-alkalic systems, The deposit 1s char­
acterized by distinct zones of alteration which have variable metal ratios 
and distinct F characteristics. Early potassic alteration is charactenzed by 
orthoclase±albitc±quanz±b1011tc with chalcopy­
ritc+bomitc+magnet11c+hematitc, and high T multiphase Fl (Th>650°C). 
The high sal nature of these I (>40 wt.% N8CI eq.) and their coexistence 
with V-rich I. suggest a magmatic origin probably the result of immiscibll• 
ity during late stage volatile saturation in the M. Cu and Au were co­
precipitated durmg this and associated mineralizauon was a later event and 
has a Cu:Au ratio of2:I (%Cu:g/t Au). Zones ofQSC alteration contam 
rare high sal Fl, which are more dilute (30-40 wt.o/o NaCl eq.) and lower T 
(Th• 300-4500C) than those IWOCiated with potasSIC alteration, and low sal 
(0-10 wt.% NaCl eq.), lowT (Th• I00•2S0°C) Fl that show evidence for 
boiling. Zones of chlorite-carbonace alteration contain low evidence for 
boiling. in addition to abundant S V-rich I (Th•200-2S0°C). which arc 
particularly common m Au•rich zones ( I :0.28 % Cu:g/t Au). The low sat. 
iow T F associated with carbonate-rich alteration may be of either metconc 
or magmatic or1~in Sulfur isotopes from all alteration zones have a narrow 
range (sulfides:6 'S - 3.6-0.6; sulfates 614S 12.5, 16). which suggest a 
magmatic ongin for sulfur and T of-350-550°C. (Authors' abstract) 

BAKKER, R.J., 1998, Improvements in clathrate modelling II: the H20-
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C()i-CH.,•N2-C2Hi. fluid system: in Henrict. J.-P. and Miencrt, J. (eds), G~ 
Hydrates. Relevance to World Margin Stability and Climate Change· 
Geological Society, London. Special Publi<:ations v. 137. p. 75-105. 
Author at Geologisch-Palaontologisches lnstitut, UniversiUlt Heidelberg, 
Im Neucnheimcr Feld 234, D-69120 Heidelberg, Germany. 

Clathrate stability conditions have been modelled for the HiO-COi· 
CH..-N2-C2H, F system b~ed on all available experimental data Optimum 
Kihara parameters arc estimated for pure CO2• CH.,. N2 and C21i6 G hy• 
drates from using the most accurate calculation of other parameters in• 
volved in clathrale modelling. like fugacitics, G solubilities in HP. and 
thermodynamic constants. For mixed G hydrates of COi-Cf-4. CH.,-Ni, 
and CH.,-C2H6 e11cess Gibbs free energy functions arc introduced to obtain 
a good fit to experimental data. The e11cess Gibbs free energy is described 
according to a modified Margules equation, which depends on mole frac. 
tion and T. (Author's abstract) 

BAKKER, R.J., and DIAMOND, LW •• 1998, Reequilibration of syn­
thetic COi-H2O fluid inclusions in quartz (abst.): Program and Abstracts. 
PACROFI VII, Pan-American Conf. on Research on Fluid Inclusions. June 
14. Univ. of Nevada. p. IO First author at Geologisch-Palllontologischcs 
lnstitut. INF 234, D-69120 Heidelberg, Germany; email 
(ronald.bakker@urz.un1-heidelberg.de) 

Changes in Fl composition and volume following entrapment arc of 
primary concern in attempts to rcconsbllct paleo-fluid propenies from 
natural inclusion-bearing samples. Ith~ been convincingly demonstrated 
by higll T experiments that molecular Hi may diffuse into and out of Fl in 
quartz. according to the imposed fugac1ty differentials between the I and 
their external environment. However. recent experimental investigations 
designed to test the post-<:ntrapmcnt behaviour of aq Fl in quartz under 
conditions of differential pressure (APaP..,,,.,_ - P-mo1l and differenlial 
fugacit)• ofwaicr (Miuo-f1120,c,,.,,... • fH20r_,.,,) have led to a controversy 
regarding the exchange ofH2O: Bakker & Jansen (Nature 345: 58-60, 
1990; GCA 55: 2215-2230. 1991) reponed loss ofH2O from homogeneous 
CO2-H2O Fl subjected to -6P and - MH20, implying thal H2O migrated out 
of the I against the imposed Miuo, Sterner et al. (CMP 119: 1•15. 1995) 
showed that H2O migra(es into or out of homogeneous HP.salt I 81 Af> = 
0. down the imposed MHlo gradicnlS. 

Our working hypothesis to resolve these contradictions is to suppose 
that two independent, additive forces drive diffusion of H2O througll the 
quartz host at a given T: one is a response to the gradient in chemical po­
tentials ~soc1ated with Miuo. and the other is a response to wetting of the 
defeclS and cracks induced by Af>. The effects of these forces arc coupled 
inasmuch as gain or loss of H2O may change intemal pressure. We assume 
that T and time play similar kinetic roles. and that C01 and Nae! remain 
immobile. 

In order to test these ideas. wc have pcrfonned two typcS ofhy• 
drothcrmal reequihbratlon experiments using synthetic CO2-H2O Fl in 
quartz. with the aim of discriminating the effects of MH20 and Af>. Starting 
inclusions with XH20"'().6 were synthesized at 600°C, 500 MPa from silver 
oxalate and water and retrieved from the run conditions isochorically. After 
perfonning microthennomeuy and photograpluc documcntauon these I 
were rccquilibrated at 6009C for 30 days as follows: 

( 1 l Pure H2O w~ used ~ an external J> medium to generate .1.P--+ I 00 
MJ>a and MHlo• -32 MPa. The I acquired equid1mcnsional. negative-crystal 
shapes and Thcom.•v- t1 values increased slightly while Throrit•V-+Ll de• 
creased From these observations wc infer that HP migrated into the Fl 
down the imposed Mmo gradient. to reach a maximum XHlo of0.65. The 
calculated increase in I volume associated with this process 1s 7.6¾. Either 
the imposed Af> had no effect on Hi0 exchange. contrary to our wocking 
hypothesis. or its effect was ovemdcn by the magnitude of the MHlo gradi­
ent. The deduced increase in volume is cons1Stent with the summed effeclS 
of the 6P and MH10 gradients. Fl that had partially dccrepitated during first 
m1crothcrrnometric heating reequilibrated differently. 

(2) Pure HiO was used as an external pressure medium to generate 
~ J>"() and MHlo=-111 MPa The inclusions acquired flat. negative-crystal 
shapes and Thco21t•V-+Ll values increased slightly. Unul total homogenisa• 
tion data arc available these changes arc attnbuted to either (i) H20 loss 
and/or volume increase. i.e. agamst the imposed t1fH20 gradient and im­
posed zero .1.P. or (ii) H2O gain down the imposed Mt120 gradient. with 
increase in volume driven by the increase in internal pressure (Authors· 
abstract) 

BAKKER. R.J .• and GRIMMER, JGrg, 1998. Major fault zones in the 
Cantabnan Zone tNW Spain)· Possible migration paths for petroleum 
(abst) Program and Abstracts. PACROFI VII. Pan-American Conf. on 
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Research on Fluid Inclusions, June 1-4, Univ. of Nevada, p. 11. Authors at 
Geologisch-Palllontologisch lnstitut. INF 234. D-69 I 20 Heidelberg. Ger• 
many: email (ronald.bakkcr@urz.uni-heidclberg.de: jgrimmcr@ix.UJZ.uni• 
heidelberg.de) 

Fl appear 10 have mainly a P nature in most (fault zone) cements. and 
the populations consist mainly of all L I. Only a small percentage show the 
presence of a small V bubble within the liquid. These propenies indicate 
fonnatlOII conditions at shallow depths and T <50°C for all typcS of cement. 
In an early and late type of vein mineralization two typcS of P waaer-rich I 
were observed. i.e. sweat watcr and 16 cq. wt"/o NaCl. and inlermed1ate sal. 
Within an intermediate cement Fl show fluorescence. indicating the pres• 
ence of peb'Oleum F. 

The results illustrate the presence of at least three different typcS of F 
which must have been circulating in these fault zones at shallow depths. 
These rocks illustrate the twofold characteristic of thrust Le. migration 
path versus seal for F. (From authors' abstracl by E.R.) 

BAKSHEEV, Ivan, PROKOFIEV, Vsevolod,and USTINOV. Vladimir, 
1998, Genesis conditions of the Berczovsk gold deposit Middle Urals: 
Evidence from fluid inclusion and isotopic data (absl.): ProgJarn and Ab­
stra<:ts. PACROFI VII, Pan-American Conf. on Research on Fluid Inclu­
sions. June 14, Univ. ofNevada. p. 12. First author at Dept. ofGeol .. 
Moscow State Univ., 119899 Moscow. Russia; email (min­
eral@geol.msu.ru) 

The Bcrezovsk mcsothermal Au deposit 1s related to the bcrcsite asso­
ciation and controlled by the systems of granitoid-porphyry and larnpro­
phyrc dykes. We srudicd individual PFI from gangue quartz and schcchte 
from ladder veins of the deposit and oxygen isotopic composition of these 
minerals. Quartz and scheelite arc formed by CO2-rich NaCI-MgC12 solu• 
tions (Tcuoc: •28 to-37°C). Sal of the solutions ranges from 7.3 to 17.0 wt% 
eq NaCl. T 270-350°(, J> 1.4-3.5 kb. 

Earlier ganguc quartt•l forms close intcrgrowths with schcelitc; later 
quartz-II forms close intergrowths with fahlorc and aikinite which arc typi• 
cal minerals for the productive assemblage. Th ofFI from quartz-I range 
from 320 to 350°C. of scheelite from 31 Oto 335°C. and of quartz-II from 
27010 300"C. Quartz-I has a higher concentration and wider range of CO2 
than that for quartt-11. They are 3.1.{).3 and 3.1-5.3 mole/kg of solution. 
respectively. Cco2 and CcH4 from the quartz-I Fl have a direct correlation. 
Sal of F responsible for the quartz-I formation is lower than that for quartz• 
II. They arc 9,2-15.1 and 9.4•17.0 mole/kg of solution. respectively. Pres• 
sure al the quartz-I formation was -2.5 kb. at the quartz-II fonnation -2 kb. 

A dircc1 correlation between 6110 of quartz-I and scheelitc at the Berc­
zovsk deposit and other mesothermal Au deposits has been established. 
including Bcsty11be. Dzhclambet-Ccntre. Stepnyak. Dzhclambet-North. (all 
in North Kanikhstan) Bcrczovsk. and Shershnevsk. (in Urals). and Mu• 
runtau. Middle Asia, Glcnorchy. New Zealand. and Hollinger. Nonh 
America It indicates the equilibrium crystallization of these minerals. 
(From authors· abslract by E.R.) 

BALDASSARO, P.M., and BODNAR, R.J., 1998. Unusual low tern• 
perature phase behavior in the system HP•NaCI-FeCh (abst.): Program 
and Abstracis. PACROFI VII, Pan-Arnencan Conf on Research on Fluid 
Inclusions. June 1-4. Univ. of Nevada. p, 13. Authors at Virginia Tech. 
Fluids Research Lab, Blacksburg. Virginia 24061-0420 

The low T phase behavior of the system H2O-NaCI-FcCli w~ exam• 
incd using synthetic Fl. The contents within capsule remained reduced (by 
added solid buffer. FcO) dunng the experiment. 

Boriscnko (I 977. Geologiya i Geofizika. 18(8)· 16-27) reported a Te of 
- 3 7.0°C for the system Hz()-NaCI-FeCl1. However. m this stud): L was 
observed at ---40°C for a composition of 7 wt"lo FeCli and was also ob• 
served at -48.2°C for a composition of 18 wt"/o FcCI,. 

For compositions between 0-25 wt"/o FeCl2. anomalous reproducible 
phase behavior was observed. Above 25 wt"/4 FeCh. I displayed a different 
type of unusual phase behavior. This concentralion is h1gll enough that a 
significant volume of L should be produced at first melting. However. the 1 
did not freeze. even when cooled to -197°C. No glass phase similar to thal 
reponed by Rocddcr ( 1984, Rev. Mineral.: 12. 644 pp ) for other systems 
was observed Upon heating. either slowly or quickly. no phase transitions 
were detected. as would be expected when the glass transforms into the cry­
~tal phase that is stable at that composition. (From authors· abst. by E.R.) 

BALL. :\1.C.N., 1998. Geology of the McDamc gold camp. Cassiar. Brit· 
ish Columbia: implications for lode-gold: Doctoral thesis. Queen's Univ, 
Kingston. Ontario. Canada. 351 pp. 

Indexed under Fl (E RJ . 



Fluid Inclusion Research 

BALLENTINE, C.J. and LOLLAR. B.S .. 1998, Using noble gas isotope 
and abundance information to place constraints on basinal fluid origin. 
relative timing. transpon mode and mass balana:; He-N2 rich gases in the 
mid-continental USA (abst.): Mineralogical Magazine. v. 62A. V. M. Gold­
schmidt Conf .• Toulouse 1998, Extended Abstracts. p. 102-103. 

BARANOVA. N.N. and ZOTOV, A.V .. 1998. Stability of gold sulphide 
species (AuHS0c"'I)) and Au(HSh"1aq1l at 300, 3S0°C and SOO bar. Experi­
mental study (abs!.): Mineralogical Magazine, v 62A. V. M. Goldschmidt 
Conf., Toulouse 1998, Extended Abstracts, p.116-117. 

BARGAR, K.E. and KEITH. T.E.C., 1997, Estimated temperarurcs for 
geothermal drill holes at Medicine Lake volcano. northeastern California. 
based on fluid inclusion and hydrothermal mineralogy studies U.S. Depl. 
of the Interior, U.S. Geological Survey, Open-file report 97•716. 116 pp. 
First author at U.S. Geological Survey, MIS 910,345 Middlefield Rd., 
Menlo Park, CA 94025, U.S.A. 

Medicine Lake volcano, a Pleistocene to Holocene Cascade shield 
vok:ano in the northe~em part of California. is one of the most promising 
gcothennal energy prospects in the Pacific Northwest. At present, (most) 
data (T. chemisuy, etc.) obtained fiom the drill holes is proprietary. How• 
ever, [sorneJ drill-core samples have been made available for scientific 
investigations, and provide reasonable estimates of late Pleistocene to pres­
ent-day T off circulating through rocks. 

More than 600 rhyolitic to basaltic drill-core specimens fiom the 12 
drill holes (ranging in depth fiom about 340 to 1,370 m) were collected for 
this investigation. \blcanic glass and open spaces of fractures, vesicles, 
and berwccn breccia fragments in core specimen fiom drill holes located 
both outside and within the caldera show the effects of hydrothermal al­
teration. The alteration is more pervasive and reflective of higher Tin the 
two intracaldera drill holes. Fony-five hydrothermal minerals were identi­
fied fiom these drill holes. Many clay minerals, zcolites, carbonates, silica 
minerals, etc .. undoubtedly formed at :zcolite-facies T (<~200°C), but the 
presence of minor garnet. epido!e. actinolitc/tmnolite, prehnite. and talc 
suggest previous higher (about 20Q-400°C) sub-grcenschist- to grecnschist­
facies T. 

Th of Fl in hydrothermal quartz, calcite and wairakite from one core 
range between 178 and 373°C Another shows Th measurements in hy­
drothermal quartz and calcite betwccn 125 and 225°C. However, the pres­
ence of garnet. cpidote. prehmtc, actinolitc/tremolite and talc indicate that 
past T have been substantially higher. 

Minimum Fl Th values within the lower half of the ML 45-36 drill hole 
suggest that current T near the bottom of this dnll hole are approxunatcly 
200°C and many plot above the theoretical reference boiling-point curve 
drawn to the present ground surface. These L-nch Fl with high Th values 
reflect P that were greater than at present. During the late Pleistocene the 
surf~ is estimated to have been at least I SO m higher than at the present 
time due to the presence of glacial 1cc. 

Dozens of tiny (<0.S to -5 µm). mostly rod-shaped. bacteria•hkc 
moving particles were trapped inside a L-rich. P Fl. The I occurs within a 
hydrothermal quartz crystal that formed on a fracture in rhyolitic lava fiom 
856 m depth in drill hole ML 45-36. The movement appears to be due to 
Brownian motion. If the particles arc the remams ofthcnnophilic microor­
ganisms. the Fl studies indicate that they must have been trapped at T 
above 200°C. (From authors' abstract by E.R.) 

BARKER. A.J. and ZHANG, Xlng, 1998, The role of microcracking and 
grain-bounda,y dilation during retrograde reactions: .i!! Treloar. P.J. & 
O'Brien. P.J. (eds), What Drives Mctamoiphism and Metamo1ph,c Reac­
tions" Geological Society, London. Special Publications. \'. 138. p. 247• 
268 

BARKER. C.E., BONE, Yvo.nt and LEWAN, M.D., 1998. Fluid inclu­
sion and vitrinitc-rctlcctance geothcrmomctry compared to hear-flow mod· 
els of maximum palcotemperature next 10 dikes, western onshore 
Gippsland Basin. Australia: lnt'I J of Coal Geol. v. 37, no. 1-2. p. 73-111. 

Nine basalt dikes, ranging fiom 6 cm to 40 m thick. intruding the Up­
per Jurassic-Lower Cretaceous Stnclecki Group, western onshore 
Gippsland Basin, were used to study maximum Tmax reached next to 
dikes. Tmax was cstima1ed from Fl and vllramte-reflecrance geothcr­
rnornetry and compared 10 T calculated using heat-flow models of contact 
mctamoiphism. Thermal history reconstruction suggests that at the time of 
dike intrusion the host rock was at a Tof I00-135~C. Fracture-bound Fl in 
the host rocks next to thin dikes (<3 4 m thick) suggest T ""' systematically 
increases toward the dike margin to at least 500°C. The: esumated T _ , 
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next to the thickest dike (thickness (D)=40 m) suggests an extended zone 
of elevated R ... to at least a distance fiom the dike contact (X) of 60 m or at 
X/D>l.S, using a normahi.cd distance ratio used for comparing measure­
ments between dikes regardless of their thickness. In contrast. the pattern 
seen next to the thin dikes is a relatively narrow zone of elevated Rv-r. 
Heal-flow modeling, along with whole rock elemental and isotopic data. 
suggests that the extended zone of elevated R ... is caused by a convection 
cell with local recharge: of the hydrothermal F. The narrow zone of elevated 
R ... found next to thin dikes is attributed to the rise of the less dense. heated 
F 8l the dike contact causing a flow of cooler groundwater toward the dike 
and thereby limiting its heating effects. The lack of extended healing cf• 
fects suggests that next to thin dikes an incipient convection system may 
form in which the heated F starts to travel upward along the dike but cool­
int occurs before a complcle convection cell can fonn. Close to the dike 
contact at X/D<0.3. R, . ., often decreases even though Fl evidence indicalcs 
that T-, is still increasing. Further, Fl evidence indicates that the evolu­
tion of water V or supercritical F in the rock pores corresponds to the zone 
where R~ begins to decrease. The generation of the water V or supercriti­
cal F near the dike contact seems to change vitrinite evolution reactions. 
These metamoiphic conditions. closer to the dike than XJD:0.3 make 
vitrinite•reflectance unreliable as a gcothcrmomctcr. The form of the R,., 
profile, as it indicates T ... ,. can be inteipreted using T profiles estimated 
fiom various hcai-flow models to infer whether the dike cooled by conduc­
tion, incipient convection, or a convection cell. A contact aureole that con­
sists of decreasing R, .. or T ,,.., extending out to X/D<2 and that has a T...,. 
... »T _,.+ T ta,12 appears to be a signature of simple conductive cooling. 
Incipient convection is indicated by a R, .. profile that decreases to back­
ground levels at X/D< I. A convection cell is indicated by a wave-like form 
of the R,., profile and consistently high R ... that may not decrease to back­
ground levels until beyond distanees ofX/D>l.5. (Authors' abstract) 

BARKER. Colin and SULLIVAN, G.E" 1998, Non-hydrocarbon gases in 
the deep Smackover Fonna1ion. Mississippi salt basin. at the location of 
the Mary Higgins well. Mobile County, Alabama (abst.): American Asso­
ciation of Petroleum Geologists 1998 annual meet mg, Salt Lake City, UT. 
May 17-20, 1998. 

The Smackover Fonnation is an imponant G-producing interval in the 
Mississippi Salt Basin, but inorganic components frequently reduce the 
economic value of the G. Fl in overgrowths and fracturc•filling calcite 
cements provide samples of G that were present in the system at various 
times in the past. We have analyzed the composition ofG m Fl from 27 
different depths in the Conoco Ma,y Higgins well. This well is located on 
lhc eastern shoulder of the Wiggins fs•c] Arch and penetrated the entire 
Smackover Formation over the depth range from 19.177 to 19.400 feet. 
The carbonates of the Smackover Fonnation directly overlie basement, and 
this is intruded at 19,456 feet by a 3-inch rhyolitc: dike 1hat contains calcite 
fracture-filling cements. The reservoir interval extends from 19,100 to 
19,335 feet. (Authors' abstract) 

BARNES. H.L. and ROSE, A.W., 1998. Origins ofhydrothennal ores 
Science, v. 279. p. 2064·2065. Authors at Dept. ofGeosc1 , Pennsylvania 
State Univ .• University Park. PA 16802 USA; email 
(bames@gcosc.psu.edu). 

A review. dealing m particular with Audctat et al. (this issue) (E.R.) 

BASUKI. Agung, SUPARKA. Emmy and SUNARYA, Yaya, 1998, Gold 
deposit m Cikidang area. West Java. Indonesia: Nmth Regional Congress 
on Geo!., Mineral and Energy Resources of Southeast Asi--OEOSEA '98 
17-19 Aug, Kuala Lumpur. Malaysia. Program and Abstraets, p. 118. Min­
eral Resources paper 19. First author al PT.Ancka Tarnbang (Perscro). 

The Cikidang gold deposit in West Java is typical of the low­
sulphidation epithermal deposit. consisting of several veins of dissemi­
nated- and clusters- of native gold. quartz-adularia-calc•te assemblages, 
showing various textures such as colloform banding, vein breccia, comb 
textures, and rare massive texture Hydrothermal alteration 1s widespread 
in the Cikidang veins: advanced argilhc alteration extends fiom I m up to 
IO m around the veins, which gradually changes 10 propylitic alteration 

Fl evidence indicates the mineralized FT range fiom l6S to 205°C 
and have sal of0.028 to 1.07 eq. wt.% NaCl. Besides. the mineralization 
ltorizon of the Cikidang vein is located in precious metal honzon whilst the 
erosional level falls between 200-250 m depths beneath the paleo surface 
The age of the mineralization is about Pleistocene time. (From authors' 
abstract by E.R.) 

BAYUK. 1.0, and CHES~OKOV, E.:\1., 1998. Correlation between elas-
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tic and transport properties of porous cracked anisottopic media: Physics 
and Chemistry of the Eanh, v. 23, no. 3, p. 361-366. 

Indexed under Fl (E.R.). 

BEAUDOlN, Georges and THERRIEN, Rtnl, 1998, The Kokance 
range Ag-Pb-Zn hydrothermal system: 3D modelling of crustal-scale fiac. 
ture-controlled hydrothcnnal fluid flow (abst.): GAC/MAC Meeting Que­
bec 1998. Absttaet Volume 23, p. Al2. Authors at MEDEF. Dpt. de 
Geologic et de Genie Gcologique. Univ, Laval. Quebec. Qc GI K 7P4; 
emall lbeaudoin@ggl.ulaval.ca) 

The Kokance Range Ag-Pb-Zn vein field (southeastern BC.) fonned 
during Eocene crustal extension and unroofin& of the Valhalla metamor­
phic core complex. 

In Slocan Group slates, vein minerals oxygen isopleths arc concentric 
about the "Main Lode" with a NE-SW deflection, and abut on the Slocan 
Lake Fault. No systematic mcnen isotope zonation is found in the Nelson 
batholith. The oxygen isotope regional zonation in Slocan Group slates 
reveals the pattern of fracture-controlled hydrothermal F flow. F mixing, 
and F-rock exchange. Oxygen isotope and sal data indicate mixing be­
tween a deep-seated. metamorphic F and an upper crustal F dominated by 
evolved meteoric water. Fl daJa show no T gJadient. F-rock exchange is 
recorded in the oxygen isotope composition of Slocan Group slates which 
display a regional depiction consistent with the vein oxygen isopleths. 

Our objeccive is lo simulate the oxygen isotope compositons and zo. 
nations observed in the Kokanec Range Ag-Pb-Zn vein field. The hy­
potheses arc that the oxygen isotope compositions and zonat10ns are pro­
duced by infiltration of a deep-seated F (6110=8'6-) along the Slocan Lake 
fault at the base of the continental crust. A hydraulic head gradient forces 
the F to flow toward higher crustal levels where the F enters the 6-acturcs in 
the Slocan Group slates (6110-l 8%o). Fractures in the Slocan Group slates 
are coMected to the Slocan Lake Fault and filled with evolved meteoric 
water (6180z3"°). lsothennal condiuons are assumed at the T recorded by 
Fl (3S0°C). We use a finite-clement model, FRAC3DVS, which simulates 
3D-isothermal F flow and advective-dispers1ve transport 1n d1scre1ely­
frac1Urcd porous media. The model has been modified to allow calculation 
of oxygen isotope compositions during equilibrium and kmctically­
controlled eltchange between the F and the rock mass. The porous matrix 
is discretized with 3D clements and is intersected by vertical and inclined 
(45°) interconnected planar fractures that schematically reproduce the 
fracture pattern in Slocan Group slates. Material properties and boundary 
condnions 1w-c adjusted to reproduce the Kokancc range daca and to dcnve 
useful parameters describing F flow and mass transport in the hydrothermal 
system (From authors· abstract by H.E.B.) 

BEBIE, J,. SEWARD, T. M.and HOVE\', J.K., 1998. Spectropho­
tometric determination of the stability of thallium (l} chloride complexes in 
aqueous solution up to 200°C- Geochim. et Cosmo. Acta. v, 62. no. 9. p 
1643-1651. 

BECHTEL. A., PERVAZ. M. and POlTMANN, W., 1998. Role of or­
ganic matter and sulphate-reducing bacteria for metal sulphide precip1ta-
11on in the Bahloul Fonna1ion at the Bou Grine Zn/Pb deposit (Tunisia): 
Chem Geol . v 144. p 1-21. First author at Mineralog1sch-Pctrolog1sches 
Inst. der Univ Bonn. Poppelsdorfer Schlol}. 53115 Bonn. Gennany 

The ongin of the Bou Grine Zn/Pb deposit ofTumsia was investigated 
dunng a geochemical study of the Cretaceous Bahloul Formation. The 
inorganic and organic chemical compositions of the bituminous marls and 
limestones. as well as the light stable isotope ratios of organic carbon and 
carbonates were measured. Closely spaced samples were collected along 
two profiles. at different distances from the cnnchments m Zn and Pb. 
which arc best developed near the Bou Grine d1ap1r. The organic geo­
chemical data suggest sulphide precipitation at the Bou Grme deposn by 
sulphate-reducing bacteria (SRB ). SRB utilized hydrocarbons denved both 
from the Bahloul sediments and from external source rocks. Production of 
S(-11) by the bactena was most probably limited by the availab1hl) of sul­
phate. although sulphate was available to the bacteria in high concentra­
tions m close proximny to the T riass1c salt dome. Ground waters evolved 
to hypersaline basinal brines by dissolution of salt and anhydrite at the 
contact of the diapir. These brines would have been capable ofleachmg 
metals from the sedimentary sequences adjacent to the salt dome. The 
Triassic senes has often been advocated as the source of the metals. and the 
Cretaceous sediments themselves are carriers of metallic elemencs Ore 
deposition apparently resulted when metal-bearing solutions that migrated 
upward into the roof zone of the d1apir mixed wnh S(-ll)•bearing solutions. 
Those fonned when SRB oxidized the high amounts of hydrocarbons 
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within the Bahloul sediments and in the brines, using so.2· from sulphate­
rich waters in the anhydrite caprock as an oxidant. (Authors· abstracl)-

BEHRENS. H .. WITHERS, A. and ZHANG, V., 1998. In situ lR spcc­
croscopy on hydrous albitic and rhyolitic gla5SCS and its implications for 
water spcciation and water species reactions in silicate glasses and melts 
(abst.): Mineralogical Magazine. v 62A. V M. Goldschmidt Con(, Tou­
louse 1998, Extended Abstracts, p.139-140. 

BELEVANTSEV, V.J., GUSHCHINA, L.I. and OBOLENSKII, A.A .. 
1998, Antimony in hydrothermal solutions: Analysis and gencraliz.ation of 
dala on antimony (Ill) chloride complexes: Geochemisby lnt'I .• v. 36. no. 
10. p. 928. 

BELKIN, H.E., cit VIVO, lkntdttto. TOROK. K.61111,n and WEB­
STER, J.D .. 1998, Prc<niptive volacile content. melt-inclusion chemisby. 
and microthermomeby of interpliman Vesuvius lavas (pre-A.D. 1631 ): J. of 
Volcano). and Geothermal Research, v. 82, no. 79-95. First author at U.S. 
Geological Survey, MS 956, Reston, VA 20192 USA. 

Silicate-Ml fro!Jl lavas and pyroclasucs from a selected suite of pre­
A.D. 1631 interplinian Mt. Somma• Vesuvius lavas and scoria have been 
experimentally homogenized and studied by microthermome11y, electron 
microprobe (EMPA) and S-ion mass speccromeby (SIMS) to examine pre­
eruptive volatile content and magma evolution. The Ml have a bubble 
about 0.06% their volume, (misprint; of approximately l vol.%) uncom­
monly contain non-condensable G but do not contain any dense F phases. 
Clinopyroxene-hostcd I yield Th from 1170 to 1260°C. most between 1220 
and I 240°C; plagiocl~-hosted I have Th from 1210 to I 230°C; these 
values are typical for the Vesuvius environment. The dominant factor con­
trolling major clement variabihty in the l is clinopyroxenc fractionation; 
MgO varies from S to 3 wt%. SiO2 varies from 60 to 48 wt%. total alkalis 
vary from l S to 4 wt"! •. and CaO varies from 13 to S wt"/o. Hz() varies 
from 2.7 to 0.6 wt"/o and is decoupled from incompatible clement evolution 
suggesting V saturation during trapping. Chlorine and F vary from 1.0 
wt"/o to O and 0.63 to O wt"/o, respectively. Bulk rock and limited matrix 
glass analyses show that the lavas lost about half of their F and Cl content 
except for the A.D. 472-1631 lava which contains similar Cl abundances as 
the bulk rock. SO3 varies from 0.5 to O wt"/o and. compared with matrix 
glass and bulk rock. demonstrates that the lavas have lose essentially all 
sulfur. The samples can be classified into three age groups, >25,000 yr 
B.P.. 25.000-17.000 yr B.P.. and A.O. 472-163 l. There is a systematic 
increase in some components. e.g .. total alkalis. S03. Cl. Li. B. and Sr with 
the youth of the sample and a decrease in others. e.g .. Zr and Y. However. 
on average these samples seem less evolved than laler A. D. 1631-1944 
lavas. lAuthors' abstract) 

BENISO!II. K.C. and GOLDSTEIN, R.H., 1998. Climate signals from 
the mid Pennian Nippewalla Group of Kansas (abst. ); Abstracts with Pro­
grams-Geological Society of America. v. 30. no. 3, p. 2. 

Indexed under Fl. 

BEN ISO!\/. K.C., GOLDSTEIN, R.H., WOPENKA. Brigittr, BUR­
RI.JSS. R.C .. and PASTERJS. J.D .. 1998a. Fluid inclusions in halite indi­
cate extremely acid Pennian lakes and groundwaters (abst.) Program and 
Abstracts. PACROFI Vil. Pan-American Conf. on Research on Fluid Inclu­
sions. June 1-4. Umv. of Nevada. p. 14. First author at Univ. of Kansas. 
Lawrence. KS. 

During the mid Permian. saline lakes. pans. and mudflats deposited 
bedded halue and red-bed sediments over an area of al least 200.000 km2 

of the North American midcontinent. Laser Raman microprobe (LRM) 
analyses of Fl m bedded and displacive halite from the Opeche Shale of 
North Dakota and the Nippewalla Group of Kansas show peaks for bisul­
fate (HSO.'). in addition 10 peaks for sulfate (SO/) and water. LRM analy­
ses of standard solutions of widely ranging pH in the subsystems ofNaCI­
Na1SO.-H2SO.-HCI-H2O indicate that only waters with pHs below l are 
charactenzcd by Raman spectra with one or more bisulfate peak. Therefore. 
b1sulfa1e peaks m LRM spectra of Fl in natural halite are evidence for 
highl) acid (pH < I) Pennian lake waters and groundwaters. Fl leachate 
analyses by ICP-AES and ion chromatography show that these were Na-K­
Mg-Ca-CI-SO.-rich bnnes wllh relatively high concentrations of Al, Si. 
and Fe. also charactenstk: of modem acid waters. This marks the first 
identificatton of ancient acid lake systems. 

Natural ac•d lake and groundwater systems throughout southern Aus­
tralia mav be modem analogs for ancient acid waters. Both the modem 
Australian and the Permian acid systems are characterized by shallow sa-
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line lakes in red siliciclastic sediments. This discovery of ancient acid wa­
ters should have far-reaching implications for better understanding the 
ecology oflake systems, wa1cr budgets of past climates. chemical evolution 
oflake waters and groundwa1ers. and formation of red beds. {Authors' 
abstract) 

RENISON, K.C., GOLDSTEIN. RH., WOPENKA, Brigitte. BUR­
RUSS, RC. and PASTERIS. J.D., 1998b. Anatomy of an ancient, ex­
tremely acid saline lake system: the Mid Permian Opcche shale ofNonh 
Dakota (abs!.): American Association of Petroleum Geologists 1998 annual 
meeting, Salt Lake City, UT, USA. May 17-20, 1998. 

See previous item. 

BENISON, K.C., GOLDSTEIN, RH., WOPENKA, Brigitte, BUR­
RUSS, RC. and PASTERIS. J.D~ 1998c, Extremely acid Permian lakes 
and groundwaters in Nonh America: Nature. v. 392. p.911-914. First • 
author at Dept. of Geo!., The Univ. of Kansas, Lawrence, Kansas 66045. 
USA. 

Evaporites hosted by red beds (red shales and sandstones), some 275-
265 My old, extend over a large area of the Nonh American mid-continent. 
They were deposited in non-marine saline lakes. pans and mud-flats. set• 
lings that arc typically assumed to have been alkaline. Herc we use laser 
Raman microprobc analyses ofFI trapped in haliles from these Permian 
deposits lo argue for the existence of highly acidic (pH<I) lakes and 
groundwaters. These extremely acidic syslems may have extended over an 
area of200.000 km$. Modem analogues of such syslems may be natural 
acid lake and groundwater systems (pH-2-4) in southern Auslralia Both 
the ancient and modem acid systems arc characterized by closed drainage, 
arid climate, low acid-neutralizing capacity, and the oxidation of minerals 
such as pyrite to generate acidity, The discovery of widespread ancient 
acid lake and groundwaler systems demands a re-evaluation of reconstruc­
tions of surface conditions of the past. and further investigations of the 
geochemistry and ecology of acid systems in general. (Authors· abstract) 

See figure in the lllus1ra1ions appendix. 

BER.~IKOV, N.V. and KARSAKOV, l.P .. 1998, Fluid inclusion studies 
in Precambrian complexes oflhe Russian Far East: Geol. of Pac. Ocean, v. 
13. p. 6 75-688. Authors at Inst. ofTectonics and Geophys., Far East Div., 
Russian Acad. of Sci.. Khabarovsk. 

The paper review and revises the main results of research into the I in 
minerals from the metamorphic and igneous rocks from the Russian Far 
East (Authors· abstract) 

BERNARDO, Cesare and CINZIA, Maintri, 1998, Fluid-present 
anatexis ofmctapelites at El Joyaw (SE Spain): Constraints from Raman 
spectroscopy of graphite (abst,): Plinius. v. 20, p. 181-182. First author at 
Dipto. di Mineralogia e Pctrologia-Univ. di Padova; email (ber­
nardo1l'dmp.unipd.il). 

The garnet-b1011te•sillimanile anatectic xcnohths in the Neogene dacitc 
dome of El Joyaw (SE Spain) contain four types of graphite (I to IV), dis­
tinguished on the basis of grain-size and texture. Structural characteriza­
tion of graphite by Laser Raman spectroscopy (LRS) shows systematic 
differences in the degree of ordering among the four typeS: only one (Ill) is 
fully compatible with the granulite facies conditions ( the others represent 
lesser metamorphism). LRS results together with petrologic observation 
suggest that II is possible that high M fr-actions can be generated by closed­
system, F-present melung of a mctasedimentary protolith. Although this 
contradicts the accepted hypotheses. it is a possible end-member model in 
uncommon anatectic senings characterized by rapid heating rates and low­
grade source rocks. (from authors· abstract by E.R.) 

BEl.lRLEN, Hartmut, da SILVA. M.RR, and dt CASTRO, Chlludio, 
1998. Fluid 1nclus1on microthermometry in Be-Ta-(Li-Sn) bearing pegma­
lltes from the Borborema Province. nonheasl Brazil (abst.): Program and 
Abstracts. PACROFI VII. Pan-American Conf. on Research on Fluid Inclu­
sions. June 14. Umv of Nevada. p. IS. First author at Depto. Eng. de Mi­
nas. UFPE. Rua Acad. Helio Ramos s.n .. 50.740-530, RECIFE-PE. BRA­
ZIL 

Fl in Be-Ta-Li-Sn beanng pegmatites reported 1n the literature arc 
hypersaline aq bnnes. low sal aq or aq carbonic F. The evolution of volatile 
Fm equilibrium with the different phases ofpegmatile crystallization do 
not follow a universal model. Several heterogeneous Be-Ta-(Li•Sn) pegma­
lltes were sampled systematically along cross secuons to study the Fl in the 
different pegmaute zones (I- muscovite rich contact zone. II- homogeneous 
or graphic pegmatite.111- block)' feldspar zone and IV- quanz core). The 
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observed Fl {mainly in quartz) arc mainly Sor PS, grouped along healed 
fractures with chaotic orientation. Fl were either low sal aq or aq-carbomc 
(frequently in trails with silicate dxl, especially muscovite) or rarely pure 
carbonic F. Some well-formed drusy crystals provided Pl for study. Mi­
crothermometric data [on these samples] show that the various pegrnalite 
phases were in equilibrium with low sal. aq or aq-carbonic F, with ins1g• 
nificant N2 or CH., and with common silicate (and probably other) dm. The 
F apparently evolved from carbonic (COi (SO"/o) F) in equilibrium with 
graphic pegmatllc and early minerals (beryl, manganotantalite, blue tour­
maline oflones II and Ill)) to low-carbon aq F (in the core of quanz crys­
tals al the limit between zone III and the: quartz core) to COi-m:e aq F in 
the border of these crystals and in minerals of the replacement bodies (apa• 
tite. cuclase). In one sin~le quartz crystal a thermal gradient of I so•c from 
the smoky core (Th 290 C, low CO2, low sal, aq) to the hyalinc border (Th 
144°C. aq. moderate sal) was measured. The sal in this crystal oscillates in 
successive growth zones suggescing formation in an open system. A similar 
evolution from aq carbonic to low sal aq F has also been observed in sev­
eral pegmatite provinces throughout the world. (From authors· abstract by 
E.R.l 
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BIGG[, M.A., MACLEOD, G., APLIN, A.C. and LARTER, S.R, 
1998, Confocal scanning laser microscopy and its application to the 
evalualion to palaeo reservoir conditions using fluid inclusions (abst.): 
American Chemical Society 215th National Meeting Program, Dallas. TX, 
March 29-April 2, 1998, paper no. 050. Authors at Dept. offossil Fuels 
and Environmental Geochem.: NRG, Univ. of Newcastle upon Tyne, Tyne 
& Wear, NEI 7RU. UK 

The Leck field is a North Sea oil field adjacent to the Nonh Viking 
Graben and flanked by three separate polcntial source kitchens all within 
the oil window. The field provides a good example of the applicability of 
the new Confocal Scanning Laser Microscope (CSLM) palaeoprcssurc 
evaluation technique. Analysis offl and formacion F was carried out using 
a variety of chemical and microscopic techniques. 

Crush leaching of cleaned reservoir samples to derive a pure Fl petro­
leum fraction followed by GC/GC-MS provides both bulk and molecular 
geochemical data allowing source typing and maturity determination. Con­
focal scanning laser microscopy of petroleum Fl in combination with mi­
crothermometry has been used to obtain accurate petroleum I GOR and 
thus (combined with Pvr modeling) enabled the evalua1ion of minimum 
formation palaco P through time. We describe the petroleum F and P his­
tory of the reservoir. (Authors· abstract) 

BLAME\', N .• 1998. Chemical controls on gold solubility in the Witwa• 
tersrand Basin. South Africa (abst ); New Mexico Geol., v, 20, no. 2, p. 
49-S0. Author at New Mexico Inst. ofMimng and Tech .. Socorro. NM 
878014796: email (nblamey@nmt.edu) 

In order to test the hypothesis that gold was more soluble than 0.1 
ppm. one needs to determine the T of the F. the oxygen and hydrogen­
sulfide fugacity matenal, and the sal of the F. The bedding parallel frac. 
tures are hose 10 Fl with estimated 2.3 molar NaCl. based on the freezing 
depression of ice, Based on the G analysis. the oxygen and hydrogen sul­
fide fugacities have been calculated giving log values for oxygen fugacity 
of-27 to -30. Sal has a profound effect on the determina11on of gold solu­
bility using Henry's Law of constants. thereby increasing the solubility of 
gold thio-complexes by nearly three orders of magnitude The data show 
that metamorphic F trapped by the S Fl had the potential to dissolve 0. I to 
10 ppm of gold, 

Perhaps gold solubility dunng metamorphism may be the key to un• 
derstanding why the Witwatersrand Basin has exceeded all other gold de­
posits m terms of reserves m that there existed an efficient transport 
mechanism and an effective trap. (From author's abstract by E.R.) 

BLE:"jCOE, J.G., ANOVITZ. L.M. and SEITZ. J.C.. 1998a. A Helm­
holtz fiee energy model for supercntical H2O-CO2 mixtures ( abst. ): Geo­
logical Society of America Annual Meeting 1998, Abstracts. v. 30, no. 7. p. 
A-319. 

BLE'.'liCOE. J.G .. ANOVITZ. L.M. and SEITZ, J.C .. 1998b. A new 
method for modeling the thermodynamic mixing propen1es ofhigh­
i~mperature HiO-COi fluids (abst.): EOS Trans AGU. 79( 17), Sprmg 
Me.:1. Suppl.. p. S37S. First author at Chemical and Analytical Sci. Div., 
Oak Ridge Nat'I. Laboratory. PO Box 2008. Bldg. 4500-S. MS 6110, Oak 
Ridge. rn 37831-6110, email (blencoejg,g•oml.govl 

Widely applied semi-empirical thermodynamic models for h1gh-T 
H10-CO2 F fall to provide reliable excess properties Superior results arc 
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obtained from an alternative modeling method. Equations of the same 
form can be used to model the excess properties of other higll-T. binary 
H20-gas mixtures (H20-N2, H20-CH.a. etc.) (From authors' abstract by 
E.R.l 

BLYTH, A.R., FRAPE, S.K.. BLOMQUIST, Runar and NISSINEN, 
P1si, I 998. Combining fluid ,net us ion srudies with isotopic investigations 
of fracture calcite to assess the past thermal and F history of the Olkiluo10 
research site. Finland {abst.): Geological Society of America Annual 
Meeting 1998, Abstracts, v, 30. no. 7, p. A-88. First author al Univ. of 
Waterloo, Waterloo, Ontario, Canada N2L 3G 1; email (ar• 
blyth@sciborg.uwatcrloo ca) 

A Fl study, combined with isotope geochemistry of several generations 
of fracture calcite from the Olkiluoto research site, Finland. has been used 
10 better understand the past thennal and f history in the crystalline: rock 
environment. Typically, fracture mineral investigations use oxygen and 
carbon isotopes from calcite and an estimate of the isotopic composition of 
the water that precipilaled the calcue 10 perform 6t10 geothermometry 
calculations to estimate past T conditions. By combining Fl information 
with calcite isotopes. one can directly measure the T at which the calcite 
formed and can better determine past F compositions. 

Isotopic, pctrologic and Fl studies at lhe Olkiluoto research site in 
Finland were undertaken as part of an investigation within the Finnish nu­
clear waste disposal program. The study revealed that four F were recorded 
by fracture calcites. From petrologic evidence, the first F precipitated 
crystalline calcite 81 I so to 2S0°C wnh a 6 llc signature of - 22 to -14 POB 
and a 6110 signature of I 1.8 lo 14.4 SMOW. These closed fracture fillings 
were found at depths >SOD m and were formed li'om a higll T. low sal, Na­
Cl F. The next F precpitated crystalline calcite with clay at 70-2100C with 
a613C signature of-810 7 PDB and a611Osignature of IS.4-21.6 SMOW. 
These closed fracture fillings were found at depths <500 m and were 
fanned from a moderate to htgll T. low lo moderate sal, Na-Cl F. likely of 
magmatic origin. The l~t group of calcites 10 form record the presence of 
two distinct F types. The platy (a) calcite formed at 98·238°C with a o13C 
signature of-13.9 to - S.4 POB and a 6110 signature of 12.3-19.6 SMOW, 
from a higll T, low sal. Na.Cl F of possible magmatic origin The platy {b) 
calcite fonncd at 66.7-98°C with a 613C signature of- 13 to~.3 PDB and 
a 6110 signature of I 5.1 to 20 I SMOW. from a low T. high sal. Ca-Na.Cl 
F of possible basinal brine origin. {Authors' abstrael) 

BOARD, W.S. and FRIMMEL, H.E., 1998. Fluid evolution and miner­
alising potential in the external Garicp Belt (abst.). Special Abstracts Issue 
Gondwana 10: Event Suatigraphy ofGondwana. published in J. of African 
Earth Sci., V. 27, no. IA. p. 29-30. Authors at Dept. of Geological Sci., 
Univ. of Cape Town. Rondebosch 770 I, South Africa 

Regional orogcnic F in the external zone of the Gancp orogcnic belt 
differ from pre-orogcnic F associated with rift-related base metal sulphide 
mineralisation by having a considerably lower sal and different chemistry. 
Based on our data. no significant mineralising potential can be ascribed 10 
these orogenic F. 

Most of the Fl analysed arc secondary. Four types ofFI were observed 
al room T: ( 11 two-phase. undersaturatcd aq: (2) three-phase. undcrsatu• 
rated COrbearing aq: (3 l monophasc CO2-rich: and { 4) four-phase. satu­
rated CO2-bearing aq 1 with dxl. Aq Fl arc the most abundant. The coex­
istence of types (2) and (31 is interpreted to be a result ofL immisctbihty 
during entrapment. The triple point ofCOi-rich I varies between -56.6 and 
-58.4°C. For the lower value, preliminary Raman spec1romeu1c data md1• 
cate the presence of additional CH.,. Aq I of the D1/D2 veins from the 
northern part of the PNZ have Th-220-24D°C comparable to those ob­
tained for the southern pan (Th-230°C). These Th values arc generally 
higher than those obtained from the 01/02 veins (Th~ 190-210°C) from the 
central part. Aq I within D3 veins from the central part yield shghtly lower 
Th values ( I 80-200°C) than the 01/02 veins there. Aq I m D_, veins 
yielded the lowest Th values ( I SS•l70°C). The D4 vems (restricted 10 the 
central pan of the PNZ) have aq Th values (-240-250°Cl that are higher 
than those of the D1/01 veins in this area, in agreement with their relation­
ship 10 contact metamorphism around the Kuboos Pluton 

F sal in the 01/02 to D~ veins arc very similar. generally varying be­
tween 0-11 wt% NaCl eq .• with two samples having higher sat (14 9-15.3 
wt"lo NaCl cq. ). Very low sal were obtained for the Schakalsberge Thrust 
(0-2.6 wt% NaCl). Eutectic T arc generally in the range <-35 to <-60°C. 
indicating the presence ofCaCl2 and MgCh in addition to NaCl. Type (4) I 
were only encountered in the silicic footwall brecc,a that underlies the main 
ore bodies al Rosh Pin ah and this was the only type of I present withm the 
sample. The triple point of the CO2-rich I of -60.8°C indicates the presence 
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of other species in addition 10 C0i (most hkely HiS and/or Cl--i4). The sal 
determined from clathrale mching T (-20.2 wi-10 NaCl eq,) ind~es that 
these F arc far more saline than the orogenic F. 

The pn:-<>rogcnic F sampled {by crush-leach I at the Rosh Pinah 
mine differ in the distribution of the dissolved ions from the regional oro­
genic F (Fig. I). An NaCI-CaCli·H2O (with minor MgCli) system is con­
firmed for the orogcnic F. whereas those from the mine arc dominated by 
MgCli and CaCti. Only in orogcnic F from the northern part of the PNZ 
was Br detected. Very low CVBr and Na/Br ratios indicate that the F sarn• 
pied were from an cvaporitic horizon {Kesler et. al., 199S, Geology, v 25. 
p. 641-644 ). No variation in ionic composition as a func1ion oforogenic F 
gcncra1ion were observed. {From the authors' abstract by H.E B.) 

Set figure in the 11/wrratiOflS apptndi.x. 

BOBROV, A.B., SIVORONOV. A.A., MALYUK. 8.1. and PAVLUN, 
M.M., I 998. Economic gold mincrali?.ation in the Ukrainian shield: ex• 
tended absl18Ct, lnt'I. Liaison Group on Gold Mineralization Newsletter 26. 
p. 61-<,4. First author at Dept. ofGcol .. Lviv Stale Univ., Grushevskogo 4. 
290005. Lviv, Ukraine. 

The Ukrainian shield consists of six d1s1inct rock complexes but eco­
nomic gold mineraliza1ion is known in rel8lion to only three of them 

I) Charnockite•granutitc complex characterized by supracrustal plu• 
tonic fonnations metamorphosed under granulitc conditions 

2) Tonalitc-grccnstonc complex represented by volcano-sedimentary. 
volcanic and plutonic formations progressively metamorphosed under con• 
ditions from amphibolite and epidote-amphibolite to grccnschist facies Fl 
studies suggest a metamotphic-hydrolhcrmal origin for the m111eraliza1ion. 
related to the latest events of the rhyodacite-plagiogranitc association and 
development of post-magmatic F systems. Depositional environments 
were characterized by rather wide T intervals, 200-400°C. and moderate P 
of 200-250 MPa In the case of vein deposits, available data suggest the 
absence of any significant mineralogical and geochemical zonation. 

3) Granitoid•mcta-tmjgcnous complex comprising mainly metascdi­
mentary fonnalions. Gold occurs as grains of the native metal 1-100 µmin 
size with a predominance of fine fracuons (44-74 µm). and a fineness of 
934-978. Preliminary Fl studies suggest rather high T but low-P environ­
ments 111 the range of250-4S0°C and 150-200 MPa respectively. (From 
authors· abstract by E.R.l 

BODNAR, R.J,. 1998a, Fluid inclusions systematics in porphyry copper 
deposits (abst.): 17th General Mee11ng lnt'I. Mineralogical Association. 
Aug 9-14.1998. Toronto. Canada, Abstracts and Programs. p. A30. 
Author at Dept. of Geological Sci., Virgmia Tech, Blacksburg, Va 24060; 
email (bubblcs@vt edu) 

It is well known thal porphyry copper deposits are associated with both 
an early magmatic F that cxsolves from the crystallizing magma, and a laler 
F of dominantly metconc origin that convects througll the plulon late in its 
history. Fl in porphyry copper deposits provide a record of this mag­
matic/hydrothennal F system and its evolutton during mincralizalton and 
alteration. Previous models for porphyry copper genesis called upon the 
early magma1ic F to mtroducc the metals into the system and cause c•ly• 
high T (polasstc) alteration. Later alteration (phyllic) (and perhaps copper 
deposition) was thought to be associated with lower T meteoric waters. 
More recently, however. results of Fl studies have shown that the low 10 
moderate sal. moderate T F associated with phyllic alteration in many de• 
posits are of magmatic origin. 

In order 10 better understand the types of Fl that should be produced 
during cooling of a porphyry copper pluton, the room T phase ratios of FI 
as a function oflimc and position withm the overall porphyry system have 
been calculated. The results of these calculations show consis1cn1 varia­
lions and also predict previously unrecognrzed 1 types. For example. the 
model calculations predict a zone ofhalitc-salurated V above the cooling 
pluton early in its crystallizauon history. This zone evolves 10 a L plus V 
zone as the pluton cools and the crystallization front moves to greater 
depths. Additionally, the PTX cond11tons along the sides of the pluton arc 
such that it is possible for magmatic F to migrate from the plu1on into the 
overlying rocks without intersecting the two-phase field lo produce Fl at 
shallow depth that have low sal. moderate Th, and show no evidence of 
immiscibility. In the past such Fl were interpreted as bemg of meteoric 
origin. bul results of recent studies of porphyry systems and these model 
calculations indicate that they could be of magmauc origin. A discusslOII 
of how the distribution of these I types in time and space can be used in 
exploration for porphyl)' deposits will be presented. (Author's abstract) 

BOD:-.iAR. R.J,. 1998b. A model for the temporal and spatial evolution of 
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magmatic fluid inclusions in porphyry copper deposits (abs!.): Program and 
Abstracts. PACROFI VU, Pan-Arncrican Conf on Research on Flutd Inclu­
sions, June 1-4. Univ. ofNevada, p. 16. Author 81 Fluuls Research Labo­
ratory, Virginia Tech. Blacksburg VA 24061 

As a first step in a larger effort to develop a quantita1ive fluid flow 
model describing the evoluuon of magmatic fluids in porphyry copper 
systems. the characterisucs of fluid Fl trapped during crystalli2.auon of a 
porphyry copper-type "Burnham melt" have been calculated. Following 
the Burnham model for crystalliution of a granodiori1ic magma cmplaccd 
at sub-vokanic levels, the PVT properties of a magmacic F with a compo­
sition of IO ~/o NaCl have been calculated The model assumes hydro­
static P conditions from the surface down 10 the 4000C isothenn. and litho­
siauc P conditions below that depth. 

Results of this study suggest a systematic evolution in magmauc Fl 
properties during crystalhi.at,on of porphyry-related magmas The pre­
dicted PVT behavior ofFI 1s consistent with the V plume model of Henley 
and McNabb. The: model further suggests that late-stage. moderate sal, 
moderate T Fl arc a narural consequence of magmatic F evolut10n. sup­
porting earlier suggestions that similar F associated with phyllic alteration 
in porphyry deposits arc of magmatic origin. (From author"s abstracl by 
ER.) 

BODNAR, R.J~ 1998c. Fluid c:volulion in porphyry copper deposits 
(abst.) Mineralogical Magazine, v. 62A. V. M Goldschmidt Conf .. Tou­
louse 1998. Extended Abstracts, p. 180-181. Author at Fluids Research 
Laboratory, Virginia Tech, Blacksburg, VA 24061-0420, USA. email (bub­
bles@vt.edu). 

The porphyry copper deposits provide some: of the bc:sl examples of 
the effects of F•assisted mass and energy transport in the earth's crust Fl 
that trap the carlic:Sl magmatic F may have a broad range of room T phase 
ratios depend mg on a variety of factors including (I) the degree of crystal­
hi.auon of the inuus1on. (2} the depth of emplacement and (3) the compo­
sition of the magmatic F. 

Usmg the: Burnham model (Burnham. 1979} for crystalhzation of a 
granod10nuc magma cmplaccd at shallow levels in the earth's crust, the: 
time-space: evolution ofFI in a typical porphyry copper deposit have been 
calculated using the P-V-T-X properties ofHi()-NaCI. In this model, the P 
regime: at T <:400°C is assumed to be hydrostatic. and lithostauc at greater T 
(depths). thus approximating the brinlc-<luctilc transition in this cnv1ron­
mc:n1. Dunng the earliest stages of crystalhi.at!on, a L+V zone exists im­
mediately above the pluton • I trapped here would produce coexisting hal­
ite-bearing and V-rich I that would both homogenize: al the same T. and this 
Tin rum would equal the T, (Fig. I}. Copper transported in the original 
magmatic F would be partitioned into the high sal L phase. This higher 
density phase would flow downward along the sides of the: pluton. whereas 
the copper-poor V would move upwards into the shallower volcanic sys• 
tern. Above the: L +V 2.0IIC, a small V+halite zonc:exists -1 trapped here 
would be V-rich with occasional 'halite' I surrounded by variable amounts 
of V (Fig. I) This zone would show relatively low copper grades tin the 
early vems), but may coniain significant amounts of precious metals. 
Above the V+hal1tc: zone: is a zone of moderate T. moderate sal F. 

As crystalli1.ation procc:cds, the halit~ V zone gradually migrates 
d0\\Tiwards and eventually is replaced by a V-only zone directly above the 
crystallizing pluton. I trapped at this point in time-space would be V-rich 
and homogemzc: at T well below the T, (Fig. I). This zone evolves into a L­
only zone at shallower depths without crossing a phase boundary or enter­
mg a field of immiscibility. These F arc capable: oftransponing copper and 
gold from the pluton into overlying volcanic rocks and may account for the 
common occurrence of cnargitc-gold mineralization in volcanic rocks asso­
ciated with dccpcr porphyry copper type: mineraliza1ion. This empirical 
model for the time-space distribution of Fl types in porphyry copper de­
posits provides a basis for interpretation of Fl from porphyry systems. and 
may be used in exploration for Olhc:r mineralized systems. (From author's 
abstract by E.R.) 

See jiguf'f! m the 11/ustrauons appendix. 

BODNAR, R.J .• 1998d, Fluid inclusions in Allan Hills 84001 and other 
Martian meteorites: Evidence for volatiles on Mars (abs!.): Workshop on 
the Issue Martian Meteorites: Where do we stand and where are we going'. 
Houston. Texas. Nov. 2-4. 1998. LPI Contribution. 1998. no. 956. p. 3-5. 
Author at Fluids Research LaboratOI}'. Dept. of Geological Sci .. Virginia 
Polytc:chmc Inst. and Slate Univ .. Blacksburg. VA 24061-0420. USA: 
email (bubbles@vt.edu). 

Introduction: The important role that volatiles play in planetary evo­
lution is well kno\\11. On Earth, volatiles have and continue: to play key 
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roles m the development and properties of the crust. hydrosphere. and at• 
mostphere. More rccenlly, the recognition thal the mantle coniams small 
but ubiquitous quantitic:S of volatile components has led to an improved 
undmianding of mantle rheology and chc:m1soy and the recycling of vola­
tiles in the Earth system And. of course, volatiles, especially water, arc 
considc:rcd to be a prerequisite for the origin and evolution ofhfe as we 
know it 

The recent announcement that evidence for life had been discovered in 
the ALH 8400 I Martian meteorite [ I ) combined with the: highly successful 
Mars Pathfinder Mission has led 10 n:ncwcd interest in the: geochemical 
evolution of Mars. Much of the scicncific effort in this area has been de­
voted to characterizing the: volatiles present in the: SNC meteorites and. by 
inference:, the: volatiles present on Mars when the rocks formed. Here. the 
occu1TC11cc: of"~" volatiles (i.e., volatiles occurring m the F state. and not 
as minor components of minerals and/or glasses) in the: ALH 84001 and 
Nakhla meteorites 1s reported, along with possible implicat10ns 

Background: Fl arc microsamples of F (Lor G} trapped in rocks and 
minerals tither at the: lime of their original format10n or at some later time 
as F flow through rocks along fractures (2). The presence ofFI in terrcs­
tnal rocks is the rule rather than the exception. Indeed. the rock sample 
that contains no I thal arc visible at high magmfication (>I000x) is rare. 
and many minerals such as milky quartz may contain up 10 Io' Fl per cubic 
cc:numctcr 

The precursor of the martian meteorites 1s thought to be ultrarnafic 
igneous cxbUsive and/or intrusive rocks that were blasted from the: surface 
of Mars during an impact event. Similar igneous rocks on earth commonly 
contain Fl along with the more abundant silicate. sulfide. and carbonate 
Ml. As such, it is reasonable: to expect that the SNC meteorites should 
contain Fl that represent F trapped in the rocks while they were on the sur­
face: of mars. A review ofthc: recent literature failed to find any references 
to Fl in these well-studied samples, and a systematic search of available 
SNC meteontc samples was undertaken. 

Observations; Fl have been found in two thin sections ofSNC mete• 
ontes: one in Nakhla (NSNM 5891-3) and one in ALH 84001,146. 

Na/ch/a (NSNM 5891-3). The I in the Nakhla sample is tubular and - 8 
µm long The I is one of several dozen I forming a healed fracture that cuts 
through an orthopyroxcnc: crystal. Most of the I along the fracture arc dark 
with nouceablc m1crofracturc:s extending from the I into the surrounding 
mineral, mdicating that the: I have decrepiwcd (exploded) owing to P 
buildup within the I. This behavior is common for high-density L Fl in 
terrestrial samples. A few other I along the fracture were clear (transparcnl} 
but did not contain a visible bubble. This is because either the I were 
empty. coniained only L with no V bubble. or contained a bubble that was 
motionless and hidden in a comer ofthc: I. The bubble in the: one unambi­
guous Fl in this fracture plane was in constant. slow motion, proving that 
the I did indeed contain a L phase. 

Although it was not possible to conduct the types of tests nonnally 
used to determine Fl compositions because of the manner in which the 
sample was prepared, the difference in index of refraction betwcc:n the L 
and the V bubble is consistent with the I containing L and V CO2, although 
it is possible that the I contained L water and water V. 

AlH 8./00/./.16. The second sample that contained LI with moving 
bubbles was ALH 84001.146. The I in this sample were spherical to nega­
tive-crystal shaped, about 1-2 µm in diameter. and not along an obvious 
fracture ( Fig. I). The fact that the: I arc not along a fracture 1s 1mponant 
because it suggests that the: I arc P ( i.e .. trapped during growth of the en­
closing p)Toxenc). The F in the I thus represents the: magma1ic F that ex­
solved from the crystallizing M as the igneous rock formed on Mars. As 
such. the I can provide valuable information about degassing early m Mars 
history. As with the I in Nakhla. no direct chemical tests could be con­
ducted on these I. but the: optical behavior of the I suggests that they con­
tain L and V CO2. 

lmplkations: The occurrcncc of (presumably) CO2 Fl in both the 
Nakhla and ALH 84001 mctcontcs suggests that CO2 was migrating 
through these igneous rocks at some time ( during'>) or after their formation 
on Mars. If the CO2 was present at or near magmauc T, pyroxene (ensta­
titc) would not be stable in 1hc: presence of CO2, and would react 10 form a 
carbonate and a silica-rich phase (3). This is consistent with a high-Tori• 
gin for the: carbonates in the SNC meteorites. as ongmally proposed by 
Harvey and McSween 14). This interpretation also suggests that the car­
bonates were present in the rocks before they were e)Cctc:d from the martian 
surface. However. by analogy with terrestrial samples. the: carbonates did 
not necessarily have 10 form as a rc:sull of the impact event but. rather. may 
have formed as a result of narural high-T igneous metasomatic processes 
before lhc: impact. 
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RduHcrs: [I) McKay, D.S. ct al. ( 1996) Science. 273. 924-930. (2) 
Rocddcr. E. (1984) Mineralogy, 12. 646. (3) KozlOI, A.M. and Newton, 
R.C. ( 1995) Am. Mineral .. 80. 1252-1260. (4) Harvey, R.P. and Mcsween. 
HY., Jr. (1996) Na/Jire, 382. 49-Sl. (Author's abSllllCI) 

See figure in the lllusrra11ons appendiX. 

BOGARD, D.D. and GARRISON, D.H~ 1998. Relative abundances of 
argon. krypton, and xenon in the Manian atmosphere as measured in Mar• 
tian meteorites: Gcochim. ct Cosmo. Acta. v. 62. no. 10. p. 1829-183S. 
Authois at Planetary Sci., NASA Johnson Space Center, Houston. Texas 
770S8, USA 

We determined the concentrations of trapped Ar, Kr, and Xe in impact• 
M glasses from Shcrgotty, Y79360S, and two I ofEET79001 not previ­
ously analyzed. When combined with literature noble G data on a single 
glass I in EET7900 I and a glass vein in Zagami, these data give more accu­
rate estimates of the composition of Martian atmospheric G trapped in 
these glasses. For the ~eolo~al recent com~it1on of the Martian armos­
phenc we infer 1~e/1 2Xe. Ar/lllXe, and Kr/mXe ratios (that] differ 
from those measured by Viking by factors of 2. 5 and 1.8. respectively. The 
:16 ArJ02Xe and ~Krf"2Xe ratios in ALH8400 I are considerably less than 
those in impact glasses and suggest preferential adsorption ( in carbonate?) 
of Xe over Ar and Xe over Kr by factors of~ 11 and - 2 6. respectively. We 
suggest that noble G dissolved in water may have largely detennincd the 
trapped noble G abundance pattern in ALH 8400 I. (Authors· abstrael) 

DOIRON, M.-C., BARAKAT, Ahmed, CATHELINEAU, Michel, 
BANKS. David, DURISOVA, Jana, and MORAVEK. Petr., 1998, 3D 
geometry reconstruction and P-V-T-X conditions ofmicrofissural ore fluid 
m•gration in crystalline rocks: The example of the Mokrsko Au-bearing 
granodiorite (Bohemian massiO (abst.): Program and Abstracts, PACROFI 
VII, Pan-American Conf. on Research on Fluid Inclusions. June 1-4. Univ. 
of Nevada, p. 17. Fiist author at CREGU and UMR G2R 7566, BP23. 
S450 I Vandocuvre-les-Nancy Cedex, France. 

Study of the 3D geometry and P-V-T•X conditions ofF migration in 
crystalline rocks shows that the circulation of F may occur through a dense 
and regular nctWork of exlensional structures. Integrated studies including 
3D reconstruction of the geometry ofF pathways using video-image analy• 
sis. SEM with CL. P-V-T-X propcnics ofF, studies ofFI (microthermomc­
try. Raman spectroscopy and bulk ion chemistry) have been made. and 
appear beneficial for developing a genetic model of F circulation and ore 
formation in the case of gold mineralisation 

The Mokrsko-Celina om result from the superimpos111on of tJvcc 
main stages of F migration. The early stage is characterized by F belonging 
to the C-H-0-N system probably resulting from interactions with metamor­
phic rocks under high P-T conditions (T>4SO-SSO°C and P~250-400 MPa). 
(The mtennediate stage). responsible for fissure sets filled by pyrrhotitc, 
chalcopynte and galena from F under relatively high P and high T (300-
4200C and 100-200 MPa). The last stage is characterized by aq I having 
low sa1 (<8 wt"/4 eq. NaCl), and trapped at low P (<70 MPa) and T (220-
280"C). Gold panicles occur in m1crofissures affecting earliest sulfides 
intimately associated with Bi-minerals and chlorites (±carbonates). Thus it 
was enriched or introduced at the end of the main ore stage. 

Quanz from an early thick quartz vein and from the main veinlets has 
been analysed by crush leach techniques. In both samples. the dominant 
anion is Cl. SO, being minor but significant. F from the quanz veins are 
dominated by Na Ca and sometimes appreciable Fe. Mn. Br/Cl from 
quanz veinlets ranges from 0.0013 to 0.0021 while the thick quartz veins 
have Br/Cl around 0.0040. There is no difference in the UCI ratios between 
the Fl from the two types of quartz. F from the pre-ore stage quartz vein 
display a halogen signarure similar to those obtained on other magmatic F. 
The halogen ratios of the F from the quartz vemlets arc quite similar to 
those observed for the F associated with gold mineralization m Iberia ( Bo i­
ron et al .. 1996. GCA 60:43-57) and can be mterprcted as indicating they 
were derived from deep percolation of surface waters which equelibrated 
with ClllStal rocks under high P-T conditions. (From authois' abstract by 
E.R.I 

BONE\-; I.K., 1998. Nature and origin of the twisted quartz crystals 
("Gwmdels") and of quartz with white strips ("Fadenquarz") (abst ): 17th 
General Meeting lnt'I. Mineralogical Assoc,auon. Aug 9-14. 1998. To­
ronto. Canada. Abstracts and Programs. p A84. Author at Geological Inst, 
Bulgarian Acad. Sci.. Sofia; email (bonevllfgeology.acad.bg) 

The famous twisted quartz crystals. "Gwmdels. ·• known since the last 
century and seen m many mineralogical museums. are still an unsolved 
crystallographic emgma. These bilateral tabular mosaic Cr)'stals arc devel-
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oped mainly in the a direction. Found in Alpine veins in the Sw•ss Alps 
and the Subpol• Ural, they [are] always associalcd with normally-shaped 
crystals. Their most twisted ponions fonn a central zone (000 I) resem• 
bling an area oflocal non-destructive plastic defonnation of the brinlc 
quartz. 

Morpholoiically similar are the specific non-distoned crystals with 
""White snips," "Fadenquan." known also from the Alpine veins in the 
Alps, Caucasus and Arkansas. Their narrow milk-white central (000 I) 
Faden-zone contains abundant Fl. The proposed explanations of their 
growth mechanism are geologically unrealistic. 

In some hydrothermal skarn-ore deposits druses of parallel doubly­
tenninated crystals were found. Narrow "white snips" trace their central 
woes. Microscopic. X-ray and microprobe studies established inside them 
fine relics of seed (000 I) calcite plates disin1egra1ed by dissolution. The a 
and c axes of both minerals are parallel. clearly indicaling epitaxial rela­
tionships in the (000 I) plane. 

The Alpine Fadcnquan shows all features of the same mode ofbilat• 
cra1 epwic growth on thm (000 I) papcnpar-calcite seeds. later com­
pletely dissolved, with rapid healing of the so-fonned notches, 

Papcrspar can be easily plas1ically distoned and may act as a seed for 
twisted quartz. though usually no calcite relics or Fl arc preserved en the 
dissolved and healed seed area, The numerous slightly divergent quartz 
nuclei fonning the rough mosaic of the distoned central zone gradually 
pass into the outer zones of more perfect and undistoned large straight 
crystals. (Author ·s abstract) 

BORROK. D.M .. KESLER. S.E., BOER. R.H. and ESSENE. E.J .. 
1998. The Vergenocg magneutc-fluorite deposit. South Africa: Suppon for 
a hydrothermal model for massive iron oxide deposits: Econ. Geol.. v. 93, 
p. S64-586. First author at Dept. ofGeol., Univ. of the W1twateisrand, P.O. 
WITS, Johannesburg 2050. South Africa. 

Vcrgenocg is a fluorite-bearing massive iron oxide deposit that •s ge­
netically related to granites of the Bushveld Complex. It consists of a pipe­
shaped body containing P fayalitc. fluorite. apatite. ilmenite. and magnetite 
that cuts Rooibcrg rhyohtes and is surrounded by stratiform bodies of fel­
site and fragrncntal hcmatite-fluonte debris. With the exccpteon of its 
abundant fluorite. Vegcnocg 1s similar to massive iron oxide deposits such 
as Kiruna. Pea Ridge, and Cerro Mercado. all of which are related to felsic 
magmatism. 

Fluorite at Vergenocg lacks I that might represent an immiscible iron­
rich M but contains abundant aq I. I petrography. hcaung-ftcczing meas­
urements. and G analyses indicate that the P mineral assemblage at Vergc­
nocg formed from a high-T (>SOO"C), h1gh-sal (>67 wt% NaCl eq) F that 
coexisted with a V phase rich in COz. Stable isotope analyses of P fayalite 
and titanian magnetite from deep in the Vergenoeg pipe yield calculated 
water compositions for these T that arc typical of magmauc water 
(01•0H20=7-8%o at S00°Cl. Alteration of the P fayalile-fluorite-ilmenite 
assemblage is widespread. Fl related to these alteration assemblages ho­
mogenize at 150 to 500°C and have sal of 1-35 wt% NaCl eq. Stable iso­
tope analyses of hematite and I waters in fluorite suggest that these F con­
sist of a mixture of magmatic and meteoric water. 

These observaiions suggest that Vergenocg mincralil.lllion formed 
from hydrothennal F of magmatic origin. Comparison of the Fl record at 
Vergcnocg to the more fragmentary record at other massive iron oxide de­
posits supports a magmatic hydrothermal model for this class of deposit 
(From authors" abstract by E.R.) 

Dm include halite. sylvite. hematite. Fe chloride. and unidenlified. 
Some of the Fe chlorides may have been trapped as a sohd I. (From 
authors· text by E.R.). 

See figure in the Illustrations append,x. 

BORTNIKOV, N.S .. SAZONOV, \ '.N., VIKEl'iTN'EVA, O.V., 
VIKE!liT'EV, I.V., M\IRZIN, V.V., NAl'MOV, V.B. and NOSIK. LP., 
1998. Role of the magmatogenic fluid in the forma1ion of the mesothermal 
Berezov gold-quartz deposit Doklady Akademii Nauk. v 363. no. I, p. 
82-85 (in Russian. translated in Doklady Earth Sci., v. 363. no 8, p. 1078-
1081). Fiist author at Inst. ofGeol. of Ore Deposits. Petrog .• Mineral. and 
Gcochcm .. Russian Acad. of Sci .• Staromonctnyi per. 35. Moscow. 109017, 
Russia. 

The Berczov deposi1 is a classic example of mcsothermal gold-quartz 
deposits. Hydrothermal mineralization includes the following lypCS: pyri-
1ic copper (±coball). quartz-tourmaline-schechte. and gold-sulfide-quartz, 

Our investigations showed that the mineral-forming F consists of H20 
and CO:. At room T. Fl consist of three phases (Hz()1.+C021+C021). CO2 
homogenizes into L at 8-27.8"C, I completely homogenize at 280-29S°C 
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however. they often explode prior to homogeniz.auon. The presence of 
syngenetic I filled with mainly CC>i. indicates that quartz crystalliz.ed from 
the F that spin into two (Land G) phases. Therefore, the Th of the Fl is 
considered to be the true T of the mineral formation. The solution sal, cal­
culated on the basis of the melting T ofG•hydrate (from -2.0 to 6 <rq, 
vaned from 7 .6 to 18.2 wt% NaCl eq. Fluid P. calculated by the isotherm 
and isochor intersection (9), is O 9-2 5 kbar. 

Thus, obtained ~ults indicalc that the near-vein mctasomatites and 
ores of the Berezov ore field were formed from a two-phase F consisting of 
L (H20+C02) and G (CO,) phases. The F isotopic composition evolved 
because of separation of the volatile components and interaction with host 
rocks. Sulfur and carbon were mainly denvcd from the magmatK: chamber 
with subordinate contributions from the host rocks. (From authors· te,ct by 
E.R) 

BOULLIER. A.M., FIRDAOUS, K. and ROBERT, F., 1998, On the 
s1gn1ficance of aqueous fluid inclusions in gold-quartz vein deposits from 
the southeastern Abitib1 Sub Province (Quebec. Canada): Econ. Geol., v 
93, p. 216-223. 

Fl have been studied in a quartz-q,idote-actinohte vein within a Pro­
terolo1c diabase dike cross-<:uning the Donalda gold-quartz vein N°l , near 
Noranda. Quebec. Two types ofFI were recognized; the first type is repre­
sented by two-phase aq FI characteriz.ed by lo\\ Te (<-45~C), vanablc 
Tm1cc (-33 to -6°C) and high Th (l-V(L)>200"C), The second type is 
represented by two or three-phase (±solid) aq Fl charactenz.ed by low Tc 
(<-45~C). highly variable Tm""' (·52.8 to -2.4°C), low Th tl-V(L)<l30°C) 
and halite dissolution ( <200°C) T. This second Fl type is also described 
with Hi()-C01 and COi Fl in Archaean gold-quanz veins of the southeast• 
em Abitibi and has a chemical composition (Ca-Na-Cl-bearing with van­
able sal) comparable to that of brines and groundwaters found in the Supe­
rior Province. This study dcmonsllales thal these low Th aq F showing 
vanable sal arc unrelated 10 gold deposition, but should rather be corrclaied 
with younger bones and groundwaters which percolated downwards in the 
continental crust. In these gold-quartz veins. only the high Th aq F may be 
hnkc:d to gold-bearing F. (Auchors' abstract) 

BOYCE, J.W., GROVE, Marty and REID, M.R .• 1998. Diffusivity of 
Ar in quartz. and the geometry, density, and distribuuon of radiogcnic Ar­
beanng glass mclus1ons in quartz phcnocrysts from the Bishop Tuff, Cah­
fom1a, USA (abst.): EOS, Trans., 79 (45) Fall Meet. Suppl.. p. F964. First 
author at Dept. of Earth and Space Sci .. Univ, of California, Los Angeles, 
3806 Gcol Bldg,, Los Angeles, CA 90095-1567, US; email 
(boyce@ess.ucla edu) 

Glass I in quartz phcnocrysts from the ~ 760 ka Bishop Tuff. Long 
Valley, thal yield 40 Ar/39 Ar apparent ages > I Ma older than the eruption 
age. Assuming no accumulaiion of Ar in the: magma and that Ar solubility 
in quartz is not rate-limiting. the data imply that quantitative Ar•loss from 
the Ml would be achieved in <Io~ years, or less than 1 % of the magma 
residence time inferred from the Ar data. Thus, to the extent that Ar per­
meability through quartz is limited by diffusion operating at rates similar to 
tliose predicted by the ionic porosity model. it appears unlikely that glass I 
would quantitatively retain Ar under magmatic conditions unless relatively 
high Ar concentrations were maintained withiri the m~a chamber. 
(From authors· abstract by E.R.) 

BRAKE. S.S .• R~EL. M.W .• CONNORS, K.A., NOBLE, D.C. and 
WEISS. S.I •• 1998, Auto-alterauon of dikes of the Matalla-Sta. Rosa Cen­
ter. Peru. the Carlin Trend and Bare Mtn .• NV. by closed-system crystalli­
zation ofCOr and S-bearing magmas <abst,): Geological Society of 
America Annual Meeting 1998. Abstracts, v. 30. no. 7, p A·] 77. First 
author at Dept. of Geography, Geol. and Anthropology. Indiana State Univ., 
Tem: Haute. IN 47809. 

Matalla-Santa Rosa is one of several centers oflate Neogene (5 Ma) 
magmausm. exposed over a vertical range of 2 km, near the C obriza dis­
tnct. central Peru. Rocks are intermediate to silicic. calc-alkalic and mod­
erately potassic: some have lamprophyric telllllrcs. Vertical dikes that in­
trude unaltered elastic marine strata radiate outward from the upper p811 of 
a weakly K-silicate-altered porphyry stock. Dikes range from completely 
"fresh". consisting of unaltered. P feldspar. biocite. etc., to rocks composed 
ofK-feldspar. Na-plagioclase, Mg-chlorite, quartz. muscovite. carbonate, 
ruule and sulfides. These auto-altered dikes have no associated alteration 
halos or veinlets. showing that their mineralogical and other features were 
produced by reaction with their own contained volatiles. Chemical analy­
sis of these thoroughly auto-altered dikes indicates no gain or loss of maJor 
or minor clements. One dike contains porous lenses of< I to 2+ cm in 
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diameter. oriented parallel to its margins, composed of carbonate. pyr• 
rhotite. quartz and minor chalcopyrite. Euhedral crystals oflow-T quartz m 
these lenses and groundmass quartz contain both high-sal and V-dominated 
Fl; V homogenizes between 280°C and 340°C and halite dissolves at 350-
45WC, 

Similar features are seen Bl Lantern and Genesis in the Carlin trend. 
where mincralogically similar and compositionally unmodified Eocene 
dikes containing 2 or 3 carbonate phases and pyrite, locally cut virtually 
unaltered Jwassic dikes. MIOCC!le dikes at Bare Mtn,, SW NV. locally have 
textures and mineralogy similar to those of the Malalla-St. Rosa and Lan­
tern dikes and contain high-sal and V-dominated Fl. "'Art39 Ar analysis 
shows thal relict phcnocrystic hornblende from one such dike contains 
excess argon not degassed on coohng. 

• The auto-altered Matalla-St. Rosa and Lantern dikes contain. respec• 
lively, 2. 75 and 3.30 wt,% COi and 420 and 900 ppm S: these clements 
were largely lilted in mineral phases on cooling and crystallization How­
ever, considerable amounts of some other clements were lost on crystal! iza­
tion. based on values tor auto-altc:rcd rocks versus those of glassy counter­
parts (e.g .. H20. 1.27 and 0.49 wt.o/o [sic): Cs. 2 and 6 ppm: As • .:13 and 
25 ppm: Sb, 0.4 and 2.5 ppm, respectively). Auto-altcrBlion reflects em­
placement at significant depth such that most volaiile constiruents were 
unable to escape from supercooled M or from the M when it crystallized 
under subsolidus conditions. Auto-altered dikes may provide a guide to 
scd1mc:ntal)' rock-hosted gold and other mineral deposits (see also Ressel et 
al., this meeting). (Authors· abstract) 

BRANTLEY, S.L., FISHER. D.M .• DEINES, P., CLARK. M.B. and 
MYERS. G., 1997, Segregation veins: Evidence for the dcfonnaiion and 
dewaicring of a low-grade metapehtc; in Dcformation-fflhanced Fluid 
Transpon in the Earth's Crust and Mantle, edited by M.B. Holness. 1997, 
p, 267-xxx. ISBN 0412 75290 5. 

Discusses, in detail, the Fl evidence of segregation vein formation. 
(H.E.8.) 

BRAUER, N.A~ BODNAR. R.J., and LAW. R.D~ 1998. Fluid inclusions 
as a monitor of progressive grain-scale defonnaiion during cooling of the 
Papoose Flat pluton. Eastern California (abst): Program and Abstracts, 
PACROFI VII. Pan-American Conf. on Research on Fluid Inclusions. June 
1-4. Umv of Nevada, p. 18. Authors at Virginia Tech, Fluids Research 
Lab, Blacksburg. VA 24061-0420. 

Analyses of Fl and m1crostructures within the Papoose Fhu pluton 
were used to investigate the T of F circulating with the: pluton during cool­
ing, Based on previous microstructural analyses. the interior of this late 
Cretaceous granitic to granodioritic pluton has been divided into three do­
mains i) a central core charactcriz.ed by magmatic microstructu~. 11) a 
middle domain of high T (>SOO"C) solid-state deformation. and iii) an 
outermost domain characterized by relatively low T ( <500°C) solid-state 
deformation. Weakly developed solid-slate microstructurcs overpnnt the 
dominant magmatic microstructures in samples from the core domain. The 
existence of solid-state microstructures in all three domains indicates that 
deformallOn continued during and after crystallization of the interior of the 
pluton 

Two phase. low sal (< 26 wt% NaCl cq.). L-rich aq Fl predominate 
within both quanz and feldspar grains in all samples. The assemblages are 
thought to mark the pos111ons of healed m1crocracks which have been par­
ually overpnmed b) migrating grain boundaries. and indicate that discrete 
m1crocrackmg events occurred during plasuc deformation. 

Th overlap for all three m1crostructural domains. The mineral assem­
blages of the contact aureole and the pluton indicate trapping P between 
3 8 and 4 2 kb. Nmcty-<ight percent of the calculated Fl Tl Bl 3.8-4.2 kb 
are below the granite solidus of 650~. Seventy-six percent of the Tl's fall 
within the more restricted range of ]50-500°C. i.e. at T which are lower 
than the commonly cited bottle-ductile transition T for feldspar at natural 
stram rates. but above those for quartz. The similar. relatively low Tf s 
md1cate that the maJority of I preserved in all three domains were trapped 
during the late low strain magnitude stages of solid-state deformation The 
most common Fl Tfs (400-500°C) in all three microstructural domains arc 
similar to the deformation T indicated by m1cros1ructures and crystal fab­
rics in the outer part of the pluton; these Tt's are lower than T associated 
with contemporaneous solid state and magmatic flow m the: pluton intenor 
The similar Tt's within the pluton core and margin must indicate tha1 the 
final inclusion-trapping event migrated inward from the margin 10 the core 
of the: pluton as II cooled. because Fl would rapidly equilibrace to a density 
appropnale for the PT conditions of their host minerals. ( From authors· 
abstract b> E.R.) 
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BRENAN, J.M .. RYERSON, F.J. and SHAW, H.F .. 1998. The role of 
aqueous fluids in the slab-lo-mantle transfer of boron. beryllium. and lith­
nun during subduction: Experiments and models: Geochim ct Cosmo. 
Acta, v. 62, no. 19/20, p. 3337-3347. First author al Dcpl. ofGeol .. Univ. 
ofToronto, Toronto, Ontario MSS 3BI, Canada. 

The low atomic mass clements B, Be. and Li an: viewed as sensitive 
tracers of the involvement of subducted materials in the genesis of island 
arc m8@Jllas. In order to better assess the role of dense aq F in the slab-to­
manlle transfer of these clements during subduction, measurements have 
been made of panition coefficients for B, Be, and Li between aq F and 
minerals likely to be present in the basaltic ponion of the downgoing slab, 
namely chnopyroxene and garnet. Experiments at 9009<: and 2.0 GPa 
reveal that the average clinopyroxcnc-F panition coefficient for Be (- 2) 
exceeds tha< for either Li (--0.2) or B (-0.02) and values arc I OOx (B, Li) to 
I OOOx (Be) larger than partillon of coefficients for garnet Clinopyroxcnc:­
F paniuon coefficients were found 10 vary with the alumina content of nm­
product clinopyroxcnes, but this variation is interpreted 10 reflect the spe­
cific exchange reaction that governs the incorporation of these clements 
into the pyroxene structure, and not mincral-F disequilibrium 

The clement pairs B-Bc, B-Nb, and Li-Yb arc considered to be csscn­
llally unfiactionatcd during the partial melting process, as evidenced by 
their coherent behaviour in apparently cogenctic lavas and the similarity in 
their measured mincral-M partition coefficients. A comparison of clinopy­
roxcne-F panition coefficients for these clements with clinopyroxenc­
silicate M values reveals that B/Bc, B/Nb, and Li/Yb ratios will be signifi­
cantly fractionated in coexisting aq F with respect to the residual solid. The 
elevated ratios ofB/Bc, B/Nb. and Li/Yb in island arc lavas relative to 
MORB arc thus considered to be consistent with an origin by F-mcdaatcd 
slab-to-mantle transport. A quantitative model of slab dehydralion accom­
panied by progressive water loss and changes in residual mineral mode 
reveals that source regions with B/Be and 8/Nb appropriate for producing 
the lzu and Kunlc IAB suites can be generated using available estimates for 
the composilion of allercd oceanic crust. although B abundances at the 
high end of published values arc required. Because the highest values of 
B/Bc and 8/Nb arc produced in the mantle wedge al rcla1ivcly shallow 
depths. some addn1onal process, such as subduction-induced flow of a 
hydrated mantle wedge, is required in order 10 transfer enriched ma1erial 10 
depths approprialc for the formation of m8@Jllas beneath the volcanic front. 

Calculauons indic81e that by the lime the slab reaches a depth of 200 
km. B/Be and B/Nb m the dehydration residue has been reduced to -S-
12% of initial values. Thus. the preferential loss of B dunng dehydration is 
viewed as a viable mechanism to prevent the excess B acquired during 
near-surface alterauon of oceanic crust from being cycled mto the mantle. 
thereby maintaining the distinction in B/Bc and BINb for mantle and crus­
tal reservoirs. (Authors' abstract) 

BRENNAN. S.T •• 1998. Fluid and thennal history of El Abra limestone. 
NE Me,uco (abst. l Gcolog1cal Society of America Annual Meeting 1998. 
Abstracts. v. 30. no. 7, p. A-60. Author at Dept. ofGcosc1 .. SUNY 
Binghamton. Vestal Pkwy. E .. Binghamton. NY 13902; email 
(bg,20824@bmghamton.edu) 

El Abra Limestone is a mid-Cretaceous carbonate platfonn deposit 
which is curTCntly an exhumed petroleum reservoir. Based on careful pet• 
rographic and CL observations coupled with stable isotope and Fl analyses, 
the complex d1agenctic hlSlory of this formation could be resolved. The 
first major diagenctic event was the prec1pi1a1100 of calcite cement from 
enher a metconc-marine mixing-zone F. or a marine F that was increasing 
in T. These cements were cross-cut by a laler calcite cement that was pre­
c1p11atcd from lormauon waters or an oil-field brine. Secondary hydrocar­
bon Fl cross-cut these calcite cements. The hydrocarbon Fl have homog­
enization values that range from 50 10 125 "C. and there is no evidence of 
thermal rccquilibration UV ep1-lluorcsccncc reveals that the hydrocarbon 
Fl have different composi1ions. wtuch indicates several fracturing and mi­
gration events in this rescvoir. Hydrocarbon Fl arc cross-cut by S aq I. Aq 
Fl homogenization values range from 95 to 160°C, However. these I were 
thennally recqu1hbrated. indicating that the reservoir was hea1cd to T of 
l 609 C or higher after both the hydrocarbon and aq F entered the reservoir. 
Bnumcn-lincd stylohtes cross-cut all the described diageneuc features. The 
bitumen and 1he heacing event indicate thac the hydrocarbon F may have 
been thcnnally degraded within in the reservoir. The results of this study 
and previous studies of this region can be comb med to constrain 1he timing 
of hydrocarbon m1gra11on. maximum bunal. heating. and hydrocarbon 
degradation El Abra Limestone was cemented pnor 10 the Palcocc:nc 10 
Eocene. During the Paleocene to Eocc:ne the reservoir was charg~d with 
hvdrocarbon and aq F. The thermal degradation event was between 50 and 
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30 Ma The reservoir cooled below I oo•c approximately 30 Ma and El 
Abra Limestone has been at or near the sunacc since at least the Pleisto-
cene. (Author's abstract) 

BRENNAN, S.T .. and GOLDSTEIN, R.H .. 1998, Fluid and thermal his­
tory of an exhumed petroleum reservoir ( abst. ): Program and Abstracts. 
PACROFI VII. Pan-American Conf. on Research on Fluid Inclusions. June 
1-4, Univ. of Nevada, p. 19. First author at Univ. of Kansas. Dept. of 
Gcol .. 120 Lindley Hall. Lawrence. KS. 66045. 

The purpose of this study is 10 determine the F and thennal histories of 
an exhumed petroleum reservoir, El Abra Limestone of the Sierra cl Abra. 
by integrating the record of fl and carbonaie diagcncsis from one quarry in 
the Sierra cl Abra. 

There arc three lypCS of cements in this reservoir. calcite precipitated 
during burial. fracture-filling calcite. and stylohtc-rclated megaquartz. In 
both calcite cements, Fl arc S and 90"/a arc hydrocarbon in composition 
(HC-FI). 70% of the HC-Fl arc L-rich and fluoresce one of three colors: 
blue-white, yellow-white or dark-blue. Some non-fluorescent HC-FI arc 
brownish, single phase. S in calcite or P in megaquartz. Others arc color• 
less. rwo-phasc and arc dominated by either Lor G. The gas-rich HC-Fl 
homogenize to G. and the liquid-rich HC-FI homogenize to L. The HC-FI 
have not been altered by leaking or stretching. Aq Fl arc two-phase and 
liquid-rich with Th values ranging from 95 to 160°C. and Tm ice values 
that range fiom -1 .6 to -0.49<:. The aq Fl have been stretched. indicating 
that the reservoir 1w been heated to T possibly as high as l60°C. Planes of 
S aq Fl cross-cut the planes ofHC-Fl, indicating entrapment of aq Fl after 
the reservoir had been charged with oil. 

The Fl and diagCIIClic observations indicate a complex F history. 
Based on other studies in this region the general uming of the thermal and 
F events can be determined. lllitc to smcctitc transfonnation data and apa­
tite fission track data indicate that the reservoir was heated to bctwccn 80 
and I 20"C approximately SO Ma and was cooled below I 009C approxi• 
mately 30 Ma. Therefore. hydrocarbons first entered the reservoir li'om 
approximately 61-S0 Ma. the reservoir was then buried and heated, perhaps 
lo at least t 60°C. During or after this burial, the HCs were degraded and 
stylolites formed. The reservoir then cooled to T < I 00°C 30 Ma. Therefore, 
based on evidence from this and other studies. the timing of hydrocarbon 
migration, maximum burial, heating and hydrocarbon degradation, can be 
consuaincd. (From authors' abstract by E.R.) 

BRIGGS, G.A., ELLIOTT, W.C .. VAN KO, D.A, and HA YNES. J.T .. 
1998. Plagioclasc-hostcd rhyolicc glass inclusions in Ordovician K­
bentonites m the southern Appalachian Ba.sin (abst.): The Geological So­
ciety of Amenca 4 7r11 Annual Meeting. Southeastern Section. March 30-31, 
1998. Charleston. WV, v. 30, no 4. p. 5, ISSN 0016-7592. First author at 
Dept. ofGcol .. Geof'gia state Univ, Atlanta. GA 30303. 

Rhyol 11e glass I occur within calcic plagioclasc (An~.• to Ann ) in two 
middle Ordovician K-bcntomtes in the southern Appalachian basin. These 
K-benton11es are equivalent straugraphically to the well known Dcicke and 
Millbrig K-ben1on11es, In this study. six K-bentonitcs were analyzed pet­
rographically including microprobe and CL. Two were equivalent 10 the 
Dcicke and four were equivalent lo the Millbrig. Based on the data pre­
sented here. the chemistry of glass I distinguishes the Dcickc from the 
Millbrig. 

Based on CL intensity, the plagioclase hosts for these glass I were P 
pyroclastic minerals. For the most part. P plagioclase grains were angular. 
and ranged in SIZC from 0.23 mm to 0.54 mm. The glass I within the P 
plag1oclase hosts arc mostly oblong with rounded ends and comers They 
are 10-SO µmin size. The glass I were interpreted 10 represent the ma1or 
clement composition of the original eruptive M forming these K­
bcnconites. A standard thin sccuon of the Dcicke-cquivalent K-bentonile at 
Hinds Creek Quarry. Tennessee. contained an unusually high amount of 
glass I in plag10Clase (>20 glass Uper plagioclasc grain). Otherwise. glass I 
arc scattered widely in other Dcicke and Millbrig bentonites. In both the 
Dcicke and Millbrig. the average Si02 and AhOJ contents of the glass I 
were - 73 \l't"/o and 12 wi-1. respectively. The glass I in the Dcicke have 
higher Fe and Mg compared 10 the glass I in the Millbrig K-bcntomte This 
difference in the maJor elemental compositions of the glass I is consistent 
with an overall difference in pyroclastic mineralogy between the Dc1cke 
and Millbng K-bentomtes, !Authors' abstract) 

BRODHOLT. J.P .. 1998. Molecular dynamics simula1ions of aqueous 
NaCl soluuons at high pressures and 1empera1ures: Chem. Gcol • v. I 5 I. p. 
11-19. Author al Dept. of Geological Sci., Univ. College London, Gower 
St.. London, WCIE 6BT. UK 
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Molecular dynamics simulations have been perfonned on aq NaCl 
solutions over a range of concen1ra1ions. P and T. At 300K and I bar. 
simulated solution densities arc in very good agreement with the experi­
mental data at concentrations from 0.2 m 10 5.2 m. Simulated densities at 
I and S kbars with a I. 74 m concentration solution are also in very good 
agreement with the experimental data Al 300K and I bar the solution is a 
true strong electrolyte wilh Na• and er ions being completely separated. 
As T mcreascs NaCl pairs tend 10 fonn as a direct response to the decreas­
ing dielectric constant At very low values of the dielectric constant, higher 
order NaCl complexes arc formed. Two simulations at I kbar and at T in 
the two phase region show evidence for phase separation as all the ions 
cluster togelher into a small volume of the simulation box. This phase 
separation vanishes when the P is increased 10 5 kbars. (Author's abstract) 

BROOKER, R.A., I 998. The effect of CO2 saturation on 1mmiscibility 
between silicate and carbonate liquids: An experimental study: J. of Pet­
rol.. v. 39. no. I I & 12, p. 190S-191S. Author at Dept ofGeol •• Arizona 
Stale Umv .• Tempe, AZ 85287, USA. 

Experiments as 12s0°c and 25 kbar arc used to illustrate lhe maxi­
mum extent of the silicate-carbonate immiscible L field in a multicompo­
nent system and the effects of CO: undersaturation. The results demon• 
Strate the dramatic expansion of the two-L field as PCO2 is increased to 
approach Ptotal. The response of the system to CO2 undersaturation is 
used to reconcile differences between previous data sets. which apparently 
indicated an expansion of the two-L field from 0. 7 to 7 kbar. followed by a 
substantial contraction to 25 kbar. This effect appears to be the result of 
comparing CO2-saturated and -undersaturated data The fully expanded. 
CO2-saturated. multicomponent two-L field at 25 kbar may approach the 
M compositions formed at mantle P, and an immiscible origm for carbona­
tites in 1he mantle cannot be excluded on the basis of the experimental data 
(Author"s abstract) 

BROOKER, R.A., WARTHO, J.-A., CARROLL. M.R., KELLE\', S.P. 
and DRAPER. D.S., 1998. Prelimina,y UVLAMP detenninations of argon 
partition coefficienlS for olivine and clinopyroxene grown from silicate 
melts. Chern. Geol., v. 147, p. 18S-200. First author at Dept ofGeol., 
Wills Memonal Bldg .. Bnstol Univ., Bristol BS8 IRJ. UK. 

An ultra-violet laser ablation microprobe (UVLAMP) has been applied 
for the first time to investigate argon panition coeffic•ents for olivines and 
clinopyroxenes grown from silicate M at I bar argon P. These preliminary 
measurements yield crystal/M partition coefficients ranging from 0.138 
(±0.01) to 0.013 {±0.003) for olivine and 0.S89 (±0.003) to 0.0016 
(±0.0005) for clinopyroxene. The higher values may indica1e sub­
microscopic Ml. or some other heterogeneous distributions of ·non­
equilibrium · argon in the crystals. The lower values arc probably more 
representative of true partition coefficients and fall at leas! an order of 
magnitude below the previously reponed experimental data. The possibil­
ity of anomalous. high argon contents for crystals in previous studies is 
discussed in tenns of surface adsorption. ·trapped" argon and early panial 
melting. (Authors· abstract) 

BROWN, P.E .. 1998. Fluid inclusion modeling for hydrothermal systems: 
in Techniques m Hydrothennal Ore Deposits Geology: Reviews in Eco­
nomic Geol.. v 10. p. 151-171. edited by J.P. Richards and P.B. Larson for 
Society of Economic Geologists. Inc. Author at Dept. of Geo I. and Geo­
phys .. Univ. ofWisconsm. Madison. WI 53706 U.S.A. 

The purpose of this chapter is, first lo brieflr introduce microther• 
mometry. the most common analytical technique used to gain information 
from Fl and second, to discuss how to model and interpret the analytical 
data. (From authors· abstract by H.E.B.) 

BRUCE, Susannah, 1998. The genesis of mineralising brines in the South 
West Massif Central. France (absq: Mineral Deposits Study Group Annual 
Winter Meeung 14-16 Dec, I 998. St. Andrews. Scotland (unpaginated). 
Author at School of Earth Sci., Univ. of Leeds. Leeds. LS2 9JT: email (su• 
sannahirreanh.leeds.ac.uk) 

The Paleozoic nappe sequences of the SW Massif Central in southern 
France are crosscut by an E-W trending fault system that is host to Pb-Zn­
F-Ba mineralisauon This includes the Albigeois Fluorite dis1ric1 which. 
with an esumated 7 mt of past production and current reserves. is one of 
the wortd·s largest fluorite producers. Despite variations in mineralogy and 
large contrasts in host rock lithology. the deposits were apparently fonned 
from similar F In each case the F are domina1ed by a high sal component 
(20-26 wt% NaCl eq.) which. coupled with common halogen and 61"0 
systematics. would suggest that they have been derived through similar 
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processes (Bruce el. al., Min. Mag., v. 62A. 1998). 
The base metal-fluorite mineralisation of the SW Massif Central is 

associated with multiple generations of gangue quartz that are regional in 
extent and occur in a variety of different lithologies. The earliest phase of 
quartz deposition (Quartz I) is usually barren and is accompanied by the 
intense and pervasive silicification oflocal wall rocks. Three subsequent 
generations (Quartz la. 2 and 3) are associated with sphalcritc::t:galena. 
sphaleritc+siderite and fluorite. respectively. Oxygen isotope analyses of 
the gangue quartz indicate that the ore-fonning bnnes have undergone 
isotopic modification through exchange with country rocks in the hy­
drothennal system. The isotopic composition of F responsible for the ini­
tial deposition of quartz varies markedly with gcogniphical locallon and 
host-rock lithology (·10.5 to +6%oVSMOW) but in each case is almos1 
constant within individual samples. In contrast. mean 0110 signatures of F 
in equilibrium with subsequent gcnerauons of quartz va,y only slightly 
between deposits (Quartz ta: +3.0 to +I0.S%o; Quartz 2: +1.5 to +S.5%o: 
Quartz 3: -2.0 to +5.0%o VSMOW) but values differ more significantly (up 
to S'¼o) within individual samples. This would suggest that the isotopic 
compositions of the earliest F in the system were locally buffered whereas 
brines responsible for the precipitation of later generations of quartz did not 
equilibrate isotopically with local host rocks but instead have retained an 
isotopic signature from further back along the flow path. It is thought that 
the initial silicification oflocal wall rocks by the earliest brines prevented 
further isotopic buffering of F entering the fracture system. 

Processes of brine fonnation have been investigated through lhe analy­
sis of halogen ratios in Fl leachates from the same generations of gangue 
quanz. Results show that Br/Cl ratios decrease through the paragenctic 
sequence from values that arc greater than that of seawater to values 
equivalent or less but are too high for a magmatic input to be likely (Banks 
pers com.). In addition. the absolute concentration of chloride ions is rela­
tively constant for all F and below that at halite saturation. The trend to­
ward decreasing bromide at constant sal may be explained by the progi-es­
sive •flushing out' out of high Br bitterns from an evaporite horizon by a 
less saline F or by the incongruent dissotuuon of halite by an infiltrating F 
with concomittant Br depiction as the F passes through. 
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In each case a hypothesised surface-denved water would serve to di­
lute and gradually deplete the high Br reservoir (be it a bittern or a brine 
produced during incongruent dissolution ofhahte) such that successive 
brines exhibit decreasing concentrations of bromide. However. in order to 
maintain constant sal. the ratio of mixing would have 10 be sustained both 
spatially and through time. As this would seem rather difficult to ach•eve. 
it is possible that an independent process is operating to keep the sal con­
stant such as one linked to F density. (Author's abstractl 

BRUCE, S., RANKS. D., MUNOZ, M., COURJAULT-RADE. P .. 
TOLLON, F., 80\'CE, A., and FALLICK. A .. 1998. The genesis of 
mineralising brines m the South West Massif Central. France (abst.): Min­
eralogical Magazine. v. 62A. V. M. Goldschmidt Conf.. Toulouse 1998. 
Extended Abstracts. p 238-239. 

BUCHHOLZ. P., HERZIG, r .. FRIEDRICH, G. and FREI. R., 1998. 
Granite-hosted gold mineralization in the Midlands greenstone belt. a new 
type of low-grade gold deposit in Zimbabwe: Mineralium Deposita. v. 33, 
p. -B7-460. First author at Lehrstuhl fur Lagerst:inenlehrc. Inst. fur Miner­
alogie. Techmsche Univ. Bergakademie Freiben. Brennhausgasse 14. D-
09596 Freiberg. Germany. 

Two types ofFI were found (in a very small sampling). Type I (with• 
out) and Type 2 (with) CO2. Type I: Th CO2 27-30"C. Th COi-H2O 270-
3 t 00C. Tm CO2 -S8.l 10-56.6. Tm ctathrate 3.4 to 7.3°C. Type 2; Th 
190-260"C. Tm -5.4 to -0.99°C. Te :!:-7.8°C. (E.R.) 

HUEHN. B. and RANKIN, A.H., 1998. Geochemistry and daughter min• 
eralogy oflate-stage carbonatitic 0uids: Implications for REE. Ba. Sr. U 
and base metal mineralization processes associated with carbonatites 
(abst.l: Program and Abstracts. PACROFI VII. Pan-American Conf on 
Research on Fluid Inclusions. June 1-4. Univ. of Nevada. p. 20. First 
author at lnstitut fur Geowissenschafen. Universit:lt Giessen. Gennany. 

Associated with the Kalkfeld carbonatite complex. Namibia. we have 
identified a particularly well preserved and varied assemblage of Fl m re• 
.:rystallized quartzites adJacent to the main carbonatite complex The I 
show an extensive range of compositions and densities from moderate to 
high sal aq NaHCO~-NaCl brines and low density C01 F through 10 high 
density daughter-mineral-rich ·melt' I containing up to 90% sohds. We 
interprel these assemblages mainly as a consequence of heterogeneous 
entrapment of high density carbonatite M. brines and CO2 V phase. Mi-
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crothermomclric data are difficult to acquire and intc1pret due to bulk dc­
crepitation of the samples at around 3SO to 400°C. 

Those positively identified (SXRF&SEM-EDAX) include nahcolitc, 
halite, sylvitc, calcite, apatite, fluorite, cryolitc, sulphides and arscnides of 
Fe. Cu, Pb and Zn, rouvillctte Na:,CaiCO, and burbankite 
(Ca.Nah(Sr,REE.Bah(CO,)s. Thorium and uranium have also been de­
tected in significant amounts by m,cro-XRF but it is difficult to ascribe 
these to specific dm. 

The REE panems of the burbankite daughters mimic the strong LREE 
enrichment patterns typical of carbonatites. Total REE contents of this 
mineral phase are oflhc order of 100/4. In many ·melt' I this phase can oc­
cupy over 500/4 of the I volume suggesting thal the evolved carbonatitic 
·melts' are considerably enriched in REE. Ba and Sr. The widespread OC• 
currence of fluorine-bearing dm suggests that the ·melt' is strongly en­
riched in fluorine. supporting the idea that the high REE solubilities in­
ferred (several wt%) arc primarily a consequence ofREE-F complex 
fonnation. In the Kalkfeld complex. BaSO •• SrSQ4 and the REE mincrali­
zauon is relauvely minor but in other complexes (e.g. Bayan Obo. China 
and Kangunkunde. Malawi), where the surrounding country rocks are en­
riched to ore grade. they arc commonly associated with fluorite. The pres­
ent results demonstrate the importance of residual carbonalite magmas in 
the genesis oftlus important paragenctic association. 

Aqueous-rich I are characterized by the water-soluble daughter phases 
NaCl. KCI and NaHCOi. The common occurrence of Cu-Fe-Zn-Pb sulfide 
dm suggests that this aq phase 1s capable of preferentially uansponing sig­
nificant quantities of base metals in carbonatitic environments. primarily as 
chloride complexes, The generation and focusing of these late-stage. low· 
density. aq "carbotheITnal'' F evolved from a REE-bearing carbonatitc 
magma not only explains why many carbonatitcs are enriched in base met­
als (sometimes spectacularly as in the case of Palabora. RSA), but also why 
this phase of mineralization is often paragenetically distinct from the more 
common REE-Ba-Sr-F m,ncralization. 

The salt-poor CO2-Hi<> fluids represented by COi-nch, end-member, 
Fl. arc clearly associated with the metal-bearing carbothennal and car­
bonautic F. but their precise role in mineralization and rnctasomatic (fcni1i­
sation) processes 1s presently unclear. (From authors' absttact by E.R.) 

BOHN. B. and RANKIN. A.H., 1998. Composiuon and significance of 
alkali- and halogen-rich natural carbonatite melts trapped m fluid inclu­
sions (abst.): 17th General Meeting lnt'I. Mineralogical Association. Aug 
9-14, 1998. Toronto, Canada. Abstracts and Programs, p. A32. First author 
at Univ. Giesscn. Germany, and Kingston Univ., UK; email (Bcm­
hard.Buehn@gco.uni-giessen.de) 

Carbonati1es generally have low alkali contents due to exsolution and 
expulsion of a F phase at late stages of crystallizauon. The existence of 
fcmuzed aureoles around most carbonatues shows that these M do not 
represent initial M compositions and therefore cannot directly prove the 
gencrall) supposed alkali-rich nature ofmantle-<knved carbonatitc M. 

The alkali-poor Kalkfcld carbonatite complex (Namibia) has expelled 
a F into quartzitic country rocks which is interpreted to represent an alkali­
and halogen-rich carbonatite M. Most fl have high densities and consist of 
abundant dm like nahcolite. halite. sylvitc, burbankite. cryolite. rouvillcite, 
Ca-Mn-Fe-carbonate. fluorite and Fe.Cu-Zn sulfides (+alkali fcld­
spars/feldspathoids) In addition, both a CO2 phase and a Na-K.Ca aq 
phase 1s present m very variable proponions of a rncll.CO?·H2O system. 
This peculiar F and mineral assemblage is the result of (i.c .. is indicated by] 
magma entrapment in quartz crystals, which has preserved the composition 
of an uncxsolved carbonatite M including alkalis and halogens. This as­
semblage therefore comprises all fugalivc and solid components otherwise 
separated by carbonautic mcll-mineral-Ruid ftacuonation and/or immisci­
bi hty We have investigated this M system through a geochemical charac­
terization of individual mineral phases. individual I and the bulk carbona­
tite M system by microthcrmometric. SEM-EDX. Synchrotron-XRF. ICP­
AES and ICP-MS techniques. The M represent a very rare case where an 
unexsolved carbonat1te M can be investigated. and therefore add 10 the 
understanding and direct characteriza1ion of carbonatitic M-F systems. 
(Authors' abstract) 

BlllCK. Roger, Dl 'TKIEWICZ. Adriana and RASMl!SSES, Birger. 
1998. Primordial petroleum: Live oil m fluorescent llu•d inclusions in 
Archean and early Palcoprotcrozoic sandstones rrom Australia. South Af­
rica and Canada (abst. ): Geological Society of America Annual Meeting 
1998. Abstracts. v. 30. no. 7. p. A-290 First author at School ofGeosci., 
Univ. of Sydney. Sydney NSW 2006 Australia. email (buick~ es.su.oz.au) 

Some Archean and early Paleoproterozoic sandstones contain radioac-
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tivc dctntal heavy minerals enveloped by bituminous nodules. testifying to 
the fonner prescncc off hydrocafbons. In the same rocks. fluorescent Fl 
occur within healed microftactures confined to individual qua112 grams. 
Their fluorescent L is oil. as shown by FTIR analysis which confinns the 
prcscnoc of aliphatic molecules. The microftacturcs hosting the fluorescent 
I formed during sediment burial, beforc point con1acts between grains wen: 
expunged by pore space occlusion. and were scaled shortl> thereafter by 
quartz cement. As the host quartz giains are often surrounded by meta­
morphic sericitc which docs not OCCllf in the I-bearing microfractures. hy­
drocarbon migration occurred prior to peak metamorphism. which m all 
cases took place within a few hundred million years of deposition. Thus 
the entrapped oil was evidently generated from early Precambrian source 
rocks and represents the oldest known L hydrocarbon. 

The occurrence of oil in Archean rocks confinns that hydrocarbon 
generation and migraaion was a widespread phenomenon in early Precam­
brian scdimcnwy basiris and suggests that some of these might still be 
petrolifcrous. Its survival for billions of years through regional metamor­
phic events in which T rose to around 300°C indicates that current kinetic 
modds of oil destruction are inappropriare for certain pressunzed closed 
systems, that time is not a necessary controlling parameter for petroleum 
degradation and that the upper T limit for oil stability is higher than gener­
ally accepted. Its existence suggests that the productivity of the Archean 
marine biota may have been comparable to its modem equivalent If mo­
lecular fossils of the organisms from which the oil was derived (biomark­
ers) can be cxuactcd from the Fl. it may also reveal something about the 
composition of this primordial biosphere. (Authors· abstract) 

BUKATA, A.R., KOTZER, T. and CORNETT, R.J .. 1998. Fracture­
infilling calcite as a proxy for the palacohydrogcology of a fractured grani­
tic gneiss, an integration of stable isotopes. fluid inclusions and U-scnes 
dating (abst.): Geological Society of America Annual Meeting 1998. Ab­
stracts. v. 30. no. 7, p. A-225. First author at WEGP. Trent Univ .. Pctcrbor• 
ough. ON K9J 7B8; email (abukata@trcntu.ca) 

In many cases, such as the selection of hazardous waste disposal sites. 
it is important to characterize not only the current hydrogcology. but also 
the long-term geologic stability of the regional hydrogcology Fracture­
infilling calcite was examined as a proxy for the palacohydrogcology m the 
fracture-flow dominated granitic gneiss aquifer on the Chall. River proper­
ties of Atomic Energy of Canada Ltd. The study examined the stable iso­
topes of carbon and oxygen. Fl, and U-scrics dating of the calcite in an 
anempt to constrain the long-tenn hydrogeology of the area. 

Calcite was sampled from fractures initially characterized as sealed or 
open based on visual inspection of the core and whether the fractures were 
water-bearing or not Calcites from scaled rracturcs have an isotopic sig­
nature systematically different from calcite in open fractures. The 6110 
signature of scaled-vcm calcites have lower values (- 10 to-20 per mil) and 
display litle trend with derth, Calcite from open fractures display system­
atic trends rrom h1ghcni1 0 (-25) at suiface. to lower 6110 (-15 per mil) at 
depth. The: overlap in values suggests pos1-dcpos111onal alteration. by ei­
ther re-dissolution or by two separate calctte precipitation events. 

The Fl indicate that the calcite precipitated from groundwaters ranging 
from freshwater to sal of up to - 10•10 NaCl cq by mass. The minimum 
formation T (Th) cover a wide range (<50 to >200°C). and there is .:vi­
dencc of recrvstallizauon in some of the calcites This indicates calcite 
prccipitat10n ·rrom one of five sources: I) modem meteoric recharge water; 
II) hydrothermal metamorphic water; Ill) glacial ~hargc water: IV) 
Champlain Sea water; or V) a mixture of the above. Uranium scncs dating 
by alpha spectrometry and trace clement analyses arc currently undeiway to 
further resolve the origin of the groundwater from which the calcites arc 
precipitaung. (AUlhors • abstract) 

BUREAU. Htlene and KEPPLER. Hans. 1998. Complete miscibility 
between silicate melts and hydrous fluids m the upper mantle: Experi­
mental evidence and geochemical implications. Earth and Planet. Sci. Let­
ters. v. 165, p. 187-196. Authors at Bayerisches Geoinstitut. Umv. Bay­
reuth. 95440 Bayreuth, Gcnnany. 

The phase n:1auonships between silicate M and hydrous F were stud­
ied by du-eel visual observation in an externally heated diamond-anvil cell. 
Complete miscibility of silicate Mand water was observed for a wide range 
;if M compos1t1oris. including ncphelinc. jadeite. dacne. haplogramte and 
Ca-bearing granite. Some evidence for complete m1scib1hty was also ob­
served in the system basah-H:O. The critical T m all systems decrease 
rapidly with P At 15 kbar. the critical T for nephelinc 1s around 550°C. for 
jadeite around 800°C and for granitic compositions it is close 10 900°C. In 
general. the critical T appear to increase with silica content in the system. 
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Our results suggest that there is complete: miscibility between silicate: M 
and water in most of the upper mantle. except at very shallow depths. This 
means that a waler-saturated solidus cannot be: defined any more in thc: 
deeper parts of the upper mantle. Very silica-rich MI found in spenel lher­
zohtes associated with FI arc probably the result of the: unmixing of a su­
percritical F containing comparable amounts of water and silicate compo­
nents The: decomposition of amphibolc: in a subducted slab occurs at 
cond111ons where the miscibility gap bc:twcc:n F and silicate M is not yet 
closed, while the: decomposition of phengite and lawsonite occurs far be:· 
yond the cntical curve. Accordingly, the: F released by the breakdown of 
these minerals should have very different properties. Highly mobile, hy­
drous f containing little: dissolved silicate: should be: produced by amphi­
bolc breakdown. while: thc: decomposition oflawsonite and phengete will 
lead to much more silicate-rich and less mobile: F phases. (Authors· ab· 
stract) 

BUREAU, H., MtTRICH, N., PINEAU, F. and SEl\1ET, 1\1.P., 1998, 
Magma-conduit interaction at Piton de la Foumaisc volcano (Reunion Is­
land): A melt and fluid inclusion study: J. of¼>lcanol. and Geothermal 
Research, v. 84. p. 39-60. First author al l.aboratoirc Pierre Sue. CEA­
CNRS. CE Saclay, 91191 Gifsur Yvette, France. 

Major<lement, Cl. S, F. analyses have bc:cn performed on a wide se­
lecteon of Ml trapped in olivine (F0a1.11) from scoria and crystal-nth lapilli 
samples of PIion de la Foumaisc: volcano. As a whole:. they display a tran• 

sitional basaltic composition. The: Ml (8-9 wt% MgO. 0.62-0. 73 wt6/4 K2O) 
arc in equilibrium with olivines (F0a1-1s) in thc: samples from the Central 
Feeding Zone: and the: South-East Fc:c:ding Zone: and show a slight alkaline 
affinity. The Ml in olivines (FOas-11) from the North-West Rift (NWR) 
contain 9 3-9. 7 wt% MgO and O 54-0.58 wt"/o K2O. with a more tholciitic 
tendency. In occanitic lavas and crystal-rich lapilli. the: ohvme xc:nocrysts 
arc recognisable by the presence: of one or more S shear plane fracturc(s) 
filled up with C01 and alkali-rich basaltic Ml. In dunitc: nodules. olivines 
present also contain several S shear plane fracturc(s) filled up with CO2 and 
h1gh-SiOi Ml. Secondary CO2-rich Fl in olivine (FOa~-ul from the NWR 
samples indicate: PCOi up to 500 MPa whereas, P CO2 ranges from 95 
MPa to few tenths of bars in the other samples. Both the P Ml and the S Fl 
strongly suggest that the: olivine crystallises and accumulates over a wide 
depth range (IS km). It is envisioned that cumulative: pockets with low 
residual porosity arc repeatedly percolated with a COi-rich F phase. possi­
bly associated with basaltic to SiOi-rich M. and are finally disrupted and 
entrained to thc: surface when vigorous magma transfer occurs. The SiOi­
rich residual M in early-formed dunitic or gabbroic bodies may have acted 
as contaminant agents for the more alkali character of magmas vented 
through the central fcc:ding system, where a well-developed cumulative 
system is thought to exist. Finally, the existence: ofS F and Ml in olivinc:s 
implies that the dunitic bodies are weakened on the: micrometric scale. 
(Authors· abstract) 

BUREAU, H .. PINEAU, F., METRICH, N .. SEMET. M.P. and JAVOY, 
M .. 1998. A mc:lt and fluid inclusion study of the gas phase: at Piton de la 
Foumaise volcano (Reunion Island): Chem. Gcol.. v. 147. p. 115-130. First 
author at LGIS, Univ. D. Diderot-lPGP. 4. place Jussieu. 1S252 Paris 
Cc:dex OS. France. 

We have studied carbon. water. sulphur and chlorine contents in M 
and Fl trapped in olivinc:s from diverse feeding systems of Piton de la 
Foumaise volcano (Reunion Island. Indian Ocean). As a whole. water con­
cc:ntrauons (0. S9• 1.10 wt6/4) arc intermediate between those of tholciites 
and alkali basalts. Sulphur concentrations (400-1700 ppm) are comparable 
to those observed in MORB whereas chlorine: concentrations (200-300 
ppm) arc typical of alkali basalts. Carbon contents range: from a few to 520 
ppm C We also observe sulphtdc: globules that indicate saturation of the 
M with sulphur compounds The: combined study of dissolved carbon 
contents in Ml and of CO2-rich Fl indicates that the: trapped M may be: 
saturated with a F phase from at least 500 MPa total P to the surface. The 
CO2 and H2O contents in the trapped M. their major tlemen1 compositions 
and the composition of the host olivines reveal a comple.~ crystallization 
and entrapment history. In general. we observe that the less differentiated 
Ml appear to have bc:cn trapped at greater depth. Magmas fed to both the 
Summit Crater and the southeast rift zone: must be stored at shallow levels 
before eruption 10 account for the: observed distributions of water and car­
bon concentrations and their low values. These indicate tha1 a large pro­
ponion of the volatiles that are present at ~ater depths arc: lost before 
venting. The Nonh-West feeding system corresponds to magma that was 
much less degassed before venting. The range of concentrations of H2O 
and CO2 found in samples of a single eruption cannot be: reconciled with 
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continuous degassing of a single magma batch. We: therefore propose that 
most olivines occurring in the lavas have trapped M batches at different 
stages of their volatile evolution and/or thal olivinc:s included M of differ­
ing mantle provenances. This also implies that M entrapment occurred al 
different depths. Carbon and water evolution in parental magmas is calcu­
lated to be: &om 12 70 to 2770 ppm C and from 0. 7 to 1.1 wt"/o water. re­
spectively. The: volaailc: contents of parental magmas allow computation of 
the following volatile fluxes for the average m~a production rate of 0. I 
m3/sobscrved m the last so'years: CO2, 88xl0 tons a1; s. 123x 102 tons 
a1• Cl, 2.6xta2 tons a-1. and (magmatic) Hi(). 62xl01 tons a1. With lit• 
erature values of the dcgRC of melting. water and carbon contents in the 
mantle source would be: bc:twc:en 3S0 and 1100 ppm and bc:twc:c:n 63 and 
277 ppm C, respect1vc:ly. Because: no permanent emanations nor strong 
dc:gassing during eruption 1s observed at the surface:. it is thought that most 
G arc intercc:pted at an interface: in the: building system. (Authors· abstract) 

BURGESS. R .. JOHNSON, L.H .• MATTEY, D.P., HARRIS, J.W. and 
TURNER, G., 1998, He:, Ar and C isotopes in coated and polycrystalline 
diamonds: Chem. Geol.. v. 146, p. 205-217. First author at Dept. of Earth 
Sci., Univ. of Manchester. Manchester. Ml3 9PL. UK. 

Helium. Ar and C isotopic mc:asurc:mc:nts have been undenaken on 
different qualiucs of industrial grade and polycrystalline diamond from 
localmes in Africa and Brazil. These include coated and cloudv diamonds 
which contain abundant volatile-rich micro-I and framcsites and car­
bonados which consist of aggregates of micro-sized diamond crystals inter• 
spc:rsed with mineral I. In an attempt to release selectively the P trapped He 
from the: diamonds, they were analysed usmg an in vacuo crushing tech­
nique. The He data arc combined with Ar. K and U data obtained from 
40 Ar-J9 Ar stc:pped-hc:ating studies of irradiated fractions of the diamonds 
and bulk carbon isotope: data obtained from the: crushed residues. Results 
indicate that coated and cloudy diamonds best preserve a mantle signature 
with JHefHe values of t-7 Ra and one of-5 to -69'.. Coated diamonds 
have uniformly high He: and Ar concentrations of Io-<> - Io·~ cm3 g·1• 

Frarnesites have lower lHefHe values 0.1-3 Ra and bimodal 61JC values 
with modes at -6 and •209'o. Carbonados show both the lowest 6 13C values 
i.-2S9'o and 3Hcl'Hc of <0.1 Ra. U and K concentrations show a progres­
sive increase from coats<framc:s1tes<carbonados. While ii is temptmg to 
attribute low 61iC, low 3HerHe and high U to the influence: ofsubductcd 
crustal material. 11 is likely that implantation of~He by U. Th-rich minerals 
adjacent to the micro-diamonds 1s also a possible cause of the low He iso­
tope: ratios. (AUlhors' abstract) 

BURGESS. R. and TURNER. G .. 199S. Halogen composition of mantle 
fluids in diamond (absl ); Sixth lnt'I Kimbc:rline Conference:, Russia. 1995, 
Extended Abstracts. p. 89-91 . Authors at Dept. of Earth Sci .• Univ. of 
Manchester. Manchester. M 13 9PL. U.K. 

The halogen content of the: mantle F trapped in cubic diamonds is 
estimated to be 2-S wt%CI. 60·120 ppm Br and 1-3 ppm I and the: con­
centration of-w Ar is ( 1-3) X I 0·2 mVg. This represents about a factor 5000 
enrichment relalivc to prcsc:nt-da) upper mantle values (MORB source) 
To achieve this level of enrichment the F phase must be: present at a level of 
about 200 ppm (From authors' abstract by H.E.B.) 

Sc:e also Burgess and Turner. FIR 28. p. 18 (E.R.). 

BURNARD, P.G., FARLE\', K.A. and TURNER. G., 1998, Multiple 
fluid pulses ma Samoan hanburgitc: Chem. G.:ol .. v. 147. p 99-114 First 
author at Dept. of Earth Sci .. Univ. of Manchester. Manchester M 13 9PL. 
UK. 

Noble G trapped m Fl in residual mantle: xc:noliths from Samoa have a 
wide range m ~Her° Ar• which anll-corrc:lates with enrichments in non• 
atmospheric Ar. Ne and Xe isotopes and with the: concc:ntrallon of,io Ar• 
trapped in the: mineral. These corrclauons cannot be: due: to posl<ruplion 
loss of He from the I. but are likely due to mixing of a He-depleted mantle 
F and an unfractionatcd. plumc•derived. F that has c:ntramed significant 
atmosphenc noble G. Mixmg ofthc: two F occurred withm the mantle or at 
the base of the Samoan lithosphere. Helium loss at depth ,s 1mphc:d. 
(Authors' abstract) 

BURNARD, P.G .. HU, R. and TURNER. G., 1998, Helium. argon. hc:at 
and gold: Noble gas studies ofthc: Ailaoshan gold province. China (abst ): 
Mmc:ralogical Magazine:. v. 62A. V M. Goldschmidt Conf_ Toulouse 1998. 
Extended Abstracts. p. 259-260 First author at Dept. of Earth Sci .• Man­
chester Univ .. Manchester. Ml3 9PL. UK. 

Analyses of He and Ar in ancient mineralising F. usmg Fl in pyntc as 
'bonlc:s' for the palacofluids, can be used to trace atmospheric (meteoric). 



Fluid Inclusion Research 

cruslal and man1lc contribucions to the F and heat bu•t of extinct hy­
drolhennal systems. The results demonstn11e lhc: palaeofluids wc:rc a mix­
ture: bctwc:c:n a manlle-dc:rivcd, magmatic F and two diffc:rc:nt groundwa­
ters. (From authors· abstract by E.R.) 

BURNS. S.J., MATIER. Albert, FRANK. Norbert and MANGINI, 
Augusto. 1998, Spelcothcnn-based palcoclimatc record from northern 
Oman· Geology, v. 26, no. 6. p. 499-502. First author at Gc:ologisches Inst.. 
Univ. Bcm, CH-3012. Bern, Switt.crland. 

U-Th dating and stable isotope measurements of spelc:othcms from 
Hoti Cave in northern Oman yield palcoclimate infonnaaion from the re­
gion extending to 12S ka (From authors' abstract by E.R.) 

CAMPBELL, A.R., WILSON, 5.A~ and DUNBAR. !'li.W., 1998. Solid 
inclusions of halite in quartz: Evidence for the halite trend (abst.): Program 
and Abstracts. PACROFI VII. Pan-American Conf. on Research on Fluid 
Inclusions. June 1-4, Univ. of Nevada. p. 21. First author at Dept. of Earth 
and Environmcnlal Sci., New Mexico Tech. 

H1gh-sal Fl arc: common in ore deposits associated with high-T mag­
matic F. In halite and sylvite bearing Fl. microthcnnometry has. in some 
cases. documented a ~rcasing sal .. This has bc:cn called the "Halite 
Trend" (Clol,;c and Kessler. 1979) and is attributed 10 halite precipitation 
from the ore F in response to cooling. The halite contains some K in addi­
tion to Na Quan et al ( 1987) point out that although there is geochemical 
evidence for halite precipitation, solid I of halite. whose fonnation would 
cause the halite trend, have not bc:cn rcponcd in the htcrature. 

Vein quartz from the: Capitan Mountains. NM hosts halite and sylvite 
bearing Fl. These samples exhibit the halite trend on an NaCI-KCI-H2O 
triangular diagram. In order to account for this trend the precipitating salt 
would have had an approximate composition of (NaaoK20)CI. Halite pre­
cipitation is also supponed by an increasing Br/Cl ratio from the chemical 
analysis of the inclusion fluid. No solid inclusions of salt arc seen using a 
transmitted light microscope. However cryslals of halite and sytvitc have 
been have been observed with electron microprobe imaging. 

The salt cryslals were examined by backscatter electron imaging 
(BSE) for compositional variation and by secondary electron imaging (SE) 
for topographic relief. Salt cryslals were observed in three d1s1inc1 settings. 
I) Salts in direct contact with the host quartz with little lopographic relief 
between the two. These crystals appear lo be: solid I. 2) Salts located within 
small pits. These arc: thought to be either solid I which have partially dis­
solved during sample preparation, or dm within FL 3) Radial!} symmetric 
lobed salts proximal to a fracture. They sit atop the surface of the quartz 
and cause bubbling of the carbon coat. These arc though1 to be precipitated 
salts from newly dccrepilated I due to the vacuum m the mtcroprobc:. 

Quantitative microprobe analysis of the salt crystals from all three 
settings show a wide range of compositions in the NaCl-KC! binary. A 
large number of salt crystals have composmons of around 80 mol¾ NaCl. 
This corresponds to the precipitating halue composition predicted from lhe 
m1crothcrmometry. The existence. and composition of. the sohd I presented 
here provides evidence for halite prccipillllion as the origin of the halite 
trend. (Authors· abstract) 

CAMPBELL, LS., 1998. Replacement textures in the Bayan Obo REE­
Nb-Fe depos11. Inner Mongolia. China in relauon 10 ore genesis (abs!.): 
Mineral Deposits S1udy Group. Annual Mecung. 5-6 January. 1998. Uni\'. 
Greenwich. UK (unpaginated). Aulhor at School of Geological Sci.. i(ing­
s1on Umv. Pcnrhyn Road. Kingston upon Thames. Sum:}. KTI 2EE. U.K .• 

Textures provide abundanl evidence of influx ofac,dk. F-bearing 
fluids (e.g .• CaCO3+2HF=<"aFrtCCh+H2O). Fl ofCO1 and H,O (2-phasc 
or )-phase) occur in fluorite and apatite. 

The study suppons a carbonatite-dcnved hydrothermal replacement 
model for the mineralization. implying that F-REE cornplcxation was im­
ponam for REE transpon. (From author's abstract by E.R.) 

CAMPRUBI. Antoni, CANALS. Angtls. CARDELLACH. Esttve, 
SHARP. Z.D. and PROL-LEDESMA. R.M .. 1998. Thennal and geo­
chemical evolulion of La Guitarra epithcnnal deposit.. Temascaltepec. 
Mexico: !!! Water-Rock lntcrac1ion. G.B Arehan & J.R. Hulston (eds). 
Balkcma. Roncrdam ISBN 90 5410 942 4. p. 525-528. First author at 
Dept. de Cnstal-lografia. Mineralogia i O1pos1ts Minerals. Univ de Barcc, 
Iona. Spain. 

La Guuarra is a polymctallic and multi-stage. low-sulfidallon epithcr­
mal vcm system. The Ag-Au ore is mainly displayed m s,hca bands. 
Stage-I fluids show sal from 5 to 12 wt% NaCl eq,: T from 162 10 2 I 2°C: 
6'•o~ from 1.2 to 5.29'o: XFcS in sphalerile from Oto 25%. Stage-II (Ag-

20 

Volume 31. 1998 
bearing stage): sal from 4106 wi-/4 NaCl cq.: T from 161 10 210°c: 6110.. 
from -2.0 to +6.0"8; Xr.s m sphalerile from Oto 16%, Time-space distn• 
butions of the above variables convey to magmatic and meteoric F rc:cog­
nitton. Coupled widl mineralogical evidences of boiling. those character­
istics poinl to a mixing-boiling model for ore deposition. (Authors· 
abstract) 

CANNELL. Jamn and DAVIDSON, G.J., 1998, A carbonate-dominated 
copper-cobalt brc:ccia-vcin system at the Grca1 Australia Deposit. Mount 
Isa Eastern succession: Econ. Geol.. v. 93. p. 1406-1421. Auchors a1 Geol. 
Dept., Univ. ofTasmania, GPO Box 252-79. Hobart. Tasmania 7001, Aus­
tralia. 

Great Australia is a small Cu-Co deposit in the Eastern succession of 
the Moun1 Isa inlier, northern Queensland. It may be viewed as a carbon­
ate-rich member of the globally distributed. oxide-dominated. Fe-Cu­
Au±rarc earth clement (REE):i:U deposit group. It is also a gold-poor van­
ant of a group of small- to medium-sized. carbonate-dominated vein re­
placement deposits in the surrounding Cloncurry copper gold field. known 
as Mount Freda-style deposits. Chalcopyritc:-bcaring S Fl from ore 1ypc 1 
quartz contain high-T (4S0±60°C), high-sat (45±10 wt"/o NaCl eq). high 
/Oz F that arc interpreted 10 be: syn-ore. Oxygen iS01ope values of 6110_, 
(11.3-13.4%.) indicate thai 611OtJua<F 8.3 10 1.3 per mil. consistent with a 
magmatic to metamorphic source. Calcite carbon isotope values require 
613C-=-<).3 to -3. 7 per mil. bc:sl explained by a mixture of carbonate 
sedimentary carbon and magmatic carbon. (From authors· abstracl by 
E.R.) 

Three types of! in ore lypC I show phases as listed in Table 3. includ­
ing chalcopyritc, halite. hematite. pyrite:, sylvitc:. and unkno\\1l. (E R ) 

See jigun! in lhe Illustrations appendix. 

CAO, Z.M. and HUANG, Y.N., 1998, Tellurium-bearing fluid; Behavior 
and mc:chanics of the: enrichment and dispersion (abst.): 17th General 
Meeting lnt'l. Mineralogical Association, Aug 9-14. 1998. Toronto. Can­
ada. Abstracts and Programs. p. A3 I. First author at Dept. of Min Res. 
and Eco. Chengdu Univ. of Tech .. P.R. China: email (czm@cdit.cdu.cn) 

Samples were collected from the Dashuigou telluridc lode deposit in 
the mineralizing belt ofTc-Au-Ag. By various test methods. such as iso­
topes, Fl (Laser microprobc: with Raman spectrum). experimental simula­
tion (285°C. 300°C). it suggests thal the Tc-bearing F originated from the 
upper mantle. Some conclusions follow such as: I. Telluride occurs in the 
Kangdian axis and Dadu River gold ore bcllS. This suggests that the re­
gional geochemical field be: characterized by enrichment in tellurium. 2. A 
transcrustal fracture: near the ore district could be a pathway for Dcgasifi­
cation (H1Tc) oflhc mantle. Existence of a high content ofCO1• H2. BO3·, 
F'. Na+. c1c. indicaacs that the ore F was rich in mincralizer. 3. Preliminary 
enrichment in tellurium was got in the residual magmatic M. 611Cc-02 
(5.~ mean value of6 samples) and )HcfHe (1.21 x io·1• mean value of 
3 samples) values for the dolomile associated with Tc mineralization arc 
similar to those: for degasification of1he upper mantle. Migra1ion of tellu­
rium could be relaled to HC()J'. The oxyphile character of tellurium enable 
it to migrate in the fonn of fluoride or bicarbonate complex and to precipi­
tate with Bi. Au and Ag to fonn tctradymite-dolomite veins. 4. Tellurium 
underwent 1ransi1ion from a mincralizer 10 an ore-forming clement. Tellu­
rium acting as mineralizcr played an imponant role: in 1hc lormation of the 
precious metals (Au. Ag. Pt. and Pd) deposits. Au and PGE occur in the 
form of metallic telluride other than metallic sulfides. The [fez. / S1. /CO2 
and the T controlled the precious metal mineral facies in the hydrolhcnnal 
ore deposits. Perhaps a limited recharge of tellurium in the source region 
was responsible for the predominance of native gold over Au and Ag tellu­
ride. Changing from a mincralizer 10 an ore-fonning element Tc was 
bound together with Bi in residual magma fonning tetrad)mile. 5. Accu­
mulation of tellurium depends upon bolh pre-enrichment of vaporous H2 Te 
m an unmixing system and shielding effect of the structural trap. Vice 
versa tellurium may be dispersing. (Authors· abstract) 

CARROLL. M.R., KOHN. S.C. and WOOD. B.J. (eds I. 1998. Colston 
Research Society Conference. The Degassing His1ory of the Earth. Bristol. 
UK. 29-31 Augusl 1996: Chem. Gc:ol., v. 147. no. 1/2, p. 1-200. 

CARTIGN\', Pitrrt, HARRIS. J.W. and JA\'O\', Marc, 1998. Eclogitic 
diamond fonnation at Jwaneng: No room for a recycled componcnl Sci­
ence. v. 280. p. 1421-1424. Firsl author at Laboratoirc de Geochimie Sta­
bles. Univ. de Paris VII. lnslitut de Physic'de Globe de Paris (IPGP). 4 
Place Jussieu. 752521 Ccdc11 05. France. 

Eclogitic diamonds have: a large range of 61JC values. whereas pcri-
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dotitic diamonds do not. Paired 61~-1'>13C-N variations 111 40 eclognic 
diamonds li'om the Jwaneng k1mbcrlite in Botswana show that neither the 
influence of recycled biogenic carbon nor the global and primordial hetero­
geneity of mantle carbon an: likely for the origin of the large 613C range; 
the data instead suppon a fractionation process. It is proposed that car­
bonatitic mantle M li'om which diamonds ciystalli?.C Wldergo differenl 
evolutions before diamond precipitation, when percolating through either a 
peridotite or an eclogite. These different evolutions, reflecting the pl'C5ellce 
or absence of olivine, can account for their rcspc:ctive one distributions. 
(Authors· abstract) 

CARTIGNY, Pitrn, JENDRZEJEWSKJ, Nathalit, PINEAU, Fra­
noi~, PETIT, Eddy and JAVOY, Mart, I 998, MaJor volatiles (C, N and 
Ar) m vesicles trapped in the Indian Ocean Basaltic glasses: Constraints on 
the Indian Ocean characteristics (abst.). EOS, Trans., 79 (45) Fall Meet 
Suppl., p. F878. First author at Lab Gochimie Isotopes Stables IPGP 2 
Place Jussieu, Paris 7525 I, France; email (pcharti@ugcvax.dnet.gwdg.de) 

A detailed study of C N iso«opes together with C, N and Ar contents 
has been undenaken on the G vesicles in South West Indian Ridge (SWlR) 
basalts recovered between the Rodriguez Triple Junction and 49E. Results 
obta111ed on this new sample arc compared with results li'om the Central 
and South East Indian ridges. 

Reconstructed initial MORB C/N, N2.IAr, 613C and 61
~ arc about 

200, 80, -5 per mil and -61 per mil respectively, in perfect agreement with 
the initial Pacific and Atlantic MORB esumations. (From authors' abstract 
by E.R.) 

CASSIDY, K.F., 1992, Archaean granitoid-hosted gold deposits in green­
schist to amphibolite facies terrains: A high P-T to low P-T depositional 
continuum equivalent to greenstone-hosted deposits: PhD thesis. Univ. of 
Western Ausualia. 296 pp (unpubhshcd). 

As quoted by Witt and Vandemor (this volume) 111 connection with Fl 
studies of Yilgam Craton Au deposits, Australia. 

Sec also next 11cm (E.R.). 

CASSIO\·, K.F., GROVES, D.I. and MCNAUGHTON, N.J., 1998, Late­
Archean granitoid-hosted lode-gold deposits, Yilgam Craton. western Aus­
ualia: Deposit characteristics, crustal architecture and implications for ore 
genesis: Ore Gcol. Reviews, v. 13, p. 65-102. First author at Centre for 
Strategic Mineral Deposits (fonnerly Key Centre), Dept. ofGcol. and Geo­
phys . The Univ. of Western Australia, Ncdlands, WA 6907, Australia. 

Granito1d-hosted lode gold deposits constitute a sub-group of late• 
Archean lode-gold deposits in the Yilgam Craton of Western Australia. 
They share a number of common charactcrisucs, including: (I) a strong 
structural control on a variety of scales: (2) in most instances, the presence 
of mincrahsation in adjacent supracrustal sequence: (3) wallrock alteration 
and vein assemblages consistent with the addition ofSiO2, KP. CO2. 
S±NaiO. but dependent on the P-T conditions of the host environment and 
ore F; (4) a metal association comprising Au. Ag, As. Bi. Tc. W:1:Mo and 
low concentrations of Cu. Pb and Zn; and (51 deposition from a low­
nioderate sal. near-neutral HiO-COtKH.i F over a T and Prange from 250 
to ,.6()()°C and "' to 4 kbar, which corresponds to a range of crustal envi• 
ronments from lower grccnschist to upper amphibolitc facies. (from 
authors· abstract by E.R.) 

Includes an extensive tabulation of many parameters for the deposits 
Lad)· Bountiful. Mt. Pleasant, Granny Smith. Porphyry. Great Eastern 
Lawlers. and Westonia. This includes ore solutes. T by Fl. T by mineral 
equ1hbna. P. Xco, and sa1 (E.R.). 

See also previous item. 

CATHELINEAU, Michel. BANKS, David, BOIRON, :\-1.C.,A'\T 
Ol 'GOllGDAL, Mohamtd, and YARDLEY. Bruce, 1998. Chemistry of 
brines migrating at the basement-sedimentary cover contact: The example 
of Soultz (Rhine Graben) (abst.): Program and Abstracts. PACROFI VIL 
Pan-American Con( on Research on Fluid Inclusions. June 1-4. Univ. of 
Nevada. p 22. First author at CREGU and UMR 7566. BP 23. 5450 I 
V1¥1doeuvre-les-Nancy Ccdex.. France: email (cathclin@cregu.cnrs­
nancy.fr. D.Banks@eanh.lccds.ac.uk) 

The coarse-grained Triassic sandstones have undergone a silica di­
agenes1s and arc then crosscut by fractures filled "ith barite. The sequence 
of F trapping is the following: i) P aq I in quartz overgrowths. which have 
sal around 7-10 wt"/ocq. NaCl and Th in the 120-130°C range. ii) S aq I. 
with saJ of 17-20 wt"/, cq. NaCl and Th between I 50-190°C. in FIP cross­
cuning the quartz overgrowths. iii) P and PS aq Fl with sal of2-12 \lt°/o eq. 
NaCl and Th similar to present day TI 15•130°C and hydrocarbon (HC) 
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rich I in bante veins. 
In quartz veins from the top of the granite, low Tm ice around -25 to• 

30°C have been found but in barite Tm ice arc between 2 and 14 wt"lo eq. 
NaCl wtth two distinct modes at 6.5 and 11 5 wt"lo cq. NaCl. 

The late barites in the basement and its sedimentary cover contain aq 
Fl with a narrow range ofsal li'om 9-12 ~ cq NaCl, which were trapped 
at T similar to those of the present day, and characterized by : i) a regular 
111crcase in the Na/K ratto with depth. e.g.. with increasing T. The values 
range li'om 8 to 25 and bracket the ratio of the present day T. ii) a relatively 
wide range of BrICI rattOS from 0.003 to 0.008 indicating the contribution 
ofa Br enriched end-member in T percolating through the sediments. iii) 
Na/Li ratios around 25/40, slightly lower than those of the present day T. 
Na-Cl-Br systematics show that some of the palcofluids an: typical ofbas1-
nal brines which have acquired their chemical features by suong interac• 
tion wtth evaporitic layers. 

The fracture system in the Soultz granite and its cover rocks has acted 
as a pathway for flows of different sal F at different times. evolving towards 
composiuons similar to those present at depth today. The large varia1100s 111 
Cl contents among the studied F suggest complex, long-lived and heteroge­
neous mixing processes. Sal changes are decoupled from T changes sug­
gesting that mixing occurs on the heating part of the F cycle. This case 
study provides significant reference data on the chlonne contents in F per­
colating or stored within basement rocks. (From authors· abstract by E.R) 

CATHELINEAU, M., CUNEY, M., COULIBALY, Y .. BOIRON. M.C. 
and AYT OllGOUGDAL, M., 1998. Palcopercolations in the igneous 
rocks ofCharroux C1vray (abst.): Reunion des Sciences de la Terre. Brest, 
31 March-3 April, 1998, p. 87-88 (in French. translation by E.A.J. Burke). 
Authors at CREGU et UMR 7566, BP23, 54501. Vand~uvre-lcs-Nancy 
Cedex. 

The principal episodes of migration of F in the Hcrcynian basement of 
the Vtcnne region (France), the: chemical characteristics of palcofluids. and 
the P•T evolution after the emplacement of the magmatic rocks have been 
esttmatcd from a detailed study of FIP in these rocks. and also in the min­
erals in macroscopic faults in the basement and 111 the Mesozoic sedimen­
tary cover. Two main evcnls have been recognized which can be attributed 
to two major gcodynam1c events: 

I) Latc-Hercyn1an retrograde-metamorphic F associated with mag­
matic heat flows have produced: altcrat1ons with (epidotc. prehnite}­
quartz-chlortte-(hematitc)±carbonates (dolomite, caJ. 
citc):i:adulana±laumontitc; veins with (quartz)-chloritc-phengitc: quartz• 
muscovite; quartz-sulfidcs-illite. They belong to the systems H20-N1, HiO­
CO2 (especially 111 FIP) and H20-salts. and they have been uapped m a 
wide P-T field: 130 to 500°C, 0.5 to 3.5 kbar. 

2) The brines, probably connected with Mesozoic distensions related 
with the opening of the Atlantic Ocean and/or the Gulf of Gascognc, have 
plugged the faults in the basement with a paragencsis of hemattte­
adularia/dolomite/quanz/fluoritc/baritet:sulfidcs (Cu. Zn)lcalcite. These 
veins predominate 111 the igneous rocks and have a very constant paragc­
netic sequence The bnncs (several hundred g/1 of salts) in dolomite and 
fluonte have geochemical characteristics (Br/Cl. trace elements) close 10 
those of F in sedimentary basins. and of F in F-Ba-Pb-Zn deposits on the 
nonhem and south-eastern borders of the Central Massif. The brines cir­
culated at T ofmaximall) 75 to I IO"C. 

F111ally. later and less frequent vcm fillings with (kaohnttc)-calcitc 
have been formed from low-T F (< SO"C). related with minor episodes of 
c1rculation 

Knowledge of F paleopercolattons 111 an igneous body is of essential 
imponancc to understand actual and future c1rculauons. If a past percola­
tion (even of recent date) 1s concerned. the F is not accessible d1rc:ctl) any 
more. and the identification of the percolated structures is then difficult. 
The only signs of the passing of a F arc the eventual pcnurbations 11 caused 
during its m1gra11on: i) the presence of newly formed minerals which indi­
cate a supersaturation of the F with regard to a mineral spec1es. or of dis­
soluuons which. however. arc more difficult to use: ii) trapped F in the 
fonn ofl in the newly fonncd minerals in the fillings of the conduits. or F 
in healed cracks of the rock The structures that have been percolated dur­
ing the F event may also have been formed durmg deformation events, as 
well anterior to as contemporaneous with the percolation (Authors· ab­
stract) 

CATHELIN'EAll, .\lkhtl, Gl'ERCI, Alain, BANKS, David, BOIRON, 
M.-C .. and ,\\'T OUGOt:GDAL. Mohammtd, 1998. Numerical modcl­
lmg of water-rock mteractmn us111g reconstructed nuid composition: a 
multi-charactcrizauon of alp111e fissure fluids (abst ); Program and Ab-
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straets, PACROFI Vil, Pan-American Conf. on Research on Fluid Inclu­
sions, June 1-4, Univ. of Nevada, p. 23. Fiist author at CREGU and UMR 
7566, BP 23. 5450 I Vand~uvre-tes-Nancy Ccdex, France: email (cathe­
lin@cregu.cnrs-nancy.fr) 

The major alpine water-rock interactions observed in and around al­
pine fissures from granites, e.g. quartz dissolution, crystal Iii.at ion of the 
main fissure fillings (quartz-chlorite), and later altera1ion of the previous 
alteration minerals by an ankerite-muscov1te assemblage, have been repro­
duced using Fl data and the geochemical code EQ3/6. (From authors' 
abstract by E.R.) 

Sec also Cathelineau et. al .. FIR v. 29, p. 29 (E.R.). 

CENDON. D.I., A YORA, Carlos and PUEYO, J . .J .. 1998. The origin of 
barren bodies in the Subii.a potash deposit. Navarra. Spain: Implications 
for sylvite formation· J. ofSedimenwy Research, v. 68, p. 43-52. First 
author at lnstirut de Ciencies de la Terra (Jaume Almera). CSIC. Barcelona. 
Spain. 

"Barren bodies" arc meter-size lens-like features in sylvite beds where 
sylv11e 1s absent or depicted. They are commonly found when mining pot· 
ash deposits. Most barren bodies arc believed to be fonned by selective 
dissolution of sylvite. due to the circulation of diagenetic or later F. Con­
trary to this commonly favored post-depositional interpretation, barren 
bodies of the Subii.a mine. Navarra. Spain. arc thought to be the res uh of 
synsedimentary processes. This potash deposit contains a I 00 m thick 
Upper Eocene succession of alternating claystone and evaporites (sulfate. 
hah1e, and sylvite). The evaporitcs accumulated in an elongated basin 
forming one of the depocentcrs of the 250 km long South Pyrcnean fore­
land basin. Along the margin of the b~in. slope instability, promoted 
probably by tectonism, created mass wasting, forming mounds 0.5-2 m 
high and tens of meters in extension. As evaporation progressed. two 
straiified brines formed. Halite prccipilaled at the air-brine interface and 
sank to the bottom of the basin with tcrrigenous clays. Sylvi1e, however, 
precipitated from the lower brine. The mounds extended into the upper 
brine, thus sylvile did not precipitate over these upper zones. With progrcs• 
sive deposition the lower brine covered the mounds. the sylvite beds over• 
lapping the mounds. The mineralogical and petrographical features of the 
barren bodies and their surroundings are continuous. Analyses of P Fl 
from the halites oflhe baircn bodies show a Mg-K-CI rich composition. 
This corresponds to a P brine and is unhke the Na-Cl rich brines expected 
from replacement processes. The thickness of the sylvne-fonning brine (<I 
ml inferred from the mounds is inconsistent with the thickness required 10 
form centimeter-thick beds of sylvue 1n a closed basin. Alternatively, the 
existence of a more rcstncted sub-basin. open to a hal11e-formmg basin 
similar 10 that observed in saline ponds. 1s proposed. Numerical simula­
tions of the evaporation processes under these conditions give results that 
match the mineral associations observed and the solute con1ent of the Fl. 
{Authors· abstract) 

CENDOl"i, D.I., PUE\'0,J.J., A\'ORA, C., TABERNER. C. and PI­
ERRE, C., 1998. Geochemical evolutton ofSuna evaporite sequence· 
Implications for the chemistry of the Eocene ocean (abst ); Mineralogical 
Magazine. v, 62A V. M. Goldschmidt Conf.. Toulouse 1998. Extended 
Abstracts. p. 294-295 First author at Inst de Ciencies de la Terra. CSlC. 
Lluis Sole I Sabaris. sin. 08028 Barcelona. Spam. 

The evaporauon of recent seawater explains the major elements trends 
found in Fl. However. some addition of Ca is required to explain the high 
Ca and low so. values analysed. This excess of Ca changes throughout 
evaporation and 1s attributed 10 dolom11ization and not to global changes in 
seawater composiuon. (From authors' abstract by E R.) 

C[PEDAL, A .• I\IARTIN-IZARD, A., FllERTES, M. and PE\'IOA, 
LR.. 1998. Evidence of multiple episodes of igneous and hydrothermal 
acuv1ty at El Valle copper-gold deposits. Belmonte de Miranda. Asturias 
(Spam) (abst. )· GACIMAC Meeting Quebec 1998. Abstract \blume 23. 
A-29. First author at Dept. ofGeol.. Univ. of Oviedo. Spain; email 
(mcepedal@astunas.gcol.uniovi es) 

El Valle copper-gold deposit 1s located m the nonhcm part of the lbc• 
nan Peninsula ma narrow NE-SW oriented zone called Rio Narcea Belt 
The zone is dissected b} NE-SW. SE-NW and E•W fault systems and has 
an extended history of reactivauon. Along w11h geological and geochemi­
cal data. prchmmary K/ Ar ages suggest that the El Valle ore deposit was 
formed by overprinung of several hydrothermal events 

The Fl stud) shows a highly-saline magmatic F with Th between 580 
and 620"C. which was contaminated in volaules b~ carbonated host rocls. 
sometimes rich in organic matter. This F evolved into two imm1sc1ble F: 
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one C~ and/or CH. rich and the other a high sal aq F. Evidence of boiling 
processes has been found at T between 360 and 4200C and around I kbar 
of P. These processes could be related to the main sulfide mineralization 
stage. This F evolved into a very low sal aq F with Th ranging from 270 lo 
360°C. 

Mer extensive erosion. reactivation of the nottheast-~ndmg fracture 
zone caused widespread brecciation and favored the intrusion of porphyri­
tic (285±4 Ma) 10 diabasic (263:t 7 Ma) dikes which crosscut all lithologtes. 
At least two hydrothermal events took place. The first sericitized. silicilied 
and carbonatized the monzogranite. and chloritized. silicified and serpen• 
tinized the skarn. The second hydrothennal phase produced carbonatiza­
tion, argillization, silicification and hypogenic oxidation. The intense 
silicification along fractures and brcccia zones resulted in the formauon of 
hematilic jasperoid quartz. The Fl study shows a very low sal aq F with 
lower Th ( I 80-l 95°C and l 20-165•C) suggesting late epithermal events 
overprinting on the mesothermal skams. 

Lastly. meteoric alteration produced a new generation of oxidauon 
along fractures and bfeccias. (From authors· abstract by H.E.B.) 

CESARETTI, N.N, and DOMINGUEZ. E~ 1998. Fluid inclusions and 
porosity in Pozo Escondido, Yacoraite formation: Diagenetic and olcoge­
netic indicators: Revista de la Asociaci6n Geo16gica Argentina. v 52. no. 
3. p. 36 I -378. Authors at Dcplo. de Geologia, Univ. Naciooal de Sur. San 
Juan 6 70-8000 Bahia Blanca. Argentina; email (ghcesar@cribaedu.ar), 

Hydrocarbon and saline Fl were studied in quartz and anhydrite CC• 

ments and overgrowths in the upper chalk and sandstone sections of the 
Yacoraite Formation, Lomas de Olmedo second order basin. The analyzed 
samples were taken from the drill holes in Pozo Escondido oil field PE x-1. 
e-2, e-4 and PEE x-1 . Lomas de Olmedo basin starts with a rift emplace­
ment in the Early Jurassic. In Late Jurassic-Early Cretaceous the basm 
grows recording fluvial deposits associated with minor volcanics m an 
environment of extensional faulting. The main basin subsidence occurs 
during Cretaceous; at this time. the rock of the Yacoraite Formation were 
deposited. Clastic continental and evaporitic sediments were formed al the 
end of this basin history. Teniary and Quaternary folding. faulting and 
uplift are also recorded. Sandstone and carbonate porosity evolution was 
studied. P. intergranular. moldic and vuggy porosity was reduced by auth1• 
genie quartz overgrowths and cementations of anhydrite and bitumen. 
Porosity was increased by dolomitic re-emplacement and fracturing. 
Highly selective porosity conservation was caused by the amount of pore F 
in some sandstone layers. A mature mesogencsis was reached according to 
the textures and I 0-200/o selective porosity values. A direct ratio was found 
between actual porosity. Fl abundance and extractable organic matter. 
Paraphin1c and asphalt hydrocarbon Fl were recognized by their hgh1 blue 
and yellow-greenish fluorescence. Reddish asphalt Fl with low cloudy 
points predominate in the stratigraphically lower levels; by contrast light 
hydrocarbons with high cloudy points, propane. ethane and methane arc 
found m the Fl coming from upper levels. A brine composed by NaCI­
MgCli-Na2SO~•NaHCOJ and NaCOJ was the d1agene11c formation water 
( 17% NaCl eq sal). Based on Fl, l21-137"C. with an anomalous value of 
l 54°C. was the interval ofT reached during diagenes1s The analyud 
samples fall m the oil and G generation window. The amounts ofTOC 
(total organic carbon) and EOM {extractable organic matter) define a 
source and reservoir rock in the upper chalk sccuon and a reservoir rock in 
the upper sandstone section. The d1agenetic evolution indicates that an 
increase m the T and Pin the pore F. This fact produces maturation of 
organic matter m the carbonatic section. generating C01 and carboxyl 
which in tum caused carbonate dissolution and anhydrue and dolomite 
precipitation. In the upper sandstone sec11011 the fracuonated maturation 
resulted m bitumen filling the pores and S fluorescent asphalt Fl m micro­
fractures of quanz. These m1crofractures were the hydrocarbon migration 
pathways. (Authors· abstract) 

s« also next item (E.R.) 

CESARETTI. N.:'11., PARNELL, J. and DOMiNGllEZ. E.A., 1998. 
Past and present oil migration pathways m lhe Yacoraitc Formauon. Ar­
gcntma: MPG Bull .. v. 82. no, 10, p 1900-1901. First author at Dcp 
Gcologia. Univ. Nacional del Sur. San Juan 670-8000 Bahia Blanca, Ar­
gentina. 

Pores. microfractures and fractures were all migration pathways for 
organic F rn the Yacoraite Formation (Cre1accous-Palcocene) m the NW 
Cretaceous. Lomas de Olmedo Oil Bain in Salta. Argentina. Four drill 
cores from Pozo Escondido ( x-1 . e-2. e-4) and Escondido Este (x-1) (64° 
west long. 24° south latitude) were studied for the distribution of hydrocar­
bons, D11fercn1 migra110n pa1hwa)·s funcuoned 10 Var)·mg degrees during 
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lhe basm hislory. 
Lomas de Olmedo is an early Jurassic rift basin whose main subsi­

dence happened during the Crc1accous. The end of the subsidence is re­
corded by the Yacoraile Fonnation, the most important oil bed. II (consists 
ot] quartz sandsloncs, mudstoncs, boundstoncs and grainstoncs that act as 
a reservoir and source rocks. 

In sandstones pore size: was partially reduced first by quartz over­
groWlhs, then by anhydrite ccmentation, and finally by bitumen as droplets 
and grain-coatings in the reservoir rocks In the chalk level the pore sizes 
were increased by dolomitization and reduced by anhydrite ccmcntation 
and bitumen precipitation. 

Microfractures functioned only in the past, In the chalk level they 
crosscut some quartz grains in a very fine grained carbonate matri)(. Th~ 
m1crofractures arc considered 10 have been P migration pathways. In the 
sandstone level the microlractures crosscut detrital quartz grain and pre­
dated s1hca ccmentation. The microlractures were genera1ed by high F P 
caused b} migration of the oil present m the pores and were sealed by silica 
cemcntat1on in the pr~ncc of oil, These microfractures arc considered to 
be S migration pathways. In both cases the microfractures host asphaltic 
hydrocarbon Fl Fractures function in the chalk level at the present time. 
They arc open and clean and were generated by dilation. These fractures 
host lhc oil produced from the well. 

The predominant mechanism ofS migration in the sandstone level was 
as globules or bubbles of oil driven by water movement Both aq and hy­
drocarbon Fl arc observed. The distoned oil globules could be attributed to 
a greater buoyanl force than the P inside the globule, forcing the globules to 
move through pore throats. When th1s P C)(cccdcd the mechanical strength 
of the rocks, microfractures in quartz were developed and Soil migration 
was induced. 

Present day migralion is probably linked to open pores and fractures, 
mainly in the hmestonc level which hosts the ~nl naphtenic oil and has 
no evidence of bitumen cement 

In this basin there is a relationship bel\Wlcn oil maturalion and the 
migration pathways. Initially a heavier oil migrated through the pores and 
microfractures. Then the heavier fraction (asphaltic bitumen) remained in 
the pores and the lighter fracuon moved through the microfractures. After 
cementation reduced the porosity, fractures became the pathways for the 
present naphtenic oil migration. (Authors' abstract) 

See also previous item (E.R.). 

CHABIRON, Aliouka, AL\'OSHTN, Alexei, CUNE\', Mithtl, GOLLI­
BE\', Vi1tchtsl1v, \ 1ELITCHKJN. Vasili and POT\', Bernard, 1997. 
Composition of melt inclusions and REE pancrn in rhyolitcs of the Strel't­
sovka uranium ore field (Eastern Transba1kalia. Russia) as indicators of 
magma composition (abst.): in N. P. Laverov, ed .• Principal Genetic Prob­
lems Related to Mineral Deposits of Magmatic Affiliation. IGEM-RAS 
Symposium, Moscow. April 8-10.1997 (Be1ekhtin S)mpos1uml. p. 232-
233 (in Russian: Engl. translation from. English Version of the Abstracts 
of the Oral presentations of the Papers of the Russian Pan1c1pants. p. 46-
47). ISBN 5-88918-002-9. First author at Centre de Rccherche sur la 
Geologic des Maticrcs Premieres Mincralcs ct Encrgetiqucs. BP 23, 5450 I 
Vanda:uvre-les-Nancy Cede)(. France. · 

The Mo-U deposits of the Strel'tsovka arc associated wnh an Upper 
Jurassic-Lower Cretaceous volcanic caldera and feature umquc r~rves. 
Uranium mineraliz.ation was formed immediately after volcanic activity 
and 1s genetically linked with acid volcanism from the point of view of 
some researchers, Ml trapped in quartz phenocrysts of rhyolitcs were ana­
lyzed by electron microprobe and electron scanning microscope (SEM). 
Rhyolitcs exhibit high REE content (up to 2.3 times the chondrite) with 
fractionated LREE, non fractionated HREE panems and strong Eu­
anomaly typical of alkaline magmatism The average composition of glass 
before rehomogcnisation (on the basis of24 analyses of23 magmatic I) is 
the following one; SiO2-69. 79"/e: Ali()J-4.12¾; K20-5. 75%; Nai()-5.11 %; 
f"l .96'/o: Fc0-1.11¾: Ti02-0.I I%: Mn0-0.06%; MgO-O.0l 'lo: CaO-
0 02%. Such composition corresponds to F•rich alkaline acid magmatism 
(high alkali and agpaitic inde)( and low Mg. Ti contents). Initial F content 
was probably higher because fluorite. parisile and F•rich mica crystals have 
been observed in the Ml. U content determined by fission tracks varies 
from 13.4 ppm 10 23.6 ppm and fluorile. (Authors· abstract) 

CHA!IIG, H1ili1ng and HAN, \'011ke, 1998, H2S-containmg and organic 
fluid inclusions in Bancanghe gold deposit ofHuanglin area. Hubei prov­
ince: 6th Nalional Meeting on Mineral Deposits. Nanjing. China. Nov. 25-
28. 1998: Mineral Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 
1071-1074 (in Chinese). 
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CHANG, H1iliang and HUANG, Huilan, 1998, Melt-fluid inclusions in 
topaz from the Jianfcngling pegmatoid in Linwu County. Hunan Province: 
Acta Petrolog1ca ct Mineralogies (Yanshi Kuangwuxuc Zazhi). v. 17. no I. 
p. 81-86 (in Chinese; Engl. abst.). Authors at Yichang Inst ofGcol. and 
Mineral Resources. Yichang 443003. 

The Jianfcngling pegmatoid, silUaled in the upper part of the J1an­
fenglmg grarute body in Hunan Province. South China. consists mainly of 
quanz. topaz and zinnwaldile. Three types of I have been found in topaz 
from the pcgmatoid body. (a) silicate Ml, (bl F (G-L) I and (cl M-FI. De­
scribed here arc charactenstics of these I as well as their distribution. phase 
state, cornposiuon. molecular textures of the polymerized silicacc M. Th 
and homogenizing behavior during the heating. cooling and quenching 
processes. It is considered that the M-FI arc products of random capturing 
of the unm1)(ed magma (M) and L (F) at the end of magmatic evoluuon. 
Therefore, the study ofM-FI is of great significance in the discussion of the 
magmatic evolution process. (Authors· abstract) 

CHAPMAN, LH. and WILLIAMS, P.J., 1998. Evol~tion ofpyro)(ene­
pyro)(cno1d-gamet alteration at the Cannington Ag-Pb-Zn deposit. Clon­
curry District. Queensland, Australia: Econ. Geol.. v. 93. p. 1390-1405 
Authors at Nat'l. Key Centre in Economic Geol., School of Earth Sci . 
James Cook Univ .• Townville Q48 ll, Australia. 

The Cannington deposit, hosted by sillimanite-K feldspar zone gneis­
ses, contains distinctive Fe-rich silicate host rocks formed during a com­
pie)( history of postpcak metamorphic alteration. 

The rnctasedimentary origin and skam-like features suggest that car­
bonate-bearing or calc-silicate precursors could have been present ai least 
locally 

Hydrous Fe-K-Cl-rich assemblages characterized by hornblende. bi­
otile, pyrosmalite. and danncmorice occur in veins and as alteration of PY· 
ro)(cne•pyro)(enoid-gamct rocks. Very high sat, Na-K-Fe-Mn-Pb-nch P Fl 
occur in quartz of this stage. Lacer sulfide-magnetite-fluorite mineraliza­
tion was associated with further retrograde hydration that produced phyllo­
silicates such as grccnalite. The spatial relationship el<hibited by anhydrous 
alteration assemblages and metals implies that the deposit was at the very 
least significantly rcconslituted during postpcak metamorphic alteralion. or 
that metals were transponed to the deposit as a later part of the same al­
terallon system that produced the Fe-(Mn-Ca)-rich assemblages. (From 
authors· abstract by E.R.) 

Om phases found. by EDM/SEM, include halite. sylvite, pyrosmalite. 
and Pb-K chlonde (E.R.) 

CHAREF. A. and SHEPPARD, S.M.F .. 1998. Saline diapmsm. pulsating 
hydrothermal ism and Zn-Pb deposits: The N. Tums1an basin (abst.): Min­
eralogical Magazine, v. 62A. V. M. Goldschmidt Conf., Toulouse 1998. 
fatendcd Abstracts, p. 302-303 

CHARLOU, J.L .. FOl1Ql1ET, Yves, BOl'GAllLT. Henri. DONVAL. 
J.P .. ETOllBLEAll, Joel, JEAN-BAPTISTE, Philippe, DAPOIGNY. 
Arnaud. APPRIOl 1, Pierre and RONA, P.A .. 1998. Intense CH, plumes 
generated by serpcntimz.auon of ultramaf,c rocks at the intersection of the 
l S0 20'N fracture zone and the Mid-Atlantic Ridge Gcoch1m et Cosmo. 
Acta. v. 62. no 13. p. 2323-2333 First author at Dcp1 Gcosci. Marines. 
IFREMER Centre de Brest. Plouzane. France CH, concentrations m the 
bonom waters (arc high) where serpcntmiz.ed rocks outcrop No 1He 
anomaly 1s associated with methane. rulmg out any P mantle component. 
CH, output from ultramafic outcrops is behcved to reflect ongoing serpcn­
tiniz.auon Th~ results associated with many other CH.a anomalies meas­
ured in 1hc water column above ultramafic outcrops found between 12°N 
and the Azores most likely reflect serpcntinization processes extending 
along the whole slow-spreading Mid-Atlanllc ndge. (From authors' ab­
stract by E.R.) 

CIIAll\'ET, A .. '.'IIOMADE, S., BARBANSON, L, CHARONNAT, X. 
and TOl1RA \~ J.C., 1998. Mineralogical and textural analysis. and flu1d­
inclus1on study of the gold-bearing mineral1zauons of the Cevennes 
(French Central Massif) (abst ): Reumon des Sciences de la Terre. Brest. 
31 March-3 Apnl. 1998. p. 91 (in French. ttanslauon by E.A.J. Burke) 
Authors al UMR 6530, Umv Orleans. BP 6759. 45067 Orleans Cede)( 2. 

Te)(tural and mineralogical studies. and a Fl analysis have been carried 
out on the gold-beanng veins of Alteyrac/Pont-dc-Rastel and on the re­
worked m1nerahz.auons of the palcoplaccr of Bulidou (Stcphaman Ba.sin of 
Ales) in order to characterize the formation processes of these minerahza­
tions The results sho" that the origin of the mineralizauon 1s due to lhe . 
emplacement. m a duc11lc/brinlc environment. of quartz vems associated 
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with sulfidic and metallic parageneses. The study also gives evidence for 
three stages in lhc formation of these veins, corresponding with an evolu­
tion of the chemistry of the mineralizing F, from an aq-carbonic end mem­
ber rich in iron and menic, to an aq end member rich in antimony and 
lead. The gold would be localed within the sulfides emplaccd during the 
last pulses of stage I and during stage 2. This evolution is similar for all 
studied mineralizations. However, some fundamental differences distin­
guish the mineralizations ofBulidou from the in situ veins: 

• The Bulidou deposit shows a well-developed opening stage (stage 2), 
with formation of geodes. This stage is charactcnzed by triphase aq­
carbonic Fl with a high degree of filling. Equilibration T of arsenopyrite are 
350 to 450"C, the metallic phases are rich in Pb. 

• The formation of the Alleyrac/Pont-de-Rastel veins is only controlled 
by processes of faulting. brecciaaion and filling. Evidence of outright 
opening is rare, and quartz geodes have never been found. The Fl are bi• 
phase with a low degree of filling. The formation T of menopyritc arc 
lower than in Bulidou. and the metallic phases are ennchcd in Sb. 

These results suggest that the in situ mineralizations of Alteyrac/Pont­
de-Rastel are not the source of the sedimentary mineralizations in the Buli­
dou conglomerate. It has been shown. however. !hat those two types of 
deposit result from the same mineralizing process. The observed differ­
ences can be explained, either by an emplacement al different structural 
levels, or by a diachronic mode of emplacement. (Authors' abstract) 

CHAZALLON, Bertrand, CHAMPAGNON, Bunard, PANCZER, 
Gtrard, PAUER, Frank. KLAPPROTH, Alitt and KUHS, W.F., 1998. 
Micro-Raman analysis of synthetic air clathratcs: Eur. J. Mineral , 1998, 
no. 10. p. 1125-1134. First author at Laboratoire de Physico-Chimie des 
Materiaux Luminescents, UMR 5620, Universite Claude Bernard Lyon I, 
43 Boulevard du 11 novembre 1918, F·69622, Villeurbanne, France; email 
(chazallon@sil1y.uni-mk1.gwdg.de) 

Raman spectroscopy measurements on synthetic air clathrates. pre­
pared at different P and T, are presented. The G fractionation for clathrates 
fonned at -2 and -2o•c 1s determined from the integrated vibron mode 
intensities of nitrogen and oxygen molecules. An increasing fractionation 
in favour of o,i;ygen with increasing P is found. An asymmetric peak shape 
for the O: vibron mode was observed in air clathrates prepared at 300 bar 
and -2°C. The asymmetry of the N2 vibron mode in the same sample is 
much less pronounced. (Authors· abstract) 

See also FIR 30, p. 35-36 (E.R.>. 

CHEN, Hongh111. LI, Sitian, SUN, Yongchuan and ZHANG, Qi ming, 
1998. Two petroleum systems charge the VAi 3-1 gas field in Yinggehai 
and Qmngdongnan basins, South China Sea: AAPG Bull., v. 82. no 5A, p. 
757-772. 

Restoring bunal history. correlating maturities and biomarkers of G­
condensate source rocks. measuring Fl. and stable carbon isotope data 
show that two petroleum systems charge the YAl3-1 G field in Yinggehai 
and Q1ongdongnan basins in the South China Sea. (From authors· absuact 
by ER.) 

CHEN. Pc:irong, LU, Jianjun, WANG, Rucheng, d al., 1998. Fluid 
inclusion study on the first e,i;ample of all alone Te deposit. 6th National 
Meeting on Mineral Deposits. NanJing. China Nov. 25-28. 1998; Mineral 
Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 1011•1014 (in Chi­
nese). 

CHEN. Ruqing, LU, Huanzhang and GUHA,Jayanta, 1998, Coal in­
clusions m minerals: Genetic implications (abst.); GAC/MAC Meeting 
Quebec 1998. Abstract Volume 23. p. A3 I. Authors at Sciences de la 
Tcrre/CERM. Univ. du Quebec a Chicoutimi. Ch1coutimi, QC. G7H 2B I; 
email \jguha@uqac.uquebec.ca) 

Organic ma1ter such as bitumen and kerogen associated w1th endo­
genic metallic deposits has been cited in existing literature as denved from 
petroleum. bacteria or mantle methane. The present investigation of coal I 
in minerals found m the Yaogangxian tungsten deposit. related genetically 
to the late Yanshan granite ( 167-1 ?8 Ma. K-Ar dating) in the Hunan Prov­
ince in China indicates that organic matter in the form of sohd (dusty 
coal), L (coal-type hydrocarbon) and V (coal-type G> were denved from 
coal macromolecule during coal1fication and trapped by crystallizing min• 
erals such as fluonte, quartz and wolframitc. 

The coal 1 can be subdivided into three: types. ( 1 I Organic I vitrinite. 
c:,i;imte and altered vitrinite possibl) due to hydrothermal alteration pro­
ducing a decolorauon of the vitrinite. (2) Orgamc-inorgan1c I; 
vitrinite/exm1te+dusty quartz I. at umes showing the original grain bound-
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ary of coal now composed of quartz and v1trinite. and (3) Inorganic I: pe· 
lite dusty quartz, carbona1e and clay mineral L Inorganic matter adhering 
to organic matter is released from coal macromolecule during coalification 
and ls transported to the site of mineralization. In addition numerous aq Fl. 
with Th ranging from I 90-270"C and sal between 1-7 wt% are closely 
associated wilh coal I in healed fractures. G chromatographic data show 
that there are several species of hydrocarbons such as methane. ethane, 
propane, propylene:, acetylene:, isobutane. normal butane. isopentane. nor­
mal pcntane and hyxane in P aq I. The dry-wet ratio of hght hydrocarbon 
1s very high (0.972-0.998) which is characteristic of coal-type G. 

From the above data and the regional setting it can be shown that the 
metamorphism of a Late Tnassic coal-bed. 650 m above the underlying 
granite body, into homfelscd anthracite during magmatohydrothermal ac­
tivity released organic matter which may have played an important role in 
the localization of the tungsten mineralization. This study Illustrates the 
possibility of coal scams being an addiuonal source of organic matter in 
hydrothermal processes. (Authors' abstract) 

CHEN, Shizhong, ZHOU, Jiyuan and CUI, Binfang, 1998, Charactens­
tic fluid inclusions and geophysical-chemical ore-forming conditions of 
Hongshan cryptocxplosive breccia,porphyry copper deposit m Huichang 
Jiangxi: Volcanology & Mineral Resources, v 19. no. 3. p. 205-213 (in 
Chinese:: Engl. abst. ). Authors at IGMR. Nanjing. 210016. 

The Hongshan deposit is regarded as a typical cryptoe:,:plosive breccia• 
porphyry copper deposit. Based on the study of geochemistry and e,i;peri­
mental geochemistry of this deposit, we give general ore-forming geo­
chemical cond111ons of Hongshan copper deposit. (Authors· abstract) 

Fl dalll presented and discussed (H.E,B.) 

CHEN, Xueming, LIN, Zong and XIE, Fuchang, 1998. Geological and 
geochemical characteristics of the Bamiuchang superlarge s1lvc:r polymel­
allic deposit of superimposed mineralization. Yunnan Province:· Scientia 
Geologica Sinica (Dizhi Kcxue) v. 33, no. I, p. 115.124 (in Chinese: Engl. 
abst.). 

The main orebodies are in the forms of both strati form and veins of 
various dimensions, and the mineralogical composition is very complex. 
The decrepitation T of the Fl range from 60 to 41 0"C. and the contents I of} 
salts range from 3.1 to 1()% . The 6"S values of sulfides 1n orebodies are 
aboul-4 to 5.5%. but 18.6to 23.4'Jlio in strala. The lead is nonnal and 
anomalous lead. Majority of mineralization hydrothermal soluuon are from 
seawater and rainfall. (From authors· abstract by ER.) 

24 

CHEN, \anjing, LI. Xin, JING, Jun, GAO, Xiuli, CHEN, Huayong, 
WU, Xidan and WU, Dthua, 1998, Study of oreforming fluid for the 
Wangfeng gold deposit of Xinjiang and its genetic implication: Acta 
Geologica Sinica (Diqiu Xuebao). v. 19. no. 2, sum 49, p. 195-203 (in Chi­
nese. Engt abst.). First author at Dept. ofGeoL Peking Univ .• Beijing. 
PRC. 

Studies on wall rock alteration and Fl show that the ore-forming proc• 
ess includes three: stages which are marked by the mineral assemblages of 
quartz-pyrite. polymetallic sulfides. and quartz-carbonate rcspeclively. 
Their mineralizing Tare concentrated in the ranges 360-520°C. 
240- 3609C. and 120~240°C, respecuvely. The middle stage contributed 
most to the mineralization. With the valueof6110%o ranging 1.15-2.70, 
the ore•fonning F are most likely to be hybrid F by metamorphic solution 
and meteoric solution. Chemical composition of Fl shows that the ore­
fonning F was derived from a shallow level source: and was beneficial for 
gold mineralization. The ratio ofCOi/H~O is usually >0.026, which is also 
favorable for gold mineralization. The calculated trapping P of I demon­
strates that the mineralization should occur at the depth of 5 6-1.2 km. 
mainly at about 1.9 km. The ore-forming process concedes with the crustal 
extension elevatton, consequently agrees with the mineralization during 
collisional orogenesis. Hence. the collision orogenesis at the end of Paleo­
zoic resulted in the formation of the Wangfeng gold deposit: and more gold 
deposits like Wangfeng may be found along the Bingdaban fault belt. In­
frared spectroscop1c analysis of quartz shows that the densities of absorp­
tion spectra for COi<D1) and the ratios of D1 over the densities for H20 
(D1) tD2'D1) are generally high. which suggests the mineralization should 
have been strong. Di>O. S S and D1/D1>>0.26 are indicators to gold en• 
nched samples (Authors· abstract) 

CHE:--;, \ '.J., CHE:\, H.\'., WANG, H.H .• LI, X .• Ht:. S.X., Fl!, S.G. and 
JI:\, C.\"., 1998. Fluidization. mctallogcnic mechanism and type of the 
Bankuan gold deposit. China: in Water-Rock Interaction, G.B. Arehan & 
J.R. Hulston (eds). Balkema. Rotterdam ISBN 90 5410 942 4. p. 533-536. 

-
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F•r.t author at Dept. ofGcol., Peking Univ .• Beijing, P.R. China. 
Aurifcrous quattz veins in the Bankuan gold deposit occur in the 

interlayer broken zone of the basal conglomerate of the Tictonggou Group 
and at the unconformity between the Tictonggou Group and the crystalline 
basement. The composition of Fl indicates that the nature and composition 
of ore-forming F changed drastically soon after they reached the Tictong• 
gou Group from the crystalline basement. resulting in gold prccipiwion. 
Therefore the Bank-uan deposit is assigned to the conglomerate or 
unconformity stra1a-bound type deposit. 137 thermometric data ldecrepi­
tation or homogenization~) arc concentrated in dvee ranges 400-340"C, 
320·220•C and 200-160°C, representing a thrce•stagc: metallogcncsis. 
(Author.· abstract) 

Includes analyses (methods unspecified) of9 Fl samplc:s for K. Na. Ca. 
Mg, HCO1, F. Cl, SO,, CO, CH.a, CO2 and H2O (E.R.) 

CHEN, Zhensheng, RICIPUTI, LR., MORA, C.I., FISHMAN, N.S. 
and DRIESE,S.G .. 1998. SIMS analysisofoxygcn isotopes in authigenic 
K•feldspar and quartz from the Mount Simon Sandstone: Evidence of 
regional fluid-flow (abst. ): Geological Society of America Annual Meeting 
1998. Abstracts. v. 30, no. 7, p. A-316. First author at Dept. of Geological 
Sci . Univ, ofTennessc:c. Knoxville. 1N 37996; email 
(zchen@utkux.utcc.utk.edu) 

The widespread occurrence of apparently contemporaneous (--400 Ma) 
authigenic quartz (qz) and K-feldspar (Kfs) in the Cambrian Mount Simon 
Sandstone:. IL. IN and WI, suggests that fonnation of these cements may 
have resulted from regionally migrated basinal F through the Palcolllinois 
Basin SIMS was used to measure oxygen isotope compositions of indi­
vidual K fs and qz grains/overgrowths to bener understand F composition. T 
and movement through the basin. 6110 values were dctennined on 5-10 
individual grains/overgrowths for Kfs and qz cements in samples from 4 
Mt. Simon cores (IL. IN) from depths of655 to I 570 m and 2 outcrop 
samples from WI. Individual analyses for qz and Kfs in each sample span 
a range of3-7'6o, and there is a geographic trend in average values: Kfs 
61"0 values increase from 13±2%. in the southernmost, most deeply buried 
sample to 24±2'.lf.o in the nonhcmmost outcrop sample, and average qz 
6110 values increase nocthward from 22±2%. to 28± I %o. The Ii 110 values 
of cements or overgrowths remain constant or decrease slightly (2-3%.) in 
the last precipitated cement. 

Basinal reconstruction/thermal modelling suggest that Tf. at the time 
of cement precipitation, decreased nonhward from <90°C to <45°C. How­
ever. qz Fl data suggest that ( I) F were honer ( I 00- I 30°C) than predicted 
based on depth of burial alone and (2) FT were relatively constant or may 
even have increased northward across the basin. consistent with transfer of 
heated diagenetic F towards basin margins. The relatively large Ii 110 
vanauons both within and between samples arc (I) difficult to reconcile 
with T hmlls estimated from burial curves. (2) consistent with Fl data that 
indicate higher FT. and (3) suggest that both qz and Kfs formation spanned 
a ~iod of changing F composition and T. The geographic trend m SIMS 
61 0 values are most consistent with coupling of a south to nonh F-flow 
vector and changing precipitation T. (Authors· abstract) 

CHEN, Zongqing, 1998, Relation between reservoir mineral inclusions 
and oil-gas generation-capping. migJ31ion and accumulation in the south­
ern part of the Lichuan Synclinorium. Western Hubci: Acta Gcologica 
Smica (Diqiu Xucbao). v. 72. no. 4. p. 367-376. Author at Sichuan of Pe­
troleum Geological Exploration and Development. Chengdu. Sichuan 
610051. 

In hght of the correlation of the reservoir mineral I with the calculated 
hydrocarbon yield. if the source bed is good. organic I are rich. and vace 
versa. L1kcw1se. whether the conditions of relevant cap rocks arc good or 
not can be judged to a certain degree according 10 the amount of organic I 
in adJaccnt reservoirs combined with the merits of the petroleum generation 
conditions. The P-correctcd I Th evidently show that the oil-Ci migration in 
vanous reservoirs took place in the Jurassic after the lndosinian mornnent 
The P accumulations of oil-0 for various reservoirs did not all occur ac­
cording to the age priority. but generally petroleum accumulauon was com­
pleted an Jurassic time. (From author"s abstract by E.R.) 

CHENG, H .. ED\\J\RDS, R.L,. MURRELL, M.T. and BE~JA:UIN, 
T.!\t,. 1998. Uranium-thorium-protactinium dating systematics: Geochim. 
et Cosmo. Acta. v. 62. no. 21/22. p. 3437-3452, First author at Minnesota 
Isotope Laboratory. Dept. ofGeol. and Gcoph}s .. Univ. of Minnesota. 
Minneapolis. Minnesota 55455. USA. • 

With precise mu. 2:ioni. and 2''Pa data available. 2'°Th and 231Pa ages 
can now be tested rigorously for concordancy. If the material is not con-
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cordant, the isotopic characteristics of this matenal may be examined in 
some detail. These models may help constrain the nature of diagcneuc 
pr=ses. and in some situations it may be possible to determine or con­
strain the true ages with materials thal have behaved as open-systems. 
(From authors' abstract by E. R.) 

CHI, Guoxiang, KONTAK. D.J. and WILLIAMs-JONES. A.E .. 1998. 
Auid composition and thermal regime during Zn-Pb manerahz.ation m the 
Lower Windsor Group. Nova Scotia. Canada: Econ. Geol.. v, 93. p, 883-
895. First author al Geological Survey of Canada. Quebec Gcosc,. Centre, 
P.O. Box 7500. Sainte-Foy, Quebec. Canada GI V 4C7. 

Various geochemical studies indicate that the deposits were formed by 
F expelled from the basm. but (the sourcc(s) and path of the fluids) remain 
unclear. This paper addresses these problems. The compositions and T of 
the F were evaluated from Fl data. whereas host•rock T were estimated 
from vilrimtc reflectance measurements. 

The ore-forming F arc characterized by: (I) variable:. but generally 
high sal•(mainly between 15 and 30 wt% NaCl eq). (2) vanable. but gener­
ally detectable. amounts of bivalent cations (mainly Ca.i •i. (3) significant 
concentrations of hydrocarbon species, and (4) high T (mamly between I SO 
and 250°C). NaCl/(NaCl-+CaCl2) wt, ra<ios in Fl shoy. a broad district• 
scale variauon: mainly <0 6 for the Jubilee deposit and several showings 
on Cape Breton Island. and mainly >0.4 for the Gays River and Walton 
deposits in mainland Nova Scotia CH.,/higher h}drocarbons ratios of the: 
G components are greater for the Gays River deposit (3.8-9. 7) than the 
Jubilee deposit (0.7-1.3). Fl Th do not show a negative corrclataon with the 
distance between the deposits and the central part of the Maritimes basm. 
as might be expected if the F for different deposits were dcnved from the 
same source region. 

The background T prior to mineralization were estimated from mean 
vitrinite reflectance (Ro) in host rocks which were relatively far from the 
deposit, and were probably least affected by the mineralizing events. and 
from Th ofFI in preore minerals. These Tare in the range of 70 to I 55~. 
which arc significantly lower than those of the ore-forming F. The palco­
gcothennal gradients estimated from the background T and burial depths 
arc ca. 65°Clkm. Vitnnite reflectance values in host rocks adjacent to the 
deposits indicate that these rocks were healed by the: mineral1zmg F to vari­
able degrees. but thermal equilibrium between the: F and rocks was not 
attained in most cases. This thermal relationship suggests focused and 
shon•lived. rather than pervasive and long-lived. F flow 

The regional vanation off composition and thermal panerns supports 
a model in which the ore-forming F of individual deposits were derived 
from separate sources; F flow was focused along confined conduits and 
individual mineralizing systems were unconnected hydrologically Under 
paleogcotherrnal gradients of ca. 65~/km, F with T of ca. 250~c could 
have been generated in sub-basins proximal to the: deposits. Sudden release 
of overprcssured F from the basal pan of the proximal sub-bas ms. charac­
terized by high F rate and shalt duration. is proposed as the mechanism of 
ore-forming F flow (From author.' abstract by E.R.) 

See also Kontak and Sangster. and Savard and Ch,. this volume (E,R. ). 

CHI, G. and LAVOIE, D., 1998. Porosity evolution and evidence of hy­
drocarbon migration m the Karnouraska and Riviere Ouelle formations. 
Humber Zone, Quebec: a fluid inclusion approach: Eastern Canada and 
nauonal and general programs. Current Research-Geological Survey of 
Canada. 1998. p. 19-24. 

Indexed under Fl. 

CHI. Guoxiang and SAVARD. M.l\1., 1998. Basinal fluid flow models 
related to Zn-Pb mineral1za11on in the southern margin of the Maritimes 
Basin. Eastern Canada Econ. Gcol .. v 93. p. 896-910. Authors at Geo­
logical Survey of Canada. Quebec Gcosci. Centre. 2535 Blvd. Laurier. PO. 
Box 7500. Sainte-Foy. Quebec. Canada GI V 4C7. 

Mentions Fl tempera<urcs of - 2S0&C (p. 2081 (E R ) 

CHI. Guoxiang, SAVARD. !\1.1\t.. SAl\11, Terry and LEIGH. Ken, 
1998. The Polaris M1ssiss1pp1 Valley-Type Zn-Pb depos1t- lmplica11ons of 
fluid inclusion and C. 0. Sr isotopes studies on giant sulfide accumulation 
(abst l GAC/MAC Meeting Quebec 1998. Abstract ¼>lumc: 23. p. A32 
Far.I author at GSC-Quebcc. Centre Geoscientifique de Quebec, 2535 
Laurier. Ste-Foy. QC GI V 4C7; emaal (gchi@gsc.nrcan.gc.ca) 

Wnh 22 mt of ore grading 14% Zn and 4% Pb. Polans is among the 
larges! M VT deposits in the world, The deposit consists of a single ore 
body with maximum d1mens1ons of 800 m long .x 300 m wide x I 50 m 
thick, The genetic reason of such a large amount of Zn and Pb sulfides an a 
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limiled space is unknown We address this problem using Fl (n-600) and 
C. 0, Sr isotopes (n-90) studies ofvarious paragenetic phases present in 
and around the Polaris deposit 

The dolomiclzed host rocks fonn an alteration halo around the ore 
body. Five types of dolomite have been distinguished, including three re• 
placivc dolomices (RD) and two pore-filling dolormtcs (PD). The paragc• 
ncuc order is RO I. RD2. RD3, PD I. and PD2. Sphalcrite and galena pre• 
cipitation largely overlaps with RD3 and POI Fl were s111died in R03, 
PD I, PD2. and sphalcrile. The overall ranges of Th and last Tm ice arc 
from 6710 141•c and from -46.710 -27.0°C, respecuvcly, which indicale 
warm basinal brines with high Ca/Na ratlOS, G chromaiography analysis of 
Fl indicates very low conccntrauons oflighl hydrocarbons (<0.06 mol%). 
No syscematic variaiion in Tmicc or Th is observed between different min­
erals Th values ofFI in PD I (25 samples. 520 I) around the ore body do 
nol show a clear isotherm pancm. C. 0 . and Sr 1S01opes were analyzed for 
all dolom11cs and early diagcnet1c calcites (OC). The overall ranges of 
~

11OVPDB values are from -7.7 to -5.1%. for DC. •9.4 to -S.3%. for ROI. 
and-10.7 to •7.9"" for RD2 - PD2. 613C values of dolomites (·2.4 to• 
3.1%.. mainl~_-1.S to 0,5%.) arc similar lo those of DC (mainly-2 810 -
0 I"°>- 11Srr"Sr values range from 0 707966 to 0.708588 for OC. 
0 709995 to 0. 711259 for RD 1. and 0. 708222 to 0. 709481 for RD2 • PD2. 
The isotopic values ofRD2, R03, POI. and PD2 arc tightly clustered. and 
have largely overlapping domains. All dolomilc isolopc values arc similar 
throughout the dolomicized aureole. or do not vary in any identifiable pat­
tern. II is remarkable chat there 1s no systemauc spatial and temporal varia­
tion in F T and composition in the ore-rela1ed phases. The geochemical 
homogeneity. and perhaps the giant and compact features of the deposit. 
reflects a highly evolved mineralizing regime (high w/r ratio). suggesung a 
long-lived. focused basinal F flow system. (Authors· absuact) 

CHIODINI, Giovanni and MARINI, lui&I. 1998. Hydrothcnnal gas 
equilibria: The HiO-Hi-CO2-CO-CH. system: Gcochim. ct Cosmo. Acta, 
v. 62. no. 15, p. 2673-2687. 

CHOI. S.H., 1998. Geochemical evolution of hydr01hcrmal fluids at the 
Daejang Cu•Zn-Pb vein depos1L Korea. Resource Gcol .. v. 48. no 3. p. 
171-182. Author at Dept. of Earth and Environmental Sci .• Chungbuk 
Na! ·1 Univ .. Chcongju 361-763, Korea: email 
(cshoon@cbucc.choogbuk.ac.kr). 

The DaeJang mine is located within the Cretaceous Gyeongsang basin. 
Mineral paragcnes1s can be di\lided mlo four stages (stages I. II. Ill and IV) 
by major tectonic frac111nng. Stages I. Ill and IV arc economically barren. 
Stage II. at wtuch the prccip11a1ion of major ore minerals occurred. 1s fur­
ther d1v1ded into three substagcs wich paragenctic ume based on minor 
fractures and discernible mineral assemblages: substage Ila. marked by 
deposition of quartz and Fe-sulfides: subslage lib. by introduction of base­
metal sulfides within carbonates and some quartz: subsuigc lie. by quartz 
and carbonates with various sulfosalts. 

Fl data indicate a complex geochemical evolu11on of hydrothermal F. 
Both CO2-rich and Hi()-rich F were trapped in Fl at stage I and substage 
Ila. It is suggested that a composiuonally heterogeneous F was fonncd by F 
boiling and CO2 immiscibihty a1 T of about 400 lo 300°C. Composile 
lodes of base-metal sulfides. carbonates and quartz at substage lib were 
deposited in open spaces created by fractunng. The fracturing event 
prompted rapid decreases in P and T of residual F and resulted in recro­
grade F boiling at about 200 bars lWld 300-250°C during subs1agc lib. The 
progressive loss of CO2 by CO2 effervescence and retrograde boiling from 
substagc Ila and lib F resulted in pH increase and related increase in car­
bonate 8Cll\lity. causmg dcpos111on of abundant carbonates. The change in 
pH also caused the decrease of stability of hydrogen sulfide wuh Cu. Zn 
and Pb chloride complexes (as mam transponing agents a1 Daejang) and 
resulted m the precipitation of base-metal minerals Dcposiuon of Ag- and 
Sb-bearing sulfides and sulfosalts of substagc lie occurred at T of about 
250 to I 50°C from a dominanlly aq F with low sal (down 10 3.0 eq Wlo/e 
NaCl). Al this substagc. aq F formed b} mixing with cooler and less sahne 
meteoric groundwater. There is a S)Stcmauc decrease in calculated 
6110._ values with the mincralizauon stage (and decreasing T) in the 
DaeJllflg hydrochermal system. from values of about I 1%o for stage I. 
through about 4"'° for stages II and Ill. to about -3 per mll for s1age IV The 
result of stable isotope and Fl studies arc interpreted to indicate progressive 
less evolved and/or uncxchanged meteoric water innux of an early h}· 
drothermal system formed b) highly evolved mcteonc wa1crs. 1Au1hor·s 
abs1rac1) 

CHOI, S.-H .• SO. C.-S .• \ 'Ol lM, S • .J. and SHELTOl'i. K.L., 1998. Gco-
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chemistry and genesis of hydrothermal Cu deposits in the Gycongsang 
Basin. Korea: Masan mineralized area: N. Jb. Miner. Abh .. v 173, no. 2. p. 
189-206. 

Mineralization al these hydrothermal vcm-rypc deposits consists pri­
marily of copper, plus Au. Zn, Pb and Fe. It can be separated into two dis­
tinct siagcs (slagc I. ore-bcarin& quartz veins: stage II. barren calcite veins) 
which developed along pre-existing fracture zones. Stage I ore minerals 
compnsc pyrite, arscnopyn1c, pyrrho1itc, chalcopyritc. clcctrum. magnetite. 
sphalcrite, galena and hematite. Fl data show that stage I ore mmcraliza­
lion was deposited between initial high T (near 33~C) and later lower T 
(near 200°C) from F with sal between 1.4 and 6.9 wt°/4 cq. NaCl. The re­
lationship of sal and Th suggest Iha! ore mineralization at MaJ m was dc­
posiled mainly due lo F boiling. whereas ore dcpos111on at Woongnam re­
sulted from coolin& and dilu1ion via innux of cooler. more dilute mc1coric 
waters. Evidence off boilin& suggests P decreasing from about 140 10 60 
bars. This corresponds to a depth of about 550 m in a hydrothennal system 
that changed from lithoslatic toward hydrostatic P condi11ons. 

Sulfur isotope compositions of early sulfides of stage I arc consistent 
with an i~ source of sulfur wilh a 6).ISts value near 2.0 per mil. Cal­
culated 6 SH2S values show a tendency to decrease with paragencuc ume 
during stage I. from about 2.5"° to -3.0%.. This pattern. coupled with Fl 
evidence and the occurrence ofhcmalllc in later stage I veins. indicate pro­
gressively increasing oxidizing conditions. Measured and calculated hy• 
drogcn and oxygen isotope values of orc-fonning F indicate meteoric water 
dominance, with values approaching uncxchanged mctconc water wi1h 
increasing paragenctic time. 

Equilibrium thennodynarnic intcrpretac1on of solubility data for copper 
chloride complexes. and the cvolulion of the Masan hydrothermal F indi­
cate that increasing pH and /Oi concomitant with cooling ore F were the 
main causes of copper precipitation. (From authors" absuact by E.R) 

CHOMIAK. B.A. and NORMAN, D.I., 1998. Q M S. analysis of indi­
vidual F.I.P. frac111rco under observation: (absl.): Geological Society of 
America Annual Meeting 1998, Abstracts. v. 30. no. 7. p. A-81 Authors at 
Env1ronmcn1al Sci. Dcp1. New Mexico Tech. Socorro. NM 87801: email 
(bchomiaklWnmt.edu.us) 

One serious drawback of usmg a quadrupole mass spectrometer 
(QMS) 10 analyze Fl volatiles cxtracled in a vacuum lime is the inability 10 
observe the objects being analyzed. Claims that crushing minerals liberates 
the volatiles from one I. or just a few I. at a time arc unsubstan1ia1cd. 

We have designed an apparalUs which 1s capable of fracturing individ­
ual Fl planes (FIPs), in a vacuum chamber wuh a vicwpon designed for use 
wilh a microscope. A spherical diamond punch. 0.03 mm m diameter. is 
used to fracture FIPs at the surface of a s1andard Fl section. I SO to 250 
microns thick. Slcadily increasing stress 1s apphcd with lhe punch unlil 
fracturing 1s observed. The resulting puff of volatiles are recorded by the 
QMS in peak-hopping mode. We have analyzed Hansonburg nuorilc that 
has I with about O.S mol.% gaseous spectcS and measured Hi(). CO2. CH., 
C.H •. N2• Ar. H1S and He. The latter four species arc no1 delectcd in all 
analyses. The major difficullies with this de\lice are I) a low signal-to­
background ratio. 2) adsorption of volatiles. and 3) calibralion. Peak 
heights of major G species (COi. Cl-4. N2) are typically only ten times 
background. The water signal can be lost by adsorp1ion unless the device 
and the QMS arc heated. Instrument calibrauon is hampered by our lack of 
Fl standards. 

The pnncipal benefit of this device is chat minerals with complex F 
entrapmenl histories can be analyzed for volatile species on a FIP basis. 
The bulk or semi-bulk analyses of such maierial obtained by crushing now 
can be mlerprcted with end member compositions of the major volatile 
species in mind. (Authors· abstract) 

CHOU. 1.-M. and ANDERSON, A.J., 1998. Direct observation oflow T 
mclung in the syslcm petali1e-quartz-H2O usmg a hydrothermal diamond• 
am ii cell: Mc1hods and geological implications (abst.): Mineralogical 
Magazine. v. 62A. V. M. Goldschmidt Conf .. Toulouse 1998. fatcnded 
Abs1rac1s. p. 327. Firsl author at 955 Nalional Center. U.S. Geological 
Survey. Reston. VA 20192 USA. 

An unexpected low-T immiscible M phase was observed in a hy­
drothcnnal diamond-anvil cell (HDAC) at T as low as 400°C near 142 
MPa. These new results arc relevant to our underslandmg of the lalc evo­
luttonary stages in lithium-rich rare element pegma111e formation. (From 
authoo· abstract by E.R.) 

OIOl • I-Ming and BASSETT. W.A .. 1998. Minerals m hot water and 
hol tluids m minerals: Visual obscrvauons and in-situ characterization of 
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samples through diamond windows (abst.). 17th General Meeting lnt"I. 
Mineralogical Association, Aug 9-14.1998. Toronto. Canada. Absll'IICts 
and Programs, p. A135. 

CHOU, 1.-M. BLANK. J,G .• GONCHAROV. A.F .. MAO, H.-K. and 
HEMLEY. R.J .• 1998. In situ observations of a high-pressure phase of 
H2O ice: Science. v. 281, p. 809-812 Fi~t author 81955 Nan. Center. 
U.S. Geolog1cal Survey, Rcston. VA 20192, USA. 

A previously unknown sohd phase ofHiO has been identified by 1ts 
peculiar growth p81tems. distinct P-T meltmg relations, and vibrational 
Raman spectra. Mmphologies of ice crystals and their P-T meltmg rela­
tions were directly observed in a hydrothcnnal diamond-anvil cell for HiO 
bulk densities between 1203 and 1257 kf/m3 at T between •10 and 50-C. 
Under these conditions. four different 1cc fonns were observed to melt: two 
stable phases. 1cc V and ice VI, and two metastable phases. ice IV and the 
new ice phase. The Raman spectra and crystal morphology arc consistent 
with a disordered anisotropic structure with some similarities to ice VI. 
(Authors· abstract) 

CHRISTENSO"-, e.w .. WOOD. C.P. and AREHART. G.D .• 1998. 
Shallow magmatic degassing Processes and PTX constraints for paleo­
fluids associated with the Ngatamanki deonce intrusion. NC\\ Zealand. i!! 
Water-Rock Interaction. G.B. Arehart & J.R. Hulslon (eds), Balkema. Rot• 
terdam ISBN 90 5410 942 4, p. 435-438. Autho~ at Wairake1 Research 
Centre, Inst. of Geological and Nuclear Sci., New Zealand. 

A study of the alteration halo surrounding a diorite intrusion in the 
Ngatamariki geothennal system is being conducted 10 asccnam the nalllfC 
of che reservoir F extant at the lime of d1orite emplacement. Preliminary 
results show thal hot. highly saline C> 30 wt"/4 NaCl) F were in equilibrium 
with a low density, volatile-rich phase within, and immediately adJaccnl 10 
the diorite, and that these F interacted with convecting meteoric F during 
formation of the extensive alteration halo T in this system range from 
250°C in the alteration halo to >500°C m the diorite, and evidence points 
lo the existence of repeated P transients across the brittle-plastic transition 
during subsolidus cooling of the intrusion. (Autho~· abstract) 

CHUPIN, S.V .. CHUPIN, V.P., BARTON, Jr .. J.M. and BARTON. E.S., 
1998. Archean melt inclusions m zircon from quartzite and gran1uc or­
thogneiss from South Afiica: Magma compositions and probable sources 
of protoliths: Eur. J. Mineral .. 1998, no. 10, p. 1241-125 I. Firstauthor at 
Inst. of Mineral. and Pctrog .• SB RAS. 630090, Novosibi~k. Russia: email 
(chupin@uiggm.nsc.ru) 

Results arc presented of analyses of Ml in >3.0 Ga zircon grains from 
three lithologies in South Africa. the Orange Grove Quanznc of the Wic­
wate~rand Supergroup, quartzite of the Beit Bridge Group and the S-type 
Singelele orthognciss. the latter both of the Central Zone of che Limpopo 
Belt. In each case. the presence of Ml indicates that the zircon is magmatic 
in origin. No Ml occur in metamorphic overgro"ths in some grains. Ml in 
detntal Zircon grains from the two quartzite unilS indicate that both conali­
Uc-trondhjemitic and gJ811itic magmas were being cmplaced in me source 
aicas at about 3.2 Ga Granitic magmatism at that time is among the earli­
est recognized in southern Africa I in zircon grains from the Singelele 
orthogneiss arc compositionally similar 10 the hose rock. sho" ing that Chey 
arc a magmatic phase rather than a xenocrystic phase. {Authors· abstract) 

Sec also FIR 30, p. 38-39 (E R ). 

CLARK. S.K.. REAGAN, M.K. and PLANK. T., 1998. Trace clcmenc 
and U-scncs systematics for 1963-1965 tephras from lrazil Volcano. Costa 
Rica: Implications for magma generation processes and transit times: 
Gcoch1m. et Cosmo. Acta. v. 62. no. 15. p. 2689-2699. First author at 
Dept, ofGcol .. Univ. oflowa. Iowa City. Iowa 52242. USA. 

Compositional differences between twO groups ofcephra can he ex• 
plained by variations in the degree of melting and in the compositions of F 
involved in magma genesis. Low-Ra magmas were gencraced by dehydra­
tion partial melting of gamct-beanng mantle chat had been enriched previ­
ously by a slab F. High-Ra magmas were generated by a similar mecha­
nism. but involved an additional mantle-derived F. Trace element 
composiuons of the high-Ra magmas suggest chat this F was similar 10 a 
carbonalltc. The T and P during melting were appropriate for carbonatite­
silicate M miscibility. and the carbonatitic F was consumed or partly con­
sumed during melting. The lower concenuations of man} highly incom­
patible crace elements in the high-Ra samples resulted from a higher degree 
of partial melting of its mantle source caused by F-silicate M miscibility. 
The approximately equal HFS elclmenl and Ba concentrations in the low­
and high•Ra samples. and the relatively high REE. Sr. and PiO~ concentra-
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tions m the high-Ra samples reflects the addition of these clements to the 
high-Ra magma from the F. Ra-Ba-Th gcochronomctry suggests that the 
enrichment event occurred between a few centuries and eight milleMia 
before the eruption (From authors' abstract by E.R.) 

CLEMENS,J.D. and DROOP. G.T.R.. 1998. Fluids. P-T paths and the 
fates of anatectic melts in the Earth's crust: Lithos. v. 44, p. 21-36. First 
author at School of Geological Sci., CEESR. Kingston Univ .• Penrhyn Rd , 
Kingston-upon-Thames. Surrey KTI 2EE. UK. 

This paper presents a model for the lon@evity and physical behaviour 
of anatectic Min the Earth's crust. (From autho~' abstract by E.R.) 

CLINE. J.S. and HOFSTRA, A.H .. 1998. Ore fluid evolution at the 
Getchell Carlin•typc: gold deposit. Nevada. USA (absl.): 17th General 
Meeting lnfl. Mineralogical Association. Aug 9-14. 1998. Toronto, Can­
ada, Abstracts and Programs, p. A30. First author at Geosci. Dept.. Univ. 
of Nevada. I.& Vegas: email (jcline@nevada.edu) 

Getchell is a large. low-grade. sediment-hosted Carlin-<ypc deposit. 
Gold occurs as submicron particles in As-rich pyrite. The main ore stage 
includes gold+As-rich pyrite+quartz+orpiment+fluoritc: orpiment and 
fluoncc prccipi1a1ed late in this event. The late ore stage contains real­
gar+calcite+p)Tile+Au. 

P and S aq Fl from main ore stage quartz yield P corrccccd T of I 80-
2200C. Fluorite trapped P aq I at l 55-200°C and S aq I at 1 J 5-l 55°C. 
Fluorite also trapped S, three-phase I that record the influx of a 240°C CO2-
rich F COr H2O phase equilibria constrain crapping 10 a minimum of 
~330 bars and provide a P correction for ore stage I. Realgar trapped S, 
single-phase I. Aq I in calcite arc typically necked: sparse S I with con­
sistent phase ratios were trapped at 11 S-l 55°C. 

Quadrupole mass spectrometer G analyses show that ore-stage F in 
quartz. fluorite, and orpiment arc generally H2O-dominan1. but contain 
sigmficanl concentrations ofCO1 and H2S. Trace amounts of hydrocar­
bons (HC) and N2 may be present. Late ore calcicc I arc HiO-dominant and 
concain minor lo moderate CO2, minor HC, and occasionally, traces ofN2 
and H1S. 

I F in main ore scage quartz. fluorite. and orpiment have the highest 
6Diuo (-50 to -97'6o) and 61s0itio (+12 to 0'6o) values. I Fin lace ore real­
gar have low 60ioo (-133 10 -15 l'J6o) and 6110itio (-13.6 10 -17.0'6o) values 
characteristic of mcteonc water. I Fin late ore stage calcite exhibit a wide 
range of6Dtiio (-74 to-125'6o) and 6110.Uo (1410 2'6o) values. 

The high 6DHio and 6110.Uo values of main-ore stage F provide clear 
evidence for a deep-sourced ore Fat Getchell that is either metamorphic or 
magmatic in origin. Mixing of the deep-sourced F wnh cooler. variably 
exchanged meteoric water may have reduced ore F T. d1lu1cd ore F C01 
and H2S concentrations. and produced the lower isotope values of late ore 
stage F. The low 60..20 and 6110itio values of S realgar I may record the 
collapse of cool. dilute meteoric water into the system. (Authors· abstract) 

CLOCCHIATTI. R., MASSARE. D. and THELLIER, B., 1998. Dis­
placement kinetics of glass inclusions by thennodilfus1011· a direct method 
of crystal- growth measurement (abst ): Reunion des Sciences de la Terrc, 
Brest. 31 March-3 April, 1998. p. 93 (in French. translation by E A.J. 
Burke). Fi~t author al Laboratoire Pierre SOc. CEA-CNRS 91191 G1f,sur­
Yvene. France. 

The knowledge of groY.1h kinetics in natural s1hca1e L is fundamental 
for the understanding of magmallc processes. This knowledge is especially 
essential for che modelling of the evolution and che solidificallon of magma 
reservoirs. 

Glass I. microscopic specimens of magmas. have permitted following 
and mcasunng the speed of growth of ohvine crystals in tholeicic L trapped 
in feldspars (Jambon cc al.. Chem. Gcol. v. 96, 1992) The method pro­
posed here 1s based on the measurement of the displacement speed of an I 
subjected to a temperature gradient of 30-60°C/mm in a T domain between 
1135 and I I 75°C. The I is displaced cowards the hoc pole by a dissolution 
process. whereas a phenomenon of crys1allizat1on occurs at the cold pole. 
The G bubble. initially present in the I, 1s displaced towards the cold pole. 
where it will be 1mmob1lized and Chen enfolded by the crystal growth The 
stretching and Che cracks left by the G bubble allow measurement of this 
displaccmenc The d1ssolu1ion-cr)'Stalliza1ion process causes a progressive 
modification of the I morphology. changing II from an iniually globular 
fonn lo a ne11a11ve-crys1al cavity 

An I in an olivine grain (Fo.11-11). subjected to a gradient of 400Chnm 
is displaced at a speed of 4· Io·• mtsec at I l 7S•c. and at a speed of 2-1 o·~ 
m/sec at I 135°C. The speed of migration depends principally from the T 
gradient. but it 1s also affected by the physico-chem1cal properties of th.: 
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host mincnil and of the I. (Authors' abstract) 

CLOCCHIATII, R., SCHIANO, P .. OlTOLINI, L. and BOTIAZZI, 
P., 1998. Earlier alkaline and transitional magma1ic pulsation of Mt Etna 
volcano; Earth and Planet. Sci. Letters, v. 163, no. 1-4, p. 399-407. First 
author al Laborllloire Pien-c Sile, CEA~S-UMR 9956. Centre d'Etudc 
Nucleaire de Saclay 91191. Gif-sur-Yvctte. France. 

The observation of glass I with alkalic and transi1ional compositions in 
single olivine crys1als from Aci Castello hyaloclastilts indicates tha1 small 
volumes of alkahc M preceded tholciitc crupcions during the onset of Mt. 
Etna volcanism. The gradual shift in composition li'om alkalic to transi• 
lional M 1s explained by simple partial melling of a compositionally uni­
fonn source, with the degree of melting increasing by a factor of 3-4 during 
this early melting process. Such variauon controls both the chemical and 
mincnilog1cal signatures of emitted lavas. The source shows trace-<:lcmcnl 
and isotopic signatures which may be rcprescntallve of a HIMU-typc 
plume for Etncan lavas. (Authors' abstract) 

CMiRAL, Martin, FITZ GERALD, J.D .. FAUL. U.H. and GREEN, 
D.H., 1998. A close look at dihedral angles and melt geometry in olivine­
basall aggregates· A TEM study; Conlrib. Mineral. Petrol., v. 130, p. 336-
345. Authors at Research School of Earth Sci., Australian Nal'I. Univ., 
Canberra ACT 0200, Australia; email (Martin.Cmiral@anu.edu.au). 

In the pasl. geometry of partial Min polycrystalline olivine (and other 
materials) has been characterised by dihedral (wetting) angles which de­
pend upon surface free energy. However, since olivine (like most Olher 
crystalline materials) is distinctively anis01rop1c, the simple surface energy 
balance defining the dihedral angles is.not valid and M geometry is more 
comphcatcd than can be expressed by a single dihedral angle value. We 
show the simple dihedral angle concept lo be invalid via IJIIIISmission elec­
tron microscope images. Olivine-basalt interfaces arc frequcn1ly planar 
crystal faces (F-faccs) which are controlled by the crystal structure rather 
than lhe surface area minimisation used in the simple dihedral angle con­
ccp1 Ncvcthcless. the dihedral angles may provide useful insights in some 
s11ua11ons. They may give a rough estimation of the wetting behaviour of a 
system, or be used 10 approximate the M distribution iff.faces arc not 
prcscnl (possibly at large grain size and very low M fracllon). Our meas• 
urements. excluding F-faccs. give a range of dihedral angle values from 0 
to 10" which 1s significantly lower than reported previously (20-50°). The 
nature of0° angles (films and layers up to I µm in 1hickncss) is unc;lear but 
their frequency compared to dry gram boundaries depends on grain size 
and M fraction (e.g. 70¾ for grain size 43 µm and M fraciion 2%). (horn 
authors. abstract by E. R. I 

COLLINGS, M., SHERI\IAN, D.M. and RAGNARSDOTTIR, K. V., 
1998. Complexauon of cul- in hydro1hcrmal (25• I 7S°CI NaCl brines: 
Results from in situ EXAFS spectrosc;opy (abst); Mmeralogic;al Magazine, 
v 62A. V. M. Goldschmidt Con(. Toulouse 1998, Extended Abstracts. p. 
345-346 

COLL\'ER, T.A .. KOTSCHOUBE\', B., KHAN, H. and HIERONY­
MUS, B .. 1998. The hydro1hcnnal tncolor quartz vein from Sao Geraldo 
Do Araguaia. State of Para - Brazil. origin and apphcauon (abst.): 17th 
General Mce1ing Int'!. Mineralogical Association. Aug 9-14. 1998. To­
ronto. Canada. Absiracts and Programs. p. A66. First author at Inst of 
Economic;-Social Development the Slate of Para. 

The outer zone is mainly composed of smoky quanz. and the intenne• 
diate zone is constituted of irregularly banded and undulaled 1ricolor cluster 
quartz The inner pan consists of clay with enclosmg angular quartz frag­
ments. 

The I of the border quanz zone showed the HiO-CaCh-NaCI system. 
sat range 20.6 10 > 23.2 wt"/o NaCl and T range 488-492°C. In the crystals 
b1colorcd zone have been idcn1ified the presence of the HiO-CaCh-NaCI 
and H20-FcCli•NaCI systems and sal ranging from 13.8 to I 7.3% and 19.9 
to >23.2 wt% NaCl. respectively. In 1he red zone the HiO-FcCh-NaCI 
system shows a sal range from 8.68 to 10.1 wt% NaCl and T ranging from 
26710 199°C. (From authors' abstract by E.R.) 

COMPAGNONI, R., CONTE, R., FACCHINELLI. A .. ORIONE, P., 
ROSSETTI, P. and TROSSARELLI. C., I 998. The rodmgi1e ofBelle• 
combc (Val o ·Aos1a. Italy): A petrographic and fluid inclusion study 
tabsl ); 17th General Meeting Int'!. Mmeralogical Association. Aug 9-14. 
1998. Toronto. Canada. Abs1rac1S and Programs. p A77. Authors at Dip. 
di Sc1enze Mineralogiche e Petrologiche-Univcrsita d1 Torino-Via Valperga 
Caluso. JS-l0l2S Torino. l1aly. 
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The studied rodingite occurs as an alignment ofboudins, ca. I m long 
and 20-50 cm thick in an antigorite serpcntinite of the Piemon1e Zone, W. 
Alps. A Fl study was performed on coa,se grained vesuvianite (Ves) crys­
tals of diffcrcn1 colour and composition: T 1,am~285.4°C:I:: 17 (n=S I), Tan""" 
26.4~C:1::S, T 6n .. 9.8°C:l::3. consistent with an aq F with 12.8 wt"/o NaCl eq. 
and a density of0.88 g cm·1. A Ft-lR study gave absorption bands refer­
able lo Hi(), to CH-bonds of possible aromatic hydrocarbons. but no evi­
dence of CO2. A Mass Spectroscopy analysis on gases released upon de­
crepitation suggests the presence of Hi. C~. C2H6, C1H1. H2O and 
molecules with AM.l.>90. In conclusion, the Fl study indicalcs that the 
Bcllccombe rodingile fonncd during the Alpine gJffl!Schist facies meta­
morphic event and suffered at ru8SQC. during the pos1-climac1ic retro­
grade history. an imponant innux of hydrocarbon-bearing aq F of still un­
known origin. (From authors' abstract by E.R.) 

COOKE, D.R., BULL, S.W., DONOVAN, Stnna and ROGERS. J.R., 
1998. Metasoma1ism and base metal deplecion in volcanic rocks from lhe 
McArthur Basin, Northem Tcrritory-implica1ions for base metal minerali­
za1ion: Econ. Geol, v. 93. p. 1237-1263. Authors at Ccntte for Ore De­
posit Research. Geal. Dept., Univ. ofTasmania. GPO Box 252-79, Hobari. 
Tasmania 7001. Australia. 

Evidence for the leaching of base metals by oxidized. sahnc brines has 
been recognized li'om dolcrites of the McArthur basin. Many chemical 
components were removed, including an almost I 00¾ depiction of Cu. Pb, 
and Zn. The F responsible for potassic alteration were non-gassy. low-T 
{-.e I 00°C) saline (>20 wt"/o NaCl eq.) Na-K-Ca-Mg-rich brines. The high 
sal and lhe presence of hydrocarbons are consis1ent with brine derivation 
from the overlying cvaporitic carbonates during diagenesis. Carbon• 
oxygen (carbonate) and oxygen (silicale) isotope analyses are consistenl 
wilh the fonnation of dolomite veins and potassic altera1ion in the Settle­
ment Creek \blcan1cs during interaciion with low-moderate T ("'100°C) 
evolved mc1coric waters:1::SCawater ( 6110t&uoc1t"'· I %.: 6 nc,n.111J"'• 7'K.o). which 
descended through the overlying carbonate horizons. becoming progres­
sively more saline and enriched in 110 as they interacted with lhe partially 
lithified sediments. 

The F responsible for metal leaching and potassic alteration oflhc 
Tawallah Group doleritcs are intcrpre1ed to have been low T. hematite• 
stable. saline brines with a high base metal transporting capacity due 10 
their oxidized nature and low H2S contents. The metals acquired by these 
brines could have been transponed significant distances through a sui1able 
aquifer (e.g .. well-soned hematitic sandstone), and the resultant metallifer• 
ous brines were probably involved in the fonnation of at least some of lhe 
stratiform Pb,Zn. MVT. and brecc1a-hosted Cu deposits. (From authors' 
abstract by E.R.) 

Daughter phases found include halite, opaque. unknown (green bi­
otite"). anatasc. red-brown hydrocarbon. rutile. and hcmatne (E.R.). 

COOPER, A., WOOD. B.J. and RAGNARSDOITIR, K. V., 1998. The 
propenies of carbonated nuids in the systems Na2COJ·H2O and KiCOr 
H2O to I 000°C and 20 kbar {abst.): Mmeralogical Magazine. v. 62A, V M. 
Goldschmidt Con(, Toulouse 1998. Extended Abstracts. p.347-348. 
Authors at Dept. of Earth Sci .• Univ. ofBristol. Bnstol BS8 IRJ. UK. 

The results show that carbonate M can exist in a variety of P. as low as 
1.5 kbar and as high as 18 kbar. Their presence can account for metaso­
matism observed in a variety of settings. where no traces of water arc ob• 
served and cast doubts on any suggestions that CO1-nch F exist as me1a­
soma1ic agents. (From aulhors· abstract by E.R.) 

COSTAGLIOLA, P .. BENVENl,TI, 1\1~ LATT.4NZI. P. and 
TANELLI. G., 1998. Metarnorphogemc bante-pyrilc (Pb-Zn-Ag) veins at 
Pollone. Apuane Alps. Tuscany; Vein geomelr)·. geolhcrmobaromclf); fluid 
inclusions and geochemistry; Mineral. and PctroL. v. 62. p. 29-60. First 
aulhor at Musco di Mineralogia e Lnologia dell' Univcrsna. Firenze. Italy. 

The southern sector of the baritc-pyntc-(Pb-Zn-Ag) deposit of Pollonc 
consists mainly of sUlllifonn. supposedly syngenetic. barite•pyrite orebod­
ies. whereas the northern area is charac1erizcd by a bari1e-pyritc-(Pb-Zn­
Ag) vein sys1em. Al Pollone. arscnopyri1e and chlon1c gcothcnnorne1crs 
show broadly comparable results, and suggest local metamorphic peak T 
between 320 and 350°C. Phengite gcobarometry mdica1cs minimum P of 
about 3.5 kbar. Fl data and mineral equilibria suggest that the mineralizing 
F were ini1ially honer than the count!) rocks (about 450°C at 3.S-4.0 kbar). 
Rocks in direc1 con1ac1 wilh the orebodics are depicted m Rb and enriched 
in Sr in comparison 10 similar rocks elsewhere m the area. This is attrib­
uted 10 the presence of Rb-poor muscovite and Sr-rich barite. Rb-depleted 
muscovites suggcs1 mincral-F interaction m a rock reservoir characlerized 
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by a different (modal) mineralogical composition than the Pollone host 
rocks The progressive decrease of Sr in barite with increasing distance 
from the orcbodies may be explained with a T decrease along the infilll'a­
tion paths of mineralizing F (i.e., from the vein mto the wall rocks). The 
similar 0-isotopc composition of quartz from veins and hos! rocks is ex­
plained wuh !he overall homogeneous 0-isotope composition of the Alpi 
Apuane basement rocks. This indicates a limited interaction between min­
eralizmg F and the rocks exposed at Pollonc. Rcmoblli1.a1ion of syngenetic 
ore bodies was conceivably of minor imponancc in the production of 
metamorphogenic veins. F cooling along a major tectonic lineament is 
thought to be responsible for barite deposition (From authors' abstraet by 
E.R.) 

COUTINHO, M.G.N. and ALDERTON, D,H.M .. 1998, Character and 
genesis of Proleroroic shear zone-hosted gold deposits in Borborema 
Provmce. nonheast Brazil: Trans. lnsbl. Min. Metall (Sect. B: Appl. earth 
sci.), v 107. Sep1-Dcc, 1998. p. BI09-Bxxx. 

The vein mineralogy is dominated by quartz and pyrite m association 
with Fe-Ti oxides, base-metal sulphides and rarer phases that contain Ag, 
Bi. Cd, Mo. Te and Se. The presence oftourmahne and K-feldspar in the 
vems suggests the influence of granites in the hydrothermal system. 

Fl srud1es have revealed the presence of a dominant F phase with a low 
sat (ca 6 wt % NaCl eq.) and variably enriched in C01 (up to 3.S mol°/•). Th 
arc m the range 250-350°C. The data arc compatible with immiscibility of 
H2O-COi-NaCI F, at a P of ca 2 kbar. Oxygen and carbon isotopic analysis 
of quartz and Fl indicales that at some localities metconc waters were in­
corporated into a metamorphic or magmatic F-dominated hydrothermal 
system. (From authors" abstract by E.R.) 

CRAW, D., KOONS, P.O., CHAMBERLAIN, C.P. and POAGE. 1\1., 
1998, Rock-exchanged fluid oxygen isotope ratios m acuve collisional 
mountain belts. Pakistan and New Zealand: !!! Water-Rock Interaction. 
G.B. Archan & J.R. Hulston (eds), Balkema. Ronerdam ISBN 90 5410942 
4, p 765-769. First author al Gcol. Dept., Univ. ofOtago. Dunedin. New 
Zealand. 

Rock-exchanged oxygen isotope ratios (and Fl data) for vein-forming 
F have been estimated using laser ablation oxygen isotope data on quartz 
veins from two active mountain belts. Metconc waler penetrating into a 
tectonic thermal anomaly at Nanga Parbat, Pakistan, is fully equilibrated 
with the host rocks because of enhanced isotopic exchange between low 
density dry steam and hot rock. lsotopically exchanged F in the Southern 
Alps. New Zealand. rise almost to the surface at the crest of the mountains. 
Rise oflhcse deep-sourced F ,s due to enhanced permeability resulting 
from strain partitioning and dilatation dunng oblique collisional tectonics. 
(Authors· abstract) 

CRAWFORD. A.J .. KAMENETSK\', V.S .. WOLFE. Rohan and 
DAN\'USHEVSK\', L V., 1998. Melt inclusions: A new tool for moni­
tonng volatiles and chalcophile metals in evolving magma suites (absl. ): 
Geological Society of Australia. Abstracts No. 49. 14th Australian Geo­
logical Convention, Townsville. July 1998. p 99 Authors at Centre for 
Ore Deposit Research. School of Earth Sc, .. Univ. ofTasmania. GPO Box 
252-79. Hobart. Tasmania. 

We have built a modified and upgraded version of the heatmg stage 
apparatus. first designed by Prof. A. V Sobolev al Vemadsky Inst. of Geo­
chemistry m Moscow, which provides op1ical control of homogenisation 
and phase transformations m an /Oz-controlled environment. MI arc 
heated unul the instant of disappearance of the shrmkage bubble. which is 
taken to be equivalent to the point of trapping of the Ml The M is rapidly 
quenched from this Th using a blast of He ( because of its vel)· low thermal 
inen,a). and invariably produces a crystallite-free glass. Such quenched 
glassy I can then be exposed by polishing. and analysed b~ various micro­
analytical techniques. including elcciron microprobe. FTIR. laser Raman 
spectroscopy and laser ablauon ICP-MS. 

A maJor target of our research has been to examine the evolution of 
volatiles and metals dunng Cl)'Stallizauon of magmas that host economic 
porphyry Cu-Au deposits. and similar. hut barren. intrusions m known 
porphyry districts. Abundant Fl data document the coexistence of hyper­
saline L (brines) and V in porphyry deposits. Most metals partition prefer• 
emially mto the brine. from which they may be prec1pita1ed to form ore. 
High T and sal of ore-forming F suggest that there should be a continuum 
from originally low-volatile silicate M through hydrous silicate M and hy­
drous saline M 10 late-stage water-rich F. Extensive Fl research has been 
unable 10 address the early. high-Ts1ages of magmatic F exsolution from 
porphyl) deposit magmas. In contrast. the Ml record of intrusive porphy-
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ries (mineralised or barren) is untapped, apart from a few studies which 
documented silicate/salt M immiscibility in granites We have commenced 
this anack with a Ml srudy of the Balut dyke from the Dinkidi porphyry 
Cu-Au deposit in Luzon. This dyke is a late stage transitional alkaline 
monzodiorite pegmalite strongly implicated in !he Cu-Au mincralisaiion Bl 
Didipio. Fresh magmatic hornblende and chnopyroxcnc phenocl)'Sts pre-
serve numerous Ml. I contain different propon,ons of silicate glass. silicate 
dxl (e.g., mica and amphibole), opaque minerals (e.g .. haematite. magnet-
ite, and chalcopyrite). salt crystals (e.g .• Na and K chlorides and sulfates). a 
V bubble and L Hz(). Preliminary ICP-MS~etermincd bulk compositions 
have significant quantities of Na. K. S, Cl, and prcclOUS• and chalcophilc 
metals These I record the latest stage m the evolution of such magmas. 
when an immiscible metal- and volatile-nth salt-silicate component sepa-
rates from the cooling magmatic system and evolves into hydrothermal 
hypcrsaline brines and solutions. Further studies on this occurrence and 
several other major porphyry Cu-related intrusive rocks are in progress. and 
should provide important new constraints on the late magmatic evolution 
of F. brine segrcta&ion. and partitioning of the chalcophile and base metals 
An optimal outcome from this work would be the demonsll'lllion that ·fer-
tile· potentially mineralising magmatic systems have cenain diagnostic 
compositional features clearly different from barren systems. (From 
authors· abstract by E.R.) 

CROCKET,J.H .• 1998. PGE in Hawanan basalt. lmplica1ions for PGE 
mobility in volcanic fluids (absl.): 17th General Meeting lnt'I. Mineralogi­
cal Association. Aug 9-14, 1998. Toronto. Canada. Abstracts and Pro­
grams. p. A6. Author at School of Geog. and Geol . McMaster Univ: email 
(crockctj@mcmail.cis.rncmaster.ca) 

Gold. Pd. Ir. Os and Pt were determined by radiochemical neutron 
activation in fresh and altered basalt, and fumarolic condensates from Ki­
lauea volcano. Hawaii. The objective was to evaluate the mobility of these 
metals in basaltic rock in response to surficial hot water-rock reactions. and 
to evaluate transport properties as reflected in fumarolic condensates. The 
presence of ralstonite. a fluorine-bearing mineral. suggests the possibility 
that halogen complexes may transport noble metals in Kilauea magmas 
(From author's abstract by E.R.) 

CUNNINGHAM, C.G .. RASMUSSEN, J.D., STEVEN, T.A., RH, 
R.O .. ROWLE\', P.D~ ROMBERGER, S.B. and SELVERSTONE, J., 
1998. Hydrothermal uranium deposits containing molybdenum and fluonte 
m the Marysvale volcanic field. west-central Utah: Mmeralium Deposita. v. 
33. p. 477-494. First author al U.S. Geolog1cal Surve), 954 Nat'l. Center. 
Reston. VA 20192. USA: email (cunmngham@usgs.gov). 

Uranium deposits containing molybdenum and fll.lOfite fonned in an 
epithermal vein system that is part of a volcanic/hypabyssal complex. Ura­
nium-bearing. quartz and fluorite \'eins were deposited by a shallow hy­
drothermal system. The veins. which filled open spaces along the high­
angle fault zones and flat-lying fractures. were deposited within 11.S m of 
the ground surface above the concealed rhyolne stock Hydrothermal F 
\\ilh T near 200"C. S110.Uo-1.5. 60.Uo-130. log/O2 about -47 to-SO. 
and pH about 6-7. permeated the fractured rocks: these: F were rich in fluo­
rine. molybdenum. potassium. and hydrogen sulfide. and contained ura­
nium as fluoride complexes. The hydrothermal F reacted with the wallrock 
resulung m precipitation of uranium minerals. (From authors· abstract by 
E.R.) 

Homogcmi.allon T and sal of 132 Fl were measured in 18 quartz and 
fluorite samples Fl Th for all samples show a peal.. at about 200"C. 
Quartz Fl T arc generally hotter ( l90-260°C) than most of the fluorite Fl T. 
there ,s overlap m the 200-250°C range. The medi1¥1 Th of Fl m green and 
purple fluonte 1s l90-200°C. clear fluontc ,s slightly less at J 70-180°C. 
and quartz is honer al 2 I0-220°C. Coexisting V and L-nch I in fluorite 
were found in the near-surface samples and md,cate boiling occurred at 
these levels Fl T in minerals deeper in the mine arc honer than those near 
the present ground surface. The inclusion F are generally dilute. The me­
dian sal is 0.0-0.5 wt% NaCl eq. for quartz and for green and clear fluorite. 
and slightl~ higher. 0 5-1.0 wt% NaCl eq .. for purple fluoote. A small. 
generall} rhombic dm was noted m fluorite of d1fferen1 colors: 11 did no< 
dissolve upon heating to Th. Carbon dioxide as Lor clathrates was not 
found man} samples. (From authors' text by E.R.). 

D'ALESSANDRO. \\,. GIAMl\-lANCO, S., PARELLO. F. and VA­
LE~ZA, l\t., 1997. CO! output and 613C(COz) from Mount Etna as indi­
cators of degassmg of shallow asthcnosphcre· Bull Volcano!. v. 58, p. 4 S S-
458 First author at lstnuto di Gcoch1m1ca dei Flu1d1 (CNR). v,a Torino 
27/D. 1-90133 Palermo. Italy. 
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An estimated average CO2 output from Etna's summit craters has re­
cently been dctennincd .. The volume of magma involved is approximately 
20 times greater than the volume of magma erupted annually during the 
period 1971-1995. On the basis ofC-isotopic data ofCOi collected in the 
Etna area and of new hypotheses on the source of Mediterranean magmas, 
significant conlribulions ofCOi from non-magmatic sources 10 the total 
outpul from Etna are unlikely. Such large ou1pu1S of CO2 and also of SOi 
from Etna could be due to an anomalously shallow asthenosphere beneath 
the volcano that allows a continuous escape of G toward the sulfacc. even 
without migration of magma (From authors' abstract by E.R.) 

DANYUSHEVSKY, LV., I 997, High-Ca boninites: A result of the inter­
ference of mantle plumes inlo lhe affairs of subduction zones?: J. of the 
Czech Geological Society, MAEGS-10, v. 42, no. 3. p. 7-x. Author at 
Dept. ofGcol., Univ. ofTasmania. GPO Box 252-79, Hobart Tasmania. 
700 I. Australia. 

Experimental srudies of Ml in olivine phenocrysts from Tongan and 
Troodos boninites have demonslratcd that their PM had high MgO (21-24 
wt%) and moderate HiO (around 2 wt%), and crystallizaiion T of 1350-
1389°C at about I kbar. A high•P experimental study has demonstrated 
that such M are in equilibrium with a hanburgile man1le residue at 15-17 
kbar and l430-1470°C. (From authors' abstract by H.E.B.) 

DANYUSHEVSKY. L.V. and FALLOON, T.J .. 1998. Mell inclusion and 
high-P experimental constrainlS on primary magmas and mantle melting 
(abst.): EOS. Trans., 79 (45) Fall Meet. Suppl., p. FI003. Authors at 
School of Earth Sci., Univ. ofTasmania. GPO Box 252-89, Hobart, TAS 
7001, Australia: email (l.Dan@utas.edu.au) 

Our studies from the northern Tonga forearc, the Troodos Ophiolite 
and the Lau Basin backarc spreading centres show that the major clement 
compositions of the parental magmas reflect high degrees of melting cou­
pled with high P of magma separation. Preservation of these high P sig­
natures in Ml. trapped during low-P crystallization, requires a very effective 
channelling mechanism operating at significant depths in the mantle (down 
to 60 km). The fact that major elements of Ml from 1hese suites did not 
idenufy components of a melling column suggests that aggregation was 
complete before the onset of crystallization. (From authors· abstracl by 
E.R.) 

DARLING, R.S., J 998, Modeling magmatic phase equilibria wilh syn­
thetic H20-KCI fluid inclusions: An interactive laboratory exercise for 
undergradua1e petrology students (abst.J: Geological Society of America 
Annual Meeting 1998. Abstracts. v, 30, no. 7, p. A-132, Author at Dept of 
Geo!,. State Univ. College al Cortland. Cortland. NY. 13045: email (dar• 
lingr@cortland.edu) 

The low T phase behavior of HiO-KCI Fl is nearly identical to that 
shown by simple binary magmatic systems. Because this phase behavior 
can be observed al reasonable classroom or laboratoi)' T. study of the HiO­
KCI system offers petrology students a visual. interactive learning experi• 
ence of an important magmatic process that cannot be directly observed. 

Using synthetic HiO-KCI Fl (sealed in quartz) ofkno\\1l compos1t1on 
(5. I 0. 15. 20. 22,5 and 25 wt.%, KCI) and a microscope equipped with a 
hearing and cooling stage. students conduct experiments in which they 
observe and con1rol: I} eutectic melting of ice and sylvile. and 2) liquidus 
melung of ice or sylvile These phase changes are observed and T recorded 
while the slage is warmed from sub-eutectic T (< l0, 7°CI. Using this data. 
petrology studenlS construct their own phase diagram of the waler-rich 
portion of the HiO-KCl system and. at the same 11me explore questions on 
the: I) relationship between eutectic and hquidus T and bulk compos111on. 
and 2) applications of the phase rule a1 various T. During initial cooling of 
the HlO-KCI inclusions. students observe metastable (supercooled! brine. 
followed br nucleation of ice and sylv11e. Cooling at any point on the hq­
u1dus nicely demonstrates euhedral crystal textures analogous to those pro­
duced during magmatic crystallizat1on whereas warming on the liquidus 
demonstrates anhedral crystal textures analogous to those produced durmg 
magmatic melling. 

The main advanlage of this laboratory technique is that all of the im­
portant phase changes analogous to simple binar} magmatic systems can 
be \'1sually observed and controlled by the student. Consequently. every 
point. line and space on a phase diagram has direct relevance to 1he student 
and resullS in a more meaningful understanding of phase diagrams and 
their application to igneous rocks. (Author's abs1ract1 

DARLING. W.G .. 1998a. Hydrothennal hydrocarbon gases: I. Genesis 
and gcothermometry: Applied Geochemistry. v. 13. no. 7. p. 81!--824 

Volume 31 1 1998 

Author at British Geological Survey, Wallingford, Oxfordshire OX IO 8BB. 
UK, 

Various sources for hydrothennal CH.a have been proposed over the 
years, While C isotope studies have narrowed the possibilities. enough 
higher hydrocarbon G data now exist both 10 supplement the isotopic data 
and to pennit additional deductions regarding origins. Comparison of typi­
cal C1-C6 data for G ofvarious origins (from sedimentary and crystalline 
rocks. and hydrothennal systems) reveals certain characteristics. Apart 
from isotopic differences, hydrothennal hydrocarbons differ from sedi­
mentary hydrocarbons mainly in possessing tendencies 1oward a rela1ivc 
excess of CH.a. higher nonnal/iso ratios for butane and pentanc:. and rela­
tively high amounts of C6 G. Despite these differences. consideration of 
the evidence indicates that hydrothennal hydrocarbon G in most cases 
originate like sedimentary basin G by thennal degradation of organic mat­
ter in the relatively shallow subsurface. The principal characteris1ic of 
these hydrothermal G. "excess" C~. appears lo have a geothennometnc 
function. The following empirical relationship has been derived: t'C,.57.8 
log(CH4'CiH6)+96.8, which filS moderately well a range of geothermal 
fields worldwide. This G geothc:nnome1er may be particularly applicable 
during geothennal exploration in areas where there is I ittle direct knowl­
edge: of subsurface condi1ions. (Author·s abstratl) 

DARLING, W.G., 1998b. Hydrothennal hydrocarbon gases: 2. Applica­
tion in the East African Rift system: Applied Gcochemisll). v. 13. no. 7. p. 
825-840. Author at British Geological Survey. Wallingford. Oxfordshire 
OXlO 8BB, UK. 

Hydrocarbon G are ubiquitous in the hydrothennal systems of lhe East 
African Rift System (EARS), though often found at very low concentra­
tions in the ·volcanic' eastem branch as compared to the ·sedimentary' 
western branch. Study of the chemical and isotopic compositions of these 
hydrocarbons from sites in Kenya, Ethiopia. Djibouu and Uganda reveals 
considerable homogeneity over hundreds of km of the various rift umlS 
Consideration of C and He isotopic evidence points lo a predominantly 
cruslal thennogenic origin for the hydrocarbons, there being no evidence of 
mantle inputs in either the MORB or ·hotspol° sectors of the EARS. Tem­
perature information from geothennal wells has been utilised to inves1igate 
the relationship between reservoir T and ratios of CH, to C iH.. The gen• 
eral C11C1 geothc:nnometric relationship proposed m Pan I of this study 
holds reasonably well. and is shown 10 give results equal to or better than 
the ·inorganic· G geothennometers presently in use. both m the well fields 
and undeveloped high-enthalpy geolhennal areas Results from low­
enthalpy hot spring systems are less well correlated with apparent deep T. 
but conS1Slent with data from similar systems elsewhere m lhe world. 
(Author's abstract) 
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DAVIDSON, G.J .. 1998. Alkali alteration styles and mechanisms. and 
1he1r 1mphcations for a ·brine fac1ory· source of base metals m the rift­
related McArthur Group. Australia: Aus1ralian J. of Earth Sci .• v. 44, p. 33-
49. Aulhor at CODES SRC, Univ. ofTasmania. P.O Box 252-79. Hobart. 
Tasman1a 700 I. Australia. 

McArthur Group alkali metasomatism occurred in several phases. 
none of which Iii a classic model of alkali-mineral zonation lowards an 
evaponllc basin centre as previously proposed. They comprise: (i) trough• 
margin alteration along the Emu Faull zone. fonned by gravity-driven me-
1coric-evaporitic brines sourced from adjacent shelves. and focused up to 
3.5 km out into the adjacent deeper water elastic succession of the Barney 
Creek Formation: these fonned zoned albite-m1crocline assemblages. 
variably overprinted by B-bearing illite: (ii) ore-rela1ed altera1ion at the 
H YC Zn-Pb-Ag deposit which overprinted trough-margin al1era11on in 
places. adding disseminated ankerite. adular1a and base-metal sulfides 10 
some feldspathised beds; (iii) early diagcneuc alkali metasomausm that 
was associated with descending/advecting brines sourced from overlying 
evaponte sequences, and transmitted through porous clas1ic sediments 
(e.g., parts oflhe Lynott Fonnation, Mara Dolomile and Tatoola Sand• 
stone): and (iv} ex1ensive inversion-related K-feldspar me1asoma11sm of 
volcan1clasuc beds towards the basin centre. The descendmg/advecllng 
brine model ( iii) has implications for sedimenlary Zn-Pb ore gcnes1s in the 
basin. because it offers a mechanism to efficient!} deliver balches of saline 
F mto the deep diagenetic environment resulting m alkali alteration and 
metal leaching. and 1he produclion of ideal Zn-Pb,transporting ore F A 
variation m the flux of saline diagenetic water. caused by eustatically and 
tectonically driven aridity cycles in sedimentary facies. could have imposed 
strong ep1sodicity on lhe fonnation of related Zn-Pb deposits. This specu­
lative model is relevant to metals exploration on lhe premise 1hat each 
·brme factory· potcn1ially gave rise to a related cycle of Zn-Pb ore deposi-

. -
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lion at the same or an overlying stratigraphic level. (Author's abstract) 

DAVIS. M.J. and IHINGER. P.O., 1998, Heterogeneous Cl)'Stal nuclea­
tion on bubbles in silicate melt American Mineralogist, v. 83, p. I 008· 
IOI 5. Authors at Dept. ofGcol. and Geophys .• Yale Univ , New Haven, 
CT 06511. USA. 

Experiments reported herein document heterogeneous crystal nuclea• 
uon on bubbles in supercooled lithium d1silicate M. Crystalline lithium 
d1sihca1e {Li1Siz0 5) nucleated and grew on small bubbles (- 1 µm) with a 
one-to-one correspondence between the number of bubbles and Cl)lstals 
(ranging fi'om < I 02 to Io' bubbles/mm\ Crystals grew on large bubbles 
(> 100 µm) only in samples fused in Ni, suggesting a chemical COOU'OI on 
nucleating efficiency. Bubbles - I µm in diameter served as nucleation 
sues for polycrystalline hthium disilicate spherulites: bubbles smaller than 
I µm served as nucleauon sites for the more common ellipsoidal Cl)lstal· 
hnc form. This difference in behavior might be due to the additional sur­
face area available for crystal nucleation on the I µm bubbles. 

Findings suggest superliquidus thermal histol)I can influence crystal 
nucleation via bubble formation induced by supersaturation. and has impli­
cations for natural samples and experimental studies. Heterogeneous crys­
tal nucleation on bubbles may serve as an efficient nucleation mechanlSlll 
m natural degassing magmas and aid in the formation of fine-grained 
groundmasses common lo many volcanic rocks. We have documented a 
new mechanism of spherulite formation in highly supercooled silicate M. 
similar to conditions thought 10 exist during dcvitrificauon of natural 
glasses. The ability of crystals to nucleate on bubbles can be exploited in 
the production of commercial glass-ceramic materials. (Authors' abstraa) 

Dt CORTE, K.. CARTIGN\', P., SHATSK\', V.S., SOBOLEV, N.V. and 
JAVO\', M .. 1998. Evidence offluid inclusions in metamorphic micro­
diamonds fi'om the Kokchetav massif. northern Kazakhstan; Geochim. et 
Cosmo. Acta, v. 62, no. 23/24, p. 3765-3773. First author at Dept ofGeol. 
and Soil Sci .• Univ. of Ghent, Krijgslaan 281 S8. B-9000 Ghent. Belgium. 

Microdiamonds fi'om garnet clinopyroxenites of the Kokchetav massif 
(nonhem Kazakhstan) and associated alluvial diamonds have been investi­
gated using infrared spectroscopy All diamonds have high nitrogen con­
tents (from 747 up to 4488±20% at. ppm) and arc of type lb-laA. Nitrogen 
data are consistent with a diamond formation over a narrow T range. Mi­
crodiarnonds fi'om garnet clinopyroxcmtes arc charactcnzcd by water and 
carbonate I. similar 10 those occurring in tibrous coated diamonds from 
k1mberhte, which suggest that diamonds grew from a C-H-0 fluid. In 
contrast. alluvial m,crodiarnonds do not contain any carbonate I and HI) is 
absent or present in only minor amounts Alluvial diamonds are consid­
crabl} more N-nch but have a similar range of nitrogen aggrcgauon staces. 
It 1s suggested that alluvial diamonds belong to a separate diamond popu• 
lation compared with the microdiamonds fi'om garnet clinopyroxenites. 

The Kokchetav microd1amonds are distinct from kimberhtic fibrous 
diamonds in that they contam abundant lb centres. have high nitrogen 
contents and show different populauons depending on host roe!,. type. 
These characteristics support a metamorphic origin for the m1crod1amonds 
fi'om the UHPM rocks of the Kokchctav massif. (Authors· abstract) 

dt ROl"iDE, C.E.J., 1998. Chcm1s1ryof3.2 Ga scafloor hydrothermal vent 
fluids. !D Water-Rock lnteracuon. G.8. Arehart & J.R. Hulston (eds). 
Balkema. Rotterdam ISBN 90 5410 942 4. p 19-24. Author at Inst. of 
Geological and Nuclear Sci .. Lower Hun. New Zealand. 

Ancient (ca, 3.2 Ga) seafloor hydrothermal vents. kno"n as the Iron­
stone Pods. have been idenuficd in the Barbcnon grccnstone belt of South 
Africa Ironstone Pod hydrothermal Fend-member concentrauoos (Mg--0) 
of various dissolved components. derived from bulk Fl crush-leach cxpen­
ments. include· Cl (730 mmol/l). Br (2.59). I (0.058). Na (822). NH. ( 11 4). 
K (21.5). Ca (42.6), and Sr (0 15). This hydrothermal Falso contains up 10 
1.07 mot% CO,, 0.03 mo!% Nz, 0.02 mol% CH.a. 262 ppm COS. and mi­
nor amounts ofC2-C.a hydrocarbons Hydrothermal end-member Ca. Sr 
and NH.a. in parucular. and 10 a lesser degree K. I and CO~. commonly plot 
on. or vel)I close to. modem vent F trends. By contrast. end-member Na 
and Br concenlrlllions are dis11nc1 (higher) from modem vent F High I and 
NH, concentrations are consistent with contributions fi'om sediments 
and/or organic matter. (Author's abstract) 

Th mainl} m I00-200°C range: l m.,.,. -3 to -40 (E.R.) 

Dt Ros U IIZ. Fernando, 1998. Heterogeneous generation and evoluuon 
of diagenctic quartzarcni1cs m the Silurian-Devonian Furnas fonnauon of 
the Parana Basin. southern Brazil; Sc:dimcntary Geol.. v. 116. no. 1-2. p. 
99-128. Author al Uppsala Univ .. Inst of Ewth Sci .. Uppsala. Sweden 
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Silurian-Devonian sandstones of the Furnas Formation in the mtra­
cratonic Parana Basin. southern Brazil. display strongly heterogeneous 
distribution of quanz. kaolinite and illite authigenesis. The sandstones 
were affected by extensive drssolution/kaolinization of dctrital feldspar. 
mica and clay under an eodiagcnetic meteoric regime. Circulauon of hot F 
through fi'acl\Jrcs related to the uplift and magmatism along the regional 
Ponta Grossa Arch promoted heterogeneous kaolimte and feldspar ilht,za­
tion and quanz ccmentauon. This is supported by intense ilhtrz.auon of 
kaolinite at shallow depths. by K/ Ar daung of the illite. whose age coin• 
c1dcs with the magmat,sm. and by high Fl Th in quanz overgrowths from 
outcrop-samples. The progressive destruction of feldspar-generated diage­
nclic quartzarcnitcs with poorly connected pore systems and low reservoir 
potential [sicj. Evidence yielded by this study suggests that the appl1<:auon 
of simplified "isochcmical" models of d1agenctic processes withm the sys­
tem Si02•Alz03•KiO-H;zO may have very limited validity. applying basi­
cally 10 the deep-burial mesodiagencsis of some sandstones in rapidl> sub­
siding basins. lAuthor ·s abstract) 

ZHANG, Dehui and WEI. Liu, 1998, The fluid inclusions researches on 
the Yinshan polymctallic deposit, Jiangxi Province. China (abst. ): 17th 
General Meeting lnt'I. Mineralogical Association, Aug 9-14. 1998. To­
ronto. Canada. Abstracts and Programs. p. A34. First author a1 China 
Univ. ofGeosci., Beijing, 100083 P.R. Chma; email (Zyb(q'cug.edu en) 

Yinshan. a large-scale Cu-Pb-Zn-Au-Ag polymetallic deposn. is in 
Jiangxi Province, China. Fl research shows; 

I. In polymctallic ore vcms, some Fl of halite dm-bcarmg have been 
discovered. 

2. The Fl may be divided mto two groups: high saline (30-45 wt"/4 
NaCl cq) and low saline (2.86-14.4 wt"/o NaCl c:q). 

3. There arc L.COrbearing I in pol}mctallic ore veins 
4, Th off] range fi'om 9S 10 520°C. 
5. The plot of Th vs sal shows two groups of data and the curvihncar 

corrcla1ion between Th and sal 
6. Sal and Th decrease southwesterly and upwards. 
From the points mentioned above. the conclusions can be drawn as 

follows: the high sal indica1e that the honer hydrothermal F was mostly 
magmatic !which mixed with cool dilute Fl. It is inferred that II is possible 
there is a concealed igneous body and a concealed porphYl)I copper deposit 
at depth of the deposit. (From authors· abstract by E.R.) (Editor's note· 
authorship incorrectly transcribed as "Dehui, Z. and Wei. L "in original) 

DELLA-PASQUA, Fernando, KHIN Zaw, MERNAGH, Ttrry, RYAN, 
Chris and VARN[, Rkk. 1998. Composition ofpnmary melt and fluid 
inclusions in olivine phenocrysts fi'om Lombok. Indonesia· lmphcations 
for magma genesis and metal enrichment (abst.): Gcolog1<:al Society of 
Australia. Abstracts No 49. 14th Australian Geological Convention. 
Townsvillc. July 1998. p. 112. First author at School of Earth Sc, . Univ. of 
Tasmania. GPO Box 252-79. Hobart. Tasmania 7001. Australia. 

M and Fl fi'om a su11e of pnmitivc samples on the island of Lombok. 
Indonesia. were investigated 10 I) define the chemical affinurcs of the pa­
rental magma and 2) assess the role of CO2 and trace clement composillon 
on magma genesis and metal enrichment. 

Olivine phenocl)ISIS in ankaramite from Lombok are the earliest Cl)IS· 

tallising silicate phase. Thus. P I in thc:se phcnocrysts preserve information 
about the prevailing magmatic conditions dunng the early stages of crys• 
tallizacion. Four types of such I were found· L (mcltl. S (sohd). V (va­
pour). and a combination oflhe three (L:i:V±S). S-iypc I consist mostly of 
chromian spinel. Vel)I rarely however. immiscible F bubbles arc acciden­
tally attached 10 these Cr-spmc:I crystals and become trapped by a growing 
olivine phenocryst 10 form S+V:1:L P I. 

A DILOR MICRODIL-28® Laser Raman Spectroscope (LRS) al the 
AGSO. Canberra was used to scan for Ni, CO2 and CH, F species m the F 
bubble of S+ V:1:L type I. These analyses confirm the trapping of a C01-
rich F phase by the growmg olivine (F<>sx.w) phenocrysts. However. Ni and 
CH, were not detected. No CO, was detected m the shrinkage bubbles 
within Ml. 

Ml (L-typc) in magncsian ohvinc phenocrysts arc typically crystalline 
These I were homogenised. using a heating stage. and then quenched 10 a 
homogeneous glass to determine their maJor and trace clement composi­
tion. Electron microprobe analyses of homogenised Ml indicate that the 
ankararnites magma formed by the aggregation of silica undersaturated M 
fi'actions. Preliminary Proton Induced X-ray emission (PIXE) microanaly• 
sis of the crystalhnc Ml showed elevated concen1ra11ons of Cu. S and Ca. 
and significant Ni and Se. The homogenised Ml showed U'aCe Sr and Y. 
but very low concentrations of ore elements (Cu-40 ppm). No Cu was 



Fluid Inclusion Research 

observed in the V-rich I. 
The presence ofS+V:1:L type I in olivine phenocrysts is of fundamental 

significance for magma genesis because: I) it indicates that, at least locally, 
some zones of the magma were F saturated during early stages of crystal Ii• 
zation. 2) it supports a mechanism where ankaramitic Marc generated as P 
M by mantle partial melting in the presence ofCC)i, 3) it suggests that a 
CO2 F phase must play an important role in the genesis of primitive an­
karamiuc magmas, 4) the presence of such immiscible Fat magmatic T 
(>900°C) provides a potential medium for the early partitioning of metals 
into a volatile phase within the host magma, 5) with increasing degcc of 
Cl)'Slalliz.auon the e,isolution of this F phase is likely to increase as magma 
evolves to more felsic composition, and 6) demonsltale the presence of 
mantle-derived CO2. 

In summary. these results suggest that the ankaramite magma was 
saturated in COi-bearing F early in its evolution. This interpretation can be 
e,ctended to other ankaramite suites such as Ulakan ( Bali) and Merel av a 
(Vanuatu arc), where similar S+V:1:L PI are found. Combined Mand Fl 
data may be used to ascertain the mineral potential and the barren/fenile 
nature of magma typCS. (From authors· abstract by E.R.) 

den BROK. S.W.J, (Bas), 1998, Effect ofmicrocracking on pressure­
solution strain rate: The Gratz grain-boundary model: Geology. v. 26. no. 
I 0, p. 91 S-918. Author at lnstut ftlr Geowissenschaften. Johannes Guten• 
berg-UniversiW. Becherweg 21, 55009 Mainz. Germany. 

Different, but reasonable and well-accepted assumptions made about 
grain-boundary structure during pressure-solution (PS) creep may easily 
have an effect of more than IO orders of magnitude on the calculated PS 
defonnation rate. Understanding of g,ain-boundary structure during PS 
creep is therefore c,ctremely important. E,cperimental evidence is presented 
in suppon of a grain-boundary model previously proposed by A.J. Gratz on 
the basis of observations on naturally deformed rocks. The model predicts 
that sudden increases in stress or F P may lead lo microcracking and sub­
sequently many-orders-of-magnitude increase in PS defonnation rale. 
(From author's abstract by E.R.) 

deq BROK, Bas, PASSCHIER. Cees and SIEBER, Michel, 1998. Fibre 
growth in wcl salt aggregates in a temperature gradient field: Mineralogi­
cal Magazine. v. 62. no. 4. p. 527-532. Authors at Inst. fllr Geowissen­
schaften. Becherwcg 21. D-55099 Mainz, Germany. 

lnlensc fibros1ty develops in wet porous NaCl crystal aggregates (grain 
size 250-500 µm) held in a T gradient field (0.5-4~c rmm) at T between 20 
and S0-60°C. In situ microscopic observation of the process shows that 
fibre growth is associated with T-gradient driven motion of tiny G (air. 
water V) bubbles present in the saturated intercrystalline aq NaCl solution. 
Gas bubbles move through the intercrystalline pore F into the cold direc­
tion. They only move if they are next 10 a NaCl crystal: bubbles that are 
'free' do not move. Each bubble is 'pushed' into the cold direction by a 
growing crystal fibre of the same diameter as the bubble itself. Fibres ap­
parently grow due 10 oversaturation of the NaCl solution at the hot side of 
the G bubble. Cl)'stals dissolve at lhe cold side of the G bubbles. appar­
ently by undersaturation of the NaCl solution there. Thus. bubbles dissolve 
their way through NaCl-crystals and aggregates. Intense fibrosity develops 
w11hin weeks. (Authors· abstract) 

Also of pertinence to the movement of Fl in sall 1f 1t is used as a me­
dium for nuclear waste storage ( E.R. ). 

den BROK. Bu, ZAHID, Mohsine and PASSCHIER, Cees. 1998. 
Cataclastic solution creep ofvel)' soluble brittle salt as a rock analogue: 
Eanh and Planet. Sci. Letters. v. 163, p. 83-95. First author at lns1i1u1 ftlr 
Gcow1ssenschaften, Johannes Gutenben-Univcrsitat. 55009 Mainz. Ger­
many. 

Until about the late I 960s. macroscopicall} ductile defonnation of 
quartz was seen as a microscopically cataclastic process by most geologists 
(cf. the origin oflhe name ·mylonile'). Undulalory e,clmction. subgrains. 
recl)'stallised grains and even crystallographic preferred onen1ations were 
interpreted as due to water-assisted brittle defonnauon processes. Nowa­
days. by contrast. the occurrence of these opt":al microstructures is consid­
ered as conclusive and unequivocal evidence for dislocation creep. The 
abundance of these m1crostructurcs in naturally deformed rocks lead to the 
conclusion that dislocation creep is the most 1mponant ductile deformation 
mechamsm within the Earth's crust We studied whether a water-assisted 
brittle defonnation mechanism could. in principle. be able 10 produce ap• 
parent ·crystal plastic· microstructures. and how. To lh1s end we perfonned 
a long-tenn deformation e,cpenment using soluble brittle sail (NaClOi ► as 
an analogue for quartz. A single crystal of NaCIOi was unia'<ially stressed 
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for 44 days at room T in the presence of a saturated NaCl~ solution under 
atmospheric P. The crystal was microscopically studied during the experi• 
menl. It slowly defonned by cataclastic creep. First. irregular free face 
dissolution structures developed at highly stressed ponions of the crystal. 
These locally developed into very fine channel-like structures. mostly ori­
ented sub-parallel to crystallographic planes. Most of the channels devel• 
oped into slits and finally into fractures. Fracture walls mig,ated by solu­
tion transfer leading to changes in shape of the crystal fragments. The 
resulting polygonal deformation microstructure could easily be mistaken 
for a dynamically recrystallised ·crystal plastic' microstructure. Therefore. 
care should be taken to use such optical microstructures as conclusive evi­
dence for dislocation creep. This is imponan1 because the occurrence of 
these microstructures is the strongest argument for dislocation creep in 
crustal rocks. (Authors' abstract) 

DENEELE, D., SAUVAGE, A.C., DUBOIS. M., BUA TIER. M~ LO­
PEZ, M, and POTDEVIN, J.L, 1998, Fluid-rock interaction. I. Miner­
alizations with nacrite and barite in karst cavities of the Lodcve Basin. a 
fluid-inclusion study (abst. ): Reunion des Sciences de la Terre. Brest. 31 
March-3 April. 1998. p. IOI (in French. translation by E.A.J. Burle). First 
author at Universi1cde Lille I, URA 719, 59655 Villeneuve d'Ascq. 

Nacrile is a rare mineral of the kaolinite group; its conditions of for­
mation (T, P, F composition) are not well-known. The mineral has been 
found in the fillings of karst cavities in Cambrian dolomite of the Lodeve 
Basin (France). Nacrite is associated with newly formed quartz. dolomite, 
and barite I. which seem to be at least partly contemporaneous with it. The 
Fl in barite Cl)'stals have been studied 10 characterize the F which formed 
these mineralizations. 

The large majority of the P I are monophase L. coc,cisting with rare 
bi phase I. On cooling the specimen, the T • is between -65 and -60°C (sys• 
tem H20-NaCI..CaCh). and the ice melts between -29.2 and -5.9°C. Hy­
drates (hydrohalite) have been observed, they melt around -200C. although 
some of these continue 10 be present at higher T. The ice-melting T imply 
that the Fis highly saline (up to 25 wt.% eq. NaCl). This sal was probably 
caused by interactions with evaporite levels in the sedimentary cover. 

Taking into account the stretching phenomenon (inelastic and irre· 
versible defonnation of the crystal around the I), the T, of the I in barite are 
between 80 and I00°C. These would also represent lhe Trofnacrile. rela­
tively low in comparison to the estimated data in literature. (Authors· at,. 
stract) 

DENNIS, P.F .. 1998, The stable isotope composition ofnu1d inclusions in 
spelco1henns: Palaoprecipitation. palaeothermometry and climate change 
(abst.): 17th General Meeting Inn Mineralogical Association, Aug 9-14, 
1998, Toronto, Canada. Abstracts and Programs. p. AJ I. Author at Stable 
Isotope Laboralol)', School of Environmental Sci .. Univ. of East Anglia. 
Norwich. NR4 7TJ. UK. 

The spelcotherm archive is unique containing a high-resolution pa• 
lacotempcraturc. palacoprecipitation and palacogroundwater isotopic com• 
position record. Most speleotherms contain up 10 0.1 wt% of water in the 
form of Fl that were trapped in the host calcite at the time of growth. This 
relict seepage water is closely related 10 the mean annual meteoric precipi­
tation composition of the cave site dunng the lime of speleotherm growth. 
Provided the spelcotherm grew in thennal isotopic equihbnum. then meas­
urement of both the I and host calcite compositions can be used to define 
the palaeoprecipitation isotope composition and cave palaeotemperature. 
There are. however. considerable technical problems associated with the 
e,ctraction and measurement of small. submicro-litre volumes of I water and 
measuring bolh the hydrogen and oxygen isotopic compositions lo the 
better than :ia2(o2H)%o and :ta0.2(o"O)%o precisions that are required for 
palacoclimate work. 

In this paper I present results from a series of e,cperiments on syntheuc 
I that demonstrate that reliable and robust recovery of I water is possible 
without modification of its isotopic composition. tlsing these techniques 
Fl data obtained from Holocene spelcotherms covering a known climate 
range from nonhem'Norway to southern Europe are used to show that the I 
accurately record the range of modem meteoric precipitation compositions 
rcponed for this region. Finally. high-resolution (approximately 100 years) 
Fl isotopic records from several spelcotherms from western England are 
presented. 

The techniques used in this work have wider apphcatlOns in other 
areas of Fl study including low T hydrothermal veins. diagenetic studies. 
etc. (Author·s abstract) 

DE\"IDAL., J.-L .. GIBERT, F., KIEFFER. B .. Pll'". C. and MONTEL., 
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J.M~ 1998, A new method for solubility measumnenc: Application to 
NdPO, system in H20-NaCI-HCI hydro!hcnnal fluids (abst. ): Mineralogi• 
cal Magazine. v 62A. V M Goldschmidt Con(, Toulouse 1998. Extended 
Abstracts, p. 375-376. Aulhors at UMR 6524 Magmas ct Volcans Univer­
site Blaise Pascal. S rue Kessler, 63000 Clermont Ferrand, France. 

Of pertinence to nuclear waste storage (E.R.}. 

DIAMOND, LW,, 1998, Undcrpressured palcofluids and future fluid flow 
in the host rocks of a planned radioactive waste repository: i!! Water-Rock 
Interaction, G.B. Arehart & J.R Hulston (eds), Balkema. Rotterdam ISBN 
90 5410 942 4. p. 769-773. Aulhor at Inst. of Mineral. and Petrol.. Univ. 
of Bern, Switzerland. 

Low-permeability marls at Wellenbcrg, Central Helvetic Alps. arc the 
host rocks of a planned radioactive waste repository for Switurland. Fl in 
the marls indicate that during Oligo-M1occnc Alpine metamorphism. two­
phase C8'·H2O-NaCI F formed in-situ with P lhat evolved from hthoslalic 
to subhydrostat1c The underprcssures resulted from porosity being created 
by nappe folding under hydrodynamically closed conditions. Free F in 
boreholes exhibit the same two-phase state, the same compositions. and 
locally the same undcrprcssured (now subhydrostatic) regime as the palco­
fluids. Whereas other workers have explained the modem underprcssurcs 
as transient effects of post-glacial rebound. the new correlations suggest the 
P anomalies arc rehcts of Alpine tectonics. The implications arc that zones 
of the marls have remained hydrodynam1cally closed for ~20 Ma. and that 
therefore they arc likely to remain closed into the distant future, potentially 
providing a sunable environment to isolate waste. (Author's abstract) 

DIETRICH. A., LEHMANN, 8., WALLl4NOS, A. and TRAXEL, K., 
1998. Contrasting melt inclusion and bulk rock geochemistry of Bolivian 
tin porphyry systems suggest a two-stage magmatic cvolUlion (abst.): Min· 
eral Deposits Study Group, Annual Meeting, S-6 January, 1998, Univ. 
Greenwich. UK (unpaginated). First author at Inst. ftlr Mincralog1c und 
Mineralische Rohstoffe. TU Clausthal, Gennany. 

The Miocene tm porphyry systems of Llallagua. Chorolque, Oniro and 
Cerro Rico in the Andean tin belt ofBohvia, arc related to subvolciwnc 
stocks/domes. The rocks consist of phenocrysts of quartz. feldspars and 
biotite. and of 50-600/4 of fine-grained groundmass. The central parts of 
the systems are affected by strong tourmalinisation and silicificatKl!l, over• 
printed by and passing outwards into scricitic alteration. A weak propyhtic 
alteration is locally developed in distal parts of the systems. Tin minerali­
sation occurs as disseminated cassiterite and ( dominantly) in quartz­
tourmaline-cassiterite-sulfide veins. Llallagua is the largest hard rock tin 
mine m the world. whereas the famous Cerro Rico was one of the richest 
silver mines before it became an important tin producer. 

Ml occur in quartz phenocrysts, and arc round to negative crystal· 
shaped with diameters ranging in between a few to SO gm (µm?J. A 
shnnkage bubble is most times developed. The Ml were studied by elec­
tron (EPMA) and proton (PIXE) microprobcs. Major clement composition 
of the Mis is characterised by low CaO. Na2O and high KP concentra• 
tions, indicating that quartz crystalhzation occurred after main plagiocl~ 
crystallization and synchronous or prior to K-feldspar formation. Shand­
mdiccs around I. I show a peraluminous composition of the Ml. High Ta. 
low TiOi and low Zr concentr81ions of the Ml i:orrcspond to the fractiona­
tion trend ofTert1ary granitic/rhyohtic rocks of the tin belt. The high de• 
gree of magmatic fractionation of the Ml is similar to tin granites/rhyolites, 
but is in sharp contrast to the bulk rock geochemistry of the porphyries. 
The magmatic tin enrichment up to 83 ppm Sn in the Ml. with comple• 
mentary depletion in TiO2. correlates with the Sn-Ti02 fractionation trend 
of Tertiary magmatic rocks of the tin belt (Fig. I}. The bulk rock tin con­
tents in the tin porphyries show a scatter distribution icsulting from hy• 
drothcrmal overpnnt. 

The sharp contrast between bulk rock and Ml gcochemistl')' leads to a 
two-stage magmaiic evolution of the Bolivian tin porphyries which ex­
plains the anomalous situation oftin mineralisation associated "'ith rela­
tively little fractionated rhyodacuic rocks. The model requires the exis­
tence of an unexposed magma chamber of highly fractionated M and the 
exsolution of tin-rich F from this M during interaction with ande• 
sitic/basaltic M port10ns From authors' abstract by E.R.) 

See figure m the lllusrra11ons appendix. 

DINGWELL, D.B., 1998. The glass transition in hydrous granitic melts: 
Physics of the Earth and Planetary Interiors. v. 107. no. 1-3. p. 1-8. 

The influence of water on the glass transition T of h\·drous granitic M 
is estimated on the basis of a vancty of available sources of data th81 pro­
vide phenomcnolog1cal data for the L-glass transition and for which the 
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relaxation timescale can be accurately estimated. These sources include (a) 
dilatomctric micropcnetrat1on viscosity determinations ( b) T-dcpcndent 
spectroscopic investigations of hydrous M and (c) densities of synthetic Fl 
in glasses. All available evidence on the glass transition T of hydrous 
granitic M. when comcted for equivalent timescales, yields a single con­
sistent trend of decreasing Tg with increasing water content that has power­
ful applications in the rheology and kinetics of processes involving late• 
stage silicic mbllSives and eruptive products. The brittle-ductile nansition 
in hydrous silicic L can be accurately predicted usmg this trend. Combi­
nation of the presently derived icla1ionship for the influence of water on the 
glass transition of granitic M with presently available data for the high T 
viscosities of such systems permits the estimation of lhe T dependence of 
the viscosity of hydrous Mover the entire range ofT relevant to granite 
petrogenesis. Such a comparison reveals that the viscosity-T relationships 
of hydrous granitic M arc not Anhcnian, as is assumed by all existing cal­
culation al schemes for the prediction of hydrous M viscosities. The in• 
creasing deviation of v1scosity-T relationships of hydrous granitic M from 
Armenian with increasing water content is broadly consistent with similar 
trends accompanying the addition of excess alkalies to metalummous 
granitic M base compositions. In detail, however. the influence of water on 
the deviation ofviscosity•T relationships of hydrous granitic M from Ar· 
rhenian is not as strong as would be predicted from a molar companson of 
the effects ofH20 vs. alkali oxide or alkaline earth oxide added to these M 
The answer to this apparent discrepancy may lie in the incomplete d1sso­
c1at,on of water in the M structure. (Author's absuact) 

DINGWELL D.B. and HESS. K.-U., 1998. Melt viscosiues in the sys• 
tem Na-Fe-Si-0-F-CI: Contrasting effects of F and Cl in alkaline melts: 
American Mineralogist, v. 83, p. 1016-1021. 

DIPPLE, G.M., 1998. Reactive dispersion of stable isotopes by mineral 
reaction during metamorphism: Gcochim. ct Cosmo. Acta. v. 62, no. 
23/24. p. 3745-3752. Author at Dept. of Earth and Ocean Sci .. Univ of 
British Columbia. Vancouver, BC V6T 124. Canada. 

The process of reactive dispersion is introduced whereby icacuon in 
one chemical system imparts hydrodynamic dispersion to another appar• 
ently unrelated reactive transport system. Reactive dispersion is illustrated 
with a one-dimensional finite difference model for coupled heat flow. F 
flow, mineral reaction, and oxygen isotopic exchange during contact 
metamorphism of siliceous dolomite. Infiltration-driven dccarbonauon 
reactions impart isotopic heterogeneity to an imually homogeneous system. 
The effect on F composillon is explored using a breakthrough curve that 
tracks F composition through time. The corresponding effects on rock 
composition arc Jllusuated with plOts of isotopic alteration vs. distance. 
Reactive dispersion is especially efficient during infiltration ofH2O into 
carbonate rocks because 110 is strongly fractionated between CO2 and H20 
and because mineral reactions may buffer the CO.r--H2O content of F. The 
spatiall>· heterogeneous isotopic alteration predicted to develop during de· 
carbonation reactions m a homogeneous protolith is similar in magnitude 
and distribution to that observed downstream of the isotopic depletion front 
in contact metamorphic aureoles. (Author's abstract) 

01\'AEV. F.K.. POUCKOVSK\', V.S., [also spelled Polykovski. else• 
where! IUNOVA. N,A., and \11DALE\'ICH, Zinoviy A,, 1998, The gas 
composition and temperature of fluids related to diamond bearing carbona­
tites. western Uzbekistan (abst.): Program and Abstracts. PACROFI Vil. 
Pan-American Conf. on Research on Fluid Inclusions. June 1-4. Univ. of 
Nevada. p 24. First author at Inst. Mineral Resources, T.Shevchcnko Str, 
ll•a. Tashkent, 700060. Uzbekistan. fax:3712-406812. 

Diamond-bearing carbonatites of Southern Nuratau arc represented by 
casenites. ringitcs, mehlitic carbonatites. and rarely siovites. which form 
dikes and diatrcmcs in enclosing aleuroshists and show no connection to 
any intrusive massifs. The mineral and chemical composition. the structuic 
and the carbon isotopic composition of carbonalites indicate a mantle 
genesis for these rocks 

Fl in crystals of carbonate and apatite have dimension 0.001-0.03 mm. 
They arc GIL. and contain S-35% G. Sometimes there arc from I to more 
than 4 trapped solid minerals in the Fl. The chemical composition of the Fl 
{CO2=6I. I¾, C0=4 8¾. C8'=6.4%, N2• 16.7"le. HiS=l.7¾. Hi0=9.3% , 
average of S analyses) 1s dominated by carbon compounds. with little wa• 
ter. and is taken as evidcncc for low oxygen fugacitics during formation of 
diamond-bearing carbonatites. 

The T regime of F ,s characterized by several intervals (Th detennina• 
tions?J: late magmatic· 2:640°C to 480°C. auton1etasoma1ic • 440"C to 
380°C. and hydrothermal • 380"C to 90°C. 
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Fl research on diamond-bearing carbonatitcs confirms peuologic con­
clusions about the magmatic genesis of these rocks under the low oxygen 
fugac1ty condnions of the canh's upper mantle. We estimate the prospects 
of carbona1ites in Wes1crn Uzvekistan as a new source of diamonds as quite 
good. (From authors· abstract by E.R.) 

DIVAEV, F.K. and POLVOVSKY, V.S •• 1998. Thermochemical charac• 
teris1ics of0u1ds and the origin of the diamond-bearing carbonallles of the 
southern Nuratau (abst): Second APIFIS lnt'l Symp. Mineral Forming 
Fluids and Ore Genesis, Oct. 28-30. 1998, Tashkent. Uzbekistan. Abstracts 
volume. p. 39-41 (m Russian). 

See Translations. 

DOBES. Ptlr, 1998. Migra1ion of palcoflu1ds in gra111to1ds: A study of 
fluid inclusions in rocks and veins of the Melcchov massif (abst. ): Geosci. 
Research Reports for 1997, p. 30-31 (m Cuch). 

DOBES, Petr and ZAK. Ka~I. 1998. The Bohemian quanz lode and 
adJacent vein mineralizations in western pan of the Bohemian Massif: An 
example of fluid circulation in a shear zone (abst. ): Gcosci. Research Re• 
pons for 1997. p 48-49 (in Czech). 

DOBES, Petr. ZAK. Karel, LEACH. David, and VIETS. John, 1998a. 
The Bohemian quartz lode and adjacent vein mineralization in the Bohe• 
mian massif; an example of fluid circulation in a shear zone (abst.) Pro­
gram and Abstracts. PACROFI VII. Pan-American Conf on Research on 
Fluid Inclusions. June 1-4. Univ. of Nevada, p. 25. First author at Czech 
Geological Survey, Khirov 3. 118 21 Prague I. Czech Republic. 

The Bohemian Massif contains Late-Vari scan to Post-Variscan hv­
dro!hermal minerals and vein-type mineralization (Ag-Pb-Zn. U. Au. ·11uo­
rite-barite) localed predominately in or close to zones of intensive regional 
shearing or faulung near boundaries of crustal blocks that experienced 
different uplift histories during the Late-Hercynian period. 

The Bohemian Quartz Lode (BQL) is more than 55 km long and up lo 
50 m wide and is located in a major NW-SE shear zone along the western 
margin of the Bohemian Massif. 

The vein bodies are hosted in gneisses. Quartz in the BQL 1s of poly­
cyclic or1gm and shows patterns of dissolution. rCCl)'Slalhzauon and cata­
clasis. but quartz in the parallel Zhor vein show weaker patterns of recrys­
tallization The Mutenin deposit consists of three massive or brecciated 
silver-bearing quartz-carbonate vems. The Michalovy Hory ore district 
consists of a swarm of about 30 steeply dipping. hydrothermal quartz• 
carbonate veins contammg nuorite, baritc and a complex suite of Pb-Zn. 
Ag-Bi.Co-Ni. U minerals. 

Fl mall the minerals have variable L.V ratios. interpreted as the result 
of continued healing and necking of I al low T atler nucleation of the V 
phase rather than boiling. Th ranged from 118 to 208°C. Te and Tm 1nd1-
cate the m1X1ng oflo" and high sal F of variable Na-K-Mg.Ca-CI compo­
s111on. The lo" Tc observed in the latest quartz of the BQL may indicate the 
presence of LiCI m the F. (Tabular data dcletedj. 

Measured 6"0 of quartz. 6D ofhydrochcnnal kaolinite and sericnc. 
and Th all show that the hydrothermal F of the late phases of BQL and of 
adjacent mineralization had 6110 values from -5 to •5~ and 6D between • 
60 and • 70%. (SMOW) and were neither magmauc nor metamorphic. 
(From authors· abstract by E.R. l 

DOBES. Pttr, ZAK. Karel, LEACH, David and \'IETS. John, 1998b. 
Late 10 post-Variscan hydrothermal activil) along the Bohem1-
cum/Moldanubicum bounda/)· (Bohemian Massif) (abst.). Proc. of the 
Int ·1 Conf. --Palaeozoic Orogenesis and Crustal Evoluuon of European 
Lithosphere"' published in Acta Universitatis Carohnae-GL"Ologica 1998. v. 
42. no. 2. p. 227. First author at Czech Geological Surve). Klarov 3. 118 
21 Prague I. Czech Republic: cmaJI (dobcs!u,cgu.cz) 

This study compares the palcofluid cvofuuon in the Bohemicum and 
Moldanubicum Units These crustal blocks experienced d11fcren1 meta• 
morph1c conditions and dilferent uplift and/or subsidence histories during 
the Var1scan and La1e-Variscan periods. In the high-grade metamorphosed 
Moldanub,cum Unit. F types evolved from early retrograde-metamorphic 
h1gh-01"o F of H1O-COi-CH~ type 10 high-o1"o medium sal aq F. that were 
later replaced b} aq F wnh lower 6110 values and highl} variable sal I ca:,e 
study Au-bearing deposit Kaspcrske H~. DuriS0Hi Cl al .. 1997) In the 
Bohcm1cum Unit. where the influence of the Vanscan metamorphism was 
neghgibh:. lo" T aq F ofvariahle sal were recorded {case stud~-.:r,uher• 
mal Pb-Zn deposn Stnbro. Dobes et. al. 1995). Presence ofh1gh-<i •o F 
was not observed m this unit 

34 

Volume 31. 1998 

'The most mtens1ve F circulation occurred along the tectonic boundary 
of the two units. where many vein-type hydrothcnnal mineralizations can 
be found (Pribram ore region. mineralizations which occur parallel to the 
Bohemian Quartz Lode). These veins arc located predominately in or close 
to zones of intense regional shearing or fauldng. In this boundary zone. F 
l)'l)Cs evolved from aq high-011O. medium to high sal F. imponanl for sul­
fidic deposition. to low saJ aq F characterized by lower 6110 values thal 
dominated during formation of uraninite-bearing veins. 

For this study. a combination of optical m1crothermome1ry and ion 
chromatography data on Fl and stable isotope data were obtained for min• 
crals of several mineralizations: Uranium mineralization of the Dylcn and 
Vitkov deposits, post-U carbonatc-sulfidic mineralization of the Dylen and 
Vitkov deposit. sulfidic (polymetallic) mmeralizations and U mineraliza­
tion of the Pribram ore region. a complex suite of Pb-Zn. Ag-Bi-Co-Ni and 
U minerals of the Michalovy HOI)· ore d1stnct. barren regional quartz lodes 
(Bohemian Quartz Lode. Zhor quartz vein). and Cu-carbonate mineraliza­
tion of the Mutenin deposit. 

At least three types of F can be distingushed for the mineral 1zation 
studied: HiO-rich, Hi0-C01, and HiO-C~ F. H-0-C'Oi and H20-C~ F 
with low sal have ~n found only in prc-U minerals of the Dylcn deposit 
and the Vitkov deposit. respectively. The H2O/CO: or H2O/CH.. ratios in I 
arc highly variable and indicate lhc trapping of heterogeneous F under con­
ditions of pamal 1mm1scibility between CO2 or CH4 and H.z() at T to 3S0°C 
and P to I .S kbar. 

For all other mineralization types. aq F with mixtures of chlorides of 
variable Na-K-Mg-Ca-Li composition arc typical Th of I vary generally 
from 300°C to < IOO•c. Sal (from 0.5 to about 25 \\~/4 NaCl eq.) with 
solute compositions that differ largely bctwccn various mineralizations but 
also within different stages of the individual deposits. Based on F compo­
sition and stable isotopes. different 1)-pes of deep!} circulating and shallow 
circulating aq F. controlled by the F-rock interactions al diftcrcnt T. can be 
distinguished, Shallow circulating F arc Na-K-r1eh with low to moderate 
sal. while F deeply circulating in relatively cool crust arc characterized by 
high sat and high CaC(z content. probably the result of interaction of F with 
plagioclasc 

Water-gas immiscibility. interaction with the host rocks. F mixing and 
T decrease seem to be the most imponanl mineral deposition mechanisms. 
Mechanisms of F movement probably include F movemenl from zones of 
lithostatic to zones of hydrostatic P. seismic pumping. and thermal convec­
tion, 

F types recorded m the Czech pan of the Bohemian Massif arc similar 
to those recorded by Reutel ( 1992 I in the western margin of the Bohemian 
Massifin Gernl811y. (Authors· abstract) 

DOMBROWSKI, A .. HOERNES, S. and OKRl 'SCH. !\I., 1998. Fluid 
Oow along deep crustal shear zones within me1aturb1dites of an ancient 
accreuona,y prism. Damara orogc:n. central Namibia (nbst ): 17th General 
Meeting Inn. Mineralogical Association. Aug 9-14. 1998. Toronto. Can­
ada. Abstracts and Programs. p. A76. First author al Mineral. Inst., Univ 
of W0rzhurg. 

The Khomas trough in central Namibia compnses metamorphosed 
deep-sea turbiditcs within an ancient accretionary· prism sening at an active 
continental margin. Extensive scapoliuzation of metapclitcs and metap­
sammites occurred leading 10 the formation of two conspicuous marker 
honzons. Scapohtes are of miuoni1ic compositions with an EqAn content 
of 54-67'0. F sal calculated from scapolite compositions revealed values of 
0.16-0.43 X aCI in the cocx1s11ng F with an average of0.22. Fl studies 
revealed corresponding F sal of I 0-20 "1% NaCl eq While in the southern 
scapol11e-bearmg sequence the XNoCtvalues are quite uniform. in the nonh­
em horizon differences of0.18 XN.o are preserved w1thm a single sample. 
Thus. F compositions must have changed at least wnhin the nonhem sca­
polile•bearing sequence of the Khomas Trough and Ffrock ratios must have 
been considerably low otherwise chlorine gradients would have been 
smoothed out. Stable isotope studies confirm F-rocl.. mtcraction w11h saline 
pore I' of the sediment pile from where they were expelled during progres­
sive delbrmauon. F migration along prominent shear zones caused exten• 
sive scapohllzation of predominantly pelilic sequences m the nonhcrn 
Khomas Trough. (From authors' abstract by ER ) 

i)O:\ll~Y. S.C. and CAMM, G.S .. 1998. Gcolog) and hydrothermal de­
velopment of Bostraze-Balleswidden kaolin dcpos11. Cornwall. Unued 
Kingdom Trans lnstn Min Metall. (Sect. B Appl. earth sci). v. 107, 
Sc:pt-Oec. 1998. p. 148-157. 

The de\elopment of the kaolin deposits of Devon and Cornwall is still 
relativcl> poorly understood. 'The earliest F (350i;IOO&C) were released 

----• -
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from the crystallizing granite: and led to hydraulic fracturing and progres­
sive feldspar al1c:ra1ion of the biotite granite host rock. This stage was 
characterized by quartz-tourmaline-cassi1c:ri1c:-bcaring veins and perva­
sively grc1sc:nized wall rocks. A netWOrk of microcavitic:s within the granite: 
feldspar hosted the: early smc:ctitc:/illite assemblage:. A latc:r. low-T 
( I 00+-50°C) and less saline stage associated wnh active faulting produced 
the kaohnitic alteration assemblage and c:p1thc:rmal quartz veining The 
stable oxygen and hydrogen isotopic composition of the clays suggests that 
they were: formed from waters that had similar characteristics to modem 
groundwaters and to the composition of meteoric F that predominated 
dunng the late: Mesozoic and Caenozoic. The isotopic and mineralogical 
nature of the clays implies widespread rccrystalhzaiion and isotopic re­
equilibration of kaolinite: in a near-surface: system. These findings suppon 
the: theory that the kaolinite: deposilS arc the product of both supergc:ne and 
hydrothermal processes. (From authors· absltaCt by E.R.) 

DOREMUS, R.H., 1998. Diffusion ofwatc:rand oxygen in quartz: Reac­
tron-dilfusion model: Earth and Planet. Sci Leners. v. 163. p. 43-51 . 
Author at Materials Sci. & Engincc:nng Dcpl. Rensselaer Polytc:chnical 
Inst.. Troy. NY 12180. USA. 

A mechanism of diffusion of isotop1cally tagged water in crystalline 
quartz by molecular diffusion and nc:tworl. exchange is compared to previ­
ous experiments. Three c:xperimc:ntal factors arc explained by this mecha­
nism. (I) The: apparent diffusion coc:ffiCICIII is proportional to the fugacrty 
of the water Vin the G phase. (2) The ratio of apparent diffusion coeffi• 
cic:ntS at 80ife in deuterium-hydrogen exchange: 10 

110-160 exchange: is 
4. 7 ( !0)5• (3) Below 700°C the measured diffusion cocff1eien1S bc:comc 
time dependent. This dilfusion-<:xchange mechanism is valid for a wide 
vanc:ty of crystalline: and amorphous oxides. (Author's abstract) 

DRAGl!SANU, C., SUGISAKI, R. and MURARJU. T .. 1998. Gas 
analysis of crushed minerals from pegmatrtc:s of the Romanian Carpathians 
(absl.): 1998 Annual Meeting of the: Geochemical Society of Japan (Kyu­
shu University). Oct. 9-11. 1998. p. 127 (in Japanese:). 

DRESCHER, J., KIRSTEN, T. and SCHAFER, K., 1998. The rare gas 
inventory of the continental crust. recovered by the KTB Contmc:ntal Deep 
Drilling Project: Earth and Planet. Sci. Leners. v. 154. p. 247-263. 
Authors at Max Planck lns1i1111 ftlr Kemphysik. POB 103980. D-69029 
Heidelberg. Germany: email (kirst@kosmo mpi-hd.mpg.dc). 

The rare G inventory of the continental crust as mirrored in the conti­
nental metamorphic rocks from the "KTB" deep drilling site in NE Bavaria. 
German}. has been investigated through systematic isotope analysis of 47 
whole-rock samples and IO mineral separates from the drill core. The 
measured concentrations confirm a very low crustal inventory of noble G 
relative to the atmosphere ( <0 2%). The presence of a mantle helium com­
ponent 1s Klc:ntified by ;He excess leading to a ran~ of2 X 10-' :S JHc:r'He 
:S 6.5 X 10"' for the: He 1so1op1c ratio. Excesses of·1Nc and ofheaV) xenon 
isotopes demonstrate the presence: of nuclc:ogenic and fissionogenic G. The 
acqu11c:d data have enabled us to esumatc: loss rates of4He, :1Ne_,. "'Ar 
and 136Xen.. from typical crustal rocks. The global extension of these rates 
10 the continents yields degassinJ fluxes of(2-3) X 10"1 atoms m·2 s·• for 
4Hc:. 900-2100 atoms m-1 s·• for 1Ne and (1-6) X 10• atoms m·1 s·' for 
""'Ar. in good agreement with theoretical estimates from atmosphenc mod­
els and from accumulated G 1n crustal F. (Authors· abstract) 

DRIES!'liER. T., SEWARD. T.M. and TIRO!lil. l.G .. 1998. Molecular 
dynamics s1mula11on stud} of ionic hydration and ion association m dilute 
and I molal aqueous sodium chloride solutions from ambient to supercriti­
cal cond111ons: Geoch1m, et Cosmo. Acta. v. 62. no. 18, no. 3095-3107, 

DRISTAS, J.A., HANSTEE~. Thor. DEGlflLLEN. A.O. and Kl INIS, 
Soledad, 1998. Glass and CO:-dominatc:d fluid inclusions m diopsidc:-rich 
xenolnhs and chnopyroxene phenoc1ys1S from a comenditic 1rach~11: La 
Pampa province. Argentina (abst.): Terra Nostra 1998. no ~- 16th Latin 
American Conf, on Gcosc1,. 14-16 Oct.. l 998. Bayreuth. German). First 
au1hor at Dcp. Gcologia. Universidad Nacional Del Sur. San Juan 6 70, 
8000 Bahia Blanca. Arl!enuna 

The main volcanic -suite m La Pampa province: is represented by rocks 
ofrhyohtrc 10 dacrtic composmon. trach}1ic rocks are firstl> dc:scnbl:d in 
this stud~. We have investigated glass and Fl in diopside xenoliths and 
clinopyroxene phc:nocrysts from comenditic trach)1C in order to put con­
straints on the11 genesis and ascent history 

Xenoliths and d1opside phenocryslS contain abundant glass and CO! 
dominated P Fl A tcw PMI contain an opaque d:d oftitaniferous magnet• 
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ite. Host minerals on the: wall oflhc: glass I have not been observed (sic). 
Therefore, the glass composition is assumed to reprc:sc:nt quenched relictS 
of an onginal rtiyolitic magma Microprobc: analyses of glass I indicate: a 
myolitic composition. The densities of COi Fl in diopsidc: suggest c:nuap­
ment P of 4.1-4.8 kbar at 900-IOOO"C. High-T microlhermorncuy show 
the formation of a new phase (probably K-fc:ldspar) in the Ml at 700-750°C 
(on heating or cooling?). (From authors" abstract by E.R.) 

DUAN, Zhcnh10, MOLLER. NaMy, and WEARE, John, 1998. Theo­
retical prediction of phase separa&ion, PVT propenics. enthalpy and fu. 
gacity of supercritical fluids H20-CO,-CH.-N2 up to 2000 k and I 00 kbar 
{abst.): Program and Abstracts, PACROFI VII. Pan-American Conf. on 
Research on Fluid Inclusions, June 1-4. Univ. of Nevada. p. 26. Au~ at 
Dept. of Chem. 0340, Univ. of California. San Diego. La Jolla. CA 92093-
0340. 

See FIR v. 29, p 46 (E.R.). 

DUAN, Zhenh110, WEARE, N11nry and WEARE. J,H .. 1998. The pre­
dicting power of a molecular dynamics equation of state for supercritical 
fluids up 10 2000 Kand 100 kbar (abst. ): Geological Society of America 
Annual Meeting 1998. Abstracts, v. 30. no. 7, p. A-186. Authors at Dept. 
of Chemistry. Univ. of California. San Diego. CA. 

Based on the intermolecular forces. we developed an EOS for predict­
ing the thermodynamic propenies (free energy. phase equilibria, fugacity. 
PVT propenies. enthalpy. etc. l of Hz(), CO2, CH.. Ni. HiS. 0 1. Hi. Ar and 
their mixtures in the supercritical region up to 2000 K and I 00 kbar. This 
EOS is very simple with only two parameters for each component and each 
binary. It predicts thousands of data points from many different labs in the 
world. (Authors· abstract) 

DUBESSY. J., PIRONON. J., LAMB, W., McSHANE, C., POPP. 8. 
and THIER\', R., 1998. Analysis of methane at low concentration in fluid 
inclusions with Raman spectroscopy (abst.): Program and Abstracts. 
PACROFl VII. Pan-American Conf. on Research on Fluid Inclusions. June 
1-4. Univ. of Nevada. p. 27. First author at CREGU. UMR 7566. BP-23, 
54501-Vando:uvrc-lcs-Nancy Cedex. France. 

The aim of this work is to develop a method for precise determination 
ofisochores ofFI of the: H2O-NaCI-CH., system with low methane concen• 
tration for application to diagc:nctic F. This approach 1s based on a combi­
nation of Raman spectrometry and thermodynamic modelling. 

Calibration of the ratio of Raman scattering cross-sections of the water 
stretching mode and the: symmetric stretching vibrational mode: of methane 
as a function ofT and sal was carried out on synthellc Fl have: been pre­
pared accordtng to the method of Lamb ct al ( 1996. GC A 60; 1895-1898) 
in fluonte at 400°C and 5 kbar. Spectra were obtained at different Ton a 
micro-Raman spectrometer (Labram. ODilor) equipped with a heating 
stage 1<0 Chaix-Mc:ca) 

The stretchmg band of water shows (figure deleted I a decrease: of ilS 
full width at half height and a shift of itS maximum in1ens1~• wavenumber, 
The S)mmetnc stretching Raman band of methane 1s shifted down by nine 
wavc:numbers wuh respect to itS value for low G density but rcmams con­
stant. The tnlc:nsity increase of the methane band is related to its increase m 
concc:nua11on in the: aqueous phase durtng increasing T to the Th. A com­
puter code allows the calculation of the concentration of methane m the L 
aq solution coexisting wnh the vapor inside synthetic fluid inclusions as a 
function of 1empcra1urc. 

The applicauon of Raman data for the calculation of the isochorc of 
natural Fl of the H2O-NaCI-CH. system is made following the different 
steps. 11 measurement oflhe salinity (mN,ol of the aqueous phase from 
microtherrnometric data: 2) dcterminauon of the methane molality (mcH-1) 
from the Raman data and the calibration curve established for mN.a. mcH-1 
and T=Th. 3) calculatton of the pressure (Ph) at the Th for the considered 
isopleth using the: Duan model: 4 l calculation of the 1sochore in the single 
phase region assuming that it is parallel to the 1sochore of an hypothetical 
Fl with the same sal and same Th. (From autho~- abstract by E.R.) 

Ol"BL\ANSK\", \'uri, 1998a. Traces ofc:p1geneuc hydrothermal activity 
in the Yucca Mountain volcanic tuffs: Fluid mclusioos and gas chemistry 
evidence (abst.). Program and AbstraclS. PACROFI VII. Pan-American 
Cont: on Research on Fluid Inclusions. June 1-4. Univ. of Nevada (abstract 
distributed at meeting but not published in the volume) Author at Inst of 
Mineral and Petrog,. Russian Acad. of Sci .. Siberian Branch 2 Akadem1ka 
Koplluga Ave . Novos1b1rsk. 630090. Russia. email 
(dubl~an•<iu1ggm.nsc ru). . 

Composue opal-quartz-calcite veinlcts were sampled in the exploratory 
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tunnel excavated in welded tuffs of the Yucca Mountain unsarurated zone. 
VemletS typically exhibit several episodes of mineral deposition. recorded 
by alternating layers of: (I) botrioidal opal: (2) drusy quartz (crystals up to 
2-4 mm); and (3) calcite (massive to spary; crystals up to 1.5 cm). Optical 
studies revealed four basic types of Fl in calcite: (I) all-G; (2) G-rich with 
variable but generally higJI V/1... ratio (-0.4-0.8); (3) G-L with low V/1... raiio 
(-0.1 and less): and (4) all-L (with some 5-7 morphological subtypes). 

G-rich and all-G I: I were broken open in glycerol and the change of 
the bubble volume was measured. Subsequently. the bubble was immersed 
in selective sorbents in order to remove: (I) COz; (2) Cl-4+other hydrocar• 
bons, and (3) 0 2. The content of a G was estimated from the bubble vol• 
ume decrease. The rest of the G that was not dissolved in sorbents was 
attributed to a mixture Nz+noble G. 

Large bubbles. occupying 40-80"/o of vacuoles m the Yucca Mountain 
subsurface calcites have been interpreted elsewhere as the air-water~arbon 
dioxide phase trapped during the growth of calcite from films of percolat­
ing rainwater. Our results (mainly Cl-4 and lesser N1) do not corroboraie 
these early interpretations. On crushing. most bubbles decreased in volume 
which implies P< I atrn. The G chemisuy is not compatible with the envi• 
ronment of aerated unsaturated zone. G-rich I in the Yucca Mountain cal­
cite were trapped from a F carrying both dissolved and gaseous methane. 
This implies crystallization from deep-seated methane-rich thermal water in 
the saturated zone. 

G-L I: all together. we obtained 82 Th from 6 calcite samples. with a 
significant part of the data coming from I assembled in groups and having 
consistent V/L ratio. 89% of the data are bracketed by 356 C and SS6C, 
which suggests crystallization of calcite at T exceeding the present day ' 
unsaturated zone T. This result is in accord with previous (thougJI meager) 
Fl data obtained by the DOE for calcites recovered from boreholes at -200-
400 m, Calcite Fl T suggest a paleothermal gradient of I 50-160°C/km. 
which is ten times the value of the present-day gradient in the unsarurated 
Lone of l2-J5°C/km. 

Conclusion: textural and Fl data suggest deposition of calcite en­
countered in the Yucca Mountain exploratory tunnel was from deep-seated 
low-T thermal F. Both thermometric and G chemistry data are incompati­
ble with the vadose-zone setting. (From author's abstract by E.R ) 

DUBL\'ANSK\', Yuri, 1998c. Fluid inclusions in calcite samples from the 
ESF. Nevada Test Site. Nevada: Report assembled for the Office of the 
Attorney General of the State of Nevada, July. 1998. Washington. D.C.. 16 
pp, 

A report on a study performed by the author, June IS-19. 1998. at 
Virginia Tech. Blacksburg, Va. (E.R.) 

DUBLYANSKY, Y.V. and REl'TSK\', V.N .• 1998. Epigenetic quartz­
opal-calclle crusts in the Yucca Mountain subsurface: Fluid inclusions and 
stable 1so1opic evidence of hydrothermal origin (abst.); Geological Society 
of America Annual Meeting 1998. Abstracts. v. 30. no. 7. p. A-79. 
Authors at Inst. ofGeol .• Geophys. and Mineral .. 3. Koptiuga Ave. Novo­
sibirsk. 630090. Russia: emall (dublyan@uiggm.nsc.ru) 

Srudied calc1te encrusts open fissures and loosely cements broken 
fragments of welded tuffTiva Canyon Crusts often contain layers of drusy 
quartz and opal up to 3 mm thick. Two-phase fl suitable for thermometry 
were observed in six out of twelve calcite samples collected from the first 
300 m of the tunnel excavated under Yucca Mountain. 

Most samples yielded Th of 35-7o~c : in one sample the earliest part of 
the crust showed T in excess of 70-S0"C. 

All-gas I were studied from one sample: they appeared to contain a 
low-density G (upon crushing oil entered the I). Less-than-atmospheric P 
indicates entrapment at elevated T. Being submerged in bromine water. 
bubbles released from I decreased in volume by - 80%. which ind1ca1es the 
presence of hydrocarbons (alkanes) m them. Raman spectroscopy revealed 
strong fluorescence of inclusion ·s contenL suggesting the presence of cyclic 
aromatic hydrocarbons (C6 and higher). Fluorescence decreased under 
prolonged laser excitation. indicating decomposiuon of hydrocarbons. The 
host calcite did not fluoresce. 

Gas chromatographic analyses of calcite. quartz and opal from crusts. 
as well as bedrock tuffs revealed presence of methane. acetylene. heavier 
hydrocarbons (CJ to C6). plus several unidentified heavy hydrocarbons. 

Stable isotop1c profiles taken across 0.5-1.5 cm crusts revealed quite 
constant values ofoxygen, bracketed by a I.S perm1I interval H 0.5 to-
12.0 PDB). Carbon m most samples gradually decreases from -2 10 -{i 

perrml PBD along growth direction. More complex behavior was found in 
one sample. the earhesl part of which revealed unusually 'light' oxygen(· 
19.5 permd PDB) and 'heavy· carbon (0.6 permil PDB), 
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Presence of drusy quartz. elevated Fl T, chemistry of G trapped m I. 
and e)(U'Cmely uniform stable isotopic features of calcite indicate formation 
of quartz-opal-calcite crusts at Yucca Mountain in association with as­
cending hot and at times G-charged F. Observed features are not compati­
ble with the aerated vadose zone setting and the 'rainwater· origin postu­
lated for these formations. (Authors· abstract) 

DUCEA. Mlhai and SALEEBY, Jason, 1998, Crustal recycling beneath 
continental arcs: Silica-rich glass inclusions in uhramafic xenoliths from 
the Sierra Nevada, California: Earth and Planet. Sci. Leners. v. 156. no. 1-
2. p. 101-116. Authors at California Inst. ofTech .. Div. of Geological and 
Planet. Sci., Pasadena, CA 91 \2S, USA. 

We describe silica-rich (up to 69.5% SiO2) glass I trapped as grain 
boundary films and within-grain pockets in ultramafic xenoliths hosted by 
Pliocene basalts from the Sierra Nevada. California The ultramafic xeno­
liths are lherzolitcs which equilibrated in the Sierra Nevada upper mantle al 
1150-1 I 80"C and 1.4-1 .8 GPa. The glass I have trachytic compositions. 
semllar to previously described s1hcic M from mantle xenoliths. We have 
determined the Sr and Nd isotope composiuons of the grain boundary films 
using a leaching technique, and calculated the Jlass isotopic compositeons. 
The glass 11Srt"Sr (0.7077-0.708S) and 1•3Nd/ ""Nd ratios are higJier than 
in the ultramafic xenoliths and distinct from the host basalt rateos Glasses 
are characterized by Nb depletions. enrichment of I ight rare earth elements. 
and the presence of negative Eu anomalies. indicating a crustal ongin for 
the M source. The Nd isotope ratios are inconsistent with an oceanic crust 
as the source for these fonner M. The source rocks must have been conti­
nental materials recycled in the mantle, either foundered lower crust or 
subducted sediment. Low Rb/Sr and high Sr/Nd ratios observed in the 
glasses arc suggesting a lower crustal source. The Sierra Nevada lower­
most crust (amphibole-bearing garnet pyroxenites and other dense Meso­
zoic cumulate mafic-ultramafic rocks). as defined by studies of older. Mio­
cene xenolith-bearing volcanic rocks from the same area (Ducea et al .. J. 
Geoph. Res .• 1996), has isotopic compositions similar to the glass I. Geo­
logic and geophysical evidence mdicate that the Sierra Nevada has lost its 
eclogitic arc rooL probably by foundering in the mantle. We propose here 
that the silica-nch glasses were formed by low percent partial melting of 
the dense, cold Sierran batholith1c lowermost crust during root delarnina• 
tion. Further tests need to be aimed at addressing the viability of the mam 
altemahve to our interpretation. i.e .. derivation of glasses from melting 
subducted sediments. (From authors· abstract by E.R.) 
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DUGDALE. A.l., and HAGEMA~N. S.G., 1998. Multi-phase vein sys­
tem at the Bronzewing gold deposit. western Australia: Evidence for ho­
mogeneous T-X conditions during ductile shear zone development and 
formation of the vein system (abst.): Program and Abstracts. PACROFI 
VII. Pan-American Conf on Research on Fluid Inclusions, June 1-4. Univ. 
of Nevada, p. 28. Authors at Dept. ofGeol. and Geophys .• Centre for 
Strategic Mineral Deposits. Univ. of Western Australia. Nedlands-Westem 
Australia 6907. Australia. 

The Bronzewing gold deposit, in the Eastern Goldfield Province of the 
Yilgam craton in Western Australia is hosted in g,eenschist facies tholeiittc 
metabasalts. Gold mineralization is confined to type 2 shear and exten­
sional veins of white buck quartz that contain three types of Fl ( I ► mixed 
aq~arbonic I with highly variable CO2 and CH! content (7-93 and 1-15 
mol%. respectively) and sal (0.1-21 eq. \\1o/• NaCl). Aq:carbonic rauos are 
variable within trails and clusters: (2) aq I of variable sal ( 7 lo 17 eq. wt% 
NaCl): and ( 3) carbonic I that contain up to 30 mo I% Cl-4. All three Fl 
types arc observed in the same trails and clusters. therefore, they form an 
assemblage. possibly trapped during phase immiscibility. 

Extensional veins are of two typeS: ( I) composite open space-fill veins, 
and (2) buck veins that are locally laminated and contain wallrock frag• 
ments (implosion breccias). Both shear and extension vems are mostly 
observed in the proximal alteration zone of the Bronzewing lode-gold de­
posit. They are an integral part of the ductile shear zone system and contain 
variable amounts of quartz. carbonate. albite. scheelite, and the majority of 
pyrite. pyrrhotite and gold. Fl trapped in these veins are· (I) mixed aq­
carbonic I with higJlly variable CO! and CH, content ( I 0-97 and 0-41 
mo!%. respectively) and sal (0.1-21 eq. wt% NaCl). Aq:carbonic ratios are 
largely constant. althougJI. locally. the ratio can be variable within md1vid­
ual trails or clusters: (2) aq I ofhigJlly variable sal (0.1 to 23 eq wt% 
NaCl). and (3) carbonic I with compositions that range from CH,•rich ( up 
to 85 mol% CH~) 10 nearly pure CO2. All three I types are observed in the 
same trail or cluster in most samples. hence they form an assemblage and. 
therefore. are interpreted to have been trapped contemporaneously. This 
suggests possible widespread F immiscibility at the time of trapping. 

- -
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Funher investigations should constrain the extent of phase immiscibil­
ity and its effect on the precipitation of sulfides and gold. {From authors' 
abstract by E.R.) 

DUNIN-BARKOVSKAYA, E.A. and KIM, M.A., 1998, The c,ystallo­
morpholog1cal features of auriferous arsenopyrite from the gold-sulphide­
arsenic ores of the KokpalaS Deposit (abst): Scoond APIFIS lnt' I. Symp. 
Mineral Forming Fluids and Ore Genesis, Oct. 28-30. 1998, Tashkent 
Uzbekistan, Abstracts volume. p. 144 (m Russian). 

DUNIN-BARKOVSKA YA, E.A., LEBEDEVA, S.E. and TSOI, LA., 
1998. Thennobarogeochem1cal invesugations at lGG Alcad Nauk Uzbeki­
stan (abst. ): Second APIFIS Int'!. Symp. Mineral Forming Fluids and Ore 
Genesis, Oct. 28-30, 1998, Tashkent, Uzbekistan. Abstracts volume, p. 30-
35 (in Russian). 

See Transla11ons. 

DlTNIN-BARKOVSKAYA, E.A.,SMIRNOVA, S.I(., KOZLOV, V.V., 
TSOI, L.A. and LEBEDEVA, S.E., 1998. The fluid regime of the forma­
tion of the major productive mineral associations and paragencscs of gold­
ore. rare-metal. and fluonte deposits of Uzbekistan (abst.)· Second APIFIS 
lnt'l. Symp. Mineral Forming Fluids and Ore Genesis, Oct. 28-30. 1998, 
Tashkent. Uzbekistan, AbslT3ClS volume. p. 69-72 (in Russian). 

DUTKIEWICZ. Adri1a1, RASMUSSEN, Birger and BUICK. Roger, 
1998. Oil preserved m fluid inclusions in Archaean sandstones: Nature. v. 
395. 29 Oct. 98. p. 885-888. First author at CSIRO Div. of Petroleum Re­
sources. P.O. Box 136, North Ryde New South Wales, 1670, Australia. 

Oil is generally thought to be geologically young, as it is thermody­
namicall} unstable when subJected to elevated T over long periods in open 
systems. Indeed. almost all petroleum production comes from rocks 
younger than 400 My. Although the oldest known oil occurs in rocks 
1,650 My old, suitable source rocks were abundant in older geological 
successions and circumstanual evidence suggests that some of these gener­
ated hydrocarbons early in their history. Herc. we report the discovery of 
oil preserved in Fl in sandstones dating back ~3.000 My. Most I lie within 
healed microfractures confined to individual detrital quartz grains. indi­
cating thal their oil was emplaced before Atchaean or palaeoprocerozoic 
metamorphism sealed D,1 110,ds and thus came from older (m some cases 
Archaean) sources. Th~ H apparently acted as inert P vessels that pro­
tected the oil from subsequent degradation by circulating F and mineral 
catalysts. Because of its groat age. this oil can po1cn11ally yield valuable 
information about the size and diversity of the early biosphere. particularly 
if1t contains molecular fossils (biomarkers) of the pnmordial orgamsms 
from which it was derived. (Authors' abstract) 

DUTROW, B .• FOSTER. C.T •• Jr. and TRAVIS, B .• 1998. Deciphering 
signatures of fluid infiltration using 3D thermal and textural modchng 
(abst.). 17th General Meeting Inn. Mineralogical Association, Aug 9-14. 
1998. Toronto. Canada, Abstracts and Programs, p. A 76. First author at 
Dept. ofGeol , LSU: email (dutro ~eol.lsu.edu) 

We developed an approach linking soph1s11ca1cd thermal models of 
mtruding plutons with texture models in metamorphic rocks in order lo 
relate metamorphic textures 10 pluton geometl) and host rock permcab1hty, 
features which control heat and F flow around the intrusion. Thennal and 
flow fields are cakulated for a specific pluton geometry and permcabilil} 
distnbut1on usmg a 3D heat and mass transfer code. This calculauon pro­
vides P, T. X. t data for specific locations in the aureole. In tum. these data 
arc used as input for textural modeling calculallons to simulate develop­
ment of rock textures at these host rock locations. Calculations with and 
without pore F convecuon. completed for condiuons approximating meta­
morphism m Mame. USA. show that two disunct distributions of mineral 
textures develop depending on infiltration of F These calculations suggest 
that rocks from NW Mame more closely resemble the convecuve case 
(From authors · abstract by E.R.) 

DUVAL, B.C .. RIVIERE, Catherine. Dl "RAND. Bernard, ROllRE. 
Fraac:ois. SCHNEIDER. Frederic: and ESCHARD, Rtmi, 1998. Opti­
mizmg the mterplay between industry and acadermc partners: ··hub" func• 
tion of a research msutute and application to petroleum geosc1ence and 
educa11on (abst )· AAPG Bull .. v. 82. no. 10. p. 1910-1911 

A consortium will evaluate and predict reservoir quah11es m subthrust 
condmons by reconstructing their burial and thermal h1Stor) and usmg 
fine-tuned pe1rophys1cs and Fl technolog1~. These charactcnzauons are 
studied along regional transects across the foreland and foothill parts of 
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selected basins. {From authors· abstract by E.R.) 

DZIGGEL. A., KLEMD, Rand STEVENS. G., 1998, Gold mincraliza• 
tion at Turk mine. Zimbabwe: Geochemical and statistical investigation of 
the hydrothennally overprinted host rock. Univ. of the Witwatersrand, 
Johannesburg, Economic Geol. Research Unit Information Circular No. 
327. 16pp. 

Indexed under Fl 

EDRAKJ, M1nsour and ASHLEY, P.1\1., 1998. Magnetite skam al the 
Biggenden mine, Southeast Queensland (abst.): Geological Soc. of Aus­
tralia. Abstracts No. 49, 14th Australian Geological Convention. 
Townsville. July 1998. p 130. Authors at Div, ofEanh Sci., Univ of New 
England. Annidale. NSW 235 I. 

The development of skam has followed contact mc1amorphism and 
has replaced all rock typcS. Skarn mineralogy indicates that there was an 
evolution from prograde through 10 various retrograde assemblages 

Fl m prograde skam calcite and garnet yield high Th (500-SSO"C) and 
high sal (- 30 wt.% NaCl eq.). Fl in the sulphide-stage quartz and calcites 
homogenise between 300 and 400°C and have lower sal. The 6110 and 
6°C values of carbonates show the typical trends of depletion characteris• 
tic of skarn deposits, which results from infiltrating magma1ic/me1conc 
waters. The water/rock ratio has been calculated at 5-10 durmg skam for• 
mation. (From authors· abstract by E.R.) 

EDWARDS, K.J. and VALLE\',J.W~ 1998. Oxygen isotope diffusion 
and zomng in diopside; The importance of water tiJgacity during coolmg 
Gcochim. et Cosmo. Acta. v. 62. no. 13. p. 226S-2277. Authors at Dept. of 
Geol. and Geophys .• Univ. of Wisconsin. Madison. WI 53706. USA. 

The oxygen isotope ratio of diopside correlates with crystal size m 
many high grade marbles, permitting the intracrystallinc self-diffusion rate 
of oxygen in diopside to be empirically evaluated. Measurements and cal­
culations to predict differences in 6110 between large and small [75 µm 10 
1.5 mm) diopsidc grams lead to the following conclusions. ( I l Natural 
diopsides in this study exhibit variations in oxygen isotope ratios between 
grams of different size. which are related to the peak T. cooling rate, and 
water tiJgacity during cooling. Diffusion distances arc properly modeled by 
the size of an entire gram: there is no evidence for subdomains. (2) In 
slowl} cooled high grade metamorphic terrains, water fugacity can be 
highly variable from rock to rock during cooling. For many rocks, water 
tiJgacuy is the most important constraint on the degree of oxygen isotope 
retrograde exchange. (From authors· abstract by E.R.) 

EGGEN KAMP. H.G.~t .. l 998. The stable isotope geochcnustry of the 
halogens Cl and Br A review of IS years development (abst. ): Mmera­
log1cal Magazme. v. 62A V. M. Goldschmidt Conf. Toulouse 1998. Ex­
tended Abstracts. p. 411-412. 

EGGINS. S.M .. Rl 'DNICK. R.L. and Mc:DONOl1GH, W.F., 1998, The 
compos111on of peridoutes and their minerals. A laser-ablation ICP-MS 
study: Earth and Planet Sci. Leners, v. 1S4. no. 1-4. p. 53-71 Authors at 
Research School ofl.:arth Sci .. The Australian Nat'I. Univ .. Canbcna ACT 
0200. Austraha. 

We have analyzed the major- and trace-<:lcment contents ofmmerals 
and whole rocks for two peridotite xenohths from SE Australia (one ferule, 
the other infertile) usmg both soluuon chcm1sll) (ICP-MS) and microbcarn 
techniques I EMP. LA-ICP-MS). The mcompa11ble hthophile trace cle­
ments are contained mainly in sohd mineral phases at upper-mantle condi• 
uons. with no s1gnifican1 concentrations occumng on grain boundaries or 
m Fl. (From authors· abstract by E.R.) 

EGLE. Susanne. de WIT, l\t.J. and HOERNES. Strph1n, 1998. Gond­
wana fluids and subsurface palaeohydroloS} oflhe Cape Fold Belt and the 
Karoo Basm. South Africa tabst.): Special Abstracts Issue Gondwana I 0: 
Event Stratigraphy ofGondwana. published in J. of African Earth Sc1.. v 
27. no. I A. p. 63-64. First author at Dept. ofGeochem .. Umv. of Vienna, 
Austria. 

The obJec1ives of our investigations are: ( I l 10 discern the ongm of the 
F; and (2) to determine the link of regional. synorogenic crustal hydrology 
to regional 1o:c1onics and mineralisation. 

Basin-scale exammation of stable isotopes and Fl. as well as structural 
and petrological mves11ga1ions. were earned out on a variety of quartz­
calcite vems of different relative ages and on their low-grade sedimentary 
host rocJ.. 

Microscope studies of multiple cross-cutting Fl trails confirm pulsa-
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tory release of F. All Fl reveal large amounts of aq low-sal F ( 0 87 wt% 
NaCl eq.) with varying amounts ofC~. In addition. methane was identi• 
lied m vein samples of the Collingham Formalion (Ecca-Group), Fl in the 
samples of the Cape and Karoo Supergroups display a well-defined peak of 
Th al I 50-I 70°C with F P between I. I and 2.0 kbar, Quartz-calcite gco­
thennometry reveals Tt between 2J0-260°C, which are in the upper range 
of the observed Th. Methane-water geothermometry yields a similar Tt of 
23S°C Th within the confines of the DR-3 U deposits are about 270°C. 
with estimated Tt becween 300-3S0°C and F P bccween 0,4 and 1,0 kbar, 
Thus, samples from within the Beaufort Group at the most northerly extent 
of one: of our traverses, have higher T than those found SO km to the south 
in stratigraphically lower sequences of the basin. 

Hydrogen isotope measurements on Fl of vein-quartz scatter widely 
within the range of -94.4<(D<-54.3%o (SMOW), with a mean of 74.7%o. 
[(D=oD?] Such low (D values indicate a major contribution from meteoric 
sources. Calculated oxygen isotope composition of the F vary becwcen 4 
and 2%. SMOW, suggesting a mixture of meteoric water with F which were 
generated by diagenet1c dehydration reactions and devolatilisation during 
low-grade metamorphism. reaching P-T conditions of the lower gR:Cn• 
schist-facies, 

There is a clear correlat1on between the I ighl stable isotope signatures 
of the vein-quartz and their immediate host rock isotopic compos111ons. 
The latter are. without exception, dcr,leted in 180 with respect to vein• 
quartz. There is a large scatter in 61 C values ofvem-calcite (-18.7 to 
8 5%. PDB). The scaner in 613C values of the host rock carbonate most 
likely reflects the P signature of the sedimentary environment and variable 
volumes of organic matter. 

Synthesis of the geochemical results with numerical basin modelling. 
yield a consistent model for the subsurface Gondwana hydrology during 
Cape Orogeny close to the Pcrmo-Tnassic transition, in which Karoo basi­
nal F are internally rock-buffered but locally focused along north verging 
listnc thrusts. 

We speculate that the F responsible for the near-surface mineralisation 
of the DR-3 \J deposits (and local Au rn:h sulphide ennchment) are associ• 
ated with heat transpon from, "'blind'" thrusts cutting-up through the deeper 
section oflhe southern Karoo Basin; and that these thrusts root in the cen• 
tral section of the Cape Fold Belt. The F observed in the sedimentary se­
quences of the Cape Fold Belt and the Karoo Basin may be called ··1ectonic 
brines ... The presence oflarge volumes of water during Cape Orogeny at 
such depths. as well as the presence of large amounts of U suggest thal the 
DR-3 U occurrence is one of the few examples of mesothcrmal ore deposits 
within a compressional regime (From authors· abstract by ER.) 

ELLEN DORFF, Barbara, SCHMIDT, Kai, and SI DIANN, M.G., 
1998. Comparison ofLA-ICP-MS and ion chromatography methods m the 
analysis of single fluid inclusions in evapontes (abst.): Program and Ab· 
stracts. PACROFI VII. Pan-American Conf. on Research on Fluid lnclu­
s1ons. June 14. Univ. of Nevada, p. 29. Authors at Fachgebiet Mineralo­
gie. Geochem1e. Salzlagerstatten. Techmsche Universitat Clausthal. 
Adolph-Roemer-Strallc 2A. D-38678 Clausthal-Zellerfeld. Gennany; email 
(ellendorff@immr.tu-clausthal;de) 

The two methods for the chemical analysis of smgle Fl are compared 
in their accuracy and precision using I > 250 µm in diameter and synthetic 
~tandards, The first method 1s based on the microextracuon of single Fl as 
described by Lazar and Holland ( 1988). The bnnes are diluted and ana­
\yzed b) 10n chromatograph) (IC). In a single measurement. maJor and 
trace elements (Na K. Mg. Ca Cl, so~. Li. Br) of bnnes and host crystal 
can be analyzed accurately. 

As a new method for the analysis ofsmgle Fl. laser ablation induc­
uvel} coupled plasma mass spcctromeuy (LA-ICP-MS) is employed. Dif. 
ferent approaches of calibration are discussed. Beside glass standard mate­
rials m1crowells filled with calibration solution are tested, 

l A-ICP-MS enables the determination of considerably smaller I (than 
m1croextractionl and a number of additional trace elements (e, g .. B. Rb. 
Sr) can be studied. (From authors· abstract by E.R. I 

ERNST, W.G. and Lil 1. Jun, 1998. Experimental phase-c:qu ilibrium study 
of Al- and Ti-contents of calc1c arnphibole in MORB: a semiquantitative 
thermobarometer· American Mineralogist, v, 83. no. 9-10. p. 952-969, 

Indexed under Fl. 

ESCHENBACHER, AJ., KVLE. P.R .. LOWE1'STERS. J.B., and 
Dl"l'iBAR,:--1.W .• 1998. Melt inclusion inves11gat1on of the volaule be­
haviour of fractionating. alkaline magma Mount Erebus. Ross Island. Ant­
arctica (abst. ): Program and Abstracts. PACROFI VII. Pan-American Conf 
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on Research on Fluid Inclusions. June 1-4. Univ. of Nevada p. 30. First 
author at Dept. of Earth and Environmental Sci .• New Mexico Inst. of 
Mining and Tech .• Socorro. New Mexico. 87801. 

Mount Erebus 1s an active. intraplate. alkaline volcano. At present. 
activity takes the form of a convecting. anorthoclase-phonohte lava lake 
that is emitting significant amounts of C~. The Mount Erebus phonohtes 
are most likely products of progressive fractional crystalhzauon from ba­
sanite and phonotc:phrite compositions similar to the lavas exposed on the 
flanks of the volcano and adjacent areas. 

Ml in phenocrysts from basanite. phonotephrite and phonolite were 
analyzed by Fourier transform infrared (FTIR) spectroscopy to detennine 
CO~ and Hi() concentrations. Ml in olivine from basanitc contain 
0.85±0.08 to I. 70±0.15 wt% H20 and 2704±222 to 6045±431 ppm CO2 
dissolved as carbonate. I in plagioclase from phonotephnte contain 
0.09±0.01 to 0.85±0,09 wt% HiO and 677±114 to 869±174 ppm CO2, Ml 
in anonhoclase from phonolite contain 0.14±0.01 to 0.3&1.0.04 wt% H~O 
and 533±54 10 843± I 18 ppm C~. These data are consistent with a frac- · 
tiona11on trend from basanite to phonolite that is accompanied by continu­
ous degassing and production of a progressively more H20-rich G. 

H10 contents of phonolite and phonotc:phrite correspond 10 saturation 
P of 5 to 20 bars and 5 to I 00 bars respectively. The concentration of CO2 
in the basanite indicates that it must have begun degassing a CO2-rich G al 
a P no less than 2.9 kbar. corresponding to a depth of - 9 km (Authors· 
abstract) 

ESSARRAJ, Samira. BOIRON, M.-C.. CATHELINEAU. Michel, 
BANKS. D.A .• EL BOUKHARI, Abdtlmajid and CHOUHAIDI, M. Y., 
1998. Brines relaled to Ag deposition in the Zgounder silver deposit (Anti• 
Atlas, Morocco): Eur. J. Mineral .. 1998. no. 10. p. 1201-1214. F1rst 
author al Faculte des Sciences et Techniques. BP 618. Marrakech. Mo­
rocco; email (boiron@cregu.cnrs-nancy.fr) 

The Zgounder ores occur in sets of quartz-calcite veinlets. cross­
cutting the Middle-Precambrian volcanoscdimentary formations ofS1rwa 
(Anti-Atlas. Morocco). Two major stages of mineralization are d1s1in­
gu1shed: 

i) A first stage is characterized by the deposition of quartz (biotile) 
together with As-Co minerals. This stage is also characterized by a variety 
of HiO-C():-CH., F with moderate densities. interpreted as F equilibrated 
with metasediments, These Fare trapped under rather high T (around 400· 
450°C) and a rather wide range of P attesting to probable P fluctuations 
from hydrostatic to lithostatic conditions. In addition to P and T drops. aq­
carbonic F have probably undergone episodic immiscibility, the latter proc• 
ess likely being related to the deposition of metals. 

ii) The second stage corresponds to the major (Cu-Zn)•Ag(Hg) ore 
deposition and clearly postdates the As-Co assemblage Silver deposition 
occurs after the crystallization of quartz-sphalcrite<halcop)Tite veins. but 
both Cu-Zn and Ag(Hg) ore-bearing Fare NaCI-CaCh brmes (24 to 40 
wt.% NaCl eq.+CaCh). Brines occur as several Fl types (L+V±halite 
cube). and were trapped undermmimum Tofaround 160-200°C. The ion 
chemistry of the Fl detennined by crush-leach analysis shows that brines 
display typical features of sedimentary F which interacted with evaporites: 
Na/K ratio ranges from 10 to 12. Na/Ca from 1.9 to 2.4. Na/Li from 220 to 
445. Cl/Br from 300 to 380 and Cl/SO, from 1100 to 2100. Fat the origin 
of the Zgounder Ag mineralization are thus Na-Ca hrines unrelated to the 
earlier As-Co ores. D1lu11on and slight cooling are the two mam driving 
mechanisms for silver deposition. as in several other examples from Anti· 
Atlas or Canada. (Authors· abstract) 

See also FIR 30. p :55-56 (E.R.) 
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ETOH, J., TAGUCHI, S., IZAWA, E. and WATANABE. K., 1998. 
Texture. fluid inclusion and origin of bladed-quartz (abst.): Abstracts with 
Programs. 48th Annual Mceung of the Society of Resource Geology. To­
kyo. June 17-19. No, 049 (in Japanese). 

[\'ANS, M.A., 1998. Hydrolog1c structure of the Central Appalachians 
during the late Paleozoic Alleghanian Orogeny (abst,): Abstracts with Pro­
grarns---Geological Society of America. v, 30. no, 4. p. I I, 

Indexed under Fl. 

E\'..\"iS, ~I.A .. EGGER. J., HAIGHT, J. and ELMORE, R.D., 1998, 
faarnining the relationship between remagnetization and orogenic fluids: 
Central Appalachians (abst. ): Geological Society of America Annual 
Meeting 1998. Abs1racts. v, 30. no. 7. p. A-126. First author at Dept. of 
Geol. and Planetary Sci .. Univ. of Pittsburgh, Pittsburgh. PA 15260; email 
(mae6+1J pitt.edul 
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One oflhe most commonly invoked remagnetization mechanisms for 
chemical remnant magnctizalion ·s (CRMs) is the migration of orogenic F. 
However, in spite of its popularity, the orogemc F hypothesis has not been 
ngorously tested Prelimina,y work in the central Appalachians suggests 
that a relat!OllShip between orogenic F and rcmagnctiz.alion is not straight­
forward. 

However, the F histones of the Onskany and the two limestone units 
differ s1gmficantly. Stable isotope and Fl data from vems indicaie that low 
sal (7-15 wt.% NaCl eq.), high T (155-225"C minimum) F migrated 
throu@h the Oriskany after folding. In contrast F in the Hcldcrberg and the 
Trenton were rcstnctcd to in-situ h1@h-sal. low T bnnes. Although the re­
sults from the Oriskany are consistent with remagnetization by orogenic F. 
such F are not di~tly related to the synfoldmg remagnetizations in the 
Helderbcrg and Trenton. (From authors· abstract by H.E.B.) 

EVERETT, Catherine:, 1998, Genesis of Lower Carboniferous-aged Irish 
Zn-Pb-(Ba) deposits· An example of a deeply circulating hydrothennal 
system· SEG Newslcner. No. 35, 1998. p. 8-9 Author at Dcp<. ofGeol. 
and Geophys . Yale Umv .. New Haven, CT. 

New evidence has been discovered m Ireland which supports the hy­
pothesis that ore F circulated through and reacted with weakly metamor­
phosed, altered, and strongly fractured Silurian sedimentary basement 
rocks. Fl and stable isotope data from basement-hosted quartz-carbonate: 
veins reveal the presence of a basemenH:quilibrated, high-T (> 200"C), 
moderate sal F which 1s strikingly similar to the high Tore F found in Fl in 
the lnsh basc:mc:tal deposits. There is also evidence for infiltra1ion into the 
basement of low T surface F (both brines and either seawater or meteoric 
water) Hydrothermal alteraiion in the Old Red Sandstone is highly local­
ized and probably was produced by highly focused F flow along faults by 
bascmc:nHquilibrated high-T F. These results, in conJunction with previ­
ous Pb, S. C. 0, and H isotope studies, imply that hydrothermal F flow 
within the basement rocks of Ireland was fundamental to the formation of 
the lnsh deposits. (From author's abstract by E.R.) 

FABRE, Ckik, DOIRON. M.-C. DU BESS\', Jc:a11, and MOISSETT[, 
Alain, 1998a. Laser ablation - optical emission spectroscopy (LA-OES): 
new improvements for the analysis of ind1v1dual fluid inclusions. minerals 
and glasses (abst ): Program and Abstraets. PACROFI Vil. Pan-American 
Conf. on Research on Fluid Inclusions. June 1-4. Univ. of Nevada. p. 31. 
Authors at CREGU 1111d UMR G2R 7566, BP23. 54501 Vandocuvre-les­
Nancy Cedex. France. 

The principle 1s the following· a Nd-YAG laser is coupled wnh an 
optical em1ss10n spectrometer which analyzes the emission lines of the 
elements present in the plasma resulung from the interaction between the 
laser and the material. 

A variety of improvements perrmt Na. Li. K and Ca emission Imes to 
be obtained simultaneously for each shot. Calibrations of element rauos 
have been earned out on synthetic glasses and synthetic Fl m quanz. Rc:­
productib1hty for net intensity of Na. Ca. Li emission lines in glasses 1s in 
the range 5 to 15% In Fl. RSD clement ratios arc between 8 and 15%. 
(From authors" abstract by E.R.) 

FABRE. C., BOIRO:--l. \1.-C .. Dl'BESS\', J. and MOISSETTE. A .. 
1998b. Laser-ablation optical-emission spcctromeUy: methodological de­
velopments applied to the analysts ofindividual fluid inclusions (abst ): 
Reunion des Scic:nccs de la Terre. Brest. 31 March-3 April. 1998. p. 111 (in 
French. translation by E.A J Burke). Authors at CREGU-UMR 7566. BP 
23. 54501 Vand~vre-les-Nancy Cedex: email (fabrc@cregu.cnrs-
nancy fr) 

Fl arc pnme objects for the reconstitution of paleocirculations and for 
the understanding of F-rod, interactions. A new analytical method is based 
on the opucal-emission spectrometry of a plasma produced by a pulsed 
laser. on spots of the scale of a few micrometers. The L in the Fl 1s reached 
after ablating the surface with the laser. The ions in the L phase can be 
recogmzed by the charactenstic radiations of their electronic transitions. 
Our work shows that 1t 1s possible to detect Na. K. Li. Ca. Mg. Sr. Ba. Cu. 
and Cs m Fl with a size in the order of several tens of micrometer The 
detect10n hmn varies beiween IO and I 00 ppm. depending on the element. 
Plasmas produced from a glass or from an aq solution have the same aver• 
age T. For this reason. the calibration of the intensil) ratios of the emission 
peaks of two clements 1s done with s}nthetic glasses for which the repro­
ducibility of the mtensny rattos 1s in the order of 5%. [sic] Such calibra­
t10n curves have been obtained for the ratios Na/Li. Na/K. and Na/Ca. The 
deteimmauon of the ratio of two cations in a natural Fl is based on the 
statisucal analysis of the absolute intensities of the emission peaks of these 
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elements. for which the RSD is in the order of 10%. 
This method allows thus to analyse ions in natural FL The challenge 

formed by the analysis of the ca1ion contents in an aq phase is on the way 
to be met: the analysis of quantities of matter lower than 10·1l kg w1ll then 
be possible. (Authors' abstract} 

FALLARA. Frandnc, SAVARD. M.M. and PARADIS, Suz,nnc, 1998, 
A structural, pecrographic. and geochemical study of the Jubilee Zn-Pb 
deposit Nova Scotia. Canada. and a new mctallogemc model: Econ Gcol .. 
v. 93, p. 757-778. First author at Geological Survey of Canada-Quebec. 
Centre Geosc1cn11fique de Quebec. P.O. 7500. Sainte-Foy. Quebec. Canada 
GIV 4C7. 

Quotes I data from Chi et al., 1995 (FIR 28, p. 22). (E.R.) 

FAN, Hongrui, JIN, Chrngwci and SHENG, Yuanchao, 1998. Ore­
forming fluid geochemistry of the Hatu gold deposit in Xinjiang. nonhwcst 
China: Mineral Deposits (Kuangchuang Dizh1), v. 17. no. 2. p. 135-149 (in 
Chinese; Engl abst.) Authors at Inst. ofGeol .. Chinese: Acad. ofSc1., Bei­
jing 100029 

The Hatu gold deposit is located in western Junggar of Xinjiang. adJa• 
cent to Kazakhstan. lying in north limb of Dalabute synclinorium of Jung, 
gar Hercyman folding belt Wall rocks of the: deposit are lower Carbonifer­
ous basalt-pyroclastic rocks. Orcbodies arc controlled by fault system of 
the old crater. Two ore types. quartz vein and altered rock. have been found 
in the mine. The ore veins contain abundant Fl, which arc mainly two 
phase G·L NaCl-Hi() and three phase NaCI-COr HiO with L COz, Ore• 
forming Fare rich in CO2. N1• Na· . K♦• er and so}·. bur merely contain 
simple ore-fonmng clements charactc:rizcd by Au-As-Ag-Sb. Orc-foiming 
F arc oflow sal. In the main mineralizing stage. saJ is 4.1 wt'¼ -6.3 m-/o 
NaCl eq. density 0.88 g/cm3

• /0il0-31- I0"31 Pa. and Eh 0.60--0.80 eV. 
The Fin the I have a wide range of Th from 160 to 360°C, but the best T 
range for gold deposition is from 230 to 260°C. Quartz from auriferous 
veins has 6110 values ranging from 15 4"-, to 17.S"-,. Calculated 6110 and 
6D values for the ore-forming F range fi'om 6.0'6o to 11. 7%. and -86%o to -
111 "-, respectively. suggesting derivation from later volcanic F mixed with 
meteoric water. F 1mmisc1bility and F-rock in1erac1ion may be the main 
causes for gold deposition in the mine. (Authors' abstract) 

FAN, Hongrui, XIE, Yihan and WANG, Yinglan, 1998a. Gc:oc:hcm1sUy 
of water frock rcacuon system of vein gold deposits: 6th National Meeting 
on Mineral Deposits. Nanjing. China, Nov. 25-28. 1998: Mineral Deposits 
(Kuangchuang D1zhi). v. 17 Supplement. p. 1043-1046 (in Chinese). 

FAN. Hongrui, XIE. \ 'ihan and WANG. \"inglan. 1998b. Fluid-rock 
in1eract1on during mineralization of the Shanggong structure-controlled 
alteration-type gold deposit in western Henan province. central China: 
Acta Pe1rolog1ca Sinica, v. 14. no. 4, p. 529-541. Authors a< Inst. ofGcol., 
Chinese Acad. ofSc1 .• Beijing 100029. 

The Shanggong gold deposit is contained wtthm a ducule shc:M zone 
in weak-metamorphosed rocks of the middle Proterozoic Xiong'er Group 
The ores occur as veins or as lenticular bodies within altered basalt>C• 
andesitic host-rocks, During F·rock interacuon. the ore-forming compo­
nents were not equally mob, le. Inner alteration zones arc characterized by 
additions in components such as Au. Ag. As, Sb and Ali()3• TiOz. Na2O. 
and by decreasmg in REE Fl data suggest that T and P dunng first stage 
ofF•rock interactions were 365-300°C and 285 MPa-200 MPa. and 
325-240°C and 160 MPa-100 MPa in gold deposition stage Primary F 
were associated with a homogeneous H2O-COrNaCI F containing 
0.18--0.24 Xcoi and 9.5--6.3"1, NaCl. and changed 10 aq F with 5 9-1.6% 
NaCl during gold minerahzing stage. F·rock interactions were main reason 
for gold deposition. (Authors· abstract) 

FANLO, Isabel and AYORA, Carlos, 1998. The evolution of the: Lorraine 
evaporite basin Implications for the chemical and isotope composition of 
the Triassic ocean: Chem. Geol.. v. 146. p. 135-154. First author at 
Cristalografia y Mineralogia Dpto .. Cienc1as de la Tic:rra. Edificio Geologi• 
cas. C/Pcdro Cerbuna. 12. E-50009-Zaragoza Spain 

Dunng the Upper Triassic times about 75 m ofhalire with minor an­
hydrite was depos11ed in the Lorraine basin. Samples of halite and sulfates 
were sysrematicall)· collected fi'om a borehole intersecting the sequence .. 
The chemical evolution of the original brine was invesllga<ed by X-ray 
microanalysis of Pl trapped in halite. The ong1nal bnnes were of the Na­
Mg-K •Ca-Cl type. being consis1en1 wtth the mineral association ofhalne 
and minor anh)drite Their solute content can be reproduced by evapora• 
tion of present day ocean composition m an open basin. However, some 
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modifications arc required. The inflow of a small excess of CaC[i into the 
basin ( 1.2 to 1.9% of the total rechaige) is required to explain the low so. 
values analyzed in Fl. The same inflow helps to explain more satisfactorily 
the low Na and high Cl contents. The back-reaction of brine with previous 
Ca-sulfate that fonns polyhalitc could explain the low and variable K val• 
ues analyzed. The excess of Ca with respect to present day seawater. and 
the fonnation ofS04-poor evaporitc sequences is the rule rather than the 
excepuon in the geological record. We have not been able to assess the 
ultimate origin of the Ca excess in the basin. Nevertheless. the great varia­
tion of the SO4 content within short vertical distances {centimeter scale), 
suggests that these variations arc due to processes taking place within the 
evaporite basin rather than to changes in the composition of the ocean al a 
global scale, The isotopic composition of sulfur and oxygen was deter­
mined using samples of sulfates from the same borehole. The 6"S values 
of2 I samples analyzed show a narrow variation: 634S = J S.5±0.4%o. The 
6110 values of eight samples analyzed show a wider range ofvariation: 
6110 = l3 .0±1.1'16o. None of the processes which modify the 6 values. such 
as sulfate reduction or additional sulfate sources {continental. recycling of 
sulfates from the m~ins). were clearly identified, The values of 6).IS._, = 
IS 7 to 14.5%. and 6 0.., = 13, 7 to 12.2%. for the sulfate dissolved in the 
Triassic ocean explain the 6 values of the sulfates intcrbcdded in the halite 
of the Lorraine basin, and most analyses reported in the literature. 
(Authors· abstract) 

FAURE, K., MATSUHISA, Y., METSUGI, H. and MIZOTA, C., 1998, 
Water-rich quartz and adularia veins of the Hishikari cpithcrmal Au-Ag 
deposit. southern Kyushu. Japan: m Water-Rock Interaction. G.B. Arehart 
& J.R. Hulston (eds), Balkema. Rotterdam ISBN 905410 942 4, p. 537-
540. First author at Dept. ofGcochem., Geological Survey of Japan. Tsu­
kuba. Japan. 

Thermogravimettic, manometric, and Fourier transfonnation infra-red 
analyses indicate that quartz and adularia from epithermal veins contain 
orders of mlll!Jlitude more water than would be expected in crystalline non­
hydrous minerals. The water is contamed within structural sites such that it 
1s released only at specific thermal energies. and not merely loosely bound 
to mineral surfaces or trapped within Fl. Petrographic studies reveal that 
the vems contain minor amounts of chalcedonic quartz, and that quartz and 
adularia contam abundant mineral I. possibly clay minerals. The chal• 
cedonic quartz and mineral I are most likely the source of the water. Re· 
suits from this study show that chemical and isotopic analyses of water 
extracted from whole-rocks. ostensibly from Fl. should be interpreted with 
caution. Ubiquitous recrystallisation and replacement textures in the 
Hishikari veins attest to a complex histo1y that may hamper the detennina­
uon of the original compos111on ofF and origin of metals. (Authors· ab­
stract) 

FEDOROV, I.I., BAGRYANTSEV. D.G., CHEPltRO\', A.A., 
OSORGIN, N. \ 'u., POKHILE'.'iKO, LN. and CHEPUROV. A.I., 1998. 
Expenmental investigation of the volatiles captured by crystalhzmg dia• 
monds: Geokhimiya. 1998. No. 4. p. 416-421 (in Russian. translated in 
Geochcm lnt"l.. v. 36. no. 4, p. 361-366). Authors at Inst. of Mine1al, and 
Pctrog .. Siberian Div .. Russian Acad. of Sci .• Umversitetskii pr. 3. Novo­
sibirsk. 630090. Russia. 

Chromatography was applied to determine the composition of the 
postcrystall ization gaseous phase alter diamond syntheses from the 
Feo 11,Nio1,.1-C system al high P-T parameters. The compositions of volatiles 
captured by diamonds and other high-P phases (recrystallized graphite. Fe• 
Ni alloy) upon their crystallization are determmed. The captured Gare 
more oxidized than their parent medium. A discrepancy regarding the 
extent of gaseous-phase oxidation should be taken into account when ap­
plying data from natural samples to reconstruct the parameters of diamond 
genesis. It is shown that the G speciation. when determined chromato­
graphically. differs substantially from speciation calculated for the P-T 
parameters of nms. Presumabl}. the difference in speciauon arises from 
assumptions commonly used m the thermodynamic modeling off equilib• 
ria at high P-T parameters. (Authors· abstract) 

FENG, Btngzhi and ZENG. Qindong, 1998. Ore-forming conditions of 
mantle fluid originated. Haigou gold deposit. J•lin· 6th National Meeung 
on Mineral Deposits. Nanjing. Chma. Nov. 25-28. 1998· Mineral Deposits 
(Kuangchuang Dizhi). v 17 Supplement, p. 969,972 (m Chinese). 

FENG. Shouzhong, 1998a. Geological features and metallogenic mecha­
msm ofZhengcha Pb-Zn mmeral deposit. Jilin. China: J. ofGuilin Inst. of 
Tech .. v. 18. no 2. p, 112-123 (in Chinese. abstract translated b) H.•Z. Lu). 
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Author at Jilin Inst of Geo!. and Mineral Resources. CNNC. Changchun. 
Jilin. China. 

The Zhcngcha Pb-Zn ore deposit is located in a folded Proteroroic 
graphic (graphitic?) marble and plagioclasc amphibolite beds and lenses. 
The Mesoroic granite porphyiy and dioritc are intruded into the Proteroroic 
graphic marble and plagioclase amphibolite and form skam and ore bodies. 
Pb. S. H. 0 and C isotopes have been studied. as well as the Fl. Two types 
of Fl: halite bearing and aq I have been found in calcite and quartz of the 
ore body. Th for dm bearing I range from 420 to 280°C with higher sal of 
36-63 wt.% NaCl eq. Th for aq I range from 150 to 400°C with sal from 3 
to 12 wt.%. The bulk composition of Fl is rich in K. Na. F and Cl. The G 
composition is mainly HiO and CO2. 6D and 6110ioo of Fl are in the 
mixture region of meteoric water. The sources of metal. sulfur and F are 
possibly from the intrusions and the· hostrocks. 

FENG, Shomhong, 1998b. The geological characteristics and genesis of 
Enni copper deposit, Jilin province. China: J. ofGuilin Inst. oflech .. v. 
18, no. 4, p. 323-329 (in Chinese, abstract translated by H.•Z. Lu). Author 
at Jilin Inst. ofGeol. and Mineral Resources, CNNC. Changchun. China. 

The Ermi copper deposits are mainly in the eastern part of the Meso• 
zoic quartz diorite and granitic porphyiy intrusions in the Ermi volcanic 
basin. The ore bodies. as vein. veinlet. veinlet--disseminatcd and dissemi­
nated types. occur at the inner and outer contact zone between quartz dio­
rite and andesitc volcanic rocks. The copper deposits could be classified 
into four ore stages according to the mineral paragenesis and alteration 
assemblage. The sulfur isotope data of sulfide of quartz diorite and copper 
quartz vein quartz arc very similar. possibly indicating the same source. Fl 
studies show the Tfrangcs from \61 to364°C. The origin of this deposit is 
associated with the intrusions. 

FENG, Zengzhao, ZHANG, Yongshrng and JIN. Zhenkui, 1998. Type, 
origin. and reservoir characteristics of dolostones of the Ordovician Ma• 
jiagou Group. Ordos. North China Platform: Sedimentary Geol., v. 118, 
no, 1-4, p. 127-140. 
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Dolostones are well developed in the Ordovician Majiagou Group in 
the Ordos area. North China Platform. These dolostones can be divided 
into four types: mud-sized to silt-sized crystalline dolostones not associ• 
atcd with gypsum and halite beds (type I). mud-sized to silt-sized crystal­
line dolostones associated with gypsum and halite beds (type II). mottled 
sill-sized to very line sand-sized crystalline dolostones (line saccharoidal 
dolostones} (type Ill). and mottled coarse silt-sized to line sand-sized crys­
talline dolostones (coarse saccharoidal dolostones) (type IV). Type I 
dolostones consist of mud-sized 10 silt-sized dolomite crystals. Laminar 
stromatolites. npple marks. mud cracks and birdseyes are common. Such 
dolostones are not associated with gypsum and halite beds. but lath-shaped 
pseudomorphs after gypsum are common The ordering of dolomites aver­
ages 0.59. and molar concentration of CaCOJ averages 51 .44%. 61JC av­
erages -0.8 per mil (PDB Standard), 6"0 averages -2.9 per msl. 6Ce aver• 
ages 0.83. The above characteristics suggest that type I dolostones result 
from penecontemporaneous dolomitizauon of lime mud on supratidal flat 
environments by hypersaline sea water. Type II dolostones mainly consist 
of mud-s•zed to silt-sized dolomite crystals. They are commonly well 
lammated but show no desiccation structures. Such dolostones are inter­
calated within laminated gypsum and hahte beds or are intermixed with 
them. Such dolostones resulted from dolomitization of lime mud by hyper­
sal inc sea water in gypsum and halite precipitating lagoons. Type Ill 
dolostones consist of coarse silt-sized to very fine sand-S1Zed dolomite 
crystals. They commonly underlie type I dolostones and grade downwards 
to dolomite-mottled limestones and pure limestones. The ordering of 
dolomites averages 0.63. and molar concentration ofCaCO) averages 
55.64%. one averages --0.2 per mil. 61'0 averages -3.3 per mil. 6Ce aver­
ages 1.24 Such dolostones resulted from reflux dolomitization by hyper• 
sahne sea water. Type IV dolostones consist of coarse-silt-sized to fine­
sand-sized dolomite crystals. In such dolostones. stylolites are cut by 
dolomite crystals. Fl are present. and Th commonly ranges from I 04 to 
203"C, The ordering of dolomites averages 0.85. and molar concentration 
ofCaCOl averages 50.65%. 61)C averages O 6 per mil. 6110 averages - 7.4 
per mil. and oCe averages 1.16. Such dolostones resulted from deep burial 
dolomitization. In the Ordos area. type I and II dolostones modified by 
palac:okarstsfication are the major G reservoir rocks of the Ordos Gas Field 
at present. Type IV dolostones show good reservoir characteristics and 
may also be potential reservoir rocks, (Authors' abstract) 

FE"'G• Zhongyan and CHANG, Zhaoshan: Studies on fluid inclusions 
associated with skam deposits in Tashang Mountains. China (abst.); Sec• 
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ond APIFIS Inf!. Symp. Mineral Fonning Fluids and Ore Genesis. Oct. 28-
30, 1998. Tashkent, Uzbekistan, Abstracts volume, p. 81-82 (in English). 
Authors at Dept ofGcol., Peking Univ., Beijing 100871. 

Four stages of skam formation of these many Fe-Cu-Pb-Zn deposits 
arc rccogniz.ed. Minerals and conditions of fom,ation of each stage in sev­
eral different skarn deposits based on Fl studies arc as follows: 

( 1) Early skam stage: garnet pyroxene. etc. show Th 570-580: sal 
(wt"/o) 43-65: and composition of the L phase (µg/lOg) [sic) Na· 11.9-
115.2. K0 0.5-1.6, Ca/ 3.3-78.4, Mg/ I 5.2-161. F- 0. l-3 2. er ll .7-
163.8, so/· 93.2-262.8. 

(2) Hydrosilicate-iron oxides stage: epidote, amphibolc, quartz. mag­
netite, hemalite show Th 345-422: sal (\\t"/4) 33-40; composition of the L 
phase in the I (µg/lOg) Na· 15.3-20. K. 2.0-3.9, Ca/ 2.0•3.3. Mgz· 0.3· 
o.9. F. 0.1-s.1. er 11 7-52.9, so/· Jl.8-93.15. 

(3) Hydrosilicate-base metal sulfides stage: chlorite. serpentine. seric• 
ite. calcite. pyrite, chalcopyrite, galena. sphalerite. etc .. show Th 230-260; 
sal (wt"/,) 16-17; composition of the L phase (µg/l0g) Na" 15.3-47.9, K0 

2.3-3.9, Ca2· 3.3-41.4. Mgz" 6.0-9.0, F 0.1-3.2, Cr 11.7-163.8, so/· 93.2· 
262.8. 

(4) Late stage: calcite shows Th 179-220 and sal (wt"/o} JO¼. 
In some skam deposits Fl studies also yield information about P 

XCO21XH1O. compos11ion of the V phase in the I, 6D, 6110 and /02 • 

(From authors' abstract by ER.) 

FERNANDEZ-MARTiN EZ. J. and VELASCO, F., l 996, The Troya 
Zn-Pb carbonate-hosted scdex deposit. nonhcm Spain: Society of Eco­
nomic Geologists, Special Pub. No. 4. p. 364-377. Authors at Dcpana­
mcnto de Mincralogia y Petrologia, Universidad del Pais Vasco. Apdo. 644, 
E-48080 Bilbao. Spain. 

Three exhalauve pulses of mincralintion arc recognized indicating 
different episodes of F expulsion during basinal dewatering. The deposit 
was produced by brines generated within the sedimentary sequence. Fl 
studies indicaLe sal of 14-26 wt.¾ NaCl eq. and Tin the range of IOO-
l 750C. consistent with those calculated according to the sulfur isotope 
fracuonation between mineral pairs. A homogeneous source involving a 
wann deep bnne 1s mdicated (From authors' abstract by E.R.) 1-63 

FERRILL, D.A., 1998. Cntical re-evaluation of differential stress esti­
mates from calcite twins in coarse-grained limestone: Tcctonophysics, v. 
285, p. 77-86. Author at Center for Nuclear Waste Regulatory Analyses. 
Southwest Research Inst., 6220 Culebra Road, San Antonio. TX 78283-
5166 USA. 

Comparison of two techniques to estimate differential stress magni­
tude based on calcite t\\ inning reveals significant() different calculated 
values of differential stress for limestone expenmentally and naturally de­
formed at low T. This inequality may be due to fundamental differences 
between the rock type (marble versus limestone) and deformation T (above 
and below 200°C) for samples used in technique calibration versus samples 
used m testing and application. A technique that was empirical!} derived 
from marble experimentally deformed at 200-800°C yields values of differ• 
ential stress that are factors of2 10 9 times larger than ma,imum differen­
tial stress measured during experimental de.fonnation of limestone at low T 
(<200°C). Differential stress estimates from naturally deformed rocks dif• 
fer by factors of 4 to 20. depending on the stress estimation technique used. 
Calcite tends to develop thin twins when defonned at T < 200°C. and thick 
twins when deformed at T > 200°C. Because of the T dependence of cal­
cue-twin morphology. and possible effects of strain. gram size. and poros­
it}. twin-based differential stress estimates should be used cautiously and 
pan1cular anent ion given to deformation T. (Author ·s abstract) 

Of peninence to the interpretation of Fl in deformed calcue (E R ). 

FIELD, M.P .. KERRICH, Robert and K\'SER, T.K., 1998. Character­
istics ofbanen quartz veins in the Proterozoic La Ronge domain. Sas­
katchewan. Canada· A comparison with aunferous counterpans· Econ. 
Geol .. v. 93. p. 602-616. First author at Inst. of Marine and Coastal Sc1.. 
Rutgers Umv • 71 Dudley Road. New Brunswick, NJ 0890 I. USA. 

The Star and Island Lake plutons of the Central metavolcamc belt. La 
Ronge domain. host a variety of barren and auriferous quartz veins m 
nonheast-trcndmg shear zones. with competency contrasts m the plutons. 
which may be annbuted to the nonhcast•trending boundat) of igneous 
phase changes. or the presence of nonheast-trending dikes. Veins range 
from 30 cm to 2 m wide. up to hundreds of meters long. and exhibit a dis• 
continuous pinch and swell nature common to most shear zone-hosted 
mesothennal quartz veins. Barren veins are parageneucally simple. quartz 
being the dominant hydrothermal mineral with sparse: microchnc: of van-
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able origin. Muscovite, a common ganguc mineral in aurifcrous veins. 1s 
rare in barren veins; in barrcn veins its occurrence is corrclated with 
slightly elevated gold values. 

Macro- and m1crofracturcs, preserved as veins and planar arrays of Fl, 
arc a result of episodic brinle failure. Regionally. veins have a bimodal 
distribution of 6110 quartz values with banen and auriferous veins occu­
pying both populations. Petrographically. Fl in barren veins arc idenucal to 
chose described in auriferous veins. Th values and ~lo NaCl and bulk 
COz arc also similar; however. an important distinction is that aurifcrous 
veins may have up to JO mol'Yo C~. a phase absent in bam:n veins. Dis­
tinct mineral paragenesis and C~ concent may represent different redox 
states of barren and auriferous F. Lack of reduced carbon species in barren 
veins may reflect an oxidizing F w,th few reduced sulfur ligands capable of 
lrallsponing gold. (From authors· abstract by E.R.) 

FISCHER. T.P., GIGGENBACH, W.F., SANO, Yuji and WILLIAMS. 
S.N., 1998. Fluxes and sources of volatiles discharged from Kudryavy. a 
subduction zone volcano. Kurile Islands: Earth and Planet. Sci. Leners. v. 
160. p. 81-96. First author at Dept ofGcol .• Arizona State Univ .• Tempe. 
AZ 85287-1404, USA. 

The Kudryavy volcano. a 996-m-high basaluc-andcsite cone on the 
nonheastem shore of lturup Island in the Kuriles, erupted last in 1883 and 
has since been in a persistent state of high-T. >900"C fumarolic activity. Its 
flux of SO2, measured by COSPEC, 1s 73± 15 1/d, or 416 Mmol/a. In com­
bination with the chemical composition of the parent G supplying the high­
T vents and the isotopic compositions of He and C. it allows the evaluatlOll 
of contributions from major source components. such as the mantle. the 
crusL and subducted sediments and carbonate. The 'HcfHe ratio of 6. 7 
RA corrcsponds to a 84% mantle ongin and a flux of2200 moVa of mantle 
He. At a He concentration of2200 moVMt. the mass of mantle material 
required to generate this flux ,s 1.0 MIia. The same mass produces a flux 
of 0.025 mo Va of 3He and of SO MmoVa of mantle C~ at a CO1/ 3He 111lio 
of 2x 1 OY. In conjunction with the C-isotopic composition of fumarolic 
COz of-7.2"-. about 12¾oflhe CO2 arc derived from the mantle. 67¾ 
from marine carbonate in subducted. altered oceanic crust. 21 % arc of 
subducted organic sedimenta,y ongin. The flux of280 Mmol/a of carbon­
ate-derived CO: requires 0.41 MIia of oceanic crust with a CO2 content of 
3 wt"lo. and 0.35 Ml/a of sedimcnta,y material 10 supply the organic CO2 
flux of86 Mmol/a. Nitrogen from the mantle contributes at most 2% to the 
total N? flux of 5.4 Mmol/a. Assuming N to be derived from the subductcd 
sediments. its concentration there 1s 460 mg/kg. The total volume of man­
tle and subducted material required to maintain the flux ofvolallles over 
the 100 a period of h1gh-T fumarolic activ1t} of Kudryavy is 0 07 km3 

Steady-state release of volatiles from the depth of arc magma generation to 
the fumaroles and conunuously high heat flow from the mantle arc mam 
process supponmg the long•tcrm high-T degassing at K udl)'aV} In this 
steady-state system, the calculated volatile fluxes are balanced over time by 
\'olaules originating from subducted sediments. hydrothennally-altered 
oceanic crust below the Kudryavy volcano and the mantle wedge. This has 
significant implications for volatile cycling from the Eanh's crust and 
mantle to the atmosphere. (Authors' abstract) 

FOGLIATA, A. and GONZALEZ. M.M., 1998. Study ofnuid inclusions 
of the wolframiferous quanz veins from Mazan Range. La Rioja. Argen­
tine· IV Meeting of Mineralogy and Metallogeny. (IV Reunion de Mmer­
alog1a ~ Metalogenia "MINMET") Sept. 23-25, 1998. Bahia Blanca, Ar• 
gentia. p 71-75 (in Spanish. Engl. abst.). 

The Fl of the tungsten-bearing quartz vein ofYanacoya deposits. Si­
erra de Mazan. La Rioja. arc studied. Wolfran111es occur associated with 
Paleozoic granitic rocks. As accompanying mmerals appear cassitente and 
scarce p}Tite. Fl in quanz veins have variable compositions. but three mam 
types arc recognized. Th detennined confirm that hypothcrmal F arc related 
to tungsten m1neralm1tion. (Authors' abstract) 

FOGLIATA, A.S., GONZALEZ. M.M., and MAS, Graciela, 1998. 
Fluid 1nclus1ons of the La Dcscubridora un deposu· Evidence offluid evo­
luuon (abst. ): Program and Abstracts. PACROFI VIL Pan-American Conf. 
on Research on Fluid Inclusions. June 1-4. Umv. of Nevada. p. 32 First 
author at CONICET- Umv. Nae. de Tucuman. M. Lillo 205. 4000-S M de 
Tucuman. Tucuman. Argentina; email (foghat@csnat.untmre.edu ar; gon• 
zale2ui1:nba.cdu.ar. gm~l(;riba.edu.ar) 

La ~cubndora consists of hydrothermal high temperature quartz 
l'eins hosted in Silurian-Ordovician granitic rocks. Most veins contain 
quartz. muscovite. pyrite. chalcopyrite and imcnopyr11c. quartz has d1scon• 
unous undulatory exunuon with cassitente both w11hm the quanz mass. or 
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with S muscovite in the alteration zones. Fl in anhcdral quartz veins range 
tiom <2 to 14 µm. Type I arc monoplwc (Lor V) aq PS and S. Type II 
have two phases: ~ arc L + V, either isolated or in clusters (P) or as S 
trails, and~ arc V+L, isolated. and condense a low density CO2 V 
phase on cooling. Type III arc P isolated Hz()+CO2 with three phases. 

Secondary Type tla Fl have a mean Th of222°C, and P and PS ones 
have mean Th of328°C (Fig. I). The mean Th for Type lib and Ill inclu­
sions ts also near 328°C. and all Fl have around the same saJ of 6 wt% 
NaCl cq. The CO2-H20 I fall in the homogeneous area on the empirical 
solvus for COi·H2O with 6 wt% NaCl eq. 

A broad span ofisochorcs is a conscqucnoc both ofvarying COi ratios 
and of a range ofT among all typcS ofl and show a range of P varying 
from 400 to 1400 bars. The unmixing mechanism which yields monophasc 
and aq Fl is assumed to have occurcd between 27S°C and 300°C, in the 
two-phase field. (From authors' abstract by E.R.) 

FOLEY, N.K. and FLOHR. M.J.K., I 998, Ancient gossan formation at 
the Bald Mountain VMS deposit. Maine: A natural analogue of the mod· 
em o,udation of tailings piles? (abst.)· The Geological Socic(y of America 
33"' Annual Meeting, Nonheastem Section. March 19-21. 1998. Ponland, 
Mame, v 30. no. I. p. 19, ISSN 0016-7592. First author at MS 954. U.S. 
Geological Sucvey. Reston. VA 20192: email (nfoley@usgs.gov) 

The Bald Mountain Cu-Zn-Au-Ag deposit is a weakly metamorphosed 
volcanogemc massive sulfide ( VMS) body occurring within an early Paleo­
zoic volcanic belt. Below a unit of glacial till, supcrgcnc Cu and overlying 
Fe-oxide. Au-. and Ag-beating gossan stages arc superimposed on under­
lying massive sulfide zones that display well-preserved mineralogical tex• 
tures (Slack and others, 1997). These characteristics make the gossan zone 
at Bald Mountain an ideal candidate for identifying chemical and biornin­
eralog1cal processes that control natural degradation of a massive sulfide 
bod}. which presently occurs within a transitional ecoregion characterized 
by hwnid-tcmpera1e to polar and wann~omincntal to subarctic conditions 
(Bailey, 1989). Natural degradation in sulfKlc ores and gossans is thought 
to be analogous to the modem oxidation of sulfide tailings piles (e.g .. Flohr 
and Hammarstrom. 1997). 

The geometry of the supcrgene Cu and Au-Ag gossan zones argues 
against an Ordovician seafloor weathering origin for the gossan (Slack and 
others. 1997). Fl data for P. two-phase (1-v) I in quartz intergrown with 
gocthite yield T up to -SS°C. thus indicating that the formation of the po­
rous and boxwon: gocthite gossan took place at T considerably wanner 
than those found in modem surfic1al environments. Stabilities of some of 
the S sulf81e minerals suggest a pH range of 4-6 for the most recent F in­
volved in the hfe cycle of this VMS system. (From authors' abstract by 
H E.B.) 

FOl'iAREV. V.I., TOURET, J.L.R. and KOTELNIKOVA. z.A., 1998. 
Fluid inclusions in rocks from the Central Kola Granuhte area (Baille 
Shield): Eur. J. Mineral .. 1998. no. 10. p. 1181-1200 First author at Inst. 
ofExpenmental Mineral., Russian Acad. ofSci., Chemogolovka. Russia. 

Metamorphic rocks of the Archean Central Kola granuhte area. Baltic 
Shield. contain two major Fl types: gaseous and salt-bearing aq (brines). 
Most of the abundant gaseous I arc CO2-rich. containing up to 5-35 mol¾ 
Nz Almost pure Ni-bearing (with occasionally up to 7.9 molo/o C~) and 
CH~•rich I also occur. Brine I contain CaCli (up to 21.8-28.3 eq. ~1%)· or 
NaCl (9.9-30 Seq. "14'/o)-rich F. Late. low-sal aq I (mostly pure HzO. con­
taining occasionally up to 6.1 eq m°/4 NaCl) have also been observed. 

N1-rich and CO2-rich F with maximum N2 contents occur only in BIF 
and closely related endcrbites. together with CaCh-bearing brine I. Other F 
typeS occur in all other investigated samples (pclitic gneiss and pla­
giogneiss. enderb1tes). 

The increase of NJ content (from 5 up to 35 molo/o) in the CO2•rich F 
causes a regular decrease ofbolh homogenization (T., always to L) and 
final Tm, from -17 to -4S.4°C and -57. 7 to -61.7°C. respecuvel}, In pure to 
almost pure (<S mol% N2) CO2 I, density variations for synchronous (S}n• 
genetic) I (GSl=groups of synchronous I) are essentially due to post­
trapping changes, either volume changes (notably volume decrease. leading 
to a density increase of the enclosed F) and/or leakage (density decrease). 

The Central Kola granulite area has been submincd to three mo:tamor­
phic events: MI (670±20"C. S 1±-0.S kbar). M2 (S6S±l 5"C. 4 0±0.S kbar) 
and lower-grade M3. From the location of the I in minerals equilibrated at 
a given metamorphic stage. and from comparison between I isochores and 
mineral P-T data. it is inferred that Nz-. CaCh-. and most CO2-rich I are 
related to the MI event. Some P, lower-density CO! I in M2 garnet n:prc• 
sent M2 F. They indicate CO1 P at M2 conditions lower than metamoll)hic 
P (by about I. I kbar). whereas some isochores for MI and M2 I ( V"46. 7 
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and S.12 cm3/mole, respectively) correspond to F P higher than metamor­
phic P. This is explained by a combinaiion of partial Hi() lcaltage and 
volume decrease of the I during post peak-metamorphic conditions. The 
overall interpretation leads to a model of cyclic alternation of stable (quiet) 
subisobaric cooling periods (post MI and M2), followed by shon episodes 
of decompression during uplift (leading to M2 and MJ, respectively). 
(Authors' abstract) 

Sec also FIR 30, p. 60 (E.R.) 

FORTIJNA, Jobn, 1998, Late porphyry- related gold mineralization at the 
Kingking porphyry Cu-Au deposit, Mindanao. Philippines: SEG Newslet• 
tcr. 1998, no. JS, p. S. Author al Dcpc. of Geological Sci .. Univ. ofMichi• 
gan. Ann Arbor, Ml. 

Gold is deposited with copper in the potassic zone of most porphyry 
copper deposits. but can be remobilized during retrograde alteration or by 
later, unrelated hydrothermal events. Gold at the Kingking porph)T)' Cu­
Au deposit in the Philippines is in quartz-p)Tite veins on the periphery of 
the high-copper l.OOC. These veins arc enclosed in scricite~lay~hlorite 
alteration and cut main-stage quartz-chalcop)Tite-bornitc veins in dccpcr 
parts of the deposit. The gold-quartz-pyrite veins previously were inter­
preted to be of epithermal origin, based on lack of Cu-sulfides and the lo­
carion ofKingking at the south end of the eastern Mindanao epithermal 
gold belt. Quartz in the main-stage quartz~halcopyrite-bomite veins con­
tains isolated P L-rich I with halite. sylvite. hem111itc and chacopynte dm. 
and V. The I homogenize at 650 to 700°, have sal of7o+ wt.% NaCl 
equivalent, and define a halite trend. Quartz in the gold-quartz-pyrite veins 
contains identical Pl with the same dm and similar sal. These I homoge­
nize at slightly lower T (SS0-660°C) and fall on the same halite trend. 
Close similarity of F in the two vein typcS suggests that Au-bearing quartz• 
pyrite veins arc pan of the porphyry system, and formed at slightly lower T 
and slightly later than main-stage copper mineralization. The combination 
of high gold grades and lack of copper values in these gold-quartz-pyrite 
veins is unusual, however, and suggests that conditions during retrograde 
alteration of porphyry systems permit significant movement of gold. with 
no copper. (Author's abstract) 

FOURNIER, Patrll'ia, OELKERS, E.H .. GOUT, Robert and POK­
ROVSKI, Glcb, 1998, Experimental determination of aqueous sodium­
acetate dissociation constants at temperatures from 20 to 240°C: Chem. 
Gcol., v. ISi, p. 69-84. first author at Laboratoire de Geoch,mie. CNRS 
UMR 5563. Univ. Paul Sabatier, 38 rue des Trcnte Six Ponts. 31400 Tou• 
louse. France. 

Dissociation constants ofsod,um acetate ion pair (NaCHiCOO°) were 
determined at the L-V saturation P by Raman spectroscopy at T from 20 to 
240°C and by potentiomeuy at T from 25 10 I 72°C. Large differences 
were found between these two experimentally determined data sets. These 
parameteis are used to assess the formation of these complexes at T and 
solution compositions typical of natural F. (From authors· abstract by 
E.R.) 

FRANK, M.R., CANDELA, P.A. and PICCOLI, P.M .. 1998a. Estimated 
copper concentrations m magmatic vapor and brine in a sulfur-bcanng 
brinc-vapor-haplogranitic melt-intermediate solid solu1ion-pyrrhotitc sys• 
tem at soo•c and I 00 MPa (abst. ): Geological Society of Amenca Annual 
Meeting 1998. Abstracts. v. 30. no. 7. p. A-371. Authors at Laboratory for 
Mineral Deposits Research. Dept, ofGcol., Univ, ofMacyland, College 
Park. MD 20742; email (frankS4@geol.umd.edu) 

The transpon and deposition of some ore metals by a magmatic vola­
tile phase (MVP) has long been accepted. The MVP may be a low-sat v. a 
high-sal brine, or both. Experimental studies in sulfur-free systems have 
shown Cu prefers the high-chloride brme over the V (Candela and Holland. 
1984. GCA. v. 48. 373: Williams et al. 1995. CMP .• v. 130. p. v. 121. 
388). Recent studies of Fl from natural senin~ have shown that Cu pref­
erentially partitions into the V relative to the bnne in natural (sulfur­
bearingl. sub-solidus V-brine systems (Audctat ct al. 1998. Sci.. v. 279. 
2091 ). Therefore. we performed experiments in the system brine-V­
haplogranitic M-intermediate solid solutions (lss)-pyrrhotitc (Po)-quartz at 
80ifC. I 00 MPa and at an oxygen fugac1ty buffered by N1-NiO. Both V 
and brine Fl were trapped in a sihc81e glass and quartz. Fl that trapped the 
magmatic V phase contain: I) a large V bubble. 2) liquid. and 3) one or 
more opaque dxl. Fl that trapped magmatic brine contain: I) a V bubble. 
2) liquid. 3) multiple halne/sylvite dxl. and 4) two opaque dxl. Both typcS 
of Fl may contain at least rwo typcS of opaque dxl: one 1s tetrahedral and 
the other is ma!Jletic. platy. and hexagonal. these crystals are assumed to be 
lss and Po. respectively (both minerals are present in the capsule at the end 



Fluid Inclusion Research 
of a run). The Po crystals can be manipulated inside each Fl by an external 
magnet, allowing for a detailed examinacion of the er geomctty. Opaques in 
V Fl iR domina1cd by lss with rare Po. Brine Fl have more Po. but Jess lss 
relative to V Fl. Order of magnitude. model Cu concentrations in the Fl 
due to dm alone were calculared from the relative volume of an opaque dxl 
and its host, given measurements of the dimensions of the crystals and the 
host fl. V (n=38) and brine (n=36) Fl con1ain 0.8±(0.2) x Io• (2a) and 
0.2±(0.1) x Io• (2a) ppm Cu, respectively: producing a partition cocffi• 
cient (D'lbcu) on the order of 4 for Cu between a coexisting V and brine. 
Cu concentrations in the M (measured by EPMA)-27±(2) (2a) ppm. 
yielding model values ofD'~u •3±( I) x HY (2a) and rl'l""1'cu 
=0.7±(0.4) x 102 (2a). These preliminary results differ from those of sul­
fur-free experiments. but closely approximate findings from natural sys• 
tems. suggesting sulfur may play a role en the complcxalion and transport 
of Cu en the high-T, low to moderatc.f(O2) realm of magmatic• 
hydrothennal systems. (Authors· abstract) 

FRANK. M.R., CANDELA, P.A. Md PICCOLI, P.M., 1998b. K· 
feldspar-musocvite-andalusite-quartz-brine phase equilibna· An experi­
mental study a1 25 to 60 MPa Md 400 10 550°C: Geochim. ct Cosmo. 
Acta. v. 62. no. 23/24, p. 3717-3727. Authors at laboralOI) for Mineral 
Deposits Research, Dept. ofGeol .. Univ. of Maryland. College Park. MD 
20742. USA. 

Felsic magmas may evolve one or more water or chlorine-rich F 
phases which can transport heat and solutes into associa1cd hydrolhcnnal 
systems and can contribute to altc:ralion and ore deposition. The composi­
teon of a subcritical, V-undcrsaturalCd high-sal L phase (brine) in cquilib­
num with K·feldspar-muscovite-quanz and muscov11e-andalusite-quartz 
was detcnnincd for P and T ranging from 2S MPa and 400°C to 60 MPa 
and 550°C. Values oflog1o (KCVHCI) have been oblalned. Comparison of 
our results with previous studies conducted at higher P and with lower-sal 
aq phases show that the mineral stability fields in the K-feldspar­
muscovite-andalusite-quartz system shift to lower KCVHCI values with 
increasing sal and decreasing P. (From authors' abstract by E.R.) 

FRANTZ., J.D., 1998, Raman spectra of pows1um carbonate and bicar­
bonate aqueous fluids at elevated temperatures and pressures: comparison 
with theoretical simulations: Chem. Geol .. v. I 52, p. 211-225 

FREZZOlTI, M.L., DALL.Al, L, GIORGElTI, G. and SHARP. Z.D., 
I 998, Fluid inclusion and stable isotope evidence for F migration during 
metamorphism in the Priestley metamorphic complex (O'Kane Canyon. 
North Victoria Land. Antarctica) (abst.): 17th General Meeting lnt'I. Mm­
cralog1cal Association, Aug 9-14. 1998. Toronto. Canada. Abstracts and 
Programs. p. A32. First author at Dip. di Scienz.e delta Terra. Univ. of 
Siena; email (frczzoni@dst.unisi.it) 

Fl, F-mineral equilibria and stable isotope studies have been used to 
derive P. T. composition and origin of F during low-P high-T metamorphic 
events. 

Fl iR preserved in veens in two localities. Two veins (MR 17 and 18) 
were s.mplcd in a C-bcanng rnctapelite belonging to the uppcr-grcenschist 
facies; two veins (MRl9 and 25) were sampled in lower-amphibolillc fa. 
cies C-bearing marbles and mctapclites. A single grouping of structurally 
controlled early Fl have been recognized in each vein set. In lower­
amphibolitic facies rocks. trapped F arc H10-CO1-CH mixtures (Flued A: 
SO molo/o CO2 and 4 mol% CH.) in marbles. and HiO-COi-N2 mo,tures 
(Fluid B: 50 mol%CO2 and 10 molo/o Nil in schists. Entrapment off with 
different compositions occurred during vein formation. at about soo-sso~c 
and 3-3 S kbars F P. These I underwent re-<quilibration during cooling that 
resulted in density increase. without change in composition. In lower-grade 
schists. vems were formed from a single H2O-C◊:-cH~ F phase (Fluid C 
30-60 molo/o CO2 and 4 mot% CH.) at 350-400°C and 2 kbars F P. (From 
authors· abstract by E.R.) 

FRICOVA. A., 1997, Fluid inclusion study of the Jilove gold deposit near 
Prague. Unpubl. M.Sc. thesis. Charles Univ .. Fae. of Sci .. Prague. 131 pp. 

The Variscan vein Au-bearing Jilovc deposit. within the Central Bo­
hemian Mctallogenic Zone with about I 5 t of total gold. is a mesothennal 
gold deposit. The early F. which deposited the main generat100 of quaitz. 
was ofH20-CO2•NaCl-caCl2 1)-pe. Quartz precipitated at 350-300°C and 
LS-2.0 kbar. The F heterogcnization process became more frequent with 
the decrease of FT to 270-250°C. 

In gold-associated quartz and carbonates H2O•NaCI and HiO-COr 
NaCl F were trapped separately in PS 10 S Fl trails. In all the cases the 
degree of fill was constant. but the CO2-content was significantlv higher 

43 

Volume 31. 1998 

(30-40 mot%) than in the early mineralization stages (10-20 mol°/4). The 
total Th of Fl fall in the interval of 190-250°C. Fl in individual samples 
were trapped at different P conditions. ranging from nearly 0.1 kbar (hy­
droslatic load) to 1.3 kbar (predominant lithostalic load). 

Sal of all the types of Fl varies between I and 8 wt.% NaCl eq. No 
significant differences in sal of Fl trapped in individual minerals of all min­
eralization stages were found. (From author's abstract by P. Dobes). 

FRIMMEL, H.E~ DEANE, J.G. and CHADWICK. P.J., 1996. Pan• 
African tcctonisrn and the genesis of base metal sulfide deposits in the 
northern forcland of the Damara orogcn. Namibia: Society of Economic 
Geologists. Special Pub. no. 4, 1996. p. 204-217. First author at Dept of 
Geological Sci .. Univ. of Cape Town. Rondcbosch 7700. South Africa. 

Two types of carbonate-hosted base metal sulfide meneralization can 
be distinguished. The Berg Pb-Zn(-V)-type mineralization is related to 
relatively low-T (c. 240°C) basinal brines that circulated along growth 
faults through the rift grabcn filling, where they leached Pb and Zn proba­
'bly from early-rift. c. 750 Ma volcanic rocks and subsequently precipitated 
galena and sphalcrite in structural traps. In contrast, the Tsurncb•type Pb­
Zn-Cu mineralization is rela1ed to collision tectonics. It was fonned bv less 
saline, but honer (c. 450°C), orogenic F that were expelled from the higher• 
grade metamorphic areas. (from authors· abstract by H.E.B.) 

Fl data - presented (H.E.B.). 

FULIGNATI, P~ GIONCADA, A. and SBRANA, A., 1998. The 79 AD 
Vesuvius magma chamber: A SEM-EDS study of daughter menerals in 
hypcrsaline fluid inclusions from cognale sycnites: N. Jb Miner Mh,, 
1998. no. 9, p. 403-416. 

Daughter minerals in multiphase hypersaline Fl in sanidinc crystals 
were investigated through SEM-EDS analyses. The samples studied are 
cognate xenol1ths of feldspa1oid-bearing syenites ejected en 79 AD crupuon 
of Vesuvius. representing the magmatic mush crystallized at the wall of the 
magma chamber. The hypersaline Fl indicate thal an immiscible F phase 
exsolvcd from the M. This study pennined identification of two dm asso­
ciations: a chlorides-bearing associa1ion and a tluorite-beanng associateon. 
It is proposed that the two associations reflect the chemical variations of the 
F phase during exsolution, in response to the different M/F panetion coeffi­
cients for chlorine and fluorine. The presence of tungsten in chlorides­
bearing Fl stresses the importance of chlorides-bearing bnncs m the trans­
port of ore metals. (Authors· abstract) 

FllRONG, Huang, 1998, Concentration and geochemical behaviour of 
tellurium in Guantian pynte deposit: Acta Gcologica Sinica (Diqiu Xue­
bao). v. 19. no. I. sum 48. p. 50-58 (in Chinese; Engl. abst.). Author at 
Geological Inst. for Chemical Minerals. MCL. Zhuozhou. Hcbei. 

A review of the gcochemistty of tellurium. with some Fl data pre­
sented (H.E.B.). 

GAL, A .. 1976, Mineralogical envestigations on grown-up quanz crystals 
originated from Brad-Sacararnb epithermal ore occurrences (Romania). 
MS thesis, Umv. ofBabcs•Bolyai. Cluj-Napoca. Romania. 47 pp (en Ro­
manian). Author at Dept ofMeneral .. Eotvos L Univ .. H-1088 Budapest. 
Muzcum kn 4a. Hungary 

The LS type. epithermal style Au-Ag-Te-polymctallic mincralizat10ns 
appear in a volcanic complex. which is elongated in NW-SE direction. The 
mineraliza1100s occur along E-W faults in form of impregnations and veins. 
The main minerals arc pyrite, sphalerite. galenite, g,ecnockitc, chalcopy­
nte. boumonite. meneghinite. arsenopyrite. boulangcritc, fahlore, antimon-
1te. macl..inaw1te. pyrrhotite. krautite. etc .. among the ganguc minerals 
quartz. calcue. barite. etc. Mineralogical investigations. including crystal­
lomorphology. and Fl studies had been made on grown-up quanz crystals 
originated from the Basin ofBrad-Sacaramb from 7 localities (Vclea Moni 
Vechc. Musariu. Carpen. Sacaramb, Bocsa. Hondol-Baiaga). 

In those crvstals which show the"+" and•-• rhombohedron face in 
equal shape. size. boiling phenomena often occurred. In those crystals 
exhibiting onl} "+" rhombohedron. the Fl pattern docs not suggest visible 
boiling phenomena. Maen Fl parameters for L+V I: Th=148-314°C, 
Tm1cc=-2.8 to -0.6'"C. sal=0.7-4.5 wt."/o NaCl eq (Author's abstract. ab­
breviated by I. Ganer> 

GALLl 'P. D.L. 1998. Geochemistry of geothermal fluids and well scales. 
and potential for mineral recovery· Ore Gcol. Reviews. v. 12. p. 225-236. 
Author at Unocal, 1300 N Dutton Avenue. Santa Rosa. CA 9540 I. USA. 

Although the potenual use of geothermal bnncs for simultaneous en­
ergy and meneral production is significant, only a few mineral recovery 
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systems arc currently in commercial operation. Selected metal concentra­
tions reported in F and scale deposits that arc of interest to economic ge­
ologists include the following. 

Metal Fluid Range, mg/kg Scale Range, wto/o 

Ag 
As 
Au 
Cu 
Zn 
Pb 
Pd 
P, 

0- 1.4 
0-114 
0-0.08 
0-8 
0-1160 
0-650 
0-0002 
0-0.05 

0-89 
0-12 
0-6.4 
0-21 
0-15.9 
0- 55.8 
0-0.0024 
0-0016 

(From author's absuact by E.R.) 

GAO. Sanmti. 1994, Study of geology and fluid inclusions in the Fran• 
coeur and Lac Fortune gold deposits. Quebec: Thesis, Univers11e du Que­
bec a Chicoutimi. March, 1994, 99 pp 

The Francoeur and Lac Fortune gold deposits arc located in the 
Rouyn-Noranda area, Quebec. The major host litholog1es i~cl_ude V?lcanic 
rocks of the Blake River Group, sedimentary rocks of the T1m1skammg and 
Cobalt groups, synvolcanic and late-tectonic intrusive rocks. 

The Francoeur deposit occurs along the east-west striking Francoeur­
Wasa shear zone. bordered to the north by gabbro-diorite stock. Hy­
drothermal alteration is well developed. and is commonly limited to the 
shear zone. The major products of alteration are zoned. A typical sequence 
of alteration zones from the orebody outward changes from the assemblage 
albite-pyrite, through carbonate-hematite. to muscov1te-chlorite. Gold 
mineralization is related to hydrothermal wall rock alteration, especially to 
the formation of the albite-pyrite assemblage. The ore 1s mostly located in 
altered mylonites, in which gold is disseminated, closely associated with 
pynte. 

The Lac Fortune deposit occurs in a small shear zone parallel to the 
Francoeur•Wasa shear zone. It is characterized by the development of 
quartz-carbonate veins. Hydrothermal alteration is less well developed than 
in the Francoeur deposit, The alteration minerals mainly occur m the wall 
rock or near the contact zone between the wall rock and quartz-carbonate 
veins. with chlorite-carbonate-fuchs1te being the principal assemblage The 
minerals of the quartz-carbonate veins were formed mainly by open space 
tilling or direct precipitacion of ore material from hydrothermal F Gold­
bearing minerals. including coarse ftee gold and Pb-Bi tellundes. arc: scat­
tered in the quartz-carbonate veins. 

Three groups of Fl related to the gold mineralization of the Lac For­
tune and Francoeur deposits arc recognized. They are aq I. CO1-rich I and 
Hp.(:O1 I The aq I are m the H20-COrNaCI system. with additional _ 
CaCh and CH.i. The Th appear higher on average in the Francoeur deposit 
than in the Lac Fortune deposit, The Th range from 110 to 360°C for the 
Fl from the Lac Fortune deposit. and from 150 to 578~c for those from the 
Francoeur deposit The sal ranges from 5 to 9 wt.% NaCl eq. for the Fl 
from the Lac Fortune deposit. and from 2 to 9 wt.% NaCl eq. for those 
from the Francoeur deposit. The ore-fonning F in both deposlls are rich in 
COi with low sal. 

In the Lac Fortune deposit. the F preserved in the H20-CO2 I repre­
sents the p ore-forming hydrothermal F. This HiO-CO2 F with low sal 
separated m the process of mineralization to form an aq F with relatively 
high sal and a non-saline CO1-rich F. The T and P of the F range respec­
tively from I 10-36~C and 3200-5100 J>aat the site of mineralization. 
Phase separation ( unmixing) of the mineralized F is an important mecha­
nism of gold deposition. 

In the Francoeur deposit. the mineralized F are composit1onall~ H20-
CO2-NaCl F. The minimum T and Pare l 50-578"C and 4000-5000 Pa at 
the site of mmeralization. F-rock interaction played an important role in 
the gold precipitation. 

The different mineralization mechanisms and styles may be caused by 
the difference of physicochem1cal conditions of the ore-forming F. T of the 
mineralized F is the major controlling factor in both gold depos11s. 

In the Lac Fortune gold deposll. because the mmeralized F had a rela­
tivel> low T. phase separation played an important role in the gold prec1p1-
tauon and an open-space tilling type of gold deposit 11,as fom1ed In the 
Francoeur deposit. however. the mmeralizcd F. with relatively high T. re­
sulted m an extensive alteration of wall-rock: F-rock interaction played an 
important role m the gold deposition and produced a replacement type of 
gold deposit. (Author's abstract) 
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GARANIN, V.K., KUDRIAVTSEVA, G.P. and POSSOUKHOVA, T.\~. 
1998. Diamonds from the M.V. Lomonosov deposit (Arkhangelsk D1a­
mondiferouse Province. Russia) (abst.): 17th General Meeting Int'!. Min­
eralogical Association. Aug 9-14, 1998. Toronto, Canada. Abstracts and 
Programs. p. Al 5. Authors at Geological Dept.. Moscow State Umv .• Rus­
sia: email (mineral@geol.msu.ru) 

Most of the crystals. according to their absorption spectra. contain 
many nitrogen impunty's defects. The conccncration of A-defects makes 
up (30-40) x I 01• cm•J. The low concenlrlllion of A:defects ~as deter­
mined in microdiarnonds. The content oflla-type diamonds 1s low. N2. 
CO2 and Hz() (up 70%) are the main FL (From authors· abstract by E.R.) 

GARLAND, M.1., HENDERSON, G.S., WICKS, F.J. and HASLETT, 
T.L., 1998, Characterization of inclusion suites in sapphire using Raman 
spectroscopy (abst.): Geological Society of America Annual Meeting 
1998. Abstracts, v. 30, no. 7. p. A-382. First author at GeoL Dept.. Univ. of 
Toronto. 22 Russell St.. Toronto, Ontario. M5S 3B l: email (gar- · 
land/@afrnl.geology.utoronto.ca) 

Characterization of the mineral I suites within gem corundum crystals 
may yield direct information aboul the type of growth environment and the 
genetic history of the corundum. . 

Sapphires from deposits in southwestern Montana show d1ff~rent I 
suites. Rock Creek sapphires contain micro-sized. ruule crystals m crys­
tallog,aphically controlled zones. Amorphous carbon. hematite. gocth1te. 
and diaspore occur throughout the sapphire host. and calcite was pre_sent in 
dehydrated Fl Dry Cononwood sapphires contam labradonte associated 
with muscovite and randomly dispersed rutile grains. The type of I and 
association with the host mineral indicate that the western Montana sap­
phires formed in metamorphic environments specific to each deposit. 
(From authors' abstract by H.E.B.) 

GARRIDO. M. and DOMiNGUEZ. E., 1998. Fluid inclusions from the 
porphyry copper type deposit .. La Voluntad··. Neuquen Province. ~en­
tina: Revista Geologica de Chile, v. 24. no. I, p. 91-108 (m Spanish. Engl. 
abst.). 

In La Voluntad porphyry copper deposit the m1ncrahzation is related to 
a Permian tonalite intruded in Lower Paleozoic metarnorphites. Triassic 
rhyolitic volcamc rocks unconformably cover the tonalne The _mine,:aliz.a­
tion-alterauon proceeded in twO stages. Dunng the first. a low mtens1ty 
pervasive potassic alteration with dissemmated pyrite and c_hal<:Opyrite and 
scarce molybdenite was developed. During the second. a high mtens_•ty 
fracture-related phyllic alteration was overprinted on the early potass1c 
alteration. The mineralization consists of p)Tlle. chalcopyrite. bomite. 
molybdenite. sphalerite. arsenopyrite and scarce wolframit~. 

The Fl in the first F indicates T between 400-410°C. high sal and 
boiling. These F are related to veins containing molybdenite with potas~ic 
alteration envelopes and with veins with chalcopyrite. P)Tlle. molybdenite. 
aresenopyrite with phyllic envelopes. The F in the next stage are of lower T 
(360°C). lower sal (5-6 wt.% NaCl eq.) and without boiling. Vems w11h 
pyrite. molybdenite, sphalerite with phyllic envelopes arc related to these. F 
The F in the evanescent stage are of334°C. oflow sal. and related 10 stenle 
quartz veins. (From authors· absuact by E.R.) 

GARRIDO, M., DOMINGUEZ. E. and SCHALAMl'CK. l .. 1998. 
Origin of the hydrothennal fluids of the Tajo vein. Pararnillos ~e ~spallata. 
Mendo7.a: JV Meeting of Mineralogy and Metallogeny. ( IV Reunion de 
Mineralogia y Metalogenia "MINMET') Sept. 23-25. 1998. Bahia Blanca. 
Argentina. p. 105-110 (in Spanish. Engl. abst.). _ . 

The Tajo Pb-Ag-Zn lode belongs 10 the Pararmllos de Uspallata Dis­
trict. New Fl data on quanz. sidente and sphalente confirm thal hy­
drothc:nnal F have T between 160 and 26WC and low to medium sal (5• 
19% wt. eq. NaCl). 6HS on galena and sphalerite are compatible with a 
magmatic origin. 6110 siderite and quartz are higher than ~or pu~ mag• 
matic water. It is concluded chat the hydrothennal system 1s a mixture of 
magmatic and meteoric water and could be linked to the carbonate base_ 
metal gold deposits \ocated around porphyry copper deposits. (Authors 
abstract) 

44 

GASS\'MO\'A, F.I., and MELNIKOV, F.P .. 1998. Polycyclic aromatic 
hydrocarbons (PAHi in diamonds and other minerals from the kimberlite 
pipes of Mir and Udachnaya-voscochnaya (abst.): Progr~ and Abstracts. 
PACROFI VII. Pan-American Conf on Research on Fluid Inclusions. June 
14. Univ. of Nevada. p. 33. First author at Azcrbaidzan. Geological Insti­
tute SA. 

Ex.posed hydrocarbon I in zircon (Mir pipeJ arc similar in their chcmi-
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cal compound to hydrocarbon in such minerals as olivine from the Udach• 
naya pipe (Daldyno Alakitski area) and garnet from the Mir pipe (Malo­
Botuobinski area). Aromatic hydrocarbons with molecular structure of 
alkilalbocarbons. alkilphcnantren and pircn predominate. Values 6nc of 
zircons are similar to values 613C of hydrocarbons in olivincs from the 
Udachnaya pipe (Gal1mov ct al., 1988) and in garnets from the Mir pipe 
(Botkunov et al .. 1985). These values include the range of values of iso­
topes of carbon diamond of cclognic paragcnesis. 

Taking into consideration that Tf of diamond and its complementary 
rocks is about 1000°c. P A.H. are to change into graphite plus hydrogen. 
This conclusion conforms to the discovering hydrogen and some other G I 
(CH.. H2O) in diamonds and in different magmatic minerals. 

According to 1.1.Kulakova, P.A.H, are formed by the reactions: mCHi 
=P.A.H.+kHi: nCO2+mCH.• P.A.H.+kH1O: and nCo+mH2 
=P.A.H.+kH2O. Possibly, the source ofhydrocaJbon for these processes 
and for the process of diamond formation was the same. (From authors' 
abstract by E.R.) 

GATIER, I., 1997a, The perspcctivity of gold ore at the Recsk-Parli.dftlr0 
ore field in the light of the Fl srudies Foldtani Kutatas v. XXXIV. no. 2. p. 
16-19 (in Hungarian). Author at Dept. of Mineral .• E0M)s L. Univ .. H· 
1088 Budapest. Muz.cum kn 4a. Hungary. 

The results of detailed Fl studies had been made on outcrops at the 
Rccsk-ParadlllrO HS type epithermal ore field are as follows: the ore 
forming F show fluctuating tendencies in time and space. according to the 
occumnce of the various quartz generations. The main data for QI (vein• 
let): Th 230·290°C. sal 0.75-4.5 wt.o/o NaCl eq .. Q2 (small symmetric 
veins): Th 180-260"C, sal 0.5-3.25 wt.% NaCl eq., Q3 (euhedral crystals): 
Th 210-270°C. sal 1.5-4 ~1.% NaCl cq. and finally the Q4 (sucrose quartz): 
Th 220-300°C, sal 1.5-2.5 wt.% NaCl eq. The Th vs. sal plot is complex, 
cooling. boiling. and re-heating tendency can be traced. 

The main boiling horizon of the system and the places of high lateral 
thermal gradient on the Th distribution plot coincides with the main places 
of the early mining acuvity, {Author's abstract) 

GATIER. I .. 1997b, On the fluid inclusion characteristic of the calcite 
crystals from Esztramos Hill: Top. Min. Hun .. v. V, p. 109-116 .• M1skolc 
{in Hungarian with Engl. abst.). Author al Dept of Mineral .. E0IVOS L. 
Univ .. H• I 088 Budapest. Muz.cum krt 4a. Hungary. 

Fl studies had been made on grown-up calcite crystals originated from 
calcite vein filling fissures and carstic cavities of Mcsosoic limestone of 
Esztramos Hill. The ThofL+V I do not exceed 120°C. the presumably T, 
of room TL phase I are 60-70°C. The sal off is 0.18 to0.35 wt.% NaCl 
eq. respectively, suggests the predominance of the meteoric water. The 
calcite formed under cpi-telcthermal conditions. in deep carstic environ• 
ment. (Author's absuacl) 

GAUNT,J.M. and GIZE. A.P .. 1996. Application of basin evolution 
modeling to date ore deposition: An example: Society of Economic Geolo­
gists. Special Pub. No. 4. p. 546-554. First author at Trevelyan. Avenue 
Road. Falmoutn, Cornwall. TRI I 4AZ, England. 

The Cow Ark-Marl Hill Moor district lies on the flank of the present 
basin inversion axis. Herc Fe-Pb-Zn-S mineralization occurs within a 
complex multi-generateon vein sequence hosted by Dinantian limestones. 
The mineralization is present as two distinct episodes. iron-disulfide domi­
nated Period I and galena dominated Period 2. paragenetically separated by 
multiple vein carbonates and hydrocarbon Fl generations. The mineraliz­
ing F were impure NaCI-MgCh-CaCh-H?<) brines with sal > 15 \\t.% NaCl 
cq. and Thof85-115°C and 95-130°C for Periods I and 2 respectively. 
(From authors· abstract by H.E.B.) 

GENGE. M.J. and GRADY, M ,M .. 1998. Melted micrometeorites from 
Antarctic ice with evKlcnce for the separation of immiscible Fe-Ni•S liq• 
uids during entry heating· Meteoritics & Plancta,y Sci .• v. 33. no. 3. p. 
425-434. 

Indexed under Fl. 

GHAZI, A.M., SHl11TLE\\ORTH, Steve and KRESl\lER, Daniel, 
1998. Chemical charactenzauon of individual fluid inclusions by laser 
ablation ICP-MS (abst.) EOS. Trans., 79 (45) Fall Meet. Suppl.. p. F952. 
First author a< Dept ofGeol., Georgia St. Univ .• Atlalla. GA 30303. tJS: 
email {mghazi@'gsu.edu) 

Primary Fl in hahtc from the Permian Paradox and the Palo Dura Ba­
sins have been analyzed for Mg. I( Ca. Rb and Sr concentrations. In addi­
tion to the laser ablation quadrupole ICP-MS work performed at Georgia 

45 

Volume 31. 1998 

St. Univ., data is being obtained using the Mcrchantcl.; LUV266 and Finni­
gan MAT Element Sector Field ICP-MS at Washington Univ. in St. Louis. 
Quantification ,s by a set of artificial capillary tube Fl standards of known 
composition of Mg. K, Ca. Rb and Sr. Halite samples were selected for 
analysis because they contained Fl in similar volumes to the m1crocapillary 
tube Fl. Thus it was possible to analyze the natural I under analytical con­
ditions idenucal to those for the microcapillary tube I. Uncertainties in the 
analysis of individual Fl range from 4 (sic). (From authois· abstract by 
E.R.) 

GIBERT, Fran~ois, GUILLAUME, Damien and LAPORTE. Didier. 
1998. lmponancc of fluid immiscibility in the H20.NaCI-CO1 system and 
selective CO2 entrapment in granulitcs: Experimental phase diagram at 5-7 
kbar. 900°C and wcneng textures: Eur. J. Mineral . 1998. no. 10. p, I 109-
1123. Authors at UMR6524/CNRS and Universite Blaise Pascal. 5 rue 
Kessler. 63038 Clermont Ferrand. France; email (gibert@opgc.uni­
bpclermont.fr) 

New cxpenmcntal dala on F immiscibility in the H2O-NaCI.COi sys­
tem at 900"C and 5. 7 kbar have been obtained using the S)'llthctic Fl tech­
nique. The maen result 1s a significant enlargement of the imm1scibility 
field as P decreases from 7 to S kbar. Combined with previous data. our 
experimc:nts show that immiscibility is probably a widespn:ad phenomenon 
in low-P granulite-facics rocks. Because CO2-nch F and NaCl-rich aq F 
have very contrasting wetting behaviour. F unmixing could result in a se­
lective entrapment of the CO2-rich component en granulites {Watson & 
Brcnan, 1987). To check this hypothesis. we performed lWl experiment in 
which polycrystalline quartz was heat-treated in the presence of small vol­
ume percentages of the two immiscible F. The observed pore geometry is 
characterized by a combination of large, isolated CO2-rich bubbles. and an 
interconnected network of NaCI-H2O-fillcd channels along quartz edges. A 
model combmrng unmixing and the subsequent escape of the aq F by po­
rous flow could therefore explain the CO2-rich Fl in low-P granulitcs. 
(Authois • abstract) 

See also FIR 30, p. 67 {E.R.) 

GIBERT, F., PASCAL, M,•L and PICHAVANT, M., 1998. Gold solu• 
bility and specration m hydrothermal solutions: Expenmental study of the 
stability ofhydrosulphide complex of gold (AuHS0

) at 350 to 450°C and 
500 bars: Geochim. ct Cosmo. Acta. v. 62. no. 17. p. 2931-294 7. First 
author at CRSCM-CNRS, la rue de la Fcrollerie. 45071 Orleans, France. 

The solubility of gold was measured in aq KCI (0.5 m) solutlOlls under 
oxygen. sulfur. and slightly acidic pH buffered conditions between 350 and 
450"C at a constant P of 500 bars. Two buffer assemblages were used to 
constrain /02. /S2, and consequently /H2 and aH1S: respectively. pyrite• 
pyrrltotitc-magnetite (Py-Po-Mt) and pynte-magnelite-hematitc (Py-Mt• 
Hm ). The measured solubility of gold at equilibrium with Py-Po-Mt and 
Qtz•KF-Mus is 52±8 ppb at 350°C, 134±17 ppb at 400°C and496:i:37 ppb 
at 4500C. With Py-Mt-Hm and Qtz•Kf-Mus the solubility of gold is in• 
creased to 198±9 ppb ac 400°C and 692±10 ppb at 4500C. These results 
are consistent with the aq complex Au HS" being the dominant gold­
bearing species. The equilibrium constants (log KR10) for the reaction: 
A11c,1 + HlS<:,ql ~ AuHSG + 1/, H2<1• arc significantly higher than those de­
rived by Benning and Seward ( 1996) and the possible causes of the dis­
crepancies arc discussed. 

The equilibrium constant for AuHS" shows that this species plays an 
important role in the deposition of gold in natural environments. Cooling. 
H2S loss. pH change. and oxidation seem to be effective mechanisms for 
gold precipitation. depending on the local ore forming conditions. (From 
authois · abstract by E.R.) 

GIL', A.V. and GERTMAN, Yu.L~ 1998. A geological-genetic model of 
the gold-productive ore-genetic system as exemplified by the Kaul'dy de­
posit (abst.): Second APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore 
Genesis. Oct. 28-30. 1998. Tashkent Uzbekistan. Abstracts volume, p. 
129-131 (in Russian) 

See Transla11ons. 

GILES. A.D. and MARSHALL, Brian, 1998. Woodcuneis Pb•Zn-Ag 
deposit. Northern TerritOI)': Geometric. fluid-inclusion and isotopic con• 
srraints on genesis (abst. ): Gcolog1cal Society of Australia. Abstracts No. 
49. 14th Australian Geological Convenuon. Townsvillc. July 1998, p. 166. 
Authors at Univ. ofTcch .• Sydney. P.O Box 123. Broadway. NSW 2007, 
Australia 

Woodcutters Pb-Zn-Ag dcposll consists of bedding-parallel bands of 
galena. sphalt:rite and pyrite within Early Proterozoic rocks ( carbon-
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alc/pelite units with intercalated tourmalinitc. banded iron fonnation and 
Ihm tuffaccous layers). The overall deposit comprises stnlligraphically­
controllcd replacements, plus 'feeder' mineralisation associated with pre­
DI faults. 

There: arc sill inclus1011-populations. Type I solid I in colloform sp pre­
dated the syn-DI remobili1.&tion of Pb-Zn sulphides. Type II decrepilated S 
I occur in sp and gangue (qi: and dolomite); they pre-date remobili1.&tion. 
because they arc preserved in the strained phases but fonn grain-boundary 
arrays in recrystallised phases. Type Ill decrcpilated growth-wnc primaries 
occur in syn-DI veins. Types IV, V, and VI inclusions overprint all vem­
systems and D1/M I -recrystallized sp and gangue in banded Of'C. Mi• 
crothermometry on the nuclc11c:d V phases of Types V and VI inclusions 
yield sal of0.8S-2l.8 and 2.03-IS.8 wt% NaCl cq .• respectively; Th values 
(uncorrected for Pl range from 88-270°C and 24S-320°C. respectively 

T calculauons on COCllisting sulphide pairs demonstrated discquilib· 
rium in the Pb-Zn-Fe ore and most of the pyritic ·ore·. but one sample of 
pyrit,c ·ore· has possibly recquilibrated under lower grecnschist facies 
mctamoll)hism (-42S0 C). 

Early Fl were destroyed by dccrepitation, late Fl record ·non-genetic' F 
events. (From authors· abstract by E. R. l 

GILG. H.A., 1996, Fluid inclusion and isotope constraints on the genesis 
of high-temperature carbonate-hosted Pb-Zn-Ag deposits: Society of Eco­
nomic Geologists, Special Pub. No. 4. p. S01-5014. Author at Lchrstuhl 
fllr Angcwandtc Mincralogie und Gc:ochemic. TU MUnchen, Gcnnany. 

Three endmembc:r types of high-T carbonate-hosted Pb-Zn-Ag depos­
its have been distinguished: garnet skams, pyrollcne skams and skam-frec 
replacement deposits. A review of Fl ~d H-C-0-S-isotope data suggests 
that T and P are not key parameters responsible for d•ffcrcnccs between the 
three sub-types. The ongin and composition. especially the oxidation­
sulfidation state and CO2 content. ofhydrothennal F. however. is variable 
and can be: related to mineralogical and chemical composition of the Of'C. 

The oxidation state of the ore-fonning Fis mainly controlled by the amount 
of sulfur-rich. oxidizing magmatic G in the F and the extent of wall rock 
buffenng Sal arc vanable and correlate positively with the average: Ag• 
content of the sulfidic ores. High concentrations ofC01 in ore F (>0.5 
molo/o) arc charactcrisuc for skam-frcc replacement deposits and arc related 
to reaction with sedimentary carbonates. (From author's abstract by E.R.) 

GIONCADA, A., BOTIAZZI, P .• CLOCCHIATTI, R., MASSARE, 
D., OTIOLINI, L., SBRANA, A. and SCHIANO, P .. 1998. Parent liq­
uids of the Vulcano lavas (Eolian Islands. lcaly). constraints obtained from 
studies of glass inclusions (abst.): Reunion des Sciences de la Terre. Brest. 
31 March-3 April. 1998. p. 121 (in French. translation by E.A.J Burke). 
First author at ID S.T. Universita di Pisa. via S Mana 53. 56126 Pisa. lcaly 

The scudy of pc:trogenctic processes responsible for the genesis of Vul­
cano lavas is difficult because of the amount ofmechamcal mixtures. the 
assimilallon of crustal material. and the alterauon of the strata. To mini­
mahu these effects. the prescm study has bc:cn done: on glass I in olivine 
with the highest Mg contents. Two PL. trapped in the form of glass I in 
olivine (Fa.1-11). have been identified in shoshom11c basalts of the Sommata 
(formauon dated al about 50 ka) and in the ejects of the last eruption of the 
Fossa ( 1888-1890). These L have a number of common characteristics: I l 
they have bc:cn trapped in olivine with the same composlllon. associated 
with lhc same spine!. 2) they have similar T, (l 180-1160°C). 3) the~ have 
high Ca/ N l'lllios. indicating they have bc:cn fanned by the fus100 of a 
source nch in pyroxenes; 4 l their distribution spectra of trace elements are 
similar: 4) they are rich in sulfur and chlonne. On the other hand. the 
Fossa L are enriched in incompatible clements. and they have a small Eu 
anomal~. They are strongly enriched in Ba. and the} have trace-element 
ratios with different degrees of incompatibility. Na/K. Zr/Nb and La/Nb. 
which distinguish them from the Sommata L The two compositions of 
Vulcano hqu1ds. until now unknown at the surface m the form of lavas. 
represent the parent magmas of the two senes defined b} the evolved 
members (De Aslis et al .. J. Vole. Gcoth Res .• v. I 02. 1997) The study of 
the trace elements suggest chat these L were dcnved tram difterent fusion 
degrees ofa single homogeneous source. (Authors' abstraco 

GIOSCADA, A .• CLOCCHIAITI, R., SBRANA •. .\ .• BOTT.UZI. P .. 
~IASSARE, D. and OTIOLINI, L., 1998. A stud, of melt inclusions at 
Vulcano (Aeolian Islands. Italy): Insights on the pn.m1tive magmas and on 
the volcanic feeding system: Bull Volcano!. v. 60. p. 286-306. First author 
at Dipan1mento di Sc1cnze della Terra. Univers1til d, Pisa via S. Maria. 53. 
1-56126. Pisa. Italy. email (gioncada1/!dst umpi.itl 

This work presents the results of a m1crothennomeuic and EPMA• 
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SIMS study of Ml in phenocrysts of rocks of the shoshonitic eruptive com­
plex of Vulcano (Aeolian Islands, Italy) Different primitive magmas related 
to twO different evolutionary series, an older one (S0-25 ka) and a younger 
one ( I 5 ka to 1890 A.D. ). were identified as Ml in olivine Fou-91 crystals. 
Both are characterized by high Ca/ N ra1io and present very similar Rb/Sr. 
8/Be and patterns of trace elements. with Nb and Ti anornahcs typical of a 
subduction zone. The two basalts present the same T of cr}'stalli1.&tion 
( I I 80±20°C) and similar vollllilc abundances. The H2O. S and Cl contents 
arc relatively high. whereas magm1111c CO2 concentrations arc very low. 
probably due to COi loss before low-P crystallization and entrapment of 
Ml. The mineral chemistry of the basaltic assemblages and the high Ca/N 
1'111io of Ml indicate an origin from a depleted. mctasomat11.Cd clinopyrox• 
enc-rich peridotitic mantle. The younger primitive M is characterized with 
respect to the older one by higher K.2O and incompatible element abun­
dances, by lower Zr/Nb and La/Nb. and by higher Ba/Rb and LREE en­
richment. A different degree ofpanial mcltiing of the same source can 
explain the chemical differences between the IWO magmas, However, some 
anomalies in Sr. Rb and K contents suggest either a slightly different source 
for the two magmas or differing extents of crustal contamination. Low-P 
degassing and coolipg of the basaltic magmas produce shoshonitic L. The 
Ml indicate evolutionary paths via fractional crystalli1.&1ion. leading to 
trachytic compositions during the older acuvity and to rhyolitic composi­
tions during the recent one. The bulk-rock compositions record a more 
complex history than do the Ml, due to the syneruptive mixing processes 
commonly affecting the magmas erupted Ill Vulcano. The composition and 
T data on Ml suggest thlll in the older period of activity. several shallow 
magmatic reservoirs existed; in the younger one a relatively homogeneous 
feeding system is active. The shallow magmatic reservoir feeding the re­
cent eruptive activity probably has a venical configuration. with basaltic 
magma in the deepc:r zones and differentiated magmas in shallower. low­
volumc, dike-I ikc reservoirs. (Authors· abstracc) 

GIULIANI, Gaston, 1997a. Genesis ofBrazilian and Colombian emerald 
deposits: l'Habilitation a Dirigc:r des Recherches. Inst. National Polytech­
niquc de Lorraine, France (in French. Engl. abst. ): Centre de Recherches 
Pctrographiqucs et Gcochimiquc. 

Brazilian emeralds represent an original Precambrian minerali1.&tion 
sryle. The main deposits arc loca1cd in the States of Bahia (Camafba and 
Socot6). Minas Gcrais (Mina Belmont and Capoeirana) and GotM (Santa 
Tcrezinha). They are hosted in lower Proterozoic volcano-sed1men1ary 
series with intercalations ofmafic or ultramafic rocks (M•UMR). Two 
types of mincralizatlOllS are defimed. 

• type I . those associated with pegmatites intruding M-UMR fonna­
tions (Socot6. Camaiba. Mina Belmont and Capocnana) w11h an emerald 
grade comprised between 12 and 165 git : 

- type 2. those devoid of pegmatites but linked IO ductile shear zones 
crosscutting M-UMR formations (Santa Tcrczinha). with an emerald grade 
\ '!II') ing between 50 and 800 !!/1. 

Type I deposlls result from the circulauon of hydrothcnnal F that de­
veloped infiltrational metasomatism ofM-UMR around pegmatite veins. 
The M-UMR (serpentmite. talc-schist) arc transformed to phlogopitite and 
the pegmalite to plagioclas1te. The phlogopitites display several zones 
separated by metasoma11c fronts. the whole fonning a metasomauc column. 
Emerald crystallized in the inner zones. either in the plagioclasite or in the 
phlogopitite zones associated with phlogopite. apatne and quartz. A sharp 
metasomatic front underhncs the disappearance of emerald and the appear­
ance of the Cr-bearing spine I. Talc-actmolite-tremolite-spinel and serpen­
tine-dolomite assemblages could be found within the outer wnes which are 
emerald-free. 

liydrothermal alterations correspond to an alkaline (K. Na) metaso­
matism. resulting from the removal by a F phase of chemical elements from 
both pcgmatite and M-UMR. A chemical mass balance on the metasoma­
tized M-UMR indicates a supply of all..ahs and hygromagmaphilc clements 
such as Al. Si. 1-i:. Rb. Be. Nb. Cs. F. P. S by the nu1d. whereas Mg. Ca. Cr, 
V. Th . and REE arc leached from the host-rocks. 

Type 2 deposits are strattfonn and emerald is located within phlogopi• 
tiles and phlogopitil.Cd carbonate-talc schists Talc schists provided the 
main sites for thrust mg and the fonnation of sheath folds. Emerald-rich 
zones are common!} found 11n the core of sheath folds and along the folia­
iion: control by the regional stretch mg lineation is obv10us. Two types of 
ore arc distinguished: I) a carbonate-rich ore composed of dolomite. talc. 
phlogopite, quaru. chlorite. trcmolne. spinet. pyrite and emerald: chemical 
mass balance shows an increase of Be. Cr, N1 and F. 2) a phlogopite-rich 
ore composed of phlogopite. quartz. carbonates. chlontc. albite. talc. pyntc 
and emi:rald: chemical mass balance on the metasomatised talc-schist indi• 
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catcs a supply by the fluid of Na. K. S, V and F. 
Hydrothcnnal fluids associa1ed with type I deposits belong to the 

Hz()-{NaCl~aCb•Fe, Mg) Ch± KCI) • (± COi ±Ni± CH.) system. Total 
sal vanes between 12 and 37 wt.% NaCl cq. and minimal T, arc scattered 
between 235 and 56o~c. Fluids related to type 2 deposits belong to the 
COi-Ni ± CH,-H20.NaCI system. Sal varies between I and 22 wt.% NaCl 
eq. and minimal T, vary from 300 to 500°C. Fluids in emeralds have a 
simllar total composition with H20 contents >90 to 95% of the total fluid 
content en the mineral. whatever its age of formation and tectonic setting. 
Nevertheless, fluids in the Santa Tcrezinha emeralds have high~Oi con· 
tents up to 14 wt% of the whole fluid phase. 

Braz1han emeralds related to type I have a s~tcmatic 6110 inter• 
deposit variab1hty (+6.3<o110<+ 12.1%.). The 6 10 for the fluids is buff• 
crcd by the hosting ultramafic rocks during the fluid-rock metasomatic 
interaction The 60 values of channel waler in emerald and the calculated 
o 110 H20 of phlogopitc for Carnaiba and Socoto deposits arc compatible 
with waters of both magmatic and metamorphic origins. Nevenhclcss. 
sulfur isotopic compositions obtained for molybdenite iridicatc a magmatic 
ongen for sulfur (and suggest) a magmatic origin for the mineralizing fluid 
and beryllium. 

The O and H isotopic data for Santa Terezinha are consistent with both 
magma1ic (evolved crustal granites) and metamorphic fluids, but a meta• 
morphec origin is proposed. (From author's abstract by E.R.) 

GIULIANI, Gaston, 1997b, Genesis of Colombian emerald deposits: 
rHabilitation a Dirigcr des Recherches. Inst. National Polytcchniquc de 
Lorraine. France (in French. Engl. abst.): Centre de Recherches Pc• 
trograph1qucs ct Gcochimiquc. 

The genesis of Colombian emeralds cannot be from a classic pegma• 
lite model, The presence of halite-bearing Fl within emerald and the pres• 
ence of trapiche crystals appear unique. New studJCS favour a "hydrother· 
mal-scdimentary" genetic model. It takes into account the role played by 
organic maner (OM) contained in the Early Cretaceous black shale (BS). in 
sulphate-hydrocarbon redox reactions, to explain the uncommon features of 
Colombian emerald 

• Stage I is characterized by dccollemenr planes which focused the 
circulation ofhydrothennal F inducing albitlsation (alb1tite layers) and 
calcitisation of the BS. This mctasomatism led 10 lcachengofmajor(Si. 
Al. K. Ti. Mg, P). trace (Ba. Be. Cr. V. C. B. U) and REE clements from the 
enclosing BS; this stage was accompanied by the development of a vein 
system filled by fibrous calcite. bitumen and pyrite. Albitite layers are well 
preserved m the eastern zone as stratifonn levels. whereas they are found as 
angular fragments within polygen1c hydrOlhcnnal tectonic breccia in the 
western zone. 

• Stage 2 is marked by the fonnation ofhydrothennal 1ectonic breccias 
along faults in the eastern zone. thrust faults and thrust•related anticlines in 
the western zone. It is characterized by extensional vein sets and h) drauhc 
breccia development lilled by muscovite. albite. rhornbohedral calc1te and 
dolomite. pyrite. bitumen and finally by the precipitation an drusy cavities 
of fluonte. apalite. parisite. dolomite. emerald and quartz. 

Microthermomctric. Raman-probe an~ SEM analysis dcmonstra1c the 
presence ofH20.NaCl~aCl2•KCl~OrN1•rich brines trapped en emerald, 
carbonates and pyrite. The T, of fibrous calcite from state I and rhombo­
hedral carbonates and emerald from stage 2 arc estimated respectively at 
I 50.2oo•c arid 300°C. Oxygen arid carbon isotope compos1t10ns of quartz 
and carbonates in all the deposits are consistent with values of mctarnor• 
ph1c waters or basinal formalion waters. Emeralds also show a strong en• 
richmcnt in 1•0 (+IS .5<6110 H20<+ 23.6%.) and the 150 values of channel 
water arc inconsistent with a magmalic water origin. The 6!'5 values of 
H2S in solution in equilibrium with pyrite from emerald deposits range 
from 14 810 19.4%.. whereas sedimentary pyrite from the enclosing black 
shales yields a o''s suggesting an evaporitic origin compatible with Juras• 
sic or Early Crctacoous evaporites isotopic signatures. Cateon anal\-s1s of 
Fl in quartz. emerald and nuonte by crush-leach technique confirms that F 
are predominantly Na~I-Fe~a-K•SO, brines. derived from the dissolution 
of evaporitcs (CI/Br>I 0.000). 

The emerald deposits are characterized by the s~llthronous depc.1)1tion 
of large quantities of pyrite from reduction of evaporitec sulphates. The 
presence of OM in the BS and hydrothermal bitumen in the carbonates• 
p)Tite vcens suggests thermochemical sulphate reduction (TSR) Four main 
conditions arc necesswv to establish that TSR reaction was effccuvc: 

I• OM is now present in the ore body this is the case in Colombian 
deposits where hydrothennal bitumen is found 

2- OM was present when the diffcrenl stages of the hydrothennal 
system developed and at the time of ore formation: in tact hydro1hermal 
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bitumen prccipitaled dunng stages I and 2 and 1s found as solid I within P 
Fl hosted by emerald. 
· 3. Two types of OM arc prcscnc: in our case. original. i.e. OM en the 
BS and hydrothennal. i.e. bitumen in the veins. 

4- The chemical change 1n the altered OM is compatible with TSR. 
Rock-Eval analyses on both sedimentary arid hydrothcnnal OM. coupled 
with hydrogen-carbon 1socopc dala. show that o,ganic hydrogen was ton· 
sumed during the reduction. 

TSR reaction produced bitumen derived locally from the transform&• 
lion of OM from sediments by medium T hydrothcnnal F. up to 300°C. 

(From author's absll'lltt by E.R.) 
Sec also next item ( E. R. ). 

GIULIANI, G .. FRANCE-LANORD, C., COG ET, P •• SCHWARZ.. D .. 
CHEILLETZ. A .. BRANQUET, Y .. GIARD, D .. MARTIN-IZARD, A .. 
ALEXANDROV, P. and PIAT, D.H .. 1998. Oxygen isotope systematics of 
emerald: Relevance for its origin and geological significance: Mincralium 
Dcposita. v. 33. p. 513-519. First author at ORSTOM.'lnstilut Fran~a1s de 
Recherche Scientiliquc pour le Dcveloppcmcnt en Cooperation and CRPG· 
CNRS. lJPR 9046. BP 20. 54501 Vanda:uvre-les-Nancy Cedex. France; 
email (giuliani@crpg.cnrs-nancy.fr) 

Oxygen isotopic composition of emerald from 62 occurrences and 
deposits in the world reveals a wide range in 15110 (SMOW) between 6.2 
and 24. 7%.. The 6110 values for each deposit arc restricted and can be 
used 10 dctcnnine the origin of emerald from the world's most important 
producers. The 6110 value of emerald appears to be a fingerprint of its 
origin. especiallri for gems of cxcep1ional quality from Colombia (eastern 
emerald zone. 6 •o = 16.8±0.1%.: western emerald zone, 15110 = 
2 I .2±0.S%o). Afghanistan (6110 • 13.5:t:0.1%.). Pakistan (Swat•Mingora 
districts. 6110 = 15.7:i:0.1"-). Brazil \Santa Terezenha de Goilis. 6110 • 
12.2±0.1%.; Quadrilatcro Femfcro. 6 •o = 6.9:i:-0.4%.) and Zimbabwe 
(Sandawana. 6110 = 7 5:1:0.5%.) Funhennorc. the 110-composition of 
emerald appears lo be a good marker of its geological cnv ironment because 
the data suggest that host-rock-buffering of F 6110 is considerable during 
F-rock interaction. (Authors' abstract) 

GIULIANI, G., FRANCE-LANORD, C., ZIMMERMANN, J.L, 
CHEILLETZ. A., ARBOLEDA, C., CHAROY, B., COG ET, P .. FON­
TAN, F. and GIARD. D., 1997. Fluid composition. 60 of channel Hz(). of 
lattice oxygen in beryls Genetic implications for Brazilian, Colomb1811, 
and Afghanistani emerald deposits: lntemat'I. Geo!. Review. v. 39, p. 400· 
424. First author at ORSTOM. lnstitul Fran~ais de Rechcrchc Scientifique 
pour le Developpcment en CoopcratlOfl and CRPG~NRS. UPR 9046. BP 
20. 54501 Vanda:uvre-lcs•Narecy Ccdex. France: email (giu• 
liani@crpg.cnrs-nancy.fr) 

The F composition. 6D of channel H.,O. and 61'0 lanicc oxygen have 
been detcnnincd in bcf) I arid emerald from a variety of geological cnv,. 
ronments and used to constrain the ongin of the parental F from which 
beryl has grown. Stcp•heaung analyses perfonned by quadrupolar mass 

· spectrometry were used to quantify the composition of the F phases en beryl 
from granitic pcgmatitcs and gre1sens and emerald from Brazil. Colombia. 
and Afghanistan. An 1mponant conclusion 1s that beryl and emerald have a 
similar F composition. with concentrations ofH-0 being greater than 90% 
of the total water (llu1d?] in the mencral im:spective of the age offonnauon 
(2 0 Ga to 32 Ma) and tectonic settings. However. the Brazilian Santa 
Terezinha shear-zone emerald deposit contains abundant C01. up to 13 
wt% of the total F. A second conclusion 1s that the channel H20 content 
for some Brazilian emeralds is higher than the range defined for beryl in the 
literature. especially for those related to the shear-zone type 
(2.99<Hi0<3. I 6 ~ /,) and the pegmatue type from the Pombos. Pela Ema. 
and Piren6pohs deposits (2.78<H.-0<3 01 wt%). Colombian emeralds 
have very low H20 contents ( I 30<Hi0< 1.96 wt%), among the lowest in 
the world. 

Brazilian. Colombian. and Afghanistani emeralds have contrasung and 
restricted ranges of 6110 values. In Brazil. emeralds related to pcgmat11es 
have a systematic liuO enter-deposit variability (6.3<61'0<12. 1%.l The 
calculated 61"0 of the F was buffered by the host ultrabasec rocks during F· 
rock interacuon. Emerald and cogcnetic phlogopite related to shear-zone• 
!)pc deposits have a quite restncted 6110 range ( I 2.0<6110< 12,4%.). the 
calculated 61•0H20 1s interpreted to represent the onftenal isotopic compo­
sition of the hydrOlhcnnal F. Relative to Brazil. the Ii •o of Colombian and 
Afghanistani emeralds shows strong enrichment in 110 
( 13..t<o 110<23.6,..,>. and the high calculated 6110 of the F suggests extcn• 
sive reaction with 130-rich sedimentary or metasedimcntary rocks 

In Brazil. the 15D composition of channels in emerald and the calcu• 
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lated 61'0tt20 for phlogopite arc compatible with both magmatic and 
metamorphic origins. A magmatic origin is supported for emeralds associ­
ated with the pegmatitic Socot6 and Camaiba deposits (mean 6D=-
37.8±8%o) and a metamorphic origin is suggested for the Santa Terczinha 
shear-zone type (mean 6D=-32.4±3%o), A metamorphic origin is proposed 
for Colombian emeralds. Afghanistani emeralds have a 6D composition of 
channels (mean 6D=-46.3± I .3%o) that is compatible with both magmatic 
and metamorphic origins. (From authors· abs11ac1 by E.R.) 

See also previous item (E.R.). 

GLEESON, S.A .. WILKINSON, J.J., BOYCE, A.J .. FALLICK. T.E. 
and STUART, F.M., 1998a, On the origin of anomalously low delta D 
fluids in quartz-hosted fluid inclusions. southwest England, UK (abst.>: 
Geological Society of America Annual Meeting 1998. Abstracts. v. 30. no. 
7, p. A-88 First author at T.H. Huxley School of Earth and Environmental 
Sci .• Imperial College, London SW7 2BP. UK; email 
(s.gleeson@earth leeds.ac uk) 

A detailed Fl study in post-Variscan 
quanz±carbonate±sulphide±anhydrite veins hosted by Palaeozoic basement 
(Porthleven. Cornwall) and Penno-Triassic sediments (Western Ap• 
proaches) has identified two F types. A high sal (20-27 wt,% NaCl), low T 
(80-150°C) brine has been identified in base metal mineralised veins 
hosted by Palaeozoic rocks onshore and in sulphate bearing veins within 
the offshore succession. A second, honer (200°C) more dilute (0-5 wt.%) F 
has been identified in E-W trending veins in Ponhleven. 

Directly measured l>D values of the saline brines range from -39 to -
I 03 10 a reladvely small range in estimated 6110 ( 1.6-6.8). Similarly, the 
dilute E-W F have 6D values ranging from -41 to - 78. with associated 
6110 values of - 1.8 to 6.8. These data show there arc no systematic varia­
tions in l>D between quartz veins. Within veins where individual quartz 
bands have been sampled. non-systematic temporal fluctations arc evident 
There is no significant correlation between 6D and 1>110 , sal, T. or any ele­
ment found in either F, 

The low 6D values encountered in this study cannot be accounted for 
by physical fractionation processes and. thus. arc anomalous. Four possi­
ble origins for these data in this study will be outhned and discussed: ana­
lytical artifacts: post-entrapment changes in Fl: F sources and water/rock 
interactions. It is suggested that none of the conventional explanations for 
low l>D values can easily explain the range and fluctuations of the data and 
other potential mechanisms to produce the observed fractionation will be 
suggested .. (Authors· abstracO 

GLEESON, S.A., WILKINSOl"i, J.J., BOYCE, A.J., FALLICK, A.E. 
and STl IART, F.M., 1998b. On the ongm of anomalously low 6D fluids in 
quartz hosted fluid inclusions. Southwest England. U.K. (abst.): Mineral 
Deposits Study Group Annual Wmter Meeting 14-16 Dec. 1998. St. An· 
drews. Scotland (unpaginated). First author at Royal School of Mmes. 
Imperial College. London SW7 2BP. U.K. 

Anomalously low 6D compos111ons, apparently unrelated to high lati­
tude meteoric precip1ta11on. have been reponed from a range of environ­
ments and have most commonly been anributed 10 organic interaction pro­
cesses. 

A detailed Fl study in post-Variscan 
quartz:1;carbonate:1:sulphide:1:anhydri1e:1:fluon1e veins hosted b} Palaeozoic 
basement (Porthleven. Cornwall) and Perrno-Triass1c sediments (Western 
Approaches) has identified two broad F types. A high sal (20-27 ,,1% 
NaCl). low T (80-l 50°C) brine has been identified in base metal mineral­
ised veins hosted by Palaeozoic rocks onshore and in sulphate bearing 
veins within the offshore succession. A second. honer (200"C) more dilute 
(0-5 wt%) F has been identified in a distinctive E-W trending veins in the 
Ponhleven area. Halogen compositions suggest the brines originated as 
either seawater or a mixture of seawater and meteoric water evaporated past 
the pomt of halite prec1p1ta1ion and the dilute F originated as a slightl} 
evaporated mixture of seawater and meteoric water. 

Directly measured 6D values of the salme brines range from -3910 • 
I 03%. for a relatively small range in estimated l>"O ( I .6-6.8%ol. Similarly, 
the dilute E-W F have 6D values ranging from -41 10 • 78%o. wnh associ• 
ated 61"o values of -I .8 to +6.8%.. These data show there arc no system• 
atic \·ariations in 6D between quartz veins. however. where individual 
quartz bands within a single vein have been sampled. non-systemauc fl uc­
tuations in composition through time are evident There is no significant 
correlation between 6110 and 6D for either F type suggesting that m both F 
systems the two isotopes arc decoupled. Similarl}. there is no systematic 
relationship between 6D and sal. T . or any element found 1n either F. Four 
possible origins for the anomalously lo\\ 6D F in this study (are( discussed. 
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analytical artifacts: posl<ntrapment changes in Fl; F sources and wa­
ter/rock interactions. It is suggested that none oflthese] conventional ex­
planations I arc adequate, and) range and fluctuations of the data and lack 
of correlation with F components observed and an alternative mechanism 
will be suggested. If an unrecognised process is responsible for fraction&• 
tion of FI SD. care must be taken in invoking the involvement of meteoric 
waters in ore deposits formed in areas of high latirude. i.e. with low l>D 
meteoric waters. Such interpretations must be supported by data from 
othertechniques. (From authors' abstract by E.R.) 

GLEESON, S.A .. YARDLEY, B.W.D. and MUNZ. I.A., 1998. Down­
ward infiltration of fluid into the high-grade basement of south Norway I. 
Brines (abst.); Mineralogical Magazine. v. 62A. V. M. Goldschmidt Conf. 
Toulouse 1998, Extended Abstracts, p. 527-528. 

GOEBEL, E.D., 1996, The pathway for MVT hydrothennal fluids within 
the Tri-State mining district from stratigraphic plotting of conodont altera­
tion indices: Society of Economic Geologists. Special Pub. No. 4, p. 413-
418. Author at Univ. of Missouri-Kansas City. Dept. of Gcosci., 710 E. 
52nd St .. Kansas City, MO 64110-2499 USA. 

Based on s11a1igraphic plotting of conodont alteration index data for 
the Tri-State district conodont elements have been appreciabl~ affected by 
heat from hot advecting MVT hydrothermal F. Sphalerite in the Tri-State 
district has Th of -70 to l 35°C. Heat from the advecting hot F is thought 
10 have increased conodont alteration index values 102-3 (60-140°C and 
110-200"C) where conodont alteration index values from burial alone 
would likely have been no higher than 1.5 (50-90°C). Previous vitrinite 
reflectance studies west of the Tri-State district in the Cherokee basin iden­
tify local warm spots through which advecting hydrothennal F venically 
penetrated Pennsylvanian rocks. Such rehcl heating anomalies in stra1ified 
rocks serve to constrain the palco-plumbing system in each area. ( From 
author's abstract by E.R.) 
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GOEDE. Albert, McCULLOCH, Malcolm. McDERMOTT, Frank and 
HAWKESWORTH. Chris. 1998, Aeolian contribution to strontium and 
strontium isolope vari111ions in a Tasmanian speleothem· Chem, Geol .. v. 
149. p. 37-50. First author at Dept. of Geography and Environmental 
S1ud1es. Univ. ofTasmania. GPO Box 252-78. Hobart 7001. Tasmania. 
Australia. 

Ofpcnincnce to the interpretation ofspcleothem FI . (E.R.) 

GOLDEN. K.M., ACKLE\', S.F. and LYTLE, V.1., 1998. The percola­
tion phase transition in sea ice: Science, v. 282, p. 2238-2241 First author 
at Dept. of Mathematics, Univ. of Utah. Salt Lake City. UT 84112. USA 

Sea ice exhibits a marked transition in its F transpon properties at a 
critical brine volume fraction Pc of about 5%. or temperature T, of about­
s•c for sal of 5 parts per thousand. For T warmer than T,. brine carrying 
heat and nutrients can move through the ice. whereas for colder T the ice 1s 
impenneable. This transition plays a key role in the geophysics, biology. 
and remote sensing of sea ice. Percolation theory can be used to under­
stand lhis critical behavior of transport in sea ice. The similarity of sea ice 
microstructure to compressed powders is used to theoretically predict P, of 
about 5%. (Authors· abstract) 

Of pcnim:nce to the interpretation of Fl in ice. ( E.R ) 

GOLDFARB. R.J .. PHILLIPS, G.N. and NOKLEBERG, W.J., 1998. 
Tectonic senmg ofs)1lorogenic gold deposits of the Pacific Rim: Ore Gcol. 
Reviews. v. 13. p. 185-218. First author at U.S. Geological Survey, Box 
25046. Denver Federal Center. Denver. CO 80225. USA. 

More than 420 million oz. of gold were concentrated in circum-Pacific 
synorogenic quartz lodes. These ores have many features in common and 
can he grouped into a single type of lode gold deposit widespread through­
out elastic sed1mentmy-rock dominant terrancs. The auriferous veins con­
tam only a few percent sulphide minerals. have gold:si Iver ratios typically 
greater than I: I. show a distinct association with medium grade metamor­
phic rocks. and may be associated with large-scale fault zones, Ore F arc 
consistently of low sal and are CO2-rich. 

The abundance of gold-bearing quartz-carbonate vems throughout the 
Gondwanan. Nonh American and Eurasian continenlal margins suggests 
1he migration concentration of large F volumes during con11nental growth. 
Such ,·olumes could be released during orogenic healing of hydrous s1hca1e 
mineral phases withm accreted marine strata. The common temporal asso­
c1a11on between gold veining and magmalism around the Pacific Rim re­
tlects these thennal episodes. (From authors· abstract by E,R.) 
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GOLOVKO, A.V., SHAKIROV, N.1., KOZLOV, V.V. and 
IGNA TIKOV, E.N., 1998, A gold-sulphide show in the Karashokho 
Diatrcme (abst.): Second APIFIS lnc"l. Symp. Mineral Forming Fluids and 
Ore Genesis. Oct. 28-30, 1998, Tashkent. Uzbekistan. Abstracts volume. p. 
109-1 JO (in Russian). 

GOLOVKO, A. V., TOLMACHtVA. E.V. and ORLOVA, M.P., 1998. 
T-P-gcochc:mical investigalions into the: shonkinites ofthc: various facies in 
the Karashakho pipe (western Uzbekistan) (abst.): Second APlFIS lnt' I. 
Symp. Mineral Fanning Fluids and Ore Gc:ncsis, Oct. 28-30, 1998, Tash­
kent. Uzbekistan, Abstracts volume, p. 43-44 (in Russian). 

See Translations. 

GOLOVKO, A.V., YAKOBENKO, N.E., SHAKiROV, N.I. and 
KOROBO\~ V.A •• 1998, Features o(thc composition and origin ofthc: 
shonkimtes in the Karashokho Diatrcmc (abst.): Second APIFIS lnfl, 
S}'fflp. Mineral Fonning Fluids and Ore Genesis, Oct. 28-30. 1998, Tash­
kent. Uzbekistan. Abstracts volume, p. 41-42 (in Russian). 

See Translations. 

GONzALEZ. M.M., 1997, The: fluid inclusions on gold quartz of La 
Candelaria. C6rdoba Province· Analysis of their origin and their applica­
tion on mining prospecting: Doctoral thesis Dec. 11, 1997, Dept. de 
Gc:olog1a, Univcrsidad Nacional del Sur. Bahia Blanca, Argenuna. 336 pp. 
(in Spanish, abstract in Engl.). Author at Biblioteca Central, Univeis1dad 
Nacional dcl Sur. 

The: metamorphic Precambrian rocks of the Candelaria District host 
several economically important mcsothc:nnal gold deposits (e.g.: La Higuc:­
nta. La Bragada, Paso del Molle:, etc.). According 10 the structural setting, 
ore mineralogy and wall rock lithologies. three different types of veins can 
be: distinguished in the Candelaria District. • type A: plastically dcfonned 
segregation veins with different grades of concordance with the host rocks; 
they have been probably generated during syn-metamorphic processes; • 
type B: quartz veins associated to pegrnatnes dikes; and - type C: quartz 
veins developed in zone of intense fractunng, Those veins do not show any 
ductile: defonnation. They arc centrimcuic 10 decimetric in width and 
contain P sulphides. 

Gold mineralization in the Candelaria area is spalially associated wnh 
shear-hosted quartz veins. Structures which hosl mineralization arc typi• 
cally no larger than I 00 m long and 2-5 m wide. with grades <20 g/1 Au. 
Systematic Fl studies using petrographic and microthennometric analysis 
have been carried out on the different quartz veins m order to characterize 
the P-V-T-X condiuons oflhc: F circulation in the fault network. 

The results of this study arc based on the analysis of the Fl and the 
distnbution of defonncd quartz-rich veins and lenses. 

The development of different quartz generat1011s with clearly d1S1in­
gu1shable types of Fl. iniual CO: rich and progressively higher HlO con­
tent. 1mphes that F had been trapped under variable P-T conditions. Con­
s1dcnng all these chemical and physical characteristics. it is proposed that 
the gold mineralisations of the Candelaria District formed from CO!•rich 
hydrolhc:nnal systems. which were active during the reactivation of the 
NNE-SSW shear zone under extensional condnions. The genesis of the 
deposits favours the metamorphic-hydrothennal mobilization and concen­
trauon model. (Author's abstract) 

G<>NzALEZ. M.M., and MAS, G.R., 1998a. Fluid inclusions and quartz 
textures in the aurifcrous veins of La Higucnta mine. La Laguna area. Cor­
doba. Argentina (abst.) Program and Abstracts. PACROFJ VII. Pan­
Amcncan Con( on Research on Fluid Inclusions. June 1-t Univ of Ne­
vada. p. 34 Authors al UNS-CONICET. Umveisidad Nacional del Sur, 
Departamcnto de Geologia. San Juan 670. 8000 Bahia Blanca, Argentina; 
email (gonzalez@criba.edu,ar . grnas@criba.edu.ar) 

Quartz veins. cutting muscovuc schist. consist of quartx+p}nte. galena· 
and chalcopyrite. Pervasive wallrock al1era11on produced by infiltration and 
percolation of F consists of sencne, chlonte and ep1do1e. 

Fl arc csscnually Hi() and/or C01 with vanable sal. and some have a 
solid phase (halite). Three types arc~: One COi-rich phase at 
T(room): cooling results in a separate bubble that homogenizes 10 L be­
tween 4 and I 2"C: associated with healed frac1ures and growth planes: 
considered PS.~ : two phases al T(room)• L+V. or two 1mm1sc1blc L. 
Subtype Ila: PS L+V; associated wuh type I. on cooling nucleate a low 
densi~ CO2 bubble between -35 and-SS"C. L.V is about 3:1 Subtype Ub: 
Two 1mm1sc1ble L <HiO+CO:) , Subtype lie: Aq L..,V, in PS planes: V 
around 20¾. ~ Three-phase (Hp+{'C}z). P and PS: highl} variable: 
phase ratio: ThCOz 10 either the Lor V phase suggests trapping of a hel-

49 

Volume 31. 1998 

erogc:ncous effervescent fluid. 
The Th H.i()t{:Oz is between 250° and 400°C, always 10 the L, with a 

mean T of about 360°C. Sal of the: aq phase. from the T of CO, clathralc 
dissociation, 1s 7 4 10 12.9 wt% NaCl eq. 

Bulk densities range from 0.45 to 0.95 g/cm3
• The spread of densities, 

besides the: initial heterogeneity, may reflect pressure variations during 
defonnation over a fluctuating P-T path. possibly according 10 the "fauh­
valve-cyclc:". Microthc:nnomctric analyses ofthc: I reveal a COi rich F. with 
highly variable density and variable H2O. Furthennore. the distinct Fl com­
pos111ons indicate that these CO2 rich F (CO2>>H2O) represent an unrecog­
nized category of ore forming F. Fl from these gold quartz veins provide 
estimates of P and T of the F dynamic process lhai were ac1ive during min• 
crallZBlion. namely, about 360°C and 2 kb. (From authors" abstract by 
E,R.) 

GONZALEZ, M.M. and MAS, G., 1998b. Fluid inclusions and h}'· 
drothennal chlorites Comparison between two geothennometcrs and its 
Ilse in pt0spec1ing; "La Bragada" mine, Cordoba, Argentina: IV Meeting 
of Mineralogy and Metallogeny. (IV Reunion de Mincralogia y Mctaloge­
ma "MINMET") Sept. 23-25, 1998. Bahia Blanca. Argentina. p. 115-120 
(in Spamsh, Engl. absl.) Author a1 (Gonzalez@criba.edu ar) 

The present study was undenakcn to use two geolhennometcrs at La 
Bragada mine 10 constrain the: T-P path provided by Fl and the Tf ofhy­
drothennal chlontes by means of AIIV substituuon M1crothennome1ric 
data combined with a chlorilc geothennometer suggest that the T .p condi­
tions of vein formation during gold mineralization was around 3S0°C and 
I kbar, corresponding lo the regional (brittle?! defonnauon (Authors· ab· 
suact) 

GOODMAN, E.D., SUMMA, LL., RICHARDSON, M .• KOCH, P.S .. 
GREEN. A.R. and NORTON, 1.0., 1998, Struc1ural framework of north­
ern South America and hydrocarbon systems analysis of eastern Venezuela 
basin: an integrated approach (abst.): MPG Bull . v, 82. no. 10. p. 1918· 
1919. 

The complex history of northern South Amenca's margins poses spe­
cial challenges for understanding hydrocarbon systems evolution. We used 
an integrated plate-to molecular-scale approach 10 begin unraveling this 
complex history and, in the process, validated this approach as a means of 
studying hydrocarbon systems in other complex 1ec1on1c settings. Probable: 
J urasslc hypeisalmc:-lacustrine and Albian marine carbonate source rocks 
were idenllfied usmg samplc:s ofrescrvoired oils. seeps, organic-rich rocks 
and Fl. The detailed gcochem,slry (biommteis. isotopes. etc.) of these 
hydrocarbons was integrated with Exxon's global database to understand 
the: characteristics and distribuuon of these oils and their postulated source 
rocks. Biomarker analysis of oils from Fl, trapped in Miocene sandstones 
overlying the proposed grabc:n fill. helped 10 constrain the d1stnbu1ion of 
the inferred. Jurassic. lacustnne source and to demons1ra1e the existence of 
effective venical migrauon pathways. Our thennal models suggest tre• 
mendous volumes of hydrocarbons were lost from mid-Ten1ary "Carapita 
Basin" due 10 lack of effective traps and seals and quenching during subse­
quent uplift. Mixing ofthc: later charge. light oils wnh heavier Cretaceous 
oils has resulted in fields with variable oil quahues, Other pos1-emplace­
men1 processes such as late G migration into oil-filled reservoirs. deep buri• 
al of oil accumulauons. biodcgradauon. and waler washing have also sig­
nilicantly affected hydrocarbon qualil). (From au1hors· abstract by E.R.) 

GRAHAM, C.M .. VALLE\", J.W., EILER, J.M. and WADA, Hkkki, 
1998. Timescales and mechanisms of fluid infiltration in a marble: An 10n 
microprobc: study· Contnb. Mineral Petrol. v 132, p. 371-389. First 
author at Dept. ofGeol. and Geophys., Umv of Edinburgh. Edinburgh 
EH93JW. UK. 

Using a rccentl) developed 10n microp<obc: technique. a detailed oxy­
gen isotope map of calcite grains in a coarse-grained marble has been con­
structed. supported by trace clement (Mn. Sr. Fe) analysis and CL imaging. 
in order 10 constrain scales of oxygen isotope equilibrium, timescales and 
mechanisms of metamorphic F infillrallon. and F sources and pathways. 
Results are compared with a prev10us study ofth1s sample (Wada 1988) 
carried out using a cryo-m1cro1one technique and convcnuonal oxygen 
isotope analysis. The marble. from the high T/km P Hlda metamorpluc 
bell in north-cenlral Japan. underwent granulile fac1es followed by amphi• 
bolite lacies metamorphic events. the latter associated with regional granite 
intrusion. The Cl imaging indicates two types of calc•te. a yellow lumi­
nescing ( YLC) and a purple lumincscmg (PLC) variety The YLC. which 
occupies gram boundaries. fractures. replacement patches. and most of the 
abundant defonna11on twin lamellae, post-dates the dominant PLC calcite 
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and maps out F pathways. Systemalic relationships were established be­
tween oxygen isotope and trace clement composition. calcite type and tex­
ture. based on 74 110/160 and 17 trace clement analyses with 20-30 µm 
spatial resolution. The YLC is enriched in Mn and Fe. and depicted in 110 
and Sr compared to PLC. and is much more 110-depleted than is indicated 
from conventional analyses. Results are interpreted 10 indicate inliltra1ion 
of 110-depleted (metamorphic or magmatic) F (initial 6110 = 9-105%.l 
along gram boundaries, fractures and deformation twin lamellae. depleting 
calcite grains in Sr and enriching them in Mn and Fe. The sample 1s char­
actenscd by gross isotopic and elemental disequilibrium. with important 
imphcations for the application of chromatographic theory to constrain F 
fluxes in metacarbonatc rocks. 

Areas of PLC unaffected by "'short-circuiting" F pathways contain 
oxygen diffusion profiles of -I 0%ol-200 µm in grain boundary regions or 
adjacent to fractures/patches. When correction is made for estimated gram 
boundary/fracture and profile orientation in 3D, profiles are indistinguish­
able within error, Modeling of these profiles gives consistent estimates of 
Dt (where Dis the diffusion coefficient and, is time) of--0.8 x 10-1 m1

, 

from which. using experimental data for oxygen diffusion in calcite. times­
cales of F t~sport along grain boundaries al amphibolite facics T of- I OJ 
to ~IO' >-ear.; are obtained. These short timescales. which are much shorter 
than plausible durations of metamorphism, imply that rock permeab1hties 
may be transiently much higher during F flow than those calculated from 
time integrated F fluxes or predicted from laboratory measurements. The 
preservalion of 110/160 profiles requires either rapid cooling rates (- I00-
6000C/My). or, more plausibly. loss of grain boundary F such that a dry 
coohng history followed the transient passage of F. The 6110 trace element 
con-elations are also consistent with volume diffusion-controlled transport 
in the PLC. F transport and clement exchange occurred by two interrelated 
mechanisms on short timescales and on different lcngthscales - long­
distance flow along cracks, grain boundaries and twin lamellae coupled to 
- 200 µm-scale volume diffusion of oxygen. (Authors· abstract} 

GRAUPNER, T., SPOONER, E.T.C., KEMPE, U., BRA\', C.J., and 
KREMENETSKY, A.A., 1998: Characterization ofhvdrotherrnal fluids 
from the giant Muruntau Au-quartz vein ore field. Uzbekistan: Initial re­
sults (abst.): Second APIFIS lnt'l. Symp. Mineral Forming Fluids and Ore 
Genesis. Oct. 28-30, 1998. Tashkent. Uzbekistan. Abstracts volume. p. 
I 00• I 02 (in English). Authors Graupner and Kempe at Inst. of Mineral . 
Freiberg Univ. ofMining and Tech .. Brennhausgasse 14. 09596 Freiberg. 
Germany: Spooner and Bray at F. Gordon Smith Fluid Inclusion Labora­
tory. Dept, ofGeol .• Univ. of Toronto. 22 Russell SL Toronto. Ontario M5S 
3BI. Canada: Kremenetsky at IMGRE. ul. Veresacva 15. Moscow 121357, 
Russia. 

The Muruntau Au ore field and the Myutenbai depos1L and a number 
of prospects have been studied, using samples of quartz and scheelite. 

The F chemist!)· srudy included analysis of Fl by microthermometry, 
laser Raman spectrometry and integrated volaule/cauon-anion chroma­
tographic analysis of trapped F using a method slightly modified from that 
of Channer and Spooner ( 1994 ). In order to establish petrographic evi­
dence for a Fl chronology. nine·samples from different textural settings 
have been inves1igated using Fl mapping. 

C01 is the maJor G component in all investigated G-beanng I. In ad­
dition. highly variable amounts of CH, and (to a lower degree) variable 
amounts ofN: were found by laser Raman spectrometry. CH, concentra­
tions range from 2.5 to 39.5 mol%. Ni concentrations are between <0.5 
and 10.0 molo/o. These results are in good agreement with G chroma­
tographic analysis showing volatile components in the following order of 
abundance: H2O>>COpCH..-N2>C"OS>Ci- and C,-hydrocarbons. 

Using ion chromatography, Na· and Cl" were determined to be the 
principal ions in all samples. In addition. minor amounts of K ". Mg2·. 
ca2•• Br" and SO/ are detected in most sample leachates. Areas showing 
Fl with variable volumetric rauos of carbonic and aq L. and indicating 
heterogeneous trapping of F were found in Muruntau ··central'" quartz veins 
and in the quartz nodule sampled in the adjacent wall rock. but were not 
observed in the investigated Myutenbai samples. There 1s good evidence 
that the low- and high-XCOi Fl were formed by H2O.CO1 F 1mmiscibility. 

Non-aq volatile data for samples ti-om low-grade mineralized ··nae ore 
veins at the mar-sins of the investigated ore bodies with (non-aql G compo+ 
s1tion dominated by S COi-nch I also fit into the phase separation trend 
suggested for the '"central" ore veins samples and show CO2/CH, ratios of 
betWeen 1.37 and 3,29 for quartz and scheelite samples. 

The consistency of highly phase separated F and high-grade minerali­
zation in Muruntau ··central" quartz veins and the lack of phase separation 
evidence in all investigated M)11tenbai samples suppons considerable 
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variations in the geochemical condiuons during F evolution for both de­
posits. According to our results. it is suggested that deposition of gold in 
Muruntau --centta1•· quartz veins may have been caused by CO1-H2O phase 
separation. (From authors' abstract by E.R.) 

GRAY, J.E .. GENT, C.A., SNEE, L.W. and THEODORAKOS, P.M., 
1998. Age, isotopic and geochemical studies of the Fonyscven Creek Au­
As-Sb-W prospect and vicinity. southwestern Alaska: U.S. Geological 
Survey Professional Paper. 1998. p. 17-29. 

Indexed under Fl. 

GRISHINA, Svtllana, PIRONOl"i, Jacqurs, MAZURO\-: Mikhail, 
GORYAINOV, Strgcy, PUSTIL'IIIKOV, Anatoly, FON-DER-FLASS, 
German and GUERCI. Alain, 1998. Organic inclusions in salt. Pan 3. 
Oil and gas inclusions in Cambrian evaporite deposit from East Sibena. A 
contribution to the understanding of nitrogen generation in evaporites: 
Org. Gcochem .. v. 28. no. 5. p, 297-310, First author at United Inst. of 
Gcol., Geophys. and Mineral., 630090, Novosibirsk. Russia. 

Halite in Cambrian KCl-<leposits from the sou them pan of the Siberan 
platform. which have been thermally overprinted by dolerite intrusions. 
commonly contains I dominantly composed of CO2 and less commonly. 
host I composed of hydrocarbons. Four types of hydrocarbon I have been 
identified in samples taken from locauons devoid of dolerite intrusions. 
These are (I) monophasc gaseous I (i.e. Ni. CH., or N1.CH,l. (2) aliphatic 
oil I. (3) two-phase (L, + L2) hydrocarbon-brine I and. (4) Ni-hydrocarbon 
I. The an:a where the N2-rich I occur is associated with ammonium-free K­
chlorides. By comparing different types of K-salt environments. the ongin 
of the nitrogen could be identified. First. ammonium ions are produced by 
deamination of organic matter and stored in K-chlorides. and thereafter Ni 
is released from NH.,-K minerals by oxidation in zones rich in iron oxides 
and/or by '°K radiolysis, (Authors· abstract) 

50 

GROSSMAN, J.N., ALEXANDER. C.M.O'D., WANG, J., ZANDA, 
B., BOUROT-DENISE, M., HEWINS, R.H. and YU,\"., 1998. The lack 
of potassium-isotopic fractionation in 81shunpur Chondrules (abst.)· 61 st 
Meteoritical Society Meeting July 27•3 I. 1998. Trinity College. Dublin. 
Ireland. published in Meteoritics & Planetal}' Sci .. v. 33. no. 4 Supple., p. 
A64-A65. First author al U.S. Geological Surve>. Reston, Va 20192. 
U.S.A. 

\blatilc elements can provide some of the best constraints on the na­
ture of the chondrule formation process and of chondrule precursors. \bla­
tile-poor chondrules may have fonned either from volatile-poor matenal or 
by partial evaporation of volatile-rich material dunng melting. \blatiles 
may also have been affected b) S processes. such as parent-body (aq) al­
teration of chondrules. 

Rayleigh-type evaporative loss of K from synthetic chondrules pro­
duces rapid increases m 6°1K, even at modest levels of evaporation (I), In 
( I]. the mesostasis in three low-FeO chondrules were analyzed. and none 
showed any resolvable (<2%ol fractionation of K isotopes. Yu ct al. (I) 
assumed that entry of K into the chondrules after accretion was minimal 
and. therefore. that evaporative loss of K did take place. but probably in a 
dust-enriched environment. thus allowing isotopic exchange between G 
andM. 

Here we attempt to rule out that S entry of volatiles into chondrules 
er8Sl!d evidence of P K-1sotopic fractionation. We identified I of glass in­
side olivine crystals in six Bishunpur chondrules. As in Semarkona (2). 
several of these I have extremely low Na/ Al ratios compared 10 their chon• 
drule mesostasis. There is evidence that volatiles. including K. entered 
certain chondrules after solidification. probably during aq alteration (3 ]. 
The glass I. especially alkali-poor ones. offer the best hope offinding mate­
rial that escaped any such alteration. These I as well as normal chondrule 
mesostasis were analyzed by ion probe as described in [I]. 

Five oflhe chondrules were type I (olivine. Fao.1). with mesostasis 
Na!O contents of0.2-9 wt% {the latter bemg an unusual type I chondrule). 
The sixth chondrule had Fa., olivine and mesostasis with 2-4 wt% NaiO. 
One type I chondrule and the sixth chondrule had glass I that were signifi­
cantly lower in alkahs than surrounding mesostasis. 

The analysis of 17 areas of mesostasis and glass I are plotted in Fig. I . 
The fraction of K remaining assumes initial L-chondrite-like KIAi ratios for 
all the chondrules. None showed any significant K isotopic fractiona11on. 
conlinning the results m ( I ]. 

From the analyses. it seems likely that Bishunpur chondrules lacked 
any K~1sotopic fractionation even before parent-body alteration occurred. 
This is consistent with direct condensauon models of chondrule L (4). al­
though we doubt that such models can explain many of the propenies of 
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real chondniles (e.g. relict grains and fast cooling rates). Type I chondrulcs 
could have fonned from volatile-poor matenal such as high-T condensates, 
which would not be expected to show K •isotopic fractionation. although 
the correlation of chondrule grain size with volatile content may argue 
against this ( 5 ), depending on the effect of S alteration. If type I chondrules 
expcncnced evaporative loss of volatiles. the combined effects of enhanced 
evaporation rates due to fairly high PH2 and exchange with the surround­
mg G while molten must have reduced the amount of isotopic fractionation 
in chondrules to levels we arc unable to detect. This docs not require that 
volatiles recondensed into chondrulcs to any great extent during cooling: 
they were simply able to exchange with the M. Indeed, the zoning profiles 
of glass in many lypC I chondrulcs requires that most observed S entry of 
volatiles happened after solidification and incorporation into a parent body 
What is certain. however, is that chondrulcs did not experience simple 
Rayleigh-type loss of volatiles. (Authors' abstract) 

See figure in the Jllustrations appendix. 

GROVES. D.I .• GOLDFARB. R.J., GEBRE-MARIAM, M .. HAGE­
MANN. S.G. and ROBERT. F., 1998, Orogcnic gold deposits: A pro­
posed classification m the context of their crustal distributron and relation­
ship to other gold deposit typcS' Ore Gcol. Reviews, v. 13. p. 7-27. First 
author at Centre for Teachmg and Research in Strategic Mineral Deposits, 
Dept. ofGeol. and Geophys .. Univ. of Western Australia. Ncdlands. WA 
6907. Australia 

The so-called ·mesothermal • gold deposits are associated with region­
ally metamorphosed terranes of all ages. The resulting gold-bearing quartz 
veins are ernplaccd over a unique depth range for hydrothcnnal ore depos­
its, with gold dcpos1t1on from I S-20 km to the near surface environment, so 
the term ·mesothcrmar is not applicable 10 this deposit type as a whole. 
Instead, thc unique temporal and spatial association of this deposit type 
with orogcny means that the vein systems are best tcnned orogenic gold 
deposits. Most ores are post-orogcnic with respect to tectonism of their 
immediate host rocks. but are simultaneOUSly syn-orogcnrc with respect 10 

ongoing deep-crustal, subduction-related thermal processes and the prefix 
orogeriic Satisfies both these conditions. On thc basis of their depth of 
fonnation. the orogcnic deposits arc best subdivided into epi:onal (<6 km). 
mesozorial (6-12 km) and hypo=orial (>12 km) classes. {from authors' 
abstract by E.R.) 

Includes a table with F compositions for orogcnic and six other typcS 
of gold deposits. (ER.) 

GllAN, Shiping and LI. Zongwei, 1998. Geochemistry of ore-forming 
fluids of Pb-Zn deposits m case margin of Kangd1an geoaxis. southwest 
Chrna· 6dl National Meeting on Mmeral Deposits. Nanjing. China. Nov 
25-28. 1998: Mineral Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 
1087-1090{in Chinese). 

Gl'ILHAUMOl!, Nitole. CORDON. Sophie. DURAND. Claudine and 
SOMMER, Fridfric, 1998. P-T condnions of sandstones silicification 
from the Brent Group (Dunbar. North Sea). Eur. J. Mineral .. 1998. no. JO, 
p'. 355-366. First author at Ecole Normalc Superieure. Laboratorre de 
Gcolog1e. URA 1316 du CNRS. F-75230 Paris Ccdcx OS, France: email 
(gurlhaum@lgs.jUSSICU.fr) 

Silicification is one of the diagcnetic phenomena that causes a drastic 
decrease of porosity rn sandstone reservoirs In several imponant hydro­
carbon fields located rn the Brent Province of the nonhem North Sea. silici­
fication is found together wnh illiusation. The present paper anempts to 
define P and T condruons of silicificat1on in thc Dunbar Field (Greater 
Alwyn. Great Bntian). SEM CL observatrons were performed on sand­
stones. Raman FTIR microanalyses and mrcrothermometnc measurements 
were done on single I precisely related to the quartz overgrowth generation 
Two main types of aq and hydrocarbon-bearing Fl are observed and can be 
related to the beginning of the marn silicification phase: (I) Trapping ofFI 
wnh highly variable methane contents in rehealed cracks: (2) Trapping of 
contemporaneous aq and hydrocarbon Fl. mainly at the bound&I)· between 
detrital grains and overgrowth. Two phase aq Fl homogenize between I 05 
and 11o•c in the Frontal Panel area and between 100-105 and l05-l 10°C 
m the West Flank area depending on the well. Sal are between 2 S and 4 
wt.% eq. NaCl. 

Raman microspcctromctric analyses and observation of earlier hetero­
geneous trapping suggest that the bnne 1s methane-saturated in all samples 
wuh no other G species detected. FTIR microspectrometry of hydrocar­
bon-bearing Fl show that the) contain hght aliphalic mature oils cC .-C ,u 
alkane eq.) with variable amounts of dissolved CO!, Thcrr Th vary be­
tween 80 and 90°C. depending on the well. Since the trapped bnncs arc m 
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the methane-saturated HP.NaCJ(:tKCI) system. Th of aq I arc equal to Tt. 
The Tt arc I S-20°C lower than the present-day Tf. this argues against a 
present-day rcscning of the I. The deduced P values arc near 400:t20 bars. 

Using basrn modeling (GENEX) to match observed organic matter 
maturation parameters. the T obtained from Fl correspond co a burial depth 
of2.3 10 2.S km sub-seafloor for the Frontal Panel and 2 4 to 2 8 km sub­
scafloor for thc West Flank. The P values obtained from Fl arc higher than 
those derived from modeling which may indicate the existence of ovcrpres• 
surcs rn the reservoir at the time ofccmcntation. (Authors· abstract) 

GUILHAUMOU, N .. DUMAS, P .. CARR, G.L. and WILLIAMS, G.P .. 
1998. Synchrotron infrared microspcctromeb)' applied to pctrography in 
micrometer-scale range· Fluid chemical analysis and mapping. Applied 
Sl)cctroscopy, v. 52, no. 8, p. I 029-1034. First author at CNRS, URA 
1759. Dept. de Geotcctonrquc-Universite Pierre & Marie Cune. 75252 
Paris. Ccdex 05. France. 

The potentiality of synchrotron infrared microspectrometry was inves­
tigated for ,n si/U analysis of Fl and volatiles of particular geological inter­
est Thanks to the intnns1c high brightness of the: synchrotron infrared 
source. areas as small as a few µm2 can be probed, providing a high­
contrast analysis of small I in geological materials We have idcnulifed 
organic components in such small volumes in therr L and gaseous phase, 
thus allowing a dccpcr analysis of oil-water I entrapped in dragcnctic ce­
ments. Such detailed analysis opens up new perspectives m petroleum 
reservoir evolution studies. The high signal-to-noise ra110 of spectra ob­
tained in small volume allows a fast and accurate chemical mapping of the 
I components. Drasuc refraction effects preclude. at the present state. a 
quantitative analysis of either the volume or the: thickness of the md1vidual 
I. Traces of volatiles such as CO2 and H2O are easily detected m the vitre­
ous and gaseous part ofthc: glass M Fl. We have also profiled the hydroxyl 
concentration near a wall, and calculated the hydrogen d1ffus1on coefficient 
in anhydrous minerals such as diopsidc. (Authors· abstract) 

GUNN, \',K., BARKER. A.J., NESBITT, R.W. and SCHMIDT, L.B., 
1998. New msrghts into the fluid flow and mineralisation history of the 
Zinkgruvan Pb-Zn-Ag deposit, Sweden (abst.): Mineral Deposits Study 
Group Annual Winter Meeting 14-16 Dec, 1998. St. Andrews. Scotland 
(unpaginated). First author at School of Ocean and Eanh Ser, Univ. of 
Southampton, Southampton Oceanography Centre, Southampton SO 14 
3ZH. 

Zinkgruvan is an early Proterozoic Pb-Zn-Ag deposit It has traditron­
ally been interpreted as a Broken Hill•lype stratiform deposit (HedstrOm ct 
al .. Econ. Gcol.. v. 84. 1989) The Pb-Zn-Ag mineralisation is contamed 
within a package ofpoly-dcfonned and highly metamorphosed rocks. The 
localised presence of wollastonitc and forsteritc is indrcatrve of low-P con­
ditions. and on this basis provisional estimates of peak metamorphism arc. 
P=<S kbar: T=700-7S0~c Late stage F infiltration (Fl data?) gave rise to 
variable retrogression of peak metamorphic assemblages. and the sphalcritc 
and galena ores preserve features from both the progradc and retrograde 
events 

Preliminary investigation suggests evidence for significant K • mcta­
somatism. although the relauonship between this and the ore ha~ still to be 
determined. (From authors' abstract by E.R.) 

GlFO, Naiyan and YU, Xiaoguo. 1998: Organic inclusion studyofYC 
13-1 gas field in thc Qrong Dongnan Basin. South Chma Sea (abst.): Sec­
ond APIFIS lnt'l. S)mp Mineral Forming Fluids and Ore Genesis. Oct. 28· 
30. 1998. Tashkent. Uzbekistan. Abstracts volume. p. 150 (in English). 
Authors at Exploration and Dcvc:lopmcnt Research Center ofChma Nat'I. 
Offshore Oil Corp .. Heber. China 0740 l 0. 

In this paper we try co obtain information about the origin, migration 
and accumulatron of G field bv the study of type. distribuuon. homogcnous 
T and components of organic I in diagcnctic quartz of the reservoir m the 
YC 13-1 G field, the biggest offshore G field in Chma. Sandstone samples 
were studied b} Th. LRM. GC and GC-MS. 

Organic l in auth1gemc quartz of sandstone in LS, are characterised by 
large amount. high evolution level and rich in CO2. The organic I can be 
classified into five typcS. liquid. three phasic. gaseous. mixture phasic and 
solid hydrocarbon I From the first to the third stages the change of the 
organic I type implies the quick filling of hydrocarbons in the reservoir. 
The: filling suggests that the F media in the reservoir ofthc Lingshui For• 
mation is a strong reduce water column with a medium salme and high 
sulphur content deposned in marine environment. The biomarkcr distribu­
uon of the I and condensates is totally different. The hydrocarbons in the I 
wrth high maturity orrgmated from marine source rock wrth tenigenous 
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plant input and low pristane/phytane ra1io. The G onginated from two 
source rocks, marine and coaly, the fonner is P source rock. The type dis• 
tribution, homogenous T and components of organic I in authigcnic quanz 
sandstone suggest that G migration began at Pliocene, in YC 13• I G field. 
At that time the sttata buried depth was about 3000 to 3300 m. (and] G 
reservoir had not yet fonned. The large-scale migration occurred in the end 
of Pliocene to Quaternary, with its depth about 34 to 390 m. (From 
authors· abstract by E. R.) 

GllRENKO, A.A., HANSTEEN, T.H. and SCHMINCKE, H.-U., 1998, 
Evolution of magmatic volatiles during Miocene seamount to shield stage 
ofGran Canaria (Canary Islands); Evidence from 01- and Cpx-hos1ed melt 
and fluid inclusions (abst ): Mineralogical Magazine. v 62A. V M. Gold• 
schm1d1 Conf. Toulouse 1998, Extended Absuacts. p. 551-552. Authors at 
GEOMAR Research Center. Wischhofstrasse 1-3, D-24148 Kiel. Gennany. 

We have studied volatile components (Hz(), CO2, F, Cl, S) and s1r-tS.a 
ratios m F and naturally quenched glass I in 01 and Cpx phcnocrysts from 
Miocene basaltic hyaloclastites drilled during ODP Leg I 51. Our goal is to 
understand the behaviour of magmatic volatiles from magma general ion 10 
eruption during the seamount to shield stages ofGranodiorite Canaria • a 
wen studied oceanic inuaplatc volcano (From authors' absuact by E.R.) 

HAGGERTY, S.E., 1998, Diamonds m space and time (Meyer. 1989) 
( abst. ): 17th General Meeting Int'!. Mineralogical Association. Aug 9-14, 
1998, Toronto, Canada. Absu-acts and Programs, p. Al2. Author at 
Gcosciences., Univ. of Massachusetts. Amherst. email (hag­
gerty@eclogite.gco.umass.edu) 

Diamond precipitation is redox conirolled by oxidation ofCH4 or 
reduction of CO2 at >180 km, (From author's absu-act by E.R.) 

HALL, D.L., STER"IER, S.M .. SHENTWU, W., WAGNER. P.O., 
HADLEY, S. and HA\', B.P., 1998. Applying fluid mclusions to peuo­
Ieum exploration and production problems {abst. ): American Chemical 
Society 2 I 5th National Mectmg Program. Dallas. TX. March 29-April 2, 
1998. paper no. 049. First author at Fluid Inclusion Technologies. 2217 N. 
Yellowood Ave .• Broken Arrow, OK 74012. 

Mechanical crushing of rock samples, followed by bulk analysis of 
evolved organic and inorgamc Fl volatiles by quadrupole: mass spectrome­
try using a rapid. automated sampling system. allows nearly continuous 
stratigraphic mapping of palcofluids in the subsurface. These data can be 
used to document petroleum migration through specific stratigraphic inter­
vals. evaluate petroleum type and quality. establish a time-integrated effec­
uveness for potential seals. infer nearb} undiscovered petroleum. delimit 
petroleum-bearing intervals and assess reservoir compartmentalization and 
connectivity. Examples will be presented from the Gulf of Mexico and the 
Western Canadian Sedimenl3J)' Basin. (Authors· abstract) 

HALLI DA\', A.N .. LEE, D.-C .. CHRISTENSEN, J.:11 .. REH KAM• 
PER, Mark. YI, Wen, LUO, Xiaozhong, HALL, C.M., BALLENT11'E, 
C.J., PETTKE, Thomas and STIRLl!'IIG, Claudine, 1998. Applications 
of multiple collector-lCPMS to cosmochem1stry. geochemistr). and paleo­
ceanography; Geochim, et Cosmo. Acta. v 62. no. 6. p. 919-940. Authors 
at Dept of Geological Sci.. Univ of Michigan. 2534 C.C. Linle Building. 
Ann Arbor. Michigan 48109-1063. USA. 

Multiple collector-inductively coupled plasma mass spectromelr) 
(MC-ICPMS) is a new technique for the measurement of1so1opic compo­
sitions at high precision. MC •ICPMS is likely to become the method of 
choice for many isotopic measurements because it is a more user friendly 
and efficient method for the acquisition of high precision data II is also 
much more versatile. pennining elements to be measured that were previ­
ously considered intractable. and allowing the acqursiuon of data in situ. all 
with a smgle mass spectrometer. The limiting factor on the sensitivity is 
the transmission which is :Q% for all instruments thus far designed. {from 
authors· abstract by ER) 

HALTER.. W.E .. WILLIAMs-JONES, A.E. and KONTAK, D.J .. 
1998a. Modeling fluid-rock interaction during gre1seniza1ion at the East 
Kemptville tin deposit: lmphcations for mineralization: Chem. Geol . v. 
I 50. p. 1-17. First author al Dept. of Earth and Planet Sci .. McGill Umv .. 
3450 Univ. str .. Montreal. Quebec. Canada H3A 2A7. 

Interaction between a tin-bearing greiscnizing F and a leucogranitic 
rock was modeled in order to evaluate the possible role of alteration in­
duced changes in F chemistry in cassrtente deposuion. The interacuon was 
modeled using simple titration and multiple-pass F flow models with the 
program CHILLER. modified 10 penmt calculauons at 450°C and 4.0 kb. 
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The compositions of the mineralizing F and the unaltered leucogranitc were 
based. respectively, on analyses of Fl and whole-rock chcmrstry, of samples 
from the East Kemptville grcisen-hostcd tin deposit. Nova Scotia, The 
multiple-pass F flow model quanlified changes in F composition as a func­
tion of its interaction with the wall rock and thus enabled us to assess better 
the factors thal conbOlled cassitcrite precipilalion, Important conclusions 
of the model are that the F and the rock equilibrated at each stage of the 
alteration and the water/rock ratio remained constant across the al1eration 
halo. We further concluded that phases precipitated close to the vem m an 
earlier stage of the altcralion were re-dissolved with evolution of the miner­
alizing system. In particular, re-dissolution of cassiterite caused an increase 
in the concentration ofSnC.♦ in the F. As a result. cassiterite saturated at a 
lower pH. and the chemical potenlial ofSnC.♦ increased away from the 
vein. This could. in tum. explain the low tin grades at East Kemptville. 
(from authors· abstract by E.R.) 

See also next item (E.R.) 

HALTER, W.E., WlLLIAMs-JONES, A.E. and KONTAK. D.J .• 
1998b, Origin and evolution of the grcisenizing fluid at the Eas1 Kemptville 
tin deposit. Nova Scotia. Canada: Econ, Gcol .• v. 93. p. I 026-105 I. First 
author al Dept. of Earth and Planet. Sci .. McGill Univ .. 3450 Un iv. str .• 
Montreal. Quebec, Canada H3A 2A 7. 

The process responsible for grcisen-hosted tm mmeraliZlllion at East 
Kemptville was investigated using petrographic. chemical. and Fl analyses 
of samples from a single deep drill hole m the weslem part of the deposit 
(Baby zone). Based on their uace clement chemistry. 1hc gre1sens inter­
sected in the hole appear to have all formed from a single leucogranue 
protolith. Alteration developed as symmetricall~· zoned halos around cen­
tral fractures as a result of the interaction of a fluoride-rich orthomagmat1c 
F with evolved lcucogranite. During alteration. K feldspar was first re­
placed by albite. With further alteration. albite was replaced by muscovite 
resulting in the fonnation of quartz-sericite greisen. Ore minerals arc lo­
cally present in this zone. Closer to veins. muscovite rs replaced by topaz 
and quartz, producing a quartz-topaz greisen with which the most intense 
mineralization is associated. Tors latter greiscn is enriched m F, Fe. S. Zn. 
and Sn. suggesting that these elements were added by the mineralizing F. 
Next to the vein. dissolution of pyrrhotite. sphalerite. and cassiterite char• 
acterizes quartz•greisen in which the concentration of ore-fonning elements 
(Sn. Fe. S. F. Zn.. Cu) is lower than in the quartz-topaz greisen. Microther­
momctnc measurements of Fl in quartz from the various alteration zones 
show thac this alteration sequence was formed by only one greisenizing 
event and that Twas approximately constant (4506 C). The F responsible 
for grcisen formation was an NaCl-bnne. contaimng subordinate and vari• 
able concentrations of Fe. Mn and K 
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Measured Tc of Fl are lowest in quartz-topaz greisen as a result of an 
increase in the Fe concentration due to pyrrhotite dissolutron. Oxygen 
fugacuy. which was calculated ftom the COz/CH~ ratio in G released by 
crushing Fl-rich samples. displays a corresponding m1mmum since pyr• 
rhotite dissolution releases Fer. The distnbuuon of pyrrhotite and the Fl 
data indicates that pyrrhotite was precipitated close to the vem dunng early 
stages of the alceration and reprecrpitated farther out as alteration pro­
gressed. This suggests that al1cration zones moved away ftom the vein and 
widened with time. 

The sal of Fl varies between 21 and 41 wt.% NaCl eq. and mcreascs 
linear!~ with increasing distance from the vein. even in the absence of Na• 
bearing phases. It therefore follows that sodium was transported toward the 
fracture (vein) down a chemical potential gradient. This occurred through 
compensated infiluation. i.e .. a regime in which flow was dominantly par• 
allel to the ftacture hut individual aliquots off followed complex paths 
back and forth between the fracture and the rock. 

Cassiterite precipitated in quartz-topaz greiscn in response to a pH 
increase of the mineralizing F due to its interaction with the wall rock. 
Other components affecting cassitcrite solubility were either constant (Tl or 
acted against its precipitation (102 and ac1.) (Authors· abstract) 

Sec also previous item (E.R. ). 

HANOR. J.S .. 1996. Controls on the solubilization of lead and zinc in 
basinal brines: Society of Economic Geologists. Special Pub. No. 4. p. 483-
500. Author at Dept. ofGeol. and Geophys .. Louisiana State Univ .. Baton 
Rouge. LA 70803 USA. 

There is general consensus that basmal brines have acted as transport 
agents for lead and zinc in the formation of many carbonate-hosted ore 
deposits. There has been less agreement however. on what specific prop­
erties of brines permit some of them to act as solvents for these metals. 
Alternative hypotheses for solubilizauon have included metal complexing 
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by chlonde. bisulfide. or organic ligands. Several propenies of basin al F 
combine IO increase the solubiiity of galena and sphalerite in a non•hnear 
manner by many orders of magnitude as sal increases at fixed T and llHls­
Thesc include: (I) a decrease in pH with increasing sal as a result of rock• 
buffering, (2) the progmsive predominance of MeCL.2' complexes, whose 
activities increase: in the proponion of I 0,000 to I with increasing activities 
of chloride. (3) and the strongly non-ideal behavior of chloride which re­
sults in act1v1ty coefficient terms which are significantly greater than unity 
in very saline waters_ Field evidence argues against either organic or bisul­
fide complexing oflead or zinc as an imponant control on metal solubility. 
Data suggest that a threshold chlorimty of roughly I 00 g,1 (equivalent to a 
sal of I 70 l!fl.) exists. below which sedimentary F are typically poor sol• 
vents for Pb and Zn and above which metals in concentrations of interest in 
problems of sedimentary ore genesis can be accomodated in solution 
(From author's abstraet by E.R.) 

HANSTEEN, T.H .. KL0GEL, Andrras and SCHI\IINCKE, H.-U •• 
1998. Multi-stage magma ascent beneath the Canary lshw1ds: Evidence 
from fluid inclusions- Contrib. Mineral. Petrol., v. 132, p. 48-64. Authors 
at GEOMAR. Ableilung Vulkanologie und Pctrologie. Wischhofstrallc 1-3. 
D-24148 Kiel, Germany; email (thanstccn@gcomar.de) 

Gabbroic and ultramafic xenoliths and olivine and clinopyroxene phe· 
nocrysts in basaltic rocks from the Canary Islands contain abundant CO2-
dominated Fl I densities arc strikingly similar on a regional scale. Histo­
gram maxima COITCSf)Ond 10 one or more of the following P: (I) mimmum 
0.55 to I 0 GPa (within the upper mantle); (2) bcrwccn 0.2 and 0.4 GPa 
(the Moho or the lower crust); (3) at about 0.1 GPa (upper crust}. Fl in 
several rocks show a bimodal density distribution. the lower-density maxi­
mum compnsing both texturally early and late I. This is taken as evidence 
for an incomplete resetting of I densities, and simultaneous formauon of 
young I. at well-defined magma stagnation levels. For Gran Canana. P 
estimates for early I in harzburgile and dunile xenoliths and olivine pheno­
crysts m the host basanites overlap at 0_9 to 1.0 GPa. indicating that such 
magma reservoir depths coincide with levels ofxenolilh entrainment into 
the magmas. Magma chamber P within the mantle. inferred to represent 
levels of mantle xenolith entrainment, are 0 65-0. 95 GPa for El Hierro. 
0.60-0.68 GPa for La Palma. and 0.55-0.75 GPa for Lanzarote. The high· 
est-density Fl in many Canary Island mantle xenoliths have probably sur­
vived in-situ near-isobaric heating at the depth ofxcnolilh entrainment. 
Lower crustal ponding and crystalhzauon prior to eruption may be the rule 
rather than the exception. independent of the tectonic setting. ( From 
authors· abstract by E.R) 

HAO, Fang, LI. Sitian, SllN, \'on&chuan and ZHANG, Qi ming, 1998, 
Gcolog}. compositiorlal he1erogenei11es, and geochemical origin of the 
Yacheng gas field. Q1ongdongnan basin. South China Sea: AAPG Bulle• 
tin. v 82. no. 7. p 1372-1384 

Overpressuring and a thermal anomaly near the No. I fault are re­
vealed by Fl Th and v1trimte reflectance. (From authors· abstract by E.R.) 

HARLOV, D.E .. HANSEN, E.C. and BIGLER, Christopher, 1998. 
Pctrolog1c evidence for K-feldspar meUISOmalism m granulitc facies rocks: 
Chem_ Geo!., v. 151, p. 373-386. 

HARMER, R.E. and GllTli'S, J .. 1998. The case for primary. mantle­
derived carbonatite magma· J. of Petrol . v. 39. no. 11 & 12. p. 1895-1903. 
F1rs1 author at Council for Geosc1. Pnvate Bag XI 12. Pretoria 0001. South 
Africa. 

There 1s much debate about whe1her caJbona111e magmas arc derived 
in ·secondary' fashion through the advent of L 1mmiscibility operating in 
the crust on evolved nephchmuc magma. or whether they are derived in the 
mantle by direct partial melting of a carbonated peridotite. This paper 
briefly summarizes the ts,·l:N4 dllla for carbonatues in general and evaluates 
the isotopic relationships between carbonatnes and alkaline silicate rocks in 
several well-studied complexes from Afr,ca. Available data for carbona­
titcs younger than 200 Ma have a range in ts,-&Nd that is less than that 
found m oceamc basalts despite the fact that carbonatites traverse litho­
spheres that are much more complex than those m the oceans. By contrast 
for the Napak_ Kenmasi. Shombole. Dorowa. Shawa and Spitskop com­
plexes the alkahne sihcate rocks shm" greater variablity and have more 
enriched ts,•Ei<d {higher ts,. lower &Nd) values than their associated car­
bona111cs In general. the carbonatites have 1s01opic compositions that arc 
closer to the more pnmnive s1hca1e rocks. such as melilitites and olivine 
nephelinitcs. than to more evolved ncphehmtes and phonoliles. In the case 
of the Napak Complex. the enriched component was introduced from the 
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lower crust whereas for the Dorowa and Shawa complexes of SE Zim· 
babwe, the component was derived from the sub-continental lithosphcnc 
mantle. These relationships indicate that the carbonatites must have ex­
isted as discrete magmas in the mantle and argue against a derivation by L 
immiscibility in the crust_ Although a contrtit in isotopic composnion 
does not rule out an immiscibility relationship at mantle depths and early in 
the evolutionary history of a melilititic or nephelinitic magma. there is httle 
experimental suppon for 11_ Existing experimental data indicate that 1m• 
miscibility between can,onate and silicate L is favoured al low. crustal. P 
but that immiscibility is unlikely to occur in realistic mantle Mor their 
derivatives at mantle P. Many experimental data exist to show that magne­
sian carbonalile L form as the near-solidus M of carbonated mantle pcri­
dotitc at depths in excess of75 km. We conclude that the calc111c and 
dolomitic catbonatite magmas discussed in this paper arc best considered 
as being derived from P carbonatite magmas generated in the mantle by 
partial melting of carbonated pcridotite. (Authors' abstract) 

HARMS, E. and SCHMINCKE, H.U., 1998, Volatile composition of the 
Laacher Sec phonolite magma (East Eifel, Gennany, 12900 BP): lmplica• 
tions for syneniplive S. F, Cl and H2O degassing (abst.): EOS. Trans-. 79 
(45) Fall Meet. Suppl., p. F936. First author at GEOMAR forschungszen­
trum fllr Marine Geowisscnschafte. Abt. Vulkanologie und Pc!trolog1e. 
Wischhofstr. 1-3. Kiel 24148. Germany; email (eharms@gcomar.de) 

We quantified the syneruptive volatile loss by comparing volatile con­
centrations in glass I in phenocrysts and partially degassed host matnx 
glass. Glass I ( 150-1490 ppm S) and host matrix glasses ( 150-820 ppm S) 
both document a strong s«crcase from the least 10 the most differentiated 
M fractions which is probably due to crystallization of hauyne (sodal11e 
phase with max. 4.8 wt°/4 S. modal content 0 5-1 .S vol%). showing that 
most S was lost from the M prior to eruption. The sulfate/total sulfur rauo 
of the pre-eruption M mcrcased with proceeding magmatic differentiation 
from c. 8 10 71 %. as indicated by S k a wavelength shift mcasuremcntS in 
glass I. This suggests the release of sulfate-rich M during Plinian and sul­
fide-rich M during phreatomagmatic phases. F and Cl arc ennched in glass 
I (690-4060 ppm F. 1770-4400 ppm Cl) and matrix glasses (680-3660 ppm 
F. 2130-4330 ppm Cl) dunng the magma1ic evolu1ion. The most differen­
tiated M fractions (max_ 13 wt°lo Na20) represented as matnx glass only 
arc extremely F·ennched (5080-8780 ppm) and Crdepleted (460-2820 
ppm) suggesting that virtually all F was retained in the M. whereas some Cl 
was lost during pre- and/or syn-eruptive degassing. The H2O conccntra· 
lions in glass I vary stausucally during magmatic differentiation (2 5-5. 7 
wt%). Host matnx glasses arc HiO-depleted (0 2-2.8 wt%) compared to 
most glass I. (From authors· abstract by ER-) 

HAURI. E.H., 1998. Water and other volaules in the Hawaiian plume: A 
SIMS study of melt inclusions (abst.): Mmcralogical Magazine_ v. 62A. v_ 
M. Goldschmidt Conf .. Toulouse 1998. Extended Abstracts. p. 585-586 
Author at DTM. Carnegie Inst of Washington. Wash ... D_C. 2001 S. USA. 

We have addressed the origin of water in the sub-Hawaiian mantle by 
examining Ml within ohv1ne phcnocrysts from Lo1hi. Kilauea. Mauna Loa 
and Koolau_ We also measured the D/H ratios of magmatic water con• 
tained within these Ml. (From author's abstract by E.R.) 

HE, \'ing. ZHl'. Xingguo and Xll, Peicang, 1998. The isotopic composi­
tions of C01 for smgle 0u1d inclusions in volcanic rocks from Shengh oil• 
field. Chma: Sc1en11a Geolog,ca Sinica (Dizhi Kexue) v. 33. no. 3. p 380-
383 tin Chinese. Engl abst.). First author at Dept. of Geol .• Northwest 
Univ .. Xi'an 710069, 

The isotoplC compositions of CO2 (presumably of Cl for single Fl m 
volcanic rocks from the Shengli 011-field have been analyzed with the LRM 
spectrum analysis method. There arc significant differences in isotopic 
compositions of CO: for the single I between non CO2 and CO2 gas-field 
f(•I0.22:1;0_99)'l6o for non CO2 gas-field and (-4.18:1;0.45)~ for CO2 gas. 
field. PDB), The results arc idenucal with the isotopic compositions of 
CO! for the group of I in volcamc rocks analyzed with the cracking method 
(from - 14.6 10 - 10.2%. for non CO2 gas-field and from -S.5 to-4.8'6o for 
C01 gas-field. PDB). and corresponds to the isotopic compos111ons of CO2 
for natural G (from - 11 .8 to 5.4"-i for non C01 gas-field and from - 5.3 10 
-4.4%. for CO~ gas-field. PDB), Therefore. the natural CO2 may be de· 
rived from the volcamc rocks derived from mantle. 

HE, Zhili, 1998. A brief review of decrepitation method development 
during the past 50 years (abst >· 17th General Meeting lnt'I. Mineralogical 
Association. Aug 9-14. 1998. Toronto_ Canada Abs1racts and Programs. p 
AJS. Author at #FK Dept. ofGcol. Umv. of Sci and Tech .. Beijing; em311 
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(licylxj@public.bta.net.cn) 
A review of the history of decrcpitation studies in Canada. USSR and 

China (From author·s abstract by E.R.) 

HE, Zhili and MEL'NIKOV, F.P., eds .. 1998. APIFIS Newsletter. Special 
lssllC. in conjunction with the Second APlFIS Symposium. Tashkent, 
Uzbekistan. Oct. 28-30. 1998. 118 pp. (in Russian and English). 

This reprints the abstracts from the 165-page Abstract \blume for this 
meeting. each in same language as in original (Smimova and Kozlov. 1998. 
this volume). (E.R.) 

HE, Zhili and XJE, Yuling, 1998, Discussion about some problems in 
studies of superlarge ore deposits and prospecting (abst. ): Second APIFIS 
lnt"I. Symp. Mineral Forming Fluids and Ore Genesis, Oct. 28-30, 1998, 
Tashkent, Uzbekistan, Abstracts volume. p. I 5-16 (m English). Authors at 
Beijing Univ. ofSci. and Tech .. 100083 Bc1Jmg. China. 

The research of Fl obtained from minerals indicates t.hal there is no 
significant difference berwccn the superlarge and large, middle and small 
Au-quartz deposits in ore-forming F. It seems I.ha! there 1s no uniqlJC ore­
forming F to form the superlarge gold deposit. Generally speaking. some 
superlarge ore deposits are polygcnetic and compound ore deposits. (From 
authors' abstract by E.R.) 

HEATH, Emily, MACDONALD, Ray, BELKIN, Harvey, 
HAWKESWORTH, Chris and SIGURDSSON. H1r1ldur. 1998. Mag• 
magencsis at Soufriere volcano, St Vincent, Lesser Anulles Arc: J. of Pet• 
rol . v. 39, no. 10, p. 1721-1764. First author at Environmental Sc, Div., 
IEBS. Lancaster Univ .. Lancaster LAI 4YQ, U.K. 

There is conflicting evidence as to the pre-eruptive water contents of 
Soufhere magmas; compositions of clinopyroxene phenocrysts and Ml 
suggest H10> 3 WC-/o, whereas various projections onto phase diagrams arc 
more consistent with relatively anhydrous magmas. Primary magmas al 
Soufricrc were generated by around 15% melting of mid-ocean ridge basalt 
type mantle sources which had been modified by addition of F released 
from the slab containing contributions from subducted sediments and ma• 
fie crust. (From authors" abstract by E.R.) 

HEDENQUIST, J.W., ARRIBAS, Antonio, Jr., and REYNOLDS, T.J., 
1998. Evolution of an intrus10n-centcred hydrothermal system. Far South• 
east-Lepanto porphyry and cpit.hermal Cu-Au deposits. Phihpp1ncs: Econ. 
Geol , v 93. no. 4, p. 373-404. First author at Mineral and Fuel Resources 
Dept., Geological Survey of Japan, 1-1-3 Higashi. Tsukuba 305, Japan; 
email (Jeffi'ey<i?gsJ.gojp ). 

There arc many examples of spatial!} associated porphyry and epi­
thermal ore deposits: a genetic connection has been suggested for some and 
argued against for others. Nowhere is this spatial association better dem­
onstra1ed than m the Manl.:ayan district of nonhem Luzon. Ph1hppines. 
where the Lepanto high-sulfidation epithermal Cu-Au deposit 1s superadja• 
cent to the Far Southeast porphyry Cu-Au orebod}: together the} contain 
>3 8 Mt Cu and >5501 Au. 

Quartz diorite poiphyry dikes intruded Miocene basement rocks of 
rnetavolcanic and volcaniclastic rocks to a 300 m elevauon These intru­
sions postdate the Pliocene volcanic brecc1a and dacne porphyry that host 
much of the ep1t.hermal ore. K silicate alteration. consisting ofb10111e­
magnct1te and minor K feldspar. is centered on the quartz d10n1e porph)ry. 
Vitreous. anhcdral quarti veins arc associaced with this early alteration and 
contain C-rich and hypersaline LI with maximum Th of 450 10 ~50°C (and 
S0-55 wt.% NaCl eq. sal). Lithostatic P estimates indicate a palcosurface 
at a ~ 1.500 m elevation. Advanced argdlic alteration formed over the top 
of the porphyry and consists of quartz-al unite, dated at 1.42±0 08 Ma 
1n=S). svnchronous with K silicate alterauon The lower hmit of extensive 
quanz-.dunite alterauon is at a "'600 m elevation. The chlorne-sericite 
altera110n is cut by veins of euhedral quartz that locally fill reopened anhe­
dral quartz veins. The euhedral quartz veins contain anhydrite-white mica­
P}Tllc:t:chalcopyrttc±bomite and have halos of scricite. Fl provide evidence 
for boiling on inception of this fracturing event (Th"'350°C. 5 wt '1/o NaCl 
eq.) and indicace a depth of 1.500 to 2_000 m below the paleowater table. 
This brittle-fracture event was followed by cooling and dilution of the hy• 
drothermal F 

The elevation of the enargite Au ep1thermal ore and us host ofsilicic 
alterauon increases as the unconformil) between the basement and dacite 
brec:cia rises from a 700 10 1.200 m eleva1100 with increasing distance from 
the porphyry, Published data on enargite•hosted Fl (Th,.295-200°C. 4-2 
wt.% NaCl eq .. ) indicate that the T and sal both decrease with increasing 
distance from the porphyry. Epithermal ore consists of stage I euhedral 

54 

Volume 311 1998 

pyrite~nargite-luz.omte, and subsequent stage 2 Au is accompanied by 
tetrahedrite-chalcopynte-sphalerite plus telluride and sclenide minerals. 

The dated minerals were also analyzed for their 6110 and 6D composi• 
tions, and their associated hydrothermal water values were calculated. 
Water in isotopic equilibrium with biotite averaged +6.3 and -45 per mil. 
respectively, typical ofhypcmlline L exsolved from felsic magma. The 
acidic water that deposited the alunite formed when magmatic V (~0110 
and -25"- 6D) was absorbed by local meteoric water (·10"- 0110 and -
70'.Jlio 6D) in a proponion of~: I magmatic to meteoric. Lateral now to the 
northwest and progressive mixing with ground waler diluted the magmatic 
componem to I : I at a distance of 4 km from the porphyry. At the depth of 
the porphyry deposit, the later water isotopically stable with scricite was 
dominantly magmatic (5.7'K.o 61'o and-43'J(,. 6D) in the core. The mar­
ginal sericitic alteracion (I ,S'K.o611Oand-51"- oD water values) indicates 
a maximum 20 to 30% component of local meteoric water. Pyrophyllite in 
both the porphyry and ep1t.hermal deposits formed from water with an iso­
topic composition similar to that which formed the scriciuc alteration. The 
late euhedral quanz veining and scricitic alteration appear to have been 
associaled with the maJ(lrity of Cu and Au deposition. In addition. miner• 
alogic. paragenetic. isotopic, and Fl evidence suggests that this water pre• 
cipitated the cnargite and Au within the epithermal deposit. 

Our results reinforce guidelines for exploration of such deposits, Ad· 
vanced argillic (quartz-alunite) and K silicate alterauon at Lepanto-Far 
Southeast arc coupled in ongm and result from V and hypersalinc L sepa­
ration. Thus, exploration programs for buried porphyry deposits should 
document carefully the geologic, morphologic. and temporal characteristics 
of exposed areas of advanced argillic alteration and its origin. Epithermal 
ore at Lepanto-Far Southeast reflects a paleohydrologic regime dominated 
by lateral F now, with a marked control by intersection of the Lepanto fault 
and a litholog1c unconformity. Recognizing evidence for lareral now is 
critical. as paleohydrology controlled the distribution of alteration and min• 
eralization in many high--sulfidation cpithermal deposits. (From authors· 
abstract by E.R.l 

HEDENQl'IST, J.W~ REYES, A.G., TAGUCHI, S. and SIMMONS, 
S.E •• 1998. Styles of hydrothermal systems in volcanic arcs: Causes of 
diversil)· of alteration and mineralization (abst.): GeoSc1encc 98. Geo!_ 
Soc., Biennial Meetings. Keele Univ., 14-18 April, 1998. p. 141 . 

The charactenst1cs of hydrothermal alteration in volcanic arcs are re• 
lated to several factors. including: depth 10 the degassing magma. fonna• 
tion by neutral pH or acidic waters, porosity• or fracture-controlled now. 
relief. etc Deep, neutral-pH uptlov. in the Broadlands systems. New Zea­
land. forms a I x3 km-size zone ofh1gh-T alteration 1n the porous volcanic 
rocks. with a halo of arg111ic altcration. In this low-relief setting. a steam• 
heated acid-sulfate Water that forms m the vadose zone causes only a thin 
I I Os m). sporadic cap of advanced argillic alteration By contrast, the 
Hatchobaru system m Japan has its neutral-pH upllow strongly channelled 
by faults. c:ausmg a much smaller zone ofhigh-T alterauon. 0.3x I km, 
despite a similar upnow to Broadlands. The moderate relief of several I 00 
m results in a perched water groundwater table that allows advanced argil• 
tic alteration to form as much as 500 m below the surface The Bacon­
Manuo system. Philippines. has an even higher rchef. resulting in advanced 
argillic alterauon extending down along faults as much as I 000 m within 
an otherwise neutral-pH style of alteration In addition. the shallow depth 
of degassing magma results locally in hypogene acid Cl-sulfate water cre­
ating high-T ( >400°C) advanced argdhc alteration along fractures as deep 
as 2 km. Interpretation of altcrauon sl)·les depends on reconslnlction of the 
volcanic edifice: knowing both allows the palcohydrology of the system to 
be deduced. which 1s necessary for effective mineral explorauon. as will be 
illustrated with cp1thermal and porphyry ore deposit examples (Authors· 
abstract) 

HEDEIIIQlllST, J.W. and RICHARDS, J.P .. 1998. The 1nnuence of geo­
chemical techniques on the development of genetic models for porphyry 
copper deposits: Chapter IO in Techniques m Hydrothermal Ore Deposits 
Geology: Reviews in Economic Geology. v. 10, p. 235-236. Richards, J.P. 
and Larson, P.8_ eds. First author at Mineral and Fuel Resour~ Dept .. 
Geological Survey of Japan. 1-1-3 Higashi. Tsukuba. 305-8567. Japan. 

A very thorough review of the application ofvanous geochcm1cal 
:echniques. including Fl. 10 further an understanding of the conditions of 
formation of porphyry copper deposits. "1th extensive (- 200) references. 
(E.R_) 

HEIMBACH. J.M., and SPENCER, R.J., 1998. Fluid inclusion and 
stable isotope geochemistry of a Cambrian to Ordovician carbonate-hosted 
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zinc deposit southeastern Yukon, Canada (abst.): Program and Absuacts, 
PACROFI VII, Pan-American Conf on Research on Fluid Inclusions. June 
1-4, Univ. of Nevada. p. 35. Authors at Dept ofGcol. and Geophysics, 
The Univ. of Calgary. 

The carbonates arc composed of micritc with early cement and coarse 
gnimed replacement dolomite, Sulfides include syndcpos1tional, laminated 
pyrite and co~-gramed replacement sphalcrite and pyrite, 

The 6 uc values of m1crite with early cement range from --0 48 to 
2 63'l6o (PDB). within the ranges ofCambnan to Ordov1c1an limestone Fl 
Th arc from I 50 to 200°C. The dolomite is in cqu1libriwn with a F of com­
pos11ion between 7 and I 2'l6o (SMOW). Dolomite fonned at relaiively high 
T. from a distinctly different F than the calcite. Pyrite 6,.S values point to 
low T (syndepositional) biogenic sulfa1e reduction of a Cambnan sulfur 
reservoir. 

Coarsc-gramed replacement sphalcritc and pyntc 6,.S values arc from 
17.17 to 18.74'l6o(CDT). depicted by IS'l6orcla1ive to Cambrian seawater, 
They arc derived from a hydrothcnnal F ( 140 to I S0°C sphaleritc Fl Th). so 
these data can not be explained by bactcnal sulfate reduction. The 6,.S 
values around 17 'l6o indicate Iha! the sulfur is from a Devonian. Jurassic, or 
Cretaceous sulfur reservoir (From authors' abstract by ER.) 

HEINRICH, C.A., AUDETAT, FRISCHKNECHT, R., G0NTHER. D. 
and llLRICH, T" 1998. Metal fractionation bctwccn magmatic brine and 
vapor. and the link berwecn porphyry-style and epilhermal Cu-Au deposits 
(abst.): Mineral Deposits Study Group Annual Winter Meeting 14-16 Dec, 
1998. St. Andrews, Scotland ( unpaginated). Authors at lnstitut fllr ISO(o­
pengeologie und Mineralischc Rohstoffe, Dcpancmcnt Erdw1ssenschaftcn, 
ETH Zentrum NO 8092 Z0nch, Switzerland. 

Laser-ablation ICP mass-spectrometry was used to measure the major 
and trace clement composition of individual Fl enclosed in natural quartz 
samples from a range of magmali<:-hydrothennal ore deposits. in order to 
explore the behavior of ore-fonnmg components during F phase separation 
('"boiling") in h,gh-T saline F systems. Herc we report data from 13 sam­
ples showing unambiguous textural and microthcrmomctnc evidence for 
coeval trapping of a L brine and a coexisting V phase oflowcr density and 
lower sal. The m1croanalytical data reveal two groups of elements. which 
show drastically different geochemical behavior during F phase separation. 
Na. K. Fe, Mn. Zn. Rb, Cs, Pb and other trace clemcntS (charactensucally 
Cl-complexed) fractionate mto the bnne, whereas Cu, As and Au (probably 
as HS-complexes) selectively fractionate mto the coexisting V phase, 

We suggest that the process of brincN separation is the key to explam 
the common spatial and temporal association of porphyry-style Cu(-Au) 
and ep11hcnnal All(-Cu-As) deposits. Physical separation ofa buoyant V 
phase m the deeper porphyry environment segregates a fraction of the Cu, 
As and Au.from the large excess of chalcophilc clements (nmabl) Fe) re­
mainmg in the dense brine. V separation thus permits selective transport of 
high concentrations ofbisulfide-complexed metals into the low-T cpnher­
mal environment. where they are prccipitaled by interaction with ground­
water close to the eanh ·s surface. {Authors· abstract) 

HEINRICH, C.A., AUDETAT, A .. ULRICH, T. and GfJNTHER, D" 
1998. Liquid-vapor partitioning of trace~lements in boiling hydrothermal 
systems: Laser-abla1ion ICPMS data from natural fluid inclusions (abst )· 
Mineralogical Magazine. v. 62A V. M. Goldschmidt Conf.. Toulouse 1998. 
Extended Abstracts. p. 593-S94. Authors at Dept. Erdwisscnschaften. ETH 
Zcntrum NO, Zorich. Switzerland. 

New micro-analytical data. from Land V I trapped simultaneously in 
quanz m a variety of ore-deposits, now provide unambiguous and quanti­
tative evidence for strong fractionation of a range of elements between 
coexisting F in 'boiling' hydrothennal systems. The thennodynamic expla­
nation and the geological consequences of our observations are sllll specu­
lative. but it is inevitable that the physical separation of brine and V has a 
profound influence on metal transpon and ore deposition. espcc,all} for the 
behaviour of Cu. As and Au at the transition between 'porphYr)' and 'ep1-
thcnnal' environments. (From authors· abstract by E.R.) 

HELGESON, H.C .. OWENS, C.E., KNOX, A.M. and RICHARD, 
Laurtnt. 1998. Calculation of the standard molal thermodynamic proper­
ties of crystalline. liquid. an G organic molecules at high temperatures and 
pressures· Gcochim. ct Cosmo. Acta. v. 62. no. 6. p. 98S-1081. Authors at 
Dept ofGcol. and Geophys .. Univ. of California. Beri.clc~. Calilorma 
94720. USA. 

The thermod) namic propcnies of a wide range of organic solids. L. 
and G at high T and P have been calculated. They arc a requisite for char­
actenzmg hydrothermal metastable equilibrium states involving these spe-
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c1cs and quantifying the chemical affinities of irreversible reactions of or­
ganic molecules in natural G. crude oil. kerogen, and coal with minerals 
and organic.inorganic, and biomolecular aq species m interstitial waters in 
sedimentary basins. (From authors' absttaet by E.R.) 

HERMS, Ptlra and SCHENK, Volkrr. 1998, Fluid mclusions in high­
pressure granulites of the Pan-African belt in Tanz.ania (Uluguru Mts)· A 
record of prograde to retrograde fluid evolution: Contnb Mineral. Petrol . 
v. 130, p. I 99-2 I 2. Authors at Mincralogisch-Pctrographisches lnst1tut. 
Univcrsitat Kiel, Olshauscnstrassc 40. D-24098 Kiel. Germany, 

The high-P gninulites of the Uluguru Mountams arc pan of the Pan­
African belt ofTanz.ania. the metamorphic cvoluuon of which 1s character, 
iud by an anticlockwise P-T path. Mineral assemblages that represent 
distmct metamorphic stages arc selected for Fl studies in order to deduce 
the F evolution in metapclites and pyroxene granulites from the progradc to 
the retrograde stage. Fl data improve the petrolog1cally derived P-T path 
and confinn the anticlockwise evolution. Fl in quartz enclosed in garnet 
porphyrol!lasts in mctapclites preserve prograde F ofCOi-N2 compos1uon 
and later-trapped pure C(h. During isochoric heating at T near the peak of 
mClamorphism. deformation and recrystallization led to F homogenization 
yielding Ni-poor COi composition in mctapclites. Near-peak C0i--N1 Fl in 
quanz of metapelites and C(h I in gamet-p)Toxene granulites arc charac­
terized by perfect negative crystal shape. Garnet fonncd in vcms and as 
coronas around onhopyroxene represent the ncar-isochonc/1sobaric cooling 
stage which is charactenud by high-density CO2-rich Fl. Up 10 IS mol% 
N2 in some P CO2 I in corona garnet indicate small-scale F heterogeneity 
during the static garnet growth. The fact that high-density Fl arc preserved 
suggests a shallow dP/dTslopc oflhc uplift path. Nevertheless. some Fl 
decrepitated or re-(:quilibrated and low-density CO2 I were trapped in the 
garnet-pyroxene granulitc while N2-C~ I formed in the mctapchtes. Dif­
ferent F compositions m mctapclite and mctabasitc argue for an internal 
control of the F composition by phase equilibria. In shear 1.0nes where the 
pyroxene granulitc was tranSformcd into scapolite-b10111c schist, CO2-N2 
and low-density N2-C~ Fl indicate several stages of tectonic activity and 
suggest F influx from the nearby metapelitcs. High- and low-sal aq I ob­
served beside CO2 I in garnet-pyroxene granulitcs, in vem quartz and shear 
zones could be ofh1gh-gnidc origin but arc mainly re~quilibrated or re­
trapped along healed microfractures during lower-grade stages (Authors' 
abstract) 

HEZARKHANI, ArdtShir and WILLIAMS-JONES, A.E., 1998. Con­
trols of alteration and mmeral1zation in the Sungun porphyry copper de­
posit. Iran: Evidence from fluid inclusions and stable isotopes: Econ. 
GcoL V. 93. p 651~70. Authors at Dept. ofEanh and Planet. Sci .. McGill 
Univ .. 3450 University St .. Montreal, Quebec. Canada H3A 2A7; email 
(ardcshir:q>gcosc1.lan.mcgill.ca). 

The Sungun porphyry copper deposit is associated with diorite­
granodiorite to quanz monzomtc, Copper mineralization was accompanied 
by both potass1c and phyllic alteration. Molybdenum was concentrated at a 
VCI)' early stage in the evolution of the hydrothermal system and copper 
somewhat later. Early hydrothennal alteration produced a potassic assem­
blage (onhoclasc-biotitc) m the central pan of the stock. propylitic altera­
tion occurred conlemporancously with potassic alteration. but in the pe­
ripheral pans of the stock. and phyllic alteration occurred later. overprinting 
the earlier alteration. The early hydrothermal F are represented by h1gh-T 
(340-500°0. h1gh-sal (up to 60 wt.% NaCl eq.) L-rich Fl (sec Fig 13 J. and 
h1gh-T (320-SSO"C), low-sal, V-ric~ I. These F arc interpreted to represent 
an onhomagrnatic F which boiled episodically. the brines arc interpreted to 
have caused potassic alteration and deposition of group I and II quartz 
veins containing molybdenite and chalcopyrite. Propylitic altera11on is 
annbuted to a L-nch. lower T (240-330°C). Ca-rich. evolved meteoric F. 
Influx of meteoric water into the central part of the system and mixing with 
magmatic F produced deep albitization {transition alteration) and shallow 
phylhc alteratlOn. Tlus m0ux also caused dissolution of early formed cop­
per sulfides and remobilization of Cu into the sericmc zone where 11 was 
redeposited in response to a boiling-induced decrease in T (From authors· 
abstract b, E. R l 

See figure in the lllwtrations appendix. 

HJTZ\IA~. M.W .• ALLAN, J.R. and BEAT\', D.W .. 1998, Regmnal 
dolomuization of the Waulsonian limestone m southeastern Ireland. Evi­
dence oflarge-scalc 0u1d flow drive by the Hercyn1an Orogeny: Geology. 
v 26. no. 6. p. 541-550 

The Lower Carboniferous Waulsonian limestone has been affected by 
late d1agene11c. regional burial dolomitizallon over an area of 7000 km1 



Fluid Inclusion Research 

extending 170 km northeastward from the Hercynian front. The dolostonc 
is composed of two components: (I) a VCI}' fine crystalline replac1vc com­
ponent. and (2) a coaise-crystalline, baroque component that fills vuggy 
porosity developed within the rcplacive dolostonc. Fl within the coarse­
crystalline component of the regional dolostonc indicate thal the dolom1• 
tizing solutions were warm (<100°C) and moderately saline ( 10-13 wt,% 
NaCl eq. ). The replacive dolomite displays systematic decreases in crystal 
size and degree of xcnotopic texture northward. Both components of the 
regional dolostone display a regiilar northward increase in mean o 110 val­
ues; the rcplacive dolomite has 17Srl'6Sr values that decrease northward. 
These laterally variable characteristics suggest that regional dolomitiz.alion 
resulted from large-scale. north-directed F flow of healed brines developed 
in response to topographic uplift associated with collapse of the continental 
margin south of Ireland during the Hercynian (Vanscan) orogeny. 
(Authors" abstract) 

HITZMAN, !\-1.W. and BEATY, D.W., 1996. The Irish Zn-Pb-(Ba) ore• 
field: Society of Economic Geologists. Special Pub. no. 4. 1996. p. 112· 
143, First author at Dept, ofGeol. and Geological Engineering. Colorado 
School ofMines. Golden. CO 80401, USA. 

Fl studies indicate that the hydrothermal F had T between 150 and 
240°C and sal between JO and 23 wt.o/• NaCl eq. when it reached the sites 
of sulfide prccipilBtion. Limited Fl dalB suggests that the water pulled into 
the system from above was significantly cooler (<I 20°C) and less sahne 
(< IO wt.% NaCl eq.). Sulfide precipitation occurred as the rnclal•rich. 
sulfur-poor. mildly acidic hydrothermal F reacted with carbonate sediments 
causing an increase in F pH Sulfur isotope studies indicate that sulfide 
precipitation was increased due 10 the mixing of hydrothermal F with the 
cooler. sulfate-rich water. (From authors' abstract by H.E.B.) 

HO, Tent and AKIHIRO. \'amasaki, 1998. Solubility ofliquid CO2 in 
synthetic sea water• ternpenuures from 278 K to 293 Kand pressures 
from 6.44 MPa to 29.49 MPa. and dens111es of the corresponding aqueous 
solutions. J. Chem. Eng. Data. v. 43, p 2-5. 

HOISCH, T.D. and MATHIS, L.J., 1998. Phase equilibria of massive 
wollastomte rocks from the Big Maria MounlBms. southeaslem California 
(abst )· Abstracts with Programs-Gcolog,cal Socie1y of America. v. 30. 
no 6,p.10. 

Indexed under Fl. 

HOLLOWA \', J.R., 1998. Graphite-rneh equilibna during mantle melting: 
constraints on CO2 m MORB magmas and lhe carbon content of the man• 
tie: Chem. Geol., v. 147. p. 89-97. Author at Dept. of Chem. and Geol .. 
Arizona State Univ., Tempe. AZ 85287-1404. USA: email (jhol­
lowa)T~ u cdu) 

Melts produced under F-absent. graphite-saturated conditions have 
tightly constrained OKidation states and CO2 contents. A model is pre­
sented for the generation of mid-ocean ridge basalt (MORB) magma by F· 
absent panial melting of graphite-saturated upper mantle. The model re­
sults in M ferric.lferrous ra1ios and oKygcn fugacities which are consistent 
with observed values m glassy MORBs and oceanic pendotites. Increasing 
the degree of partial melting causes decreases in the ferric/ferrous ratio of 
the M. the oxygen fugacily. and the concentration of CO? in the M. Sc:nsi-
11v1tv analvsis indicates that the initial ferric-iron concentration in the 
souice region has the greatest effect on the results For the range of prob­
able initial values, the oxygen fugacity of the graphite-saturated P MORB 
magma at IGPa is 2 5 log1o units below the Ni-NiO buffer. and the CO2 
content of the M ranges from 900 to 1800 ppm (mass) The amount of 
source region carbon consumed during partial melting is between 40 and 
80 ppm. The dissolved CO2 in MORBs represents a flux of 3.5 to 7x 1010 

kg/year which is s1gnifican1ly greater than estimates based on the measured 
CO1 content of glassy MORB samples. (Author's abstract) 

HOPKINSON. L .. ROBERTS. S., WILKINSON, J. and HERRING­
TON, R .. 1998. The nature of crystalline silica from the TAG hydr01hermal 
mound. 26°N Mid Atlantic Ridge (abst. ): Mineral Deposits Study Group. 
Annual Meeting. 5-6 January. 1998. Univ. Green"'ich. UK (unpaginatcd). 
First author al Dept. of Geol .. Univ. of Southampton. Southampton 
Oceanographic Centre. Empress Dock-European Wa). Southampton. SO14 
3ZH. 

The vanous types of silica. and their water contents. are discussed 
(ER). 

HOPP, T., TRIELOFF, M. and FALTER. M .. 1998. The carrier phases 
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and the isotopic composition of argon in mantle xenoHths from Reunion 
Island (abst.): Max-Planck-lnstitut fur Kemphys1k Heidelberg. Ta11glceits­
bericht 199711998, p. 300-301 (in Engl.). 

A variely of melBSOmatic processes induced argon of distinct isotopic 
composition into mantle xcnoliths found in Reunion magmz. These aigon 
components and their host phases were identified revealing the history of 
the interaction of the rocks with their magmatic environment within the 
mantle. This study also refined the argon isotopic composition of the 
Reunion mantle plume source. (Authors· abstract) 

HOPPLE, J.A.. HANNON, J.E. and COPLEN, T.B., 1998. Comparison 
of two stable hydrogen isotope-ratio ~urerncnc techniques on AnlBrctic 
surface-water and ice samples: Chem. Geol.. v. 152. no 3-4. p. 321-323. 
First author at U.S. Geol. Surv .• 810 Bear Tavern Rd., West Trenton. USA 

A comparison of the new hydrogen isotope-ratio technique of Vaughn 
et al. !Vaughn. B.H., White. J.W.C.. Belmotte. M-. Trolicr. M .. Cattam. 0 .. 
Stievenard. M •• 1998. An automated system for hydrogen isotope analysis 
of water. Chem Geo!. (lsot. Geosci. Sect). 1S2, 309-319).lseealso Vaughn 
ct al .. lhis volume] for the artalysis of water samples utilizing automated 
on-line reduction by elemental uranium showed that 94%of 165 samples 
of Antarctic snow. ice. and stream water agreed with the 2H values deter­
mined by H2-HiO platinum equilibration. exhibiting a bias of0.5'6o and a 
2A& !sic] variation of I.~. The isotopic results of 10 reducuon technique 
samples. however. gave 2H values lhal differed by 3.5%. or more. and were 
too negative by as much as 5.4'6o and too positive by as much as 4 9'11\o 
with respect to those determined using the platinum equihbration tech• 
nique. (Authors' abstract) 

HORJTA, Juw and HOLLAND, H.D .• 1998. Brine inclusions in halite 
and the origin of the Middle Devonian Prairie evaponte of western Can­
ad-Reply: J. ofSedimenlBry Research. v. 68. no. I. p. 230-231 First 
author at Chemical and Analytical Sci. Div .. Oak Ridge Nan Laboratory. 
P.O. Box 2008. MS6 I I 0, Oak Ridge, TN 37831-611 O. USA. 

A discussion of lhe problems in interpretation of Fl data from 
cvaporites. and an evaluation of the work of Kovalevich et al ( 1997). 
(E.R.) 

HOTTA. T .. NAKASHIMA, K. and MATSUEDA, H .. 1998, Petrologi­
cal and fluid inclusion studies on a Tertiary granit0td discovered from the 
Otoge caldera (abst.): Abstracts with Programs. 48th Annual Meeting of 
the Socie1y of Resource Geology. Tokyo. June 17-19. No. P-33 (in Japa­
nese) 

HOU, Ztngqian and ZHANG, Qiling, 1998. CO:•hydrocarbon fluids of 
the Jade hydrothermal field in the Okinawa trough: Fluid inclusion evi­
dence: Science in China (Series D). v. 41. no 4. p, 408-415 !in English]. 
Authors at Inst. of Mineral Deposits. Chinese Acad. of Geological Sci .• 
Beijing 100037. China. 

The Okinawa trough is a spreading back-arc basm featuring emitting 
hydrothermal solutions (black chimney type) and modem sulfide precipita• 
lion on the sea floor. The study of Fl in water-rock interaction products in 
the Jade hydrothermal field indicates that the deep hydrothermal system 
beneath the sea floor is fairly rich in G and there arc two independent and 
coexisting F-CO1•hydrocarbon F and salt aq F. On the whole. the compo­
sition ofCO::--hydrocarbon Fl 1s s1m1lar to that of the Fl in natural G fields. 
The dominant composition of the I in (sic. of] aq Fis Hi() with COz and 
CH4 being oversaturated. The salt aq F of the Jade hydrothermal system 
might be emitted through a black chimney. whereas COrrich F discharge 
C01 bubbles and COz hydrate through fissures. Hydrocarbons in G phase 
or in F might be enclosed somewhere under the sea. Large storage of CO2· 
CH,-H,S G or F and reaction of this G or F with salt water will lead to 
commercial sulfide deposits. (Authors' abstract) 

HU. Rulzhong, 81, Xianwu, HE, Mlncou. Lllf, Bingeuang, 
TURNER, G. and BllRNARD, P.G., 1998. Mincralizcr constraint on gold 
mineralization of Ailaoshan gold belt Science in China (Series DI. v. 41. 
supp .. p. XX I in English]. First author at Inst. of Geochem .. Chinese A cad. 
of Sci .. Guiyang 550002, China 

After determining that sulfur is the main minerahzcr of ore-forming F 
,,f Ailaoshan gold mineralizauon belt in West Yunnan Province of China. 
the S. He and Ar isotope compositions and geological events related to gold 
mineralization arc studied. It 1s revealed that the ore-formmg F oflhe belt 
is a mixture of high T S-rich deep-seated F and low-T S-deplcted meteoric 
groundwater. That the gold mineralization occurred m early Himalayan 
period resulted dominantly from the mantle degassing which was associ• 
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ated with the crust extension at that time. The forming and evolving proc• 
ess of orc-formmg F can be detennincd as. S-nch deep-seated F ascended 
and added 10 S-depleted metcogenic F cycling in shallow fracture systems 
of the bell in early Himalayan pcnod➔lhe S-deplctcd meteogcnic F con• 
vcncd 10 the mixing F contaming sufficient S➔gold in surrounding rocks 
was extracted by the mixing F, and then precipitated at a suitable place 10 
form the gold deposits. (Authors' abstract} 

Fl data prcscntcd (H.E.B.). 

HU, Ruizbong, BURNARD, P.G., TURNER. G. Md Bl, Xianwu, 1998, 
Helium and argon isotope systematics in Fl ofMachangqing copper de• 
posit in West Yunnan Provmce, China; Chem. Gcol.. v. 146, no. 1-2. p. S-
63. Authors at Chmcsc Acad. of Sci .• Inst ofGcochcm .. Guiyang, China. 

This paper repons the helium and argon isotope compos111ons of Fl 
hosted m pyrites from Machangqing alkali-porphyry copper deposit in 
West Yunnan f&rovince, China. Thcrc is an excellent positive correlation 
between 4Hc/ 6 Ar and 40 Ari16 Ar, and between 40 ArtHc and 3Hcl4He in the 
I-trapped F. This indicates that the ore-forming F can be consKlcrcd as a 
mixture of two endmember components, a modified mantle F and crustal F. 
From the noble G results and combmed noble G and stable isotope: behav• 
ior. the authors conclude that the former is a high-T magmatic F differenti­
ated from Machangqing alkali-porphyry and enriched in volatiles such as 
sulfur and carbon. The crustal F rs likelv a low-T meteoric F enriched in 
crustal rad1ogenrc helium bu1 with atmospheric argon isotopic composition. 
The sulfur and carbon concentratrons in the low T F arc probably 100 low to 
produce a distinct C or S isotope signature the mixing between high and 
low T F can only be traced usmtnoblc G. In addition. the positive rcla­
tionship between 1Hcl4Hc and 6 S reflecls the evolutionary physicochcmi• 
cal conditions of the mr,,cd F. (Authors' abstract) · 

HU, Ruizhong, TURNER. G., BURNARD, P.G. and Bl, Xianwu, 1998, 
Helium isotope compositions of Machangqing copper deposit in Western 
Yunnan, China· Chinese Sci. Bulletin (Kcxuc tongbao), v. 43, no. I. p. 69· 
72 (in Enghsh). First author at Inst. ofGeochem .• Chinese Acad. of Sci., 
Guiyang 550002, China. 

Helium isotopic compos1tron oflF 1n p)Tites from Machang<tjng cop­
per deposit, Chma. has been measured. The measurements, wnh Hel'Hc 
rattOS nwigrng from 0.46-2.08 Ra indicate that the hchum in ore-forming F 
is a mixture of crust and mantle. and arc consistent with the fact that the 
parental magma responsible for the formation ofore-formmg F of the de• 
posu is of crust-mantle provenarrce. (Authors' abstract) 

Ht!. Sbumin and ZHANG, Ronghua, 1998. Direct measurcment of high 
temperature and pressure fluids; 6th National Meeting on Mineral Depos­
its. Nanjing, China. Nov. 25-28. 1998: Mineral Deposits (Kuangchuang 
D1zhi). v. 17 Supplement, p. 1059-1066 (in Chinese:). 

HUA, Rcn111in, 1998. Hydrothermal deposits•-diffcrcnt ancient geothermal 
systems: 6th National Meeting on Mineral Deposits. Nanjing, Chma. Nov. 
25-28. 1998· Mineral Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 
917-980 (in Chrncse). 

HllANG. Y. and FAIRCHILD, I.J., 1998. Annual trace clement records 
in spclcothems from Grona di Ernesto. NE Italy (abst.): Mineralogical 
Magazrnc. v. 62A. V. M. Goldschmidt Conf .. Toulouse 1998. Extended 
Abstracts. p 661. Authors at Dept. of Earth Sci .• Keele Univ .• Stafford­
shire ST5 5BG. UK. 

Natural soda straw stalactites often display periodic visible bands, 
typically 0.05-0.5 mm wide. comparable with like()· linear annual extension 
rates of the structures. Such bands arc found 10 represent thickcnmgs of 
the walls of the structures at growth steps. However, soda straw stalactites 
from Grona d1 Ernesto. NE Italy display both growth step and thin I rich 
bands (3-S µm). the lancr being similar to those in stalagmites. On the thin 
section. I rich layers appear lo preserve tip shapes and positions dunng its 
extension. (From authors· abstract by E.R.) 

HUANG, Zhilong and XIAO, Huayun, 1998. Source of C01 in lampro­
ph)TC ofLaowangzhai gold deposit, Yunnan province: 6th National Meet• 
rng on Mineral Deposits. Nanjing. China. Nov. 25-28. 1998: Mineral De· 
posits (Kuangchuang Dizhi). v. 17 Supplement. p. I 075-1078 (m Chinese). 

HllRAI. Vratislav, GAZDACKO, L'ubomlr. FERENCiKO\' . .\, Ellgia, 
MAJZLA!li, Juraj and REPCOK. Inn, 1998. Origin of the orc-fonmng 
fluids in the Grella. Jedl"ovec and Rudnany sideritc vein deposits (Sp1Ssko­
gemerske rudohorie MIS.): Mineralia Slovaca. v. 30. p. 423-430 (rn Slovak 
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('>); Engl. abst.). F1rs1 author ac Gcologicki sluzba SR. Mlynska dohna I. 
8 I 7 04 Bratislava. 

Several composilKlllally conll'llSting typcs off have been revealed m 
hydrothermal s1dcritc veins of the SpiSSko-gcmerske rudohone MIS. Std• 
critc prec1p1ta1cd at m1mmum T between I SS-l 90•C from moderately sa• 
line aq solutions. containing COi V Low sal aq solutions with a high­
density C01 L are co~lated with a grcenschist facies metamorphism (200-
300"C. 1-3 kbar). The Fare associated with quartz-p}'Tlte•towmaline as• 
scmblage and have been supenmposed to the sidcritc. The latest, quartz• 
sulphide mmeralizallon crystallized from low T (90-120"C) brines con• 
taming sulphates and chlorides of divalent ca1ions The bnnes arc thought 
to be genetically linked with leaching Permo-Triass1c evaporitic sequences 
b) meteoric walcrs 

· Carbon and oxygen isotope ratios of the sidcrite-formmg F have been 
derived from Fl microthennomctry and stable isotope data. using Rayleigh 
fractionauon model. The o13C (•9,S to-l3.5'JM PDB) values of the sid• 
critc•forming F indicate a metamorphic CO1 liberated during oxidation­
hydration of organic matter in SWTOUnding mctascdimentary rocks. How• 
ever, ii cannot be ruled out that the original isotopic signature of the sidente 
was modified during crypuc metasomatism connected probably with an 
isotopic exchange during superimposed grccnsch1s1-facics metamorphism. 
A cryptic metasomatism oflhc sidcritc is documented by a domam texture 
revealed by BSE imagery, showing earlier Fe-nch sideritc replaced by later 
MgO-ennchcd and FcO-depleted siderile. (Authors· abstract) 

HURAI, Vratislav, SIMON, Klaus, WIECHERT, l '1''t, HOEFS, Jo­
chen, KONECNY, P■trik. HURAIOVA, Monika, PIRONON, JacqutS 
and LIPKA, Jozcr, 1998, lmm1sc1ble separation of mctalhferous Fe/Ti· 
oxide melts from fractionating alkali basalt P-T·/O2 conditions and two­
hqu,d elemental partitioning. Contrib. Mineral. Petrol~ v. 133. p. 12-29. 
First author at Geological Survey, MlynsU dolina I. 81 7 04 Bratislava. 
Slovak Republic. 

Globules ofirolHSominatcd (59-69 wto/o FeO,.,) and titanium• 
dominated (43.5 wt.% Ti01 oxide M have been detected in igneous xcno­
liths from Pliocene-to-Pleistocene alkali basalts of the Western Carpathians. 
Fl and mineral composrtion daca indicate immiscible separation of the 
high-iron-oxide M (HIM)[. from a high•sihca melt! at magmauc T. The 
HIM separation occumd dunng clinopyro)(cne (augne) accumulation in an 
alkali trachybasalt and continued during crystallizauon of amph1bole 
(kaersu11te) and K-feldspar (anorthoclase), the latter coex1s1mg with tra­
chyte and alkalic myol1tc residual M. Some HIM was also expelled from 
sub-alkalic rhyohte (70-77% SiO2) coexisting with An27-45 plag1oclase 
and quartz m granitic (tonah1c-trondhjem1tc) xenoliths. O)(ygcn fugacitics 
dunng HIM separation range from 1.4 10 0.6 log unrts around the QFM 
buffer. A close genetic relationship between HIM-hosted xenoliths and 
mantlc-Jcnved basaltic fTilll!ITla is documented by mineral 6"0 values 
rangmg from 4.9 to 5 9%. V-SMOW. oD values of gabbro1c kaersuute 
between -{,I and - 86'6. V-SMOW arc in agreement with a presumed P 
magmatic water source. Most trace clements. except Li. Rb and Cs. have 
preferenually partitioned into the HIM. The HIM/Sc M partition coeffi• 
cients for trans1tron elements (Sc. V. Cr. Co. N1) and base metals (Zn. Cu, 
Mo) are between 2 and 160. resulting in extreme ennchment in the HIM 
La and Ce also concentrate in the s1hcic M. whereas Tb-Tm in the HIM. 
Herrcc. the: immiscible separation causes REE fractionation and produces 
residual silicic M enriched m LREE and depicted m HREE. The weak 
ftacuonatlOll among Tb-Tm and Yb. Lu can be annbuted to recurrent ex• 
tracuon of the HIM from the magmatic system, while flat HREE chondrrtc• 
normahzed panems arc mtcrpreted to mdicate no or linle loss of HIM. 
(Authors" abstract) 

HltSTO!li:. D.L.. 1998. The hydrothermal environment. J. of Australian 
Geol & Geophys . v. 17. no. 4. p. 15-30. Author at Australian Geological 
Survey Organization .. GPO Box 378. Canberra. ACT 2601. Australia. 

Fl discussed as a source of data (H.E..B) 

Hl 'TCHEON, Ian. 1998. The: controls on the ongm and d1s1ribu11on of 
H1S and C01 in clastrc and carbonate rocks of the western Canada sedi­
mentaJ} basm: Reservoir. v. 25. no. I, p. 6. 

Indexed under FL 

II\IAI. Akira, SHII\IAZAKI, Hidelliko and NISHIZAWA, Tomoko, 
1998. Hydrogen isotope study offluid mclus1ons in vem quartz of the 
Hish1kan gold deposits. Japan: Resource Geol.. v 48. no 3, p. I 59-170. 
Frrsl author at Geological Inst.. Univ. of Tokyo. 7-3-1 Hongo. Bunkyo-1..u, 
Tokyo 113-0033. Japan; email (akir8Ufgeol.s.u-tor-}o.ac jp) 
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The origin of mineralizing F responsible for the Hishikari vein-type 
epithermal Au deposits was studied on the basis of the hydrogen isotopic 
ratio (6D) of the IF from vein quartz and adularia. The origin of hy­
drothermal F was estimated bj, combination of the present 6D values and 
the oxygen isotopic ratios (61 0) previously reponed by Shikazono and 
Nagayama (I 993 ). 

The water in the Fl was extracted by means of decrepitation of quartz 
al S00°C. Hydrogen was obtained by reduction of the collected water with 
Zn shot at 450°C. The 6D values were determined by mass spectrometer. 

The 6D values of!F obtained from quartz range from ~ I to -1149'.. 
These arc significantly lower than the 6D value of the themlli water pres­
ently venting from the Hishikari deposits and that of local meteoric water. 

Hydrogen isotopic fractaonation between water and amorphous silica, 
which might have initially precipitated from the hydrothermal F at least 
panly. 1s not a probable cause of this isotopic depiction. while some water 
might have been released from the initial hydrous amorphous silica during 
recrystallization to quartz obsctved presently. Thus. a pan of ore F for the 
Hishikari deposits is supposd to have been originated from the water hav­
ing anomalous 6D values of <-100'16o. 

Such D depiction cannot be caused by simple oxygen-shift of meteoric 
water or by contribution of magmatic volatiles. The 60 values of water 
released from the shale samples of the Shimanto-Supergroup. a major host 
to the Hish1kari veins range from-132 to 14~. Therefore. the anoma­
lous 6D values of IF from some vein quartz and adulana suggest that the 
water released from hydrous minerals of the sedimentary basement rocks 
by dehydration or the groundwater isotopically exchanged with sedimen­
tary rocks at elevated T during circulation, panly contnbuted to the hy­
drothermal F responsible for the Hishikan deposits. (Authors· abstract) 

IMAI, Hideki, TAKAHASHI. Mikio and VAMAGllCHI, Mibuo. 1996, 
Relaiion between volcanic-hosted precious- and base-metal deposits and 
geothermal systems: Resource Geol., v. 46, no. 2. p. 73-94. First author at 
1-53, Haramachi, Shinjuku-ku, Tokyo 162, Japan. 

\.blcamc-hostcd epithermal deposits which widely occur in "Green 
Tuff' regions in Japan arc classified into adulana-sericite type and acid­
sulfate type based on ore and alteration mineral assemblages. The lancr 
type deposits sporadically coexist with the former type m one area. The 
separated F by boiling from the original hydrothermal solution genetically 
related to adularia-scricite type deposits would be responsible for the min­
eralization of acid-sulfate type. 

Many geothermal systems are found in Quaternary volcanic regions 
composed mainly of andesitic rocks. nearly coincident with the ··Green 
Tuff' regions Most of these geothermal areas are characterized by hot­
water system composed of NaCl-bearing hot-water with CO2 and H!S G. 
In Sengan (Matsukawa) district. however. V-dommated Fis found. associ­
ated with hot-water system. The F is also composed of H20 V with small 
amounts ofC~ and H2S. The alteration minerals which characterize these 
two types of geothermal areas arc different The former is associated with 
scricite. chlonte. albite. zeolitc and kaolinite. while the laner area with kao­
linite. alunite. pyrophyllite and scricite. The V-dominatcd geothermal F arc 
considered to be separated from the hot-water systems through boiling 
processes 

We speculate that epithermal deposits of the adularineric1te type were 
formed from hot-water geothermal F. while those of the acid-sulfate type 
were formed from V-dominatcd geothermal F. (from authors· abstract by 
E.R.) 

INVERNIZZI. C .. VIT\'K. M .. CELLO. G. and BODNAR. R .. 1998. 
Fluid inclusions in high pressure/low temperature rocks from the Calabrian 
Arc (southern Italy) The burial and exhumation history oflhe subducuon­
relatcd Diamante-Terranova unit: J. Metamorphic Geo!. v. 16. p. 247-258. 
First author at Dipartmento Scienzc della Terra. Umvers11a'd1 Camerino. 
Camerino. Italy 62032: email (chiarai@camserv.unicam.it) 

The Diamante-Terranova Unit (DIATU). in the Calabnan Arc of 
southern Ital~. 1s part of an ophiolitic sequence involved m a high P/low T 
event (P..:8 kbar. T=400°C) followed by re~u1hbration at greenschist 
fac1cs conditions (P-3 kbar: T• 300°C). The rocks contam two types of 
quartz-calcite veins-an earlier generation of deformed. folded and faulted 
vems formed durmg or before subduction. and a later set of planar. unde­
formed vems formed during exhumation of the DIATU. The earlier folded 
quartz-calcite vems contain regularly shaped aq I as well as I with a highly 
irregular dendnllc texture. The later planar veins contain only regularly 
shaped aq I s1m1lar to those in the earlier veins In both vein types. all I arc 
demonstrably S in ongin. Regularly shaped I from both ,,em types are low 
saJ (0•5 w1 ¾ NaCl). Most contain Land V and homogenize to the L (Th 
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13 5-180°C), whereas others contain only L at room T. Both the two-phase 
and monophasc I occur in the same fractures and arc thought to record the 
same trapping event. with the monophasc I remaining metastable L at room 
T. No microthcrmometnc data could be obtained from the dcndritic I in the 
earlier folded veins. I wilh the highly irregular dendritic texture found in 
the earlier veins arc similar to those produced experimentally during labo­
ratory-i~ deformalioo of synthetic I in quartz under conditions of 
internal undcrpressurc, simulating either isobaric cooling or isothermal 
compression. The occurrence of I with the dcndritic texture in the earlier 
folded veins, and their absence from the later planar veins, suggests that the 
earlier veins formed before or dunng subduction and were folded and 
faulted in a compressional environment and their contained Fl were modi­
fied to produce the dcndritic texture. During later uplift of the DIATU. 
planar veins containing regularly shaped aq I fonncd and some of the F 
forming these veins were also trapped as SI in the earlier folded veins. The 
results of this study provide convincing evidence that I with a highly ir­
regular dendritic morphology represent early I that have survived prograde 
conditions in a high P/low T 'implosion" texture is preserved over geologi­
cal time. even after being overprinted by internal ovctp<CSsurc conditions 
generated during retrQgrade decompression We suggest that I that have 
survived prograde metamorphism arc common in high P/low T rocks. but 
are often not identified as such due to their morphology which makes their 
recognition difficult. (Authors' abstract) 

IRWIN, J.J., 1998, Evidence for sources of salinity and dissolved gases. 
fluid mixing and phase separation. from laser m,croprobe analysis of Cl, K. 
Br. I, Ar, Kr. and Xe in fluid inclusions. Chap(. 12 in Reviews in Econ. 
Gcol., v. 7, Applications ofMicroanalyticaJ Techniques and Understanding 
Mineralization Processes, M.A. McKibbcn. W.C. Shanks 111. and W.1. Ri­
dley. eds, p. 217-231 . Author al Cadence Mineral Resources. Inc .• 2658 
Bellvicw Ave., West Vancouver, 8.C., Canada V7V I E4. 

Argon. Kr. and Xe were extracted from Fl by laser microprobe dc­
crepitation of minute portions of samples and measured in a low blank. 
high sensitivity mass spectrometer Neutron irradiation (before extraction] 
along with S}lllhetic Fl of known composition enables measurement of Cl. 
K. Br. and I along with 36Ar, 40Ar. IMKr. and 1iYxe in Jess than JO"' cc ofF. 

A table listing 25 data sets. from Bingham. Ascension Island. Bune, 
Salton Sea. Hansonburg. Creede, Mother Lode. Stripa and elswhcre pro­
vides data. Simultaneous analysis of noble G and halogens m Fl provides 
unique information useful for defining and delineating F reservoirs in each 
of these ancient hydrothermal systems and quantifying mix mg and boiling 
related to mineral prec1p1ta11on (From author's text by E.R.l 

IRWll'<i, J.J. and ROEDDER. E., 1995. Diverse origms offluid in mag­
matic inclusions at Bingham (Utah, USA), Bune (Montana, USA). St. 
Austell (Cornwall. UK). and Ascension Island (mid-Atlantic. UK). indi­
cated by laser microprobc analysis of Cl. K. Br, I, Ba+ Tc. U. Ar. Kr and Xe: 
Geochim. ct Cosmo. Acta. v. 59. p. 295-312. 

Sec lrwm. 1998 (pn:v1ous item). This item was omitted in FIR v. 28 
(E.R.). 

ISAKSEN. G.H .• POTTORF, R.J, and JENSSEN, A.I., 1998. Correla­
tion of fluid mclus1ons and rescrvo1red oils to infer trap fill history in the 
South Viking Graben. North Sea: Petroleum Gcosci .. v 4. no. I. p. 41-55. 

Organic geochemical corrclauons between Fl and associated oils and 
oil-shows in Mesozoic reservoirs in the Slcipner area demonstrate genera­
tion from the same source rock organic fac1es (type II) for I in wells I !i/9-1 
and I 5/9-19. For well 15/9-9 the oil show is from a mixed type 11/111 source 
rock. whereas the Fl is from a type II source All Fl are less thermally ma­
ture than the associated free oils and arc thought to represent the earliest 
hydrocarbon rield from the source rocks. GC/MS/MS analyses of the Fl 
proved essential for resolving biomarkcr compounds and correlating them 
to reservoired F Among the baomarkers. bisnorhopane contents in the Fl 
are consistcntl) lower than in the associated reservo1red oil The expected 
dilu1i11n elfect ofb1snorhopane as progressively more hydrocarbons arc 
generated !Tom kerogen maturauon is not observed. The difference in bis­
norhopane amounts m Fl and oils is primarily due to varying relative hy­
drocarbon )lelds. through time. from different source rocks. {Authors' 
abstract) 

ISHl\'A'.\IA.D .. SATO. H .• '.\11Zl 1TA. T., Kll\tllRA, J. and WOOD, 
S.A., 1998. An experiment on quanutauve chemical analysis of an individ­
ual fluid 1nclus1on using laser ablation-lCP-MS. Abstracls with Programs. 
48th Annual Meetmg of the Society of Resource Geolog}. Tokyo. June 17-
19. No. 0-52 (in Japanese) 
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ISHIYAMA, Daiio, NOMIYAMA, Kunihiro, MIZFTA, Toshio, MA­
TSl!BAVA, Osamu and SATO, Maseru, 1998. Characteristic features of 
fluid associa1ed with magm,-'carbonate-rock interaction at the Kamineichi 
dolomitic skams in the contact aureole of the M1yako Granitic Body. Iwate 
Prefecture. Japan: Shigen Chishitsu (Resource Gcology)--Japanese edi­
tion. Engl absl. v. 48, no. 2, p. 61-76. Fiisl author at Dept of Earth Sci. 
and Tech .. Fae. of Engineering and Resource Sc,, AJ.iia Univ .. Akita 01(). 
8502. Japan. 

Some dolomitic skams in the Kamineichi area. Iwate Prefecture. were 
formed by contact metamorphism associated with emplacement of the Mi­
yako granodioritc in Early Cretaceous age, The characteristic features of 
the F fonning the dolomitic skams were invcsugated on the basis of min­
eral assemblages of the dolomitic skams, Th and sal of Fl m calcite and 
quartz. and carbon and oxygen isotopic ratios of calcite and dolomite. 

The Tf of dolomitic skams was estimated to be around 530"C from the 
mineral assemblage and chemical composition of calcite coexisting with 
dolomite. The Th of Fl in calcite range from 300 to 500°C with a peak 
around 460"C. and from I 00 to 325°C with a pcalc around 220"C. The sal 
of the IF arc divided into30 wt.%cq. NaCl and from 8.4 to 3.7 wt.%cq. 
NaCl. Based on the Tf of dolomitic skams around 530°C and Th of Fl in 
calcite around 460°C, the fonnation P was estimated to be from 1.0 to 0. 7 
kb The F of 30 wt.% eq. NaCl was fonned by phase separation of F hav­
ing sal from 8 4 to 3. 7 wt.% eq. NaCl around 0. 7 kb and 5S0°C. The trap 
T of F having the Th around 220°C is estimated to be around 280"C at 0. 7 
kb. The F was predominant in hydrothermal stage, in which ore minerals 
such as p)lThotite and chalcopyrilc were precipitated in the dolomitic 
skams of the area. 

Mass balance calculations of the 6180 and 613C depiction resulting 
from equilibrium dccarbonation at 500°C indicate that the observed depic­
tions of 6180 and 613C in calcites with higher oxygen isotopic ratios (23.3 
to 24.6'6.) could have arisen from Rayle1gh-cypc or Single stage dccar­
bonation of fresh dolomite rocks. Mass balance calculations also indicate 
that the depictions of 6110 in calcites with lower oxygen isotopic ratios 
{ 13 6 to 17 .8%.) may have resulted from the isotope exchange between the 
HiO-dominam F and the dolomitic limestone experienced those decar­
bonation at T from 530 to 300°C. The concentration ofCCi in skam­
fonning F was relatively high at an early stage of contact metamorphism 
which was responsible for the formation of skarn minerals such as for­
sterite. diopside and spinel. While the concentration of COi in F de­
creased, when !he oxyygcn isotopic exchange between F and dolomitic 
hmcstone took place below 530°C. Boron was transported with chlorine in 
H20-dominanl F derived from magma. and borate minerals such as kotolle. 
ludwig1tc, warv. 1ckne. szaibelyitc and suanite in the Ncichi dolomue skam 
were formed by mteraction between the dolomite and the dilute F. (From 
authors· abstract by E.R.) 

ISHl\'AMA, Daizo, SATO. Hinako, MIZUTA, Toshio, Kl!\tl1RA. J.-1. 
and WOOD, S.A .. 1998a. An experiment on quantitative chemical anal)­
sis of an individual fluid inclusions using a LA-ICP-MS (abst.) Geological 
Society of America Annual Meeting 1998. Abstracts. v. 30. no 7. p. A· 
3 70 First author at Inst. Applied_ Earth Sci.. Akita Univ .. Akita 0 I 0•8502. 
Japan; email (ishiyama@ipc.akita-u.ac.jp) 

The chemical analyses of synthetic solutions of an individual Fl 
fonned m paraffin were carried out 10 evaluate the accurac> of the chemical 
analyses for an individual Fl in natural minerals using LA-ICP-MS. The 
soluuon prepared contains Rb. Sr. Ba and U. The concentration of the 
synthetic solution is IO ppm. The S)11thetic Fl in paraffin with different 
volumes of 10 m1croliter and 0.08 microli1cr were analvzed. Toes~ vol­
umes correspond to spherical Fl which the radii arc ~ut I mm and 200 
micrometers. respccuvcly. The concentration of these elements m the syn• 
the1ic Fl were measured using solid standard. The values measured were 
nonnalized assuming the concentration of Sr is IO ppm. The concentrauon 
of Rb, Ba and U is I 0.2, 9.1 and I 0.0 ppm for the Fl having the volume of 
IO m1croli1er. respectively. The ranges of concentration of Rb. Ba and U 
are 7.4 to 13.2. 9 8 to 14.6 and 4.1 to 6.4 ppm for the Fl having the volume 
of0 08 microliter. respecti\'ely. The concentration was measured 1111hin 
errors from ,10 to 150% for Rb. Ba and U m the s,11the1ic Fl 111th 0.08 mi­
crohter volume. although the volume is larger thaii that of typical Fl in 
natural minerals. 

To claril)· the availability of this method for natural Fl. the Fl in 
sphalente of Pb-Zn veins and rhodochrosite veins of the Matahachi de­
posit. Jokoku mine in southwestern part of HoU.aido Island. Japan. The F 
m Fl of sphalcntc is thought 10 be hydro1hermal solution responsible for the 
fonnation of these veins. although the Fl show S features. The Ba/Sr mole 
ratios of F in Fl in sphalerite ranges from 0.08 to 0.54 for rhodochros11c 
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veins. The ranges of mole concentralion of chlorine were estimated to be 
SI O to I 000 millimolc/kg H:() for rhodochrositc veins based on the data of 
NaCl cq. sal from Fl in the sphalcrite. The data measured in this study are 
distributed in the area near mixing line between Japanese present thcnnal 
water containing 20"/o of volcanic G and seawater on the mCI versus 
(Ba/Sr) mol diagram. This relationship suggests that the mixing between 
hydrothennal solution associated with volcanism and seawater have to be 
considered for the fonnation processes of the rhodochrosite veins 
(Authors· abstract) 

ISHIVAMA, Daizo, SATO, Hinako, MIZUTA, Toshio, KIMl 'RA, J.-1. 
and WOOD. S.A., 1998b. An experiment on quanti1ativc chemical analy­
sis of an individual fluid inclusion using a LA-ICP-MS (abst.): Abstracts 
with Programs. 48th Annual Meeting of the Society of Resource Gcol .. 
To.,.·yo. June 17-19, No. o-52 (in Japanese). 

Sec previous abstract (E.R.). 

ISHIZUKA. Osamu and IMAI, Aklr1, 1998. "Brown Ore" from the Fu­
kasawa Kuroko deposits, northeast Japan: Its charactcnst1cs and formation 
process: Resource Gcol , v. 48, no. 2. p. 53-73. First author at GcologJCal 
Inst.. Univ. ofTo.,.,·o. Hongo. Tokyo 113-0033, Japan. 

Brown-colored sulfide ore (brown ore) occuis in the easternmost part 
of the Tsunokakezawa No. I orebody of the Fukasawa kuroko-type depos­
its. northern Honshu, Japan. As this cypc of ore also occurs m the marginal 
or uppermost part of several other kuroko deposits in Japan. the fonna11on 
of brown ore appears to be repeated in the process ofkuroko fonnation 
The brown ore is characterized by its higher Ag concentration (up to 
around 200 git) than ordinary black ore (Zn-Pb ore) of volcanogenic mas­
sive sulfide deposits. The brown ore from the Fukasawa deposits can be 
divided into following three ore cypcs based on its texture and mmeral 
composition: pyrilic brown ore, principal brown ore and "diseased" brown 
<n. P precipitation textures such as li'amboidal· and colloform-texturcs 
and compositional zoning within sulfide grains arc sigmficant in the brown 
ores. This seems to be due to lack of overprinting high T mineralization 
resulung in preservation of P features. The Ag-Au mineralization is widely 
observed within the brown ores. Silver and gold arc espcc1ally concen­
trated m the barile veinlets in the principal brown ore. which are supposed 
to be fillings of conduit of hydrothennal solution precip,iated m the latest 
stage of hydrothermal activity. This mineralization seems lo occur at wan­
ing stage of brown ore formation by ore solution al a lower T {around 
250°C) than that of main part of brown ore (around 270°C) (Th data). 
Relatively low F T and contribuuon of oxic ambient seawater may be re• 
sponsible tor the devek3pmcnt of the Ag-Au mineralization in !he brown 
ore The occurrence ofli'amboidal-rich pyritic brown ore having nega11ve 
614S values (less than -I 0%.) and filamentous texture of sphalerite. seem­
ing remnant of bacteria. indicate the presence of intensive microbial activ­
ity in the hydrothermal area for brown ore fonmation. 

Fonnation environment of each ore type of the brown ore is supposed 
to be as follows: Pyritic brown ore is likely 10 have fonned on the sea-floor 
around redox boundary at T (around 240"C) lower than ordinary black ore 
Principal brown ore seems to have been formed beneath the shell of the 
pyritic brown ore at T around 270"C. Footwall of the brown ore is dis• 
semmated tutf breccia corresponding 10 feeder zone of hydrothermal F 
Overprinting chalcopyritc mineralization is not observed in the brown ore 
except in limited part of"d1scased" ore. which occurs just above the dis­
seminated tuffbreccia. (Sal varies from 2-S wt.%. with mean - 3-3.5%) 

Based on the fea1ures d1stmc1 from the ordinary black ore. the brown 
ore can be regarded as a product in the marginal part of submannc hy• 
drothermal system. where T and flow rate of hydro1hcnnal solution was 
relatively low and microbial acllVlty was intensive. The brown ore seems 
to well preserve its P features after ,ts deposition and might show the initial 
feature of some part of the ordinary stratifonn black ore. (Authors· ab­
stract) 

IS·\IA ILO\: :\I.I., 1998. The in-depth mineral facies of the skarns of the 
Middle and Southern 11en-Shan and 1heir associated mmeral1za11on {abst ): 
Second APIFIS Inn. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 
28-30. 1998. Tashkent. Uzbekistan. Abstracts vol .. p. 76-78 (m Russian). 

ISMAiLOV. :\1.1., BABAZHA.NO\', A.A. and LEBEDEVA, S.E .. 1998, 
The rare-metal deposits of Western Uzbekistan based on thcnnobarogco­
chemical data from ore quanz (abst.)· Second APIFIS lnt'I. S)mp Mineral 
Fanning Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbelmtan, 
Abs1racts volume. p. 85-86 (m Russian). 

Se~ Transla11ons. 
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IWAMORI, Hikaru, 1998, Transportation ofH2O and melting in subdue• 
lion zones: Earth and Planet Sci. Leners. v. 160, p, 65-80. Author al Dept. 
of Earth and Planetary Sci .• Nagoya Univ .• Chikusa, Nagoya. Japan; email 
(hikaru@geol.s.u-1okyo.ac.ip) 

Here I present a numerical model in which the aq F migrates by per• 
meable flow and interacts chemically with lhe convecting solid. including 
melting. The: calculation results suggest that nearly all the HlO expelled 
from the: subducting slab will be: hosted by serpentine: and chlorite just 
above the slab. and is brought down by up to 150 km. depending on the T 
along the slab. Further studies with various subduction parameters, and M 
segregation processes which are not included in this study, are required to 
compare the model results with the observed distribution and chemistry of 
arc magmas. (From author's abstract by E.R.) 

IZRAELI, F., SCHRAUDER, M. and NAV0N, 0., 1998. On the: con• 
necuon berwcen fluid- and minc:ral-inclus1ons in diamonds: 1998 Kimber• 
lite Symposium (further details unavailable:). First author al lnsl, of Earth 
Sci., The Hebrew Univ., Jerusalem, 91904, Israel. 

Fl were found in fibrous diamonds, but the relation between these 
diamonds and the common. single: crystal diamonds 1s not clear. Here we: 
repon new findings on a fibrous diamond found by S.F. Haggerty within an 
eclogi1ic xenolith and on octahedral diamonds with central. internal clouds 
of I (cloudy diamonds). These findings help in bridging the gap between F 
and mineral I in diamonds. 

F (water and carbonates) are evident in the: IR spectra of8 of the 10 
cloudy diamonds. The clouds are - I mm in size. occupy the central zone 
of the diamonds. and consist of millions of sub-micrometer I. 

In addition to water and carbonate, the IR spectra of the: clouds reveal 
the presence of garnet, clinopyroxenei phlogopite, and an unidentified sih· 
cate (with a main peak at -1010 cm· ) in the diffc:rc:n1 diamonds. 

The unique fc:arure of the cloudy diamonds is the mutual occum:nce of 
both mineral and Fl. Except from their microscopic size. the mineral I arc 
similar to other mineral I in diamonds. The F span a wide range of compo­
sitions. much wider than that of the F trapped in fibrous diamonds. Three 
l)'pcS of F may be distinguished (although I contammg mixtures of these 
types were also observed). 

I. Silica-rich composition that is broadly similar to that offibrous 
diamonds: 

2. Water-rich composition that is also rich in KCI: and 
3. Carbonate-rich F. Some 1 may actually contain carbonate minerals, 

but the wide range of compositions and the pn:sc:nce of water suggest that 
some were trapped as F. The trapping of microscopic F· and mineral-I in 
individual clouds (and most probably within a single micro-I) indicates that 
diamond. garnet and pyroxene were in equilibrium with a F during the 
growth of1he diamond (From authors· abstract by E.R.) 

JACKSO~. S.E., PEARSON. N.J. and GRIFFIN, W.L.. 1998. The laser 
ablation m1croprobe (LAM)-ICP-MS: Apphcations 10 ore systems and 
mineral exploration (abst.): Geological Society of Australia. Abstracts No. 
49. 14th Austrahan Geological Convention. Townsville. July 1998. p. 219. 
Authors at Key Centre for Geochemical Evolution and Melallogeny of 
Continents. School of Earth Sci.. Macquarie Univ .• Sydney. NSW, 

Laser ablallon microprobc: (LAM)-ICP-MS is finmly established as a 
fast. sensitive and reliable technique for in situ determination of trace ele­
ments m minerals and their I. The technique couples the high resoluuon 
sampling capabilities of a pulsed UV laser with the extraordinary detection 
capabiliues of the lCP-MS. Current instrumentation is capable of simulta• 
neously determining 30-40 elements in spolS of ca. 30 µm diameter at de• 
tection limits down to low ppb level for many elements. Minimal sample 
preparation 1s required and a typical analysis takes less than 2 minutes. 
Usmg the depth profiling capability of the laser. it is also possible to assess 
the homogeneity of the ablation volume and so determine whether elements 
are concentrated homogeneously in the laaice structure. or whether they are 
chemically zoned or occur in I. The technique already has very useful iso­
topic applications (e.g .• U/Pb dating) and. with the recent advent ofmultl• 
collector ICP-MS instrumentation, an age of rapid. in s11u. high precision 
isotope ratio analyses (e.g .• U/Pb. Re/Os. Sm/Nd, Lu/Hf. RbJSr) is dawn· 
ing. LAM-ICP-MS has the capability of sampling and analysing mdiv1dual 
Fl m the ore and associated minerals. (From authors' abstract by £.R.) 

JAM BON. A., GILLET, P .• CH.-OIORR0. E. and COLTIC:E. !lo., 
1998. Helium and argon poor magmas from the undegassed mantle (abs!.): 
Mineralogical Magazine. v. 62A. V, M. Goldschmidt Conf.. Toulouse 1998, 
Extended Absuacts. p. 705. 
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JARGALAN, Serttncn and MURA0. Satoshi. 19998. Preliminary study 
on the characteristics of Tsagaan tsakhir uul gold deposit, Bayankhongor, 
southern Mongolia: Bulletin of the Geological Survey of Japan. v. 49, no. 
6. p. 291-298. First author at Dept. ofGeochcm .. Grad. School of Sci .. 
Tohoku Univ. 

Highly prospective: gold mineralir.alion is represented by several lo­
calities of quartz vein sets and veinlc:t zones. occurring both in Cambrian 
granodiorites and Proterozoic migmatized schists. Wall rock alteration 1s 
developed weakly as silicification. sc:ricitization. albitiz.alion. chloritizauon 
and pyritization. In the area three types of quartz veins are observed: ( I ) 
metamorphic quartz veins; (2) mesothcrmal quartz veins; (3) c:pithermaJ 
quartz veins. Mesothermal quartz veins are richest in gold content. Within 
mc:sothermal veins gold is often associated with pyrite, chalcopyrite. galena 
and·is also found as free grains in quartz. Gold content in quartz veins 
show a wide range between 0.1 and 749.6 g/1. Most of the Fl observed in 
quartz are rwo phase l>V and range between 0.3 µm and 10 µm in size. 
The Th ofmesothermal veins ranges from 160 to 356°C. Not many facts 
arc known for the c:pithermal veins in this district but our study has indi• 
ca.ed that the Th of the quartz vein range from I 07 to I 20°C The apparent 
sal off) in mesothcnmal quartz ranges between 1.74 and 6. 74 wt.% NaCl 
c:q., with an average 4, 18 wt.% NaCl eq. Based on this prehminary study, 
we have concluded that al Tsagaan tsahir uul the mineralizing F for meso­
thc:nmal system was CO2-bearing and of low sal. and that effective deposi• 
tion of gold within the system happened at T from 160 lo 260°C. although 
the obtained T show wider range. (From authors· abstract by E.R.) 
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JARMOLOWICZ-SZULC, Katarzyna, 1998a. Studies on the filhng of 
pore space in the Rotliegendes sedimentary rocks. SW Poland: Fluid inclu­
sions. luminescence. isotopes (abs!.): Program and Abstracts. PACROFI 
VII. Pan-American Conf. on Research on Fluid Inclusions. June I -4. Univ. 
of Nevada. p. 46. Author at Polish Geological Inst.. 00-97 5 Warsaw. ul. 
Rakowiecka 4. 

The Paproc region represents a G reservoir in the Rotliegendes and 
Zechstein rocks. Cements • carbonate:. quanz and sulphate • from five deep 
drillings were studied. 

Both water and hydrocarbon 1 were found, the second type showmg a 
son of dull blue fluorescence and being present only in anhydntes. Due to 
the position of one phase G I, lime constraints may be set on G migration. 
HC I homogenize at -104°C which suggests methane with some nitrogen 
admixture. Homogeniz.ation of two phase water I occurs between 100 and 
I 30°C for anhydrite: and 90 and I 20°C for carbonates F sat varies between 
2 and IO wt% eq. NaCl. 

Isotope data for carbonates show the maximum fi-equency as follows . 
613C in the mlc:rval of-5 to -3'6. and 6110 from -12 to -7%c.. which sug• 
gests an enrichment of the carbonate cement in lighter isotopes. The oxy­
gen data point to T generations of carbonate cements• high T of90 to 
l 25°C and low T of 45 10 60°C, The higher range has been also pointed out 
by the rwo phase Fl. while the lower by one phase ones. Present day bottom 
values are close to IOO~C. (From author's abstract by E.R.) 

JARMOLOWICZ.SZULC. Katarzyna, 1998b, Quartz cements in the 
Cambrian sandstones. Zamowic:c region, N. Poland: A fluid inclusion 
stud}: Geological Quarterly, v. 42, no. 3. p. 311-318 (in English). Author 
at Polish Geological Inst.. Rakowieca 4. 00-975 Warszawa. Poland. 

Fl studies were conducted in quartz cements of the Cambrian sand· 
stones from two boreholes in the Zamowiec region (nonhem Poland). The 
research based on the microscope observations of I aiming at their petrog­
raphy and fluorescence characterisucs as well as it comprised the rouune 
microthermometric runs. The CL studies resulted in determination of gen­
erations of quartz cementing the sandstones. Two types off! have been 
found-aq and hydrocarbon ones. They are connected with two generations 
of the quartz cements in the sandstones under discussion. The aq I yield Th 
of about 100°C and sal of about 8% wt. NaCl eq. The hydrocarbon I stud• 
ied display three T groups ranging from 71 to 11 O"C. An attempt of inter• 
pretation of the entrapment conditions of coeval oil and aq I was made 
resulting in p-T values. Due to the limited number off I in the cements the 
representativeness of the data is, however. rather poor. (Author·s abstract) 

JA\'ANMARDI. Jafar and .MOSHFEGHIAN. Mahmood. 1998. Simple 
method for predicting gas-hydrate-forming conditions in aqueous mixed· 
electrol)1C solutions: Energy & Fuels, v. 12. p. 2 I 9-222. 

JEA~-BAPTISTE, P .• DOUGA.ULT, H., VANGRIESHEIM, A .. 
CHARLOl'. J.L., RADF0RD-KN0ER\',J .• rm:Ql'[T. \ ' •• N[ED­
HA'.\I. D. and GERMA;"'II, C., 1998. Mantle ;He in hydrothermal venlS 

--------------------------~-----~~- ·-·~------------------------, 
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and plume of the Lucky Strike site (MAR 37 _17_N) and asociated gco­
thennal heat flux: Earth and Pl1111ct. Sci, Leners, v. 157, no. 1-2. p. 69-77. 

JELSMA, H.A., HUIZENGA, J.M. and TOURET, J.LR .. 1998, Fluids 
and epigenetic gold mineralisation al Shamva Mine, Zimbabwe; a com­
bined structural and fluid incluslOI\ study: J. of African Earth Sci .• v. 27. 
no. I , p. SS-70, 

JENKIN. G.R. T .• LEWIS, Helen and FEELY. Martin, 1998, Upper 
Triassic granite-hosted base-metal deposition related to rifting? Testing 
palco-hydrology in the Galway Granite. W. Ireland (abst, ): Mineral Depos­
its Study Group, Annual Meeting. 5-6 Janua,y, 1998. Univ. Greenwich. UK 
(unpaginated).. First author III Dept. Gcol. and Geophys .• Univ. of Edin­
burgh. EH9 3JW. 

Authors use published Fl data (ER.). 

JI, Hongbing and LI. Ch1oy1ng, 1998a. Geochemical characteristics and 
source of orc-fonning fluid for Jirunan copper deposit in Western Yunnan 
Province. China: Acta Mineralogica Sinica. v. 18, no I. p. 29-37. Authors 
at Inst. ofGcochem .. Chinese Acad of Sci .• Guiyang. 550002. 

The Jinman copper deposit. in western Yunnan. is a silver-bearing. 
high-grade vein-type copper deposit. The Th of the Fl hosted in hy­
drothennal quartz and calcite range from 140 to 280°C and from 9 [sic) 10 
204°C. the calculated P range from 600 to 1200 bar. and the saJ of ore­
fonning F vanes from about S to 20.8 wt.% NaCl eq. in the two stages of 
mineralization. The 63-IS values of the various sulphides arc consistent 
with isotope equilibrium fractionation. i.e., 6.,..~.>6),ISq,>6),ISe.. The 
ratios of total sulfur (TS) over total organic carbon (TOC) range from 0.16 
to S.54 in ore. with no correlation ofanv·kind. On the basis of"Ohmoto 
model" calculation. the ratio ofredox (R' ) ranges from 2.16 x ,0·11 to 1.55 
x 10• for dissolved sulfur s~ies in ore-fo1111ing F from early to late in two 
stages of mineralization. 6 lCcoz corresponds to mantle source COi; 
613Cctw corresponds to CH. from contemporary geothermal source. Most 
of the points of611OH2O and 6DH20 fall on or between lhe lines of reac­
tion between meteoric water and elastic rocks, while a small part of the 
points fall near the reaction line of magmatic water with elastic rocks. 
Most of the points of orc-fonnmg F fall within the mixing region between 
meteoric water and plutonic (or magmaric) Fin 613C-611O space. and some 
of these points on the mixing hne with P= I. (from authors· abstract by 
E.R.) 

JI. Hongbing and LI, Ch1oyang, 1998b. Geochemistry of Jinman copper 
vein deposit. West Yunnan province. China-II. Fluid inclusion and stable 
isotope geochemical characteristics: Chinese J. of Geochemistry. v. 17. no. 
I, p. 81-90 (in English). Authors at Open LaboralOI)' of Ore Deposit Gco­
chcm .• Inst. ofGcochem .. Chinese Acad. ofSci.. Guiyang. 550002. 

The Jmman deposit is a Ag-bearing copper vein deposit locared at the 
north margin of the Lanping-Simao back-arc basin in \Vest Yunnan. The 
filling-replacement stage and the boiling~xhalative precipitation stage of 
minerahz.alion took place at Tr 140-280"C and T2"'94-204°C under P of 
(600-1200) x I 0~ Pa. The sal of ore-forming solutions ranges from 5 wt.% 
• 20.8 "1.¾ (NaCl). Sulphide 6J•s (CDT) values arc in the range of -9.6'16o 
to I I .03%o with a range of22.66%. showing an apparent --pagoda .. •shaped 
distribution in histogram. Meanwhile. the 6.1,1S values of the various sul­
phides arc consistent with the characters of isotope equilibrium tractiona­
tion. i.e .. 6J.IS~>li),1Scp>63•sa.. The TS/TOC ratios of the ores are widely 
variable between 0.16 and S.54 with no correlation of any kind can be es­
tablished According to the model ofOhmoto. the oxidation-reduction 
ratios of sulfur species in ore-forming solutions at the two mineralization 
stages were calcluatcd to be R' I ~2.16 x 10·17 and R'2• 1.55 x 10~. 
.S13Cco2 (PDB) values obtained from Fl in calcite and quartz are between -
8.129'. to - 3.18'6.. averaging -5.26%.. which arc comparable with the 
isotopic composition of mantle-derived CO2. I in quartz} icld 613Cc11,1 
(PDB) bctwccn-32.119'. and -22.04%o (averaging-26.699'.). similar to 
that of methane in modem geothermal G. For the ore-forming solutions. 
61"OH20 (SMOW) values are between -I0.57'6oand 9.77%. and 6DH20 
(SMOW) are between -519'.and - 135%.. Considering the cftect of iso­
tope exchange during water-rock reactions. most oflhc data are ploncd 
along or close to the line defined by the reaction of meteoric water with 
elastic rocks. while a small part of the points fall near the reaction line of 
magmatic water with elastic rocks. In 613C vs, 61"0 diagrant the ore­
fonnmg solutions are plotted for the most part into the mixin!! area between 
the meteoric F and the dccp-seaced F and partially on the mixing line of 
P-1. (Authors· abstraco 
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JI, Kcji1n and GUO, Xinsheng, 1998. Source ofhydrothcnnal fluid in 
Shizuoyuan W-Au deposit. Hunan. China: 6th National Meeting on Miri­
cral Deposits. Nanjing. China. Nov. 25-28, 1998: Mineral Deposits 
(Kuangchuang Dizhi), v. 17 Supplement. p. 1047-1050(in Chinese). 

JIYUAN. Z., BING FANG, C. and \'AN, L. 1998: The feature and origin 
of Yuxi silver mine in Harm. Xinjiang Province. China (abst.): Second 
APIFIS lnt' I. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 
1998. Tashkent. Uzbekistan, Abstracts volume. p. 136 (tn English). First 
two authors at Nanjing Inst. ofGcol. and Mineral Resources. Nanjing 
210016. P.R. China; last author 81 Chengdu Inst. ofTcch .. Chengdu 
610059. P.R. China 

The Yuxi As-Pb-Zn~ deposit has formed by cp1thermal mineraliza­
tion. superimposed mineralization and supergene oxidation The geo­
chemistry, S and Pb isotope, rare earth clement (REE). m111al ratio of 
17Sr,...Sr. S, Sc. Co and Ni ra1ios studies indicate that the minerals origi­
nated from biotitc plagiognciss, dolomitic marble and granite. The C.H. 0 
isotopic analytical results suggest the media comes from mixed groundwa­
ter of rain water, formation stored water and mineral crystallization water. 
The syn-ductile and brittle-ductile shear mineralization suggest that the 
heat is mainly the crustal shearing heat. The I compositions show that the 
ore-forming solution is of HCO3-Cu2+-K + or HCOJ-Ca2 • type. The Ag. Pb 
and Zn were transported in the forms of sulfur-hydrogen and carbonic acid 
complex compounds. The changes of P. T. pH value and Eh value pro­
duced by the change of mechanical properties in the transportation chan• 
nel-way caused the minerals to deposit. The ore-forming T. sal. P. depth, 
pH value and Eh value arc I 18-245°C, 2.43-11.13% (WB). 158.11-
736 05• [sic) 10~ Pa. 0.53-2.45 Km, 6.3-6.8. 0.202-0 262v respectively. 
(From authors' abstract by E.R.) 

JOCHUM, K.P., HOFMAN, A.W., BESSETTE, D., STOLL, 8. and 
GRAUP, G •• 1998. SY-XRF microprobe trace clement study on melt in­
clusions from the Hawaii scientific drilling project {abst )· EOS. Trans .• 79 
(45) Fall Meet. Suppl., p. F929. First author at Max Planck lnstirutc f. 
Chemic. Postfach 3060. Mautz 55020, Gennany; email (kp.1@mpch­
mainz.mpg .. de) 

We have analyzed about IS trace clements in I0-200 µm large Ml 
from 9 picritic basalts from Mauna Kea and Mauna Loa by synchrotron 
radiation induced X-ray fluorescence (SY-XRF) and also determined the 
chemical composition of the bulk samples by SSM and XRF. The ex­
tremely variable Sr abundances in the I. especially for the Mauna Loa sam• 
pies. may confi1111 the hypothesis of an unusual and heterogeneous Hawai­
ian source. (From authors· abstract by E.R.} 

See also Sobolev. this volume (E.R.) 

JOHAN, z.. 1998a. Mmeral1zation related to mafic and ultramafic rocks. 
New genetic concepts 9abst.): Mineral Deposits Study Group. Annual 
Meeting. 5-6 January. 1998. Univ. Greenwich. UK (unpagmated). Author 
at BRGM. Orleans. France. 

Oph1olitic chronute orebodics within the harzburg111c upper mantle 
contain a PGM association resulting from a h•gh-T F-rich ore-forming 
system. characterised by a very low sulfur fugac1ty The highest prec1p1ta• 
tion T of chromate is limned by the upper tbennal stability of pargasite 
(aliout I 050°C). Ohvme and clinopyroxcne crystals included in chromite 
arc often associated with droplets of native nickel, The compos1t1on of 
lho:se alloys (low Fe content) indicates an oxygen fugacaty ranging from Io· 
• to 10-1• atm at 1100°C. The F filling negative crystals in massive chro­
mite 1s an aq solution with 5 wt"/o NaCl eq. containing CO2. CH. and mi­
nor Cil-1,. C1H, The extensive crystalhzauon of chromite as due to the 
appearance of this reducing F phase . 

lsofcrroplaunum occumng m dumte is interstitial with respect to 
chromite and silicates. and contains silicate I which are excellent markers 
or the composiuon of magmatic L coexisting with the ore-forming system. 
The I fill negative isofcrroplatinum crystals and systematically contam 
clinop~ roxcnc associated wnh hydroxyl-bcanng silicates (trernolitc. mus­
covite. biotne ). albne and accessory apatite. titan1te. anhydrite and a res1d• 
ual glass containing 11 -1;; wt% water. The composition of original mag­
matic L was calculated usmg image analysis of I The L was water-rich (5· 
IO wt'l-o I and quartz-normative. Its compos1uon is close to that obtained 
experimentally by high-P partial melting of pcridoutc under water-saturated 
condauons. 

In the Bushvcld stratiforrn intrusion. Raman spectroscopy of Fl shows 
CH.-nch PGE horizons The Mercnskv reef 1s four times richer in CH. 
than under!~ mg pyroxenites and chromiUtcs The distribution of REE 
within the \atious cumulates of the Upper Critical Zone 1s remarl.able. 
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Vanauons in the REE distribution cannot be explained by magmatic frac­
tionation, The occurrence of REE-bearing minerals in volatile-rich inter­
cumulus indicates REE transportation in F phase. The F induces a strong 
variation in /02, modifying the Eu3

• /Eu!• ratio and consequently the con­
centration of Eu in the F phase. 

The observations demonstrate the important role of the reducing F 
phase in the precipitation of chromite and in the concentration of PGE in 
ophiolitlc complexes as well as in Alaskan-type and stratifonn intrusions. 
(From author's abstract by E.R.) 

JOHAN, Z.., 1998b. Mineralogy of the Bushveld upper critical zone inler­
cumulus: Genetic considerations (abst. ): 17th General Meeting Int 'I. Min­
eralogical Association. Aug 9-14. 1998, Toronto, Canada. Abstracts and 
Programs, p. AS. Author at BRGM, Orleans. France; email 
(z Johan!albrgm. fr) 

Raman study reveals the presence of F with a variable CtWCO2 ratip. 
The Pothole reef section is characterized by CI--4-rich F. wherea G chro­
matography shows the highest CH.i concentration (0.21-0.25 µm/g) at 
Merensky reef - the pyroxenites and chromitites of the UCZ only contain 
0.04-0.10 µm/g. CO2 concentration varies from 1.08 to 3.25 µm/g. Within 
Merensky reef. Cl- and REE-rich apatite has been altered by the late F into 
REE-poor. OH-rich apatite. 

REE distribution in the UCZ rocks reveals the highest REE concen­
tration at the top of Merensky reef. Furthermore. a remarkable cyclic 
variation is observed in Eu concentration, leading respectively to positive 
and negative Eu-anomalies. This behaviour. which cannot be interpreted in 
terms of magmatic evolution. renects /01 vanation in the F phase. (From 
author's abstract by E.R.) 

JOHNSON, E.L, ROSIN. S.1\1., and MANCKTELOW, N.S., 1998, An 
optical method for measuring <a> axes positions in quartz using fluid in• 
clusion morphology (abs!.): Geological Society of America Annual Meet­
ing 1998, Abstracts, v. 30, no. 7. p. A• l33, First author at Dept. ofGeol .• 
Central M ich1gan Univ., 314 Brooks Hall. Mt Pleasant. Ml 48859; email 
(e.LJohnson@cmich.edu) 

Knowledge of <a> axes orientations is of paramount importance to the 
understanding of deformation mechanisms in quartz and by extension. 
quartz-rich rocks. The measurement of <a> axes positions cannot be 
measured by standard optical (U-stage) techniques since quartz is a uniax­
ial mineral. Many quartz grains. however. contain abundant Fl and in 
many instances. the Fl occupy negative crystal-shaped cavities for which 
<a> axes positions can be opllcally determined. We have utilized these 
negative crystals to locate <a> axes positions using a U-stage In order 10 
test the validity of this approach. a blind comparison was performed on a 
deformed quartz aggregate from the Simplon Fault Zone (Central Alps: 
Switzerland). Both <a> and <c> axes positions for this sample were meas• 
ured using the proposed optical technique and via an X-ra~·texture goni­
ometer. The locations of <a> axes maxima contoured on a Schmidt net 
using the two techn11.mes agree closely demonstrating that the optical tech­
nique was successfuj Advantages of the optical technique are I) that the 
technique is simple and requires inexpensive equipment and 2) that <a> 
axes positions can be determined on a grain-by-bram basis allowing for the 
detailed study of crystalloraphic orientation differences across grain 
boundaries m deformed aggregates of quartz. One obvious disadvantage is 
that only grains contammg negative-shaped Fl can be used. (Authors· 
abstract) 

JONSSON, E. and BROMAN. C., 1998. Fluid inclusion studies of hy­
drated Mn arsenates and associated minerals from the Langban mine. Swe­
den (abst): 17th General Meetmg lnt'I. Mineralogical Assoc1a11on. Aug 9-
14. 1998. Toronto. Canada. Abstracts and Programs. p A32. First author 
at Dept. of Mineral.. Swedish Museum of Natural History. Stockholm. 
Sweden. 

Mineralogical and Fl data from 1he complex Pb-Mn-As-Sb-bearing 
fissure mineralizations in the Langban mme (59.86~N. 14 27°El- in Varm­
land. Sweden. suggest formauon at low T and P at or close to atmospheric 
P. trom low to moderately high saline F. Fl have been studied in allal..1ite. 
sarkinite. barne and calcite. Eutectic melting data Ii-om Fl in the Mn arsen­
ates suggest a F composition different than Fl in calcite and barite. possibly 
dominated by CaCli as a dissolved component ( From authors· abstract by 
E,R.) 

JOllSSELIN, David and MAIN PRICE, David, 1998. Melt topology and 
seismic anisotropy in mantle peridomes of the Oman ophiohte; Eanh and 
Planet Sci. uners. v. 164. p, 553-568. Authors at Laboratoire de Tectono-
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physique, CNRS UMR 5568. Universite Montpellier II, Montpellier. 
France; email (jousse@dstu.univ-montp2.fr) 

This paper presents shape measurements of plagioclase and clinopy• 
roxene I. assumed to reflect M topology, in pcridotites of the uppermost 
mantle section of the Oman ophiolite. The plagioclase and clinopyroxene 
grains are devoid of any intracrystalline deformation in all samples. In 
contrast. the olivine in these rocks has recorded a high T plastic defonna­
tion. with different strengths of the crystallographic preferred orientation 
(CPO) of the olivine grains. Individual ·melt pockets· are first described by 
ellipses in two dimensions. They are more elongated when they have a 
larger area. and they arc preferentially oriented parallel to the hneation (the 
X structural axis) of the sample, with a better defined preferred orientation 
for samples that have a sttonger CPO. In a second step. an average M 
phase shape is defined in three dimensions for each sample. using the im­
age autocorrelation technique. The average shape is nearly spherical for 
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the samples with weak CPOs. and it is ellipsoidal, with a long axis parallel 
to X and the short axis parallel to Z (normal lo the fohation) for samples 
with strong CPOs. The long axis of the ellipsoid is 3 times as long as the 
short axis for the sample with the strongest CPO. We use an anisotropic 
dilfercnlial effective medium method 10 estimate the se1sm1c properties of 
panially molten upper mantle pcridotites. The M pockets were modeled as 
basalt filled I with the average shape and orientation given by the image 
analysis. The CPO of the olivine crystals was used to calculate the elastic 
properties of the anisotropic background medium, The calculated P-wave 
seismic anisotropies ranged from S to 15% with the anisotropy increasing 
with the CPO strength and M fraction. The maximum P-wave velocities 
are found along X with velocities above 8 km/s at 0% M and an average 
0.5 km/s reduction for \0%ofM. The minimum P-wave velocit1es are 
found along Z with velocities generally below 7 .5 km/s at Oo/o M and an 
average reduction of0.8 km/s for I 0% of M. (Authors· abstract) 

KADKO, David and BUTTERFIELD. D.A .. 1998. The relationship of 
hydrothermal fluid composition and crustal residence time to maturity of 
vent fields on the Juan de Fuca Ridge: Geochim. et Cosmo. Acta. v. 62, 
no. 9, p. 1521-1533. First author at Univ. of Miami. RSMAS/MAC. 4600 
Rickenbacker Causeway. Miami. Florida 33149. USA. 

The ll1Ra/226Ra ratio of hvdrothennal F retlect the residence time of 
the F within the crust as well as the age-since-melting of the basalt with 
which the F interact. F residence times from the onset ofhigh-T (200°C) 
reaction arc :s3 years which is short compared to the mean life ofl21Ra. 
The residence times are short relative to hypothesized storage periods for 
brines within the ocean crust. A potential implication of this result is that 
postulated. long-lived. high-chlonnity brine reservoirs musl be extensively 
diluted by young. Ra-bearing F that have reacted significantly with hot 
rock. (From authors' abstracl by E.R.) 

KAl!liDL, Reinhard, ABART, Rainer, HOINKES. Georg, and 
K~OLL, Peter, 1998. Density differences in nuid inclusions from mono­
and pol)metamorphic rocks in the Austroalpine Basement (abst.): Program 
and Abstracts. PACROFI VII. Pan-American Conf. on Research on Fluid 
Inclusions. June 1-4, Univ. of Nevada. p. 37. First author at Inst. for Min• 
eral.-Crystallog. and Petrol . Karl-Franzens-Univ .. Graz. Austria; email 
(reinhard.kaindlll{kfunigraz.ac.at) 

The Austroalpine Basement (AAB) is a nappe system comprised of 
mono- and polymctamorphic metasediments. amphibolites. orthogneisses 
and subordinately marbles. eclogites and migmatites. Fl hosted in meta• 
morph•c index mmerals were observed in the largely monometamorphic 
Schneeberg Complex (SC) and in the Radenthein Basement (RB). In both 
areas gamet-micaschists and hornblende shists dominate. The amphibolite 
facic:s parageneses are of Cretaceaous age. Only in the basal parts of the 
SC relics of an older paragcnes1s are observed. 

In the monophase sections of the SC primary and secondary CO1-CH4-
N~ I !XC'H-1=0.03. XN2=0.02) wnh variable densities from 0.8 to 1.17 glcm3 

occur m the quartz matm; Only m the basal. polymetarnorphic sections 
pnmru;. low sal H20-NaCI I are observed in garnet cores. which pertain to 
the pre-Cretaceous paragenes1s. High ThH2o<.L + V L)=325°-372"C yield 
low dens111es (0.6-0.7 g/cm') Aq I in "young" matrix quartz have higher 
sal (> 10 eq. wt% NaCO and densities (>0.8 g/cm\ This reflects differ• 
enccs in P-T conditions durmg I entrapment in the course of the pre­
Cretaceous and Crecaceous events. 

Within the monophase sh1sts of the RB garnet and kyanite porphyro­
blasts as well as matrix quartz concain P H20-CO2-N1•NaCI I. Th of the 
thret:-phase I are 23-24~C for J in garnet. For I in kyanile Thc01 varies 
from Oto 27°C. and for I m matrix quartz it varies from -30 to+ 30°C. This. 
suggests that lhe original F densmes were best preserved in garnet. Kyanile 

~----------------------------------·-·------------------ --, 
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and quanz were more susceptible to post metamorphic modification. The 
composition of the COi-Ni V phase is rel&1ivcly constant regardless of host 
mineral and F density. This leads us to conclude that post metamorphic 
loss ofH2O may be responsible for these densi1y variations. (From 
authors· absuact by E.R.) 

KALDYSHKINA, T.V., TROSTI'ANSKY, G.D. and SILO\', V.P., 1998, 
A new exogenic genetic kind of manganese ore-shows in Uzbekistan 
(abs!.): Second APIFIS Int'!. Symp. Mineral Fonning Fluids and Ore Gene­
sis, Oct. 28-30, 1998, Tashkent, Uzbekistan, Abstracts volume, p. I S4-l SS 
(m Russian). 

KAMENETSKY, V•dim and CRAWFORD, A.J .. 1998. Mclt•peridotitc 
reaction recorded in the chcmistJ)' of spine) and melt inclusions in basalt 
from 43°N. Mid-Atlantic Ridge: Earth and Planet. Sci. Leners. v. 164. p. 
345-352. Authors at School of Earth Sci. and Centre for Ore Deposit Re­
search, Univ. ofTasmania. GPO Box 252-79, Hobart, Tasmania, 700 I, 
Australia 

Compositions of spinet and glassy Ml in primitive olivine (FOa9 3.q1) 
from basalt AJl32 D11-177 at 43°N. Mid-Atlantic Ridge fall into two prin­
cipal groups. The dominant ( -90"/•) Group-I spine! and Ml have typical 
MORB compositions. In contrasL Group-II Cr-spincls arc strongly en­
riched in Ti02 (2.6-4.1 wt.%). and Group-II Ml show significant enrich­
ment in SiO2 (54.6-58.4 wt.%). Ti02. Na.i() and KiO. whereas their CaO 
contents (9.3-11.1 wt.%) arc unusually low. Group 11-M arc also remaik­
able in crystallizing high-Mg onhopyroxcnc (Mg# 91 ). These mineral 
associations and M compositions in unusual for MORB. and arc inter- · 
preted to result from interaction between MORB-like Mand harzburgitic 
peridotite at low P. (Authors· abstract) 

KAMENETSKY, V•dim, CRAWFORD, A.J. and EGGINS, S.M., 
1998. Unusual mineral and melt inclusion compositions in basalts from 
43°N. mid-Atlantic ridge: Evidence for mclt-peridotitc interaction (abst.): 
Geological Society of Australia. Abstracts No. 49. 14th Australian Geo­
logical Convention, Townsville. July 1998. p. 231. First author at Dept. of 
Geo! .. and Center for Ore Deposit Research, Univ. ofTasmania. GPO Box 
2S2-79, Hoban. Tasmania. 7001. 

The samples arc Ol-phyric pillow basalts with quenched pillow rim 
glasses. Clinopyroxcnc phenocrysts arc also present in D12-7. Olivine 
phenocryst compositions (Fo up to 92) arc among the most magnesian 
known from MORB. D12-7 olivincs arc unusually enriched in CaO (up to 
0.45 wt%). This enrichment correlates with extremely high Ca0/Al.i{)3 
values in Ml (up to 1.2: c.f .• <0.9 m MORB melts). which are a conse­
quence of high CaO (up to 15.2) and low AhOJ (12.8-15.5 ~t"lol contents 
in the basaltic M (MgO I 0· 12 wt0/4). This governs an early O1-Cpx cotcc­
tic: Cr-diopsidic clinopyroxenes m DI 2-7 have Mg# (90-92 ). the highest 
reponed from MORB. Spinel I 1n olivine demonstrate the most unusual 
features for MORB spinet: Cr# range up to 70 (c.f.. <60 in MORB). and 
TiOi contents in some DI I •177 spincls are as high as 2-4 wt% (c.f .. <0.7 in 
MORB). This high Cr# is in agreement with low Al,03 content in the M 
as evidenced by Ml. High TiO2 abundances in spine! may renect elevated 
Ti01 in parental M recorded in a number of Ml (up to 2.4 wt%vs <1.5 
wi-r. T101 in common MORB melts). Other peculiar compositional fea­
tures of these high-Ti Ml are: (in wt%) very high SiO? (up to 58) and NaiO 
(up to 3.4) and low CaO (9-11 ). and that they arc trapped in low-Ca (Cao 
0.18-0.24) olivines. Such compositions arc unusual for MORB and are 
clearly saturated in onhopyroxene. which has been found as I in high-Si 
Ml. In summary. the mineral assemblage and Ml chemist')' in studied ba­
salts arc atypical of MORB and may reflect a variety of parental magma 
compositions ranging from common MORB to mon: unusual composi­
tions. 

Mclt-pcridotite interaction. as it follows from this study. could be an 
1mponant factor controlling the compositions of MORB P M. their evolu• 
tionary paths during ascent. and the effects of high-P fractionation and re­
equihbration on the compositions of residual peridotites and cruptr:d rocks 
and glasses. (From authors· abstract by E.R.) 

KAMIJO, Koichi, HASHJZl':\IE, Ko and MATSUDA. J.-1 .• 1998. 
Noble gas constraints on the evolution of the atmosphen:-mantle system. 
Geochim. et Cosmo. Acta. v. 62. no. 13. p. 2311-2321. Authors at Dept. of 
Eanh and Planetary Sci .• Grad. School of Sci .. Osaka Univ .• Toyonaka. 
Osaka S60-0043. Japan. 

We present a model on the evolution of atmosphere-mantle system 
assuming a significant degassing from the less depicted mantle. based on 
the recent results of the He-Ar syslcmatics proposed by Matsuda and Marty 
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( 1995). The degusing fluxes of noble G arc represented by the concentra­
tions in the mass flow, which follows the model of Porcelli and Wasserburg 
( 199Sa.b). However. we have not assumed the steady-state. and have as­
sumed the mass transfer as an cxponcnual function of time. The degassed 
amount from the less depicted mantle is related to the mixed amount of 
mass between the less depicted mantle and the deplelcd mantle. The 
amoun1 of mixing is constrained from the K abundances in each mantle 
reservoir. Consequently, the degassed amount from the less depicted man, 
tie is also constrained. 

The following con<:lusions arc obtained from this model. The 1mtial 
elemental ratio 3Hc1)6 Ar is hkely to be in cosmic abundances. and the ini­
tial concentration of36 Ar in the Earth 1s constrained to be -I " I 012 

al• 

oms/g. The prcscnt frac1ion of)6At in the depicted mantle reservoir 1s cal­
cul&1ed to be al most 2.4 x I o•J of the imual inventory. The: "'Ar/3• Ar ra110 
in this reservoir is cstimaled to be<( I 3-1.4) x 10~. The less depleted 
mantle reservoir also degassed and the prescn1 amount of 36 Ar is calculated 
to be al most 1.3 >< I 0"1 of the: initial inventory. The "'Ar/)6 Ar ratio in the 
less depicted mantle reservoir is esumated to be <3. 7 x I 04

• 

To explain the difference: between the neon isotopic ratios in the at­
mosphere and those observed in the mantle rocks. isotopic fractionation 
during the escape from the atmosphere and/or significant contribution of 
late accreted materials possessing planetary Ne is necessary. In our model. 
Ne degassing from both mantle reservoirs would have provided at least 50-
90 times the amount of 22Ne in the present atmosphere. Therefore. the 
fraction supplied by late-accreted material would be negligible. which is 
contrary to the model proposed by Porcelli and Wasserburg ( 199Sb). We 
conclude that iSOlopic fiactiona11on model during escape from the atmos• 
phere provides the: best fil to the obscrvauons. (Authors· abstract) 

KANEOKA, lcbiro,1998a, Xcnoo·s mside story: Science. v. 280. p. SSl-
852. 

A review of Xe studies from MORBs. COi well gas. and diamonds 
(E.R) 

Sec next item. (E.R.) 

KANEOKA, lcbiro, 1998b, Noble gas signatures in the Earth's interior­
coupled or decoupled behaviour among each isotope systematics and 
problems related 10 their implication; Chem. Geol.. v. 147. p. 61-76. 
Author at Earthquake Research Inst., Univ of Tokyo. Bunkyo-ku, Tokyo 
113, Japan. 

In order to conjecture the degassing stale of the Earth's interior. many 
kinds of noble: G systematics in used to characterize the source materials 
in the Eanh ·s interior. Although some systematics show clear trends. others 
do not indicale any trends lo identify each end-member and relationship 
The He-Ne systematics indica1es mixing of mantle component with the 
solar ~c122Nc and the atmosphere-derived component. The Ar-Xe sys­
tematics seem 10 show some trends. but the effectiveness of the Nc:-Ar sys, 
tcmatics seems to be limited to samples derived from the area on regional 
scale. No clear correla11on 1s observed in the Ne-Xe systematics for sam• 
pies on global scale. Although such variations arc affected by the elemen­
tal fractionation of lhe atmosphere-derived components to some extent, it is 
not sufficient to explain the range of observed variation. Ligh1cr noble G 
(He. Ne) seem to not always correlated with heavier noble G (Ar. Kr. Xe). 
probably due 10 large difference in their mobilities. Based on the Ar-Xe 
systematics. the occurrence of recycled materials can be infcm:d. indicating 
a possibilily oftranspon of heavier noble G inlo the Eanh ·s interior to­
gether with recycled materials. The thennal state in the Earth's interior on 
global scale might also control the noble G signatures of magma sources as 
1s the case for the South Pacific Area (Author·s abstract) 

Sec previous i1em (ER.) 

KASAI, K•itbiro, SA KAGAWA. Yukihiro, KOMATSU, Ryo, SA­
SAKI, Munttakt,AKAKU. Kohti and UCHIDA. Toshihiro. 1998, The 
origin of hypcrsalme liquid in the Qua1cmary Kakkonda granilc, sampled 
from well WD-la. Kakkonda geothermal system. Japan: Geothennics. v. 
27. no. 5/6. p. 631-645. First author al Japan Metals & Chemicals Co .. 
Lid, (JMC). 72 Sasamori. Ukai. Takizawa-mura. Iwate, 020-01 Japan. 

Hypersaline mctal-nch L (ca 40 wt.¾ total chloride species) was ob­
tained from a depth of 3 708 m in the Kakkonda geothermal system. Sam• 
piing of well WD-1 a was conducted by ~verse circulation af\er a standing 
time of about 196 hours (with T recovering to >S00°C). Tritium content 
and 1he relauonship beiween oD and 6 "o showed that the river water lhal 
was circulated in the well had mixed with an isotop1cally heavy F dunng 
the standing 11mc. Phase separation occurred during T ~covcry. concen• 
trating the hypersalinc Lin the bottom of the well. This ongmal hyper-
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saline Lhasa sal of about 55 \\t.% NaCl eq., consisting ofNa-Fe-K-Mn­
Ca chloride, rich in Zn and Pb but poor in Cu, Au and Ag. The F origi­
nates from the Kakkonda granite and mixed with circulating warer from the 
well in a zone of fine fractures induced by thennal Sb'CSS dunng drilling, 
(Authors· abstract) 

KASAI, K., SAKAGAWA, 'V. Ml'VAZAKI, S., AKAKU, K. and 
UCHIDA, T •• 1998. Supersaline and metal-rich brine obtained from the 
Quatemary Kakkonda Granite by NEOO WD-1 a in the Kakkonda g~ 
thermal field. Japan: Mineraliurn Dcposita. v. 33, p. 298-301. First author 
at Japan Metals and Chemicals Co .• Ltd. (JMC), 72 Sasamori, Ukai. Taki­
zawa-mura, Iwate, 020-01 Japan. 

A supcrsaline, metal-rich brine (ca. 40 "1. % total chloride sail) was 
extracted from 3708 m depth of well WD-la in the Kakkonda Granite by 
reverse circulation after a standing time about 196 hours. The estimated 
borehole T exceeds 500°C near the boriom. Tritium content and the rela• 
tionship beiwecn 6D and 6110 show that the injected borehole F (river wa• 
ter) evidently mixed with an isotopically heavy and ancient F. The phase 
analysis showed that a G phase separated from a brine and that a brine 
concentrated m the borehole as the borehole T recovered after cooling by 
dnlling F. We think the original F was trapped in the Kakkonda Granite and 
mixed with the borehole F through fine fractures induced by thermal stress. 
(Authors· abstracl) 

KASIMOVA, F.I .. 1995. Meaning of carbon isotopes of hydrocarbon in­
clusions [in accessory minerals! from kimberlite pipe Mir: Sixth lnt'I. 
K1mberlite Conference. Russia, 1995. Extended Abstracts, p. 705, 

Hydrocarbon I were determined in zircon from concentrate kimberlite 
pipe Mir. With the method oflow T spcctrotluorimetry their consistence 
was studied. Consistence of hydrocarbon I in zircon 1s close to hydrocar­
bon which were studied earher in mineral-indicator olivine from pipe 
Udachnaya (Daldino-Alkitaiskii region) and in garnets from pipe Mir 
(Malo-Botoubinskii region). Aromatic hydrocarbons with molecular 
structure of alkinnaphtalinc. alkinfenatrcn and pircn prevail . 

Hydrocarbon I are determmcd in minerals-indicators of the following 
parageneses: in olivines from magnezial and ilmenite ultrabasic rocks. in 
garnets from ilmenite (magnezial and fcrruginous> and magnezial ultraba­
s1c rocks and alkrcmites: in zircon from ultrabasic magnezial paragenes1s. 

Meaning of ll1~C hydrocarbons from I at zircon are close to the mean­
ing ll' 3C hydrocarbons in olivines from pipe Udachnaya and in garnets 
from pipe Mir: they occupy field of meanings of isotopes of hydrocarbons 
of diamond of eclogite paragenesis. 

So, hydrocarbon I for piropes of alkrcmite paragenesis are P. and for 
olivines. garnets. zircons ofultrabasic paragenesis arc lowned [sic] 
.(Author's abstract) 

Hydrocarbon Fl were identified in zircon. olivine and garnet. Carbon 
isotopes detennined by low T spectrotluorimetry overlap the isotope field 
determined from diamond ofeclogite paragenesis (H.E.B.) 

KASTNER. Miriam, KVENVOLDEN, K.A. and LORENSON, T.D .. 
1998, Chemistry. isotopic composition. and origm of a methane-hydrogen 
sulfide hydrate at the Cascadia subduction zone: Earth and Planet. Sci. 
Leners. v. I S6. no. 3-4, p. 173-183. First author at Scripps Inst. of Ocean­
ography. Umv. of California San Diego. La Jolla. CA 92093. USA. 

At Ocean Drilling Program (ODP) Site 892. offshore from c,enlrlll 
Oregon. G hydrate was recovered close to the sediment-water interface at 
2-19 m below the seanoor (mbsO at 670 m water depth. G from asample 
ofth1s layer was composed of both CH, and H2S. and also contains ethane 
and minor amounts of CO2. The facts suggest that the mixmg of CH, and 
H2S is a geologically young process. Because the existence of a mixed 
CH,-H2S hydrate is indicative of moderate to intense advection of a meth­
ane-rich F into a near surface active sulfate reduction zone. tectonically 
active (faulted) margins with organic-rich sediments and moderate to high 
sedimentation rates are the most likely regions of occurrence. ( From 
authors· abstract b) E.R.J 

KATAOKA, N .. MATSUEDA. H .. ISHl\'A!\IA, D. and MATSl BA'VA, 
0., 1998. Genesis of gold mineralizations at the Spccogna ore deposits. 
western Canada (abst. ): Abstracts with Programs. 48th Annual Meeting of 
the Society of Resource Geology. Tokyo. June 17-19, No. P-28 cm Japa­
nese) 

Indexed under Fl ( E.R. ). 

KENDRICK. \I., BURGESS. R., P.-\TIRICK. R.A.D. and TliR~ER. 
G., 1998. Noble gas and halogen geochemistry of mineralising fluids from 
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Cu-porphyry in Southern Ariwna and Bingham Canyon, Utah (abst. ): 
Mineral Deposits Study Group Annual Winter Meeting 14-16 Dec. 1998, 
St, Andrews. Scotland (unpaginated). Authors at Dept, of Earth Sci., Univ. 
of Manchester. Oxford Rd .• Manchester. M 13 9PL. 

Following optical characterisation of Fl populations, sequential crush 
analysis of quartz from these deposits has been earned out Laser extrac­
tion ofFI in the Bingham canyon samples are currently being undcnaken to 
target specific populations and these data will be presented at the mecung. 

Bulk crushing of four different Laram1de porphyries (Ray. Mission, 
Pinto Valley and Globe Miami) give Br/Cl values in the range 0.9-1.3 x 10· 
3 molar. but only Silver Bell with Br/Cl of 1.5-1. 7 x I 0-3 molar. is above the: 
seawater value of 1.54 x I o·3 molar. I/Cl values for the five deposits are 
between 1-11 x Io-~ molar. all significantly above the scawarer value of 
0.09 x 10·1• and Silver Bell again provides the highest values ofup to 11 x 
I0'5 molar. There is significant variarion in halogen ratios between samples 
from different wnes within the porphyries confirming that different F have 
mixed during the evolution of these deposits. 

· .,. Ar ihows a strong correlation with Cl (and Br and I). The correlation 
indicates that samples contain a mixture of at least two F components with 
high "° Ar content ("° Ar?6 Ar> 296 ): a high sal F with 411 Ar0/CI of ;? Io◄ 
molar similar to that measured in magmatic F: and a low sal component 
with"° Ar0 /Cl~t 0-{, molar typical of crustal F. A third component has low 
sal and an atmospheric "°Ar/36Ar signature. Noble G elemental rarios 
(Kr/Ar and Xe/Ar) of this endmembcr are consistent with air-saturated 
water and it is therefore most likely to be meteoric F, as opposed to air Ar 
trapped in the sample as blank. Within a given deposit. the ~~ Ar•ICI value 
differs depending upon location of samples within the ore body therefore 
reflecting the relative importance of the different F endmembers. (From 
authors' abstract by E.R.) 

KENT, A.J.R., STOLPER, E.M., WOODHEAD, J., HtrTCHEON, 
1.0. and FRANCIS, 0., 1998. Using glass inclusions to investigate a het­
erogeneous mantle: An example from N- and EMORB-like lavas from 
Baffin Island (abst,): Mineralogical Magazine. v. 62A. V, M. Goldschmidt 
Conf.. Toulouse 1998. Extended Abstracts. p. 765-766 First author at Div. 
of Geological and Planetary Sci., California Inst. ofTech .. Pasadena. CA 
91125 USA. 

We have analysed olivine-hosted (F0u·F092) glass I from a suite of 
picritic rocks from Baffin Island. Canada. Major element compositions of 
~200 glass I were measured by electron microprobe and REE abundances 
were measured in a subset of these I by ion microprobe. Our results arc 
also compared to major element and REE data for matrix glasses from the 
same samples. The new data arc consistent with the suggestion that the 
Baffin Island picrites represent mixtures of M derived from ( I ) a depicted 
mantle source. similar to that from which ty~ical MORB are derived, and 
(2) an incompatible-element enriched. high• 7Srt'0Sr. source. (From 
authors· abstract by E.R.) 
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KENT, A.J.R., WOODHEAD, Jon. FRANCIS. Don and STOLPER. 
E.M .• 1998. Variations in glass inclusion composition in basalts from het­
erogeneous source regions: An example from Baffin Island (abst.): EOS, 
Trans .. 79 (4S) Fall Meet. Suppl.. p, F939. First author at Div. of Geologi­
cal and Planelal)· Sci.. Califomia Inst. ofTech .• Pasadena. CA 91125. US: 
email (kentS@llnl.gov) 

We have investigated. using the electron and ion m1croprobcs. the 
compositions of over 300 olivine-hosted glass I from the 65 Ma old picritc 
suite at Baffin Island. Canada. Glass I from individual samples vary con• 
siderabl) in the degree of incompatible element ennchmcnt We interpret 
our data as indicating that glass I preserve more of the diversity of M de­
rived from depleted and enriched sources that aggregate to form individual 
erupted lavas than is sampled by the whole-rock lavas. Thus glass I may 
provide a means to identify the most depleted and enriched components of 
the source region. (From authors· abstract by E.R.) 

KHAL~ll'KHAMEDO\: T.R., ISL\MO\: F.I .. ZliRI. N.M .• 
KO!liEE\'. R.I., MEKHMANKHODZHA.EV, A.D., ZHl1AAEV, A.Zh. 
and G ERTMAN, \"u,L •• 1998. The formation of gold-ore mineralization 
in the Kairagach Deposit (abst.) Second APIFIS lnt'I. Symp Mineral 
Fonmng Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbekistan, 
Aostracts volume. p. 131-133 (in Russian), 

See Trans/a11ons. 

KIIA;\IR.\B,\[\', 1.Kh. and AKB-\RO\~ Kb.A .. 1998. Evolution of 
Academician Kh.N. Baimukharnedov ·s ideas in the study of ore deposits 
(ahst. ): Second APIFIS Inn. S)mp. Mineral Forming Fluids and Ore Gene-
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sis, Oct. 28-30. 1998, Tashkent, Uzbekistan. Abstracts volume. p. 15 (in 
Russian). 

KHAMRABAEV. I.Kb., AKHUNDZHANOV, R., USMANO\-; A.I. and 
KOZLOV, V.V., 1998, Ideas about the genetic association between mag• 
mat ism and mineralization on the basis of a study of solid micro-inclusions 
in rock-forming minerals tabst.): Second APIFIS lnt'I. S}mp. Mineral 
Forming Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbekistan. 
Abstracts volume. p. 62-64 (in Russian). 

See Transla11ons. 

KHIN 7.-'\W, 1998. Geological evolution of selected granitic pegmatitcs in 
Myanmar (Burma): Constraints from regional scning. lithology. and fluid• 
inclusion studies: lntemat'I. Geol. Review. v. 40, p. 647-662. Author at 
Centre for Ore Deposit Research. School of Earth Sci.. Univ. ofTasmania, 
GPO Box 252-79, Hobart. Tasmania. Australia 7001. 

Pegmallte deposits commonly occur in the 1500 km long. N•S· 
trending. tungsten-tin-bearing granitoid belt in Myanmar. The pegmatites 
arc commonly zoned, feldspars and muscovite being more abundant in the 
center and quartz more common at the margin. The zoning panem is rather 
d1stmct in the pegmatite body, where tourmaline is present Thi: light· 
colored felsic minerals arc confined to the core zone and the dark-colored 
tourmaline crystals to the outer zone. 

Numerous Fl have been found in quanz. topaz. and beryl. Most of the 
, _ rounded to elliptical, with a variable degree ofL tilling. All I arc aq, 
two-phase (Land V) I with no dm. Th of 173 Fl were measuTCd in this 
study 

Geothermometric studies indicate that the pegmatitcs weTC formed 
over a Th range of230 to 410°C. Sal of Fl in pegmatite minerals yielded 
from I Oto 10.8 NaCl cq. Y.1,'Yo. Topaz and quartz single crystals (several 
cm across> from the Sakangyi pegmatite provide an opporrunity to extract 
the F trapped in these minerals. The Na/K ratios of the Fl in two topaz 
samples weTC 3.0104.9. and thoscoftwoquartzsamplcs were 2.9 to 10.5, 
suggesting the presence of substantial potassium in the pegmatite-forming 
F. In this study. evidcnce for phase separation of the pegmatite-forming F 
was not observed The post-magmatic, hydTOlhcrmal F responsible for the 
pegmatite veins evidently emanated from cooling S-type granitoids. with 
which they arc spatially associated. (From author's abstract by E.R.) 

KHIN ZAW, GE~t!\IELL, B.J .. LARGE, R.R.. THAIK. A.:\I., \'EAP, 
E.B. and KHOO, T.T •• 1998, The importance of ore fluid chemistry in 
studies of ore genesis: Examples from Australian and southeast Asian 
deposits: Ninth Regional Congress on Geol.. Mineral and Energy Re­
sources of Southeast Asia-GEOSEA '98 17 -19 Aug. Kuala Lumpur. Ma­
laysia. Program and abstracts, p. 113. Mineral Resources paper 16. First 
author at Centre for Ore Deposit Research, Univ. ofTasmania. Hoban. 
Tasmania. Australia 700 I. 

Ore F research cu11ently undenaken at Centre for Ore Deposi1 Re• 
search. Univ. ofTasmania in collaboration with CSIRO (Commonwealth 
Scientific and Industrial Organisation} and AGSO (Australian Geological 
Survey Organisation) has shed light on the understanding of the environ­
ment and evolutton of hydrothermal processes for the Australian and 
southeast Asian base metal and gold deposits. These results also provide 
guidelines for the selection of targets in mineral exploration. 

The Hellyer deposit is a mound-sry le volcanic-hosted massive sulphide 
(VHMSI deposit in western Tasmania. Australia. Textural. petrographic 
and microthcrmometric investtgauons of Fl in the Hellyer stringer system 
indicate that Type I. P. L-V I arc I 0-15 µm in size. and yield Th of 170• 
22o•c in early 2A vems. l65-322°C in main-stage 2B veins and 190-
256~c in late-stage 2C veins. These data suggest a waxing and waning 
thermal history, However. the average sal remained between 8-11 NaCl eq. 
wt.% in all stage 2 vems. LRS analysis indicates the presence of CO~ (<I 
molo/o) in the Hellyer VHMS system. Semi-quantitative SEM-WDS m1-
croprobe analyses of Fl decrepitatcs iindicate that the Hellyer ore F were 
ennched in potassium and calcium but depleted in magnesium relative to 
seawater. PIXE analysis of Fl 111 quartz from the mineralised zones also 
indicates significant base metal concentrations in the Hellyer ore F Catton 
composition and higher sal relauve to seawater suggest that rcc\dc:d sea­
water alone cannot be: the sole source of the ore F. The high base metal 
content and the presence of CO: in the Fl implies that magmatic mput of 
ore metals dunng seawater leaching of the footwall volcanic pile 1s a dis­
tinct possibility 

Gold~oppcr-bismuth mineralisation in the Tennant Creek goldlleld 
has four major I types in quartz associated with mineralisc:d and barren 
ironstones: (I) L-V I with low UV ratios (Type I}, (2) L-V I wi1h high UV 
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ratios or high V/L ratios and characteristic dark bubbles (Type II). (3) L-V­
halite I (Type Ill). and (4) L-V I with variable UV ratios (Type V). Type I 
inclusions arc present in the barren ironstones and unmmeraliscd pon1ons 
offcnile ironstones, whereas T)'J)CS II and Ill inclusions arc recognised in 
fenile ironstones, Type I Fl have Th of I 00-350°C with a mode at 200-
2500C. Type n inclusions in mineralised ironstones have Th of250-600°C 
with a mode of350-C Type I Fl have a sal range of 10-30 NaCl eq wt.%. 
Sal measurements on Fl m the mineralised zones gave a range of I 0-50 
NaCl eq. wt.% with a mode of35 NaCl eq. wt.%. This research indicates 
that the Tennant Creek ironstones were formed from a relauvcly low T and 
moderately saline F, whereas gold and copper mineralisation was deposited 
from later hydrothennal F of higher T and sal. G analysis indicates the 
presence ofN1 and COi. with very minor C~ in Types II mclus1ons but no 
N2 or C~ G in type I inclusions. Microprobe analysis of the Fl decrepi• 
talcs indicates that the I from Tennant Creek contain sodium and calcium 
and mmor potassium. 

The high T (~50-C), high sal (B5 NaCl eq. wt.%) and cation com­
position of the Tennant Creek ore F suggest that the ore F were derived 
from upward migrating heated basinal brines. although a contribution from 
a magmatic source cannot be ruled out. Close association of V-rich type 
lib and salt-rich type Ill inclusions in the mineralised ironstonc:s indicates 
heterogeneous trappmg of ore F. This hetcrogcncous trapping is interpreted 
to be due to unm1xing (exsolution) of a G-rich (e.g. N2) F durmg the up­
ward migration of the metal bearing brines and/or due to degassing caused 
by reaction of oxidised ore F and host ironstones. These Fl data have im­
ponant implications regarding the deposition of gold in the ironstones. and 
can be used, in conjunction with other exploration techniques. m discrimi­
nating fcnile from barren ironstones. 

The Kyaukpahto gold deposit in Myanmar is hosted in 1urb1d11ic sand­
stone. Gold mineralisation is also associated with intense s11icification. 
sericitisallon and arg1lhc alteralion. Major sulphide minerals arc pynte and 
arscnopyrite with minor galena, chalcopyritc. and sphalcnte Preliminary 
Fl study at Kyaukpahto gold deposit reveals three major Fl types in quartz 
in the ore zone: (I) Type I, two-phase, H10 Land VI. (2) Type II. three­
phase with H2O L, V and CO2 LI and (3) Type Ill. two-phase, L-nch I wnh 
variable Land V ratios Primary Type I Fl are 5-15 µm across and yielded 
Th of239-31 o•c and saJ of 1.2-10.9 NaCl Y.1.%. Present geological. min• 
eralog1cal and Fl characteristics demonstrate that the Kyaukpahto gold 
deposit is comparable to the Carlin type sediment-hosted gold deposits. 

Many gold deposits arc widely distributed in peninsular Malaysia and 
there 1s a potential for discovery of world class gold deposit in the penin­
sula. The gold deposits in the peninsula are similar to slate-belt type. 
structurally controllcd mcsothermal gold deposits, Fl in the mineralised 
veins from the Sclinsmg and Bu kit Koman deposits contain C~ ( detected 
by Laser Raman spectrometry). C~ 1s commonly recorded in mmeralised 
Archean and Sla1c-belt type mesothcnnal lode gold deposits in Australia 
and Canada. The enrichment of CH, indicates thal there is a possibility of 
appl) ing Fl G to d1scnmmate mineralised mesothcnnal gold veins lrom 
barren vein system in the peninsular Malaysia. (From authors· abstract by 
E.RI 

KHIN ZAW. Hl'STON. D. L .. and LARGE, R.R.. 1998, A chemical 
model for the Devonian remobilization process in the Carnbnan VHMS 
Roscbc:ry dc:posit. wes1em Tasmania Constraints from metal zonat10n and 
0uid inclusion studies 1abst.): Program and Abstracts. PACROFI VII, Pan, 
American Conf. on Research on Fluid Inclusions. June 14, Umv. of Ne­
vada. p. 38. Firs, author at Centre for Ore Deposit Research, Gcol. Dept.. 
Umv. ofTasmanaa. Hobart. Tasmania 7001. Australia. 

The Rosebery deposit in western Tasmania is a po1}1TICtallic massive 
sulfide deposit hosted in felsic volcanics of the Cambrian Mt Read Vol• 
canic belt The deposit underwent upper grecnschist fac1es regional meta­
mrnph1sm and related deformat1011 during the Devonian Tabberabberan 
Orogen}. resulting in foldmg. shearing and faulting (thrusting) of the ore 
lenses. The south-<nd of the Rosebery deposit has undergone metasomat1c 
replacement related to a post~ogcnic Devonian granite inuusion. The 
Rosebery arc:a has also been intruded by shallow-level post-orogenic 
granitoid plutons The gramte does not outcrop at Rosebery but the exis­
tence of a shallow gramte intrusion below the south-<nd of the ore body has 
bc:en interpreted from gravity data Metasomauc mmeral assemblages re­
lated to the Devonian granite have been recogmzed transgressing Cambrian 
VMHS mmerals at the sourh-<nd of the Rosebel)- orebody 

Cambrian VHMS mmerahzauon at Rosebery consists of three P sul­
fide-sulfale zones: a lowermost pyri1e-chalcop)Tite zone. overlain by a 
sphalente-galenaxpynte zone. and funher overlain by an uppennost mas­
sive har11e zone Three major Devonian replacement zones can be d1stin• 
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guished: ( 1) a magnct1tc--biotitctchalcopyrite zone. (2) a p)Tlhotitc--pyrite 
zone and (3) a tounnaline-quanz:tmagnctite zone. Other mctasomatic min­
erals such as fluorite. garnet and helvitc are also present (Khin Zaw cl al .. 
1997, Canadian Mineralogist. 35:1-25). 

Metal zonauon studies indicate that zinc occurs dominantly in a blan­
ket-like cnnchmcnt zone in the P sulfide lenses of the Rosebery deposit: 
silver exhibits a generally similar pattern. Gold is largely cooccntrated at 
the top of the ore lenses. In the transgressive p)Tlho1i1e--pyrite replacement 
zone at the south-end of the Rosebery deposit. zinc is conspicuously de­
pleted but gold concentrations of more than 20 git arc observed. In contrast, 
the b10111e-. magnetite-. and tounnaline-beanng replacement zones contain 
low gold grades (generally <S.O Fft Au). Like zinc. sliver is also depicted in 
the replacement zones but a significant amount of copper is present. Cop­
per concentrations as high as 2% an: observed in the biotitc--magnetitc: 
zone as well as in the pyrrhotitc:--pyrite zone This indicales that although 
zinc and silver were dissolved and removed during the Devonian replace­
ment event. gold and copper were redistributed and recrystallized. 

Microthcrmometry and laser Raman spectroscopy studies offluid 
inclusions in minerals from the Devonian replacement zone indica1e that 
the early b1ot1te-magnetite and p)Tlhoutc-pyrite assemblages fanned from 
the: interaction of moderate:- to high- T (.830°C), saline ( 10-25 NaCl c:q. 
wt0/4), CO2-bearing F with the original stratiform lead-zinc mineralizalion. 
The later stage tounnaline veining and associated replacement assemblages 
resulted from lower T (~00°C). less saline (SI O NaCl eq. wt%) F. The 
high T, high sal and CO2-bearing mctasomatic F suppon the: hypothesis of 
derivatron of this F from Devonian granite below the Rosebery deposit 

During the Dcvoniat mctasomatic event, gold was ITIOSI likely remo­
bilized and recrystallized as AuCl~omplex because of the high T and 
high sal of the F. Copper also appears to have been recrystallizd during the 
replacement process, and exhibits minor remobilization. In comparison to 
copper and gold. zinc. lead and silver have been dissolved and removed 
probably as chlondc complexes. (Authors· abstract) 

KILLAWEE, J.A., FAIRCHILD, I.J., TISON, J.-L., JANSSENS, L 
and LORRAIN, R .. 1998. Scgrcgauon of solutes and gases in experimen­
tal freezing of dilute solutions: Implications for natural glacial systems: 
Geoch1m. ct Cosmo. Acta. v. 62, no, 23/24. p. 3637-3655. First author at 
School of Earth Sci., Univ. of Birmingham. Birmingham, UK .. 

Low ionic strength waters containing significant calcium and bicar­
bonate arc common m nature. but little literature exists on their behaviour 
dunng freezing. Modeling indicates that freezing-induced concentration of 
solutes (m a closed-system) would lead to progressive increase in calcite 
saturation mdex. despite rising partial P of CO2 (Pco2). but the conse­
quences ofCaCO3 precipitation for the distnbution of matter between 
solid, Land G phases required experimental investigation. We studied the 
effects of variations in the rate of advance of an ice-water interface and in 
the iniual degree of saturation for calcite on the behaviour of the system. 

Downward growth of ice in a 24-cm diameter cyhndncal vessel was 
achieved at a constant hnear rate of 3 or 8 mm/h b) the pro~ssive cooling 
of an overlying alcohol reservoir. and the e.,pansion of volume accommo­
dated by regular Waler sampling through side ports. together with a small 
ex!)ans1on chamber. Initial arr-saturated solutions (initial Pcol in the range 
10-~ to 10·; 2) were prepared 10 reflect a range from strong() undtrsaturatcd 
to supersaruratcd for calcite. Comparative blank experiments were run 
usmg deionized water. 

Ice growth led to enrichment in solutes at the ice-wa!cr interface and 
the creauon of a diffusive boundary layer. calculated to be 0.6 mm thick. 
truncated below by convecting F. The first-formed ice (stage I). was rela­
tively solute-rich because of imtlal rapid ice nucleation Where solu1ions 
were not strongl) supersaturated for calcite this - followed by formation 
of a solute-poor (stage 2) ice. Ice-interface water segregation coefficients 
of stage 2 ice were calculated to be 0.0004-0.003 for various solute ions. 
The relative magmtudc: of segregation coefficients (Mg1">Ca:•>sr-) is 
attnbuted to mtersutial incorporation (coupled wnh HCOJ·) in the ice lat­
tice. and controlled by 10n size. Air bubbles nucleated once nitrogen super• 
saturauon had reached values of 2-2.S in the boundary layer and were in• 
corporated into ice. These GI had dissolved air compositions modified by 
the differential diffuslOO of 0 1• Ni and COz out of the boundary layer. an 
Oi/N: ratio ofO 4 being charactenstic. 

Freezing of soluuons strongly supersaturated for calcite kd to fonna• 
uon of impure: (stage 3) 1cc in which ions arc incorporated in similar pro­
ponrons to those of the parent aq solution Stage 3 1cc contains both solid 
CaCO) and aq (solute-rich) I. asociated with an irregular ice-water mter• 
face, GI were invariably rich in CO1 up to 63% by volume. ye1 represented 
only a small propon1on of the CO2 generated as a byproduct ofCaCO, 

66 

Volume 31, 1998 

precipitation. 
These data allow a better understanding of the expected chemical 

characteristics of ice that has formed from freezing of bulk Waler. including 
river icing_$. basal ice of glac1m. and local refrozen layers in fim and gla­
cier ice. Generation of COi-rich G bubbles by re-freezing is a powerful 
mechanism for modification ofCOi compositions of bulk gaseous I in ice. 
(Authors· abstraet) 

Ofpcninence to various Fl freezing studies (E.R.). 

KLEMD. R., 1998. Comment on the paper by Schmidt Mumm ct al. High 
COi content offluid inclusions in gold mineralisations in the Ashanti Belt. 
Ghana: A new category of ore forming fluids?: Mineralium Depos11a. v. 
32, p, I 07-118. Author at FB-Ocowissenschaftcn. Univmital Bremen. 
P.O. Box 330440. D-28334 Bremen, Gcnnany. 

Sec reply by Schmidt-Mumm ct al .• this volume (E.R.). 

KLUG EL, Andreas, 1998. Reacuons between mantle xenoliths and host 
magma beneath La Palma (Canary Islands): Constraints on magma ascent 
rates and crustal rescrvoiis: Contrib. Mineral. Petrol., v. 131. p. 237-257. 
Author at GEOMAR. Abteilung Vulkarrologie und Petrologie, Wischhofstr. 
1-3. D-24148 Kiel. Gennany: email (akluegc:l@:gcomar.de) 

Spinel-bcaring pcridotitic mantle xenoliths from the 1949 eruption on 
La Palma were modified mmcralogically and chcm,cally during prolonged 
reactions with their host magma. The magma1ism that brought the peri­
dotites 10 the surface caused two distinct generations of xcnol ith fractures: 
(I) Old fracrures arc accompanied by 0.9-2 mm wide diffusion zones where 
pcridolite olivine became less forstcrilic through diffusive exchange with 
the host magma. (2) Young fi'acrures show no selvages and only narrow 
diffusion zones of <0.02 mm width. Calculations based on a model of Fe­
Mg intcrdiffusion give an age of 6 to 83 years and <4 days for old and 
young fractures, respectively. A combination of these data with Fl ba­
romctry indicates thal selvages and veins formed during xcnolith transport 
rather than representing wall-rock reactions or mantle metasomatism. The 
results provide ample evidence for prolonged storage of the xenoliths in the 
crust. constraining a multi-stage magma ascent. (From author"s abstract by 
E.R.) 

KNOLL, P .. PRESSL. M .. AHART, R. and KAINDL, R.A .. 1998. 
Quantitative analysis of high density fluid inclusions: in Waler-Rock Inter­
action, G.B. Arehan & J.R. Hulston (eds). Balkema. Rotterdam ISBN 90 
5410 942 4. p 843-846, First author at Inst. of Experimental Physics, Karl­
Franzens Univ .• Graz. Austria. 

A combined microthcrmornetric and micro-Raman spectroscopic 
method for the quantitiative analysis ofFI is presented. This method 
avoids systematic errors due to nonlinear Raman behavior, The improve­
ment on the accuracy of F-composition dctennination is demonstrated in 
the N?-CHi system. At F densities higher than 0.008 mole/cmJ the accu­
racy is significantly increased. (Authors· abstract) 

KODER.\, P., RANKIN, A.H. and LEXA. J., 1998. Evolution offluids 
responsible for iron skam mineralisation: An example from the Vyhne­
Klokoc deposit. Western Carpathians. Slovakia: Mineral. and Petrol .• v. 64. 
p. 119-147. First author al Geological Survey of the Slovak Republic. Bra­
tislava Slovakia. 

Vyhne-Klokoc, the largest Fe-skarn deposit in the Western Ca,pathi• 
ans. is related to the emplacement of a large granodiorite pluton in the cen­
tral zone of a Neogene stratovolcano. Skarn mineralisation is developed in 
places where apophyscs of the pluton intruded basement carbonates. Gra­
nodioritc in the apophyses grades into rocks of granitic composnion. in• 
volving the replacement of mafic minerals and a concomitant decrease in 
Fe-content. Ca-magnetite exoskams (not accompanied by endoskams) 
dcvelopc:d in three paragcnetic stages. Fl data for quartz in granodionte 
suggest the existence of aq F immiscibility dunng the early hydrothermal 
stages. Three end-members of Fl were recognised. with a continuum bc-
1\\-een all three types. High sal. L-rich. probably S Fl (29-68 wt.% NaCl 
eq .• Th 450-570°C. composed ofNaCl+FeCl1+KCI) coc,cist with V-nch Fl 
with low but variable salt contents (±CO2). Probably lale S Fl ( 1-25 wt.% 
NaCl cq .. composed mainly ofNaCl+CaCli. Th I 88-28J°C) form the other 
end-member type of Fl trapped in granodioritc quartz. Fl from skam gar­
n.:ts show a large variation in sal (4-23 wt % NaCl eq .. composed of 
NaCl±FcClr+-CaC(z+KCl+MgCb) and Th (220-370"C). independent of the 
garnet types. probably reflecting variable amounts of magmatic F and low 
sal meteoric waters. Fl in retrograde quartz. calcite. and sphalerite show 
progressive!~ more dilute (0-4 wt.% NaCl cq .. Th 2 I 5-380~C). probably 
dominantly metconc F with evidence for boiling at shallow depth. Chlorite 
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crystallization T. calculated from the chlorite gcothennometer. are in good 
agreement wrth the Th da1a for Fl in associated skam minerals. Composi• 
t1onal changes m the granodiorite apophyses an: the result of subsolidus 
autornctasomatic reactions of accumulated saline magmatic F mside the 
apophyses with pre-existing mafic mineral phties Reactions add the iron 
to the F - the potential source for magnetite skam. Later mixing with 
drlute, cooler probably meteoric waters had the effect of decreasing the sal 
and density of the equilibrated magmatic F, making it more buoyant and 
capable of movrng out from the apophyscs into the country rocks. causing 
metasomatic reactions and precipitating magnetite. An overlap exists be­
tween the Fl microthcrmomctry data from P Fl in garnets and late S Fl in 
the granodiorite quartz indicating the same sources of the hydrothennal F • 
probably mixtures of magmatic and meteoric waters. Based on Fl. geologi­
cal. petrological and mineralogical data. an integrated F evolution model 
involving magmatic and meteoric F is developed to explain the geological 
and F controls on Fe-skam mineralization associated with granod1oritc 
intrusions. (Authors· abstract) 

KOEBERL. Christian, REIMOLD, W.U. and SHIRE\', S.B .. 1998. The 
Aouelloul Crater. Mauritania: on the problem of confirming the impact 
origin of a small crater: Meteoritics & Planetary Sci,, v. 33, no 3. p. ; 13· 
517 

Indexed under Fl. 

KOLDA EV, A.A .. 1998, Thermobaromctric studies of gas-liquid inclu­
sions in infiltration minerals of weathering crusts on ultrabasic and mafic 
rocks (abst): Second APIFlS Int'!. Symp. Mineral Forming Fluids and Ore 
Genesis, Oct. 28-30, 1998. Tashkent, Uzbekistan, Abstracts volume. p. 
152-154 (in Russian). · 

KOLDA EV, A.A. and FLITSl\'AN. E.S .. 1998. Features of a study of the 
microclemcntal composition of the fonnation of weathering crusts in con• 
ncctron with their origin (based on an instrumental neutron-activatron 
analysis and ncub'On-activation autoradiography) (abst.): Second APIFIS 
lnt'I. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998, 
Tashkent, Uzbekistan. Abstracts volume. p. 157-160 (in Russian). 

KOLONIN, G.R., MORGUNO\-: K.G. and STEPANCHIKOVA, S.A., 
1998. Comparison of the experimcnral and thcnnodynamic methods of 
stability constant estimation of the REE chloride complexes at elevated 
temperatures using NdCl2' and HoC12• as examples (abst.): Mineralogical 
Magazine. v 62A. V. M. Goldschmidt Conf.. Toulouse 1998. Extended 
Abstracts. p. 803. 

KOMATSU, Ryo, IKEllCHI, Ku, DOI, Nobuo. SASAKI. ~lunttakc, 
llCHIDA, Toshihiro and SASADA, MaSlkatsu, 1998. Characreristics of 
the Quatcmal}· Kakkonda grarntc and geothermal system clarified by 0uid 
inclusion study of deep invcsrigation well. Kaklmnda. Japan: J. of the 
Geothermal Research Soc. of Japan. v. 20. no. 3. p. 209-224 ( in Japanese; 
Engl. abst.) First author at Japan Metals and Chemicals Co .. Ltd .. 72 Sa­
samori. Ukai. Takizawa. lwale. 020·0 I 72. 

We performed Fl stud} ofan investigation well (WD-la; 3.729 min 
11>1al depth) in the Kakkonda geothermal field. Japan. WD-1 a was drilled 
m the Quaternary Kakkonda granite from 2.860 m through 3. 729 m in 
depth which is the heat source of the Kakkonda gcothennal system. The 
boundary bcrw«n hydrothermal convection and heat conduction zones was 
found around 3.100 m by T loggings. We discussed thermal structure in 
the Kakkonda granrte and permeation of meteoric water into the Kakkonda 
granite. T of the Kakkonda granite shallower than 3.100 m can be evalu­
ated roughly from Th of the l•nch I which has a minimum sal in every 
depth. Since the Kakkonda granite deeper than 3.100 m is less pcnncable 
at greater depths. metconc water permeates less into the Kakkonda granite. 
The evidence is as follows. ta) minimum saJ of the L-rich I shallower than 
3.250 mare close 10 0 \\1.%. although those deeper than 3.300 m increase. 
(b) Th of the L-rich I. whrch has minimum sal. increases just slightly be• 
tween 2.J;o m and 3.250 m. then rhey increase steeply deeper than J.300 
m. (c) according to the result ofG analysis for Fl by laser Raman micro­
probe spectroscopy. CO! and H2S were not detected shallower than 3.1 ;o 
m. although they were detected deeper than 3.350 m. We also built a geo• 
thc:nnal model of the Kakkonda field based on the Fl stud\'. showime ther­
mal structure and F flow m the Kakkonda geothcnnal sysiem. (Authors· 
abstract) 

K0.\10\'. I.L.. I 998. Diagnostrcs of captive minerals in inclusions I abst.): 
17th General Meeting Int'! Mmeralogical Association. Aug 9-14.1998. 
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Toronto. Canada. Abstracts and Programs. p. A32. Author at State Sci. 
Centre ofEnvir. Radiogcochcmistry. Kiev. Ukraine; email (CEN· 
TER@radgco.frccnct.kicv ua) 

Various radiation procedures are used for identifying dms· coloration 
after X-ray dosage, INNA of dms. and IR spectroscopy. (E.R.) 

KONEE\', R.I., GERTMAN, Yu.L. and ZHU RAE\~ A. Zh, I 998. Par• 
agcnetic analysis of capillary mineral-geochemical systems-classi ficauon 
and assessment of gold-silver mineralization (abst.): Second APIFIS lnt'I. 
Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998. Tash­
kcnL Uzbekistan. Abstracts volume, p. 118-119 (in Russian). 

KONTAK. D.J~ 1998. A study of fluid inclusions in sulfide and nonsul­
fidc mineral phases from a carbonate-hosted Zn-Pb deposit. Gays River. 
Nova Scotia. Canada: Econ. Gcol.. v. 93. p. 793-8 I 7. Author at Nova 
Scotia Dept of Natural Resources. P.O. Box 698. Halifax. Nova Sc011a. 
Canada B3J 2T9. 

This paper reports on a detailed Fl study of synore (sphalcrite. calcite) 
and poslore (calcite, fluorite. quartz. baritc) mineral phases at the Gays 
River Zn-Pb deposit (.2.4 Mt. 8.6% Zn. 6.3% Pb). Nova Scoua. Canada. 
The deposit is hosted by dolomitiz.ed bituminous carbonate rocks. and is 
dominantly of replacement style, with lesser porosil) infilling. Paragenc:ti­
cally. constant volume dolomitization of the host rock is followed by cuhe­
dral. manganifcrous dolomite cement. then sphalerite and galena. Syn• to 
postorc calcite with trace amounts of baritc. 0uonte. and quartz. occlude 
the remaining porosity. 

Fl typCS include: (I) aq. L-rich±solids. including halite. (2) methane. 
(3) H2O-CO2. (4) monophasc Land V typCS. and (5) L petrolcum:1:aq 
phase. Type I inclusions are most abundant, types 2 and 3 are rare. and 
type 5 arc postorc. Type 4 I are mostly relaled to postentrapmcnt changes 
(e.g .. necking). Thermometric data indicate that the mineralizing F were 
high-sal. NaCI-CaCl2•HzO brines with 20 to 28 wt.% NaCl cq. Hydroha­
lile ice-melting relationships indicate considerable variation in the 
NaCl/(NaCl-tCaCh) ratio of the F (0.2-1 ). Lower saJ Fl (0-16 wt% NaCl 
cq.) arc restricted to postore calcite and barite. Combined SEM-EDS analy• 
ses of dccrepitatc mounds identify Na. Ca. and Mg as the major solute 
components. Th for all mineral phases range from 70 to 250°C. but ranges 
of s 10-20°C occur within isolated groups of I. Homogcnrzatron data on L 
petroleum 1 and associated aq I in fluorite arc 120 to 1 so•c. whereas three 
petroleum I in S}TI-or postore calcite have Th values of 53. 53. and l67°C. 

Bull. crush G chromatography indicates that I F contarn up to I 4 
mol% combrncd C01 and CH, with the most abundant condensablc G in 
sphalenrc and galena Since the high P (s.2.000 bars) required to retain this 
G as dissolved species in the F arc incompatrble with the local stratigraphy, 
it is inferred that the G wa.s either picked up along the F path and trans­
poned as an immiscible phase or was produced locally in the carbonate 
bank b) thermal degradation of organic material. 

The data are interpreted to indicate that a high-T ( s.250°C). saline ( ca. 
25 wt% NaCl) metalliferous F migrated rnto the carbonate bank where 11 
reacted with reduced sulfur generated by thermochemical sulfa1c reduction 
and mixed with an equally saline but lower T F. The variability of the 
NaCl/( NaCl-tCaCI?) ratio of the F suggests contamination by drssoluuon of 
the host dolostone: this dissolution ma) also have provided some of the 
C01 component of the G The P of the mineralizing environment is con­
strained at ca 400 bars by the presence of L petroleum. aq and methane I, 
and their respective rsochorrc projections. The high T also suggest affini­
ties with the lrrsh carbonate-hosted base metal deposits. (From author's 
abstract bv E R ) 

Sec aiso Savard and Chi. Sangster ct al . and Chi ct al .• this volume 
(E.R.) 

h:01'.TAK, D.J •• HORNE, R.J., SANDEI\IAN, Hamish, ARCHIBALD, 
Do11glas and LEE. J.K. \\., 1998. "'Ari" Ar dating of ribbon-textured 
vc:rns and wall-rock matcnal from Meguma lode gold deposits. Nova Sco­
tia: lmphcations for timing and duration of vc:in formation in slate-belt 
hosted v,:rn gold deposits. Can. J. Earth Ser. v. 35. p. 746-761. Frrst 
author at Nova Scotia Dept. of Nat. Res .. P.O Box 698. Halifax. NS B3J 
2T9. Canada: URL 1hnflwww.gov.ns.ca) 

Results of 15 "'Ar/ •Ar age spectra for whole-rock argrlhtc samples 
collected from wuhrn and adjacenr 10 vems from eight Meguma gold d1s­
tnc1s in th,: Meguma Terranc of southern Nova Scotia arc presented. The 
samples gm: exe<llcnt plateau ages from ca_ 379 to ca. 403 Ma The re­
sults ofthrs work compare "'ell to previous whole-rock ~0Ar/30Ar datmg of 
Mc:guma Group Howe\er. with respect to the vein samples. there 1s a 
marked d11ll:rcnce between the "'Ari"" Ar ages of vein-hosted whole-rock 
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samples and hydrothennal minerals (amphibole, muscovlle. b1oti1e) from 
the same deposits previously dated, which indicates that whole-rock sam­
ples have relamed their metamorphic ages and have not been reset by the 
later hydrothennal event responsible for vein fonnalion. despite being in­
corporated within the high-T F (approximately 400~50°C). This discrep­
ancy in ages indicates that the wall rocks and veins were in thermal dis­
equilibrium, as the vein T were well above that required to cause diffusion 
of argon out of mica phases within the whole-rock samples, and implies 
therefore that the F must have been derived from depth, The results have 
the following imponant implications for models of vein formation: (i) vein 
formation was rapid and is consistent with models ofhydrofracturing due 
to F overpressure. and (ii) the: vein-forming F were derived from depth and 
cannot have been produced by a lateral secretion processes whereby F and 
gold arc derived from the Meguma Group, (From authors· abstract by 
E.R.) 

KONTAK. D.J. and SANGSTER. D.F., 1998, Aqueous and liquid petro­
leum inclusions m barite from the Walton deposit. Nova Scotia. Canada: A 
carboniferous. carbonate-hosted Ba-Pb-Zn-Cu-Ag deposit Econ. Gcol., v. 
93. p. 845-868. First author at Nova Scotia Dept of Natural Resources. 
P.O. Box 698. Halifax. Nova Scotia. Canada 83J 2T9, 

The Walton Ba-Pb-Zn-Cu-Ag deposit is hosted by sideritized carbon• 
ates. Barite occurs in a variety of forms and overlaps the deposition of 
sulfide minerals. 

All barite types arc characterized by the presence of abundant aq and L 
petroleum Fl that arc of dominantly equant shape, of P and S origin. and 
:S:100-to 150-µm size. Inclusions arc classified as (I) L-and V-rich aq 
with rare solid phases, (2) mixed C01 and CH. (rare), and (3) L petroleum 
with rare bitumen. It is not possible to establish a chronology for the dif­
ferent F and all types may, in fact. be closely related temporally and spa­
tially. The occurrence of three-phase aq-petroleum I, md1cauve of hetero­
geneous trapping. indicates contemporaneity of the aq and petroleum I. 
The aq I arc dominated by high-sal types (20-28 wt.% NaCl eq. ). but in­
tennediate- and low-sal types also occur. Observations of fost melting 
(eutect1cs at -55 and-35°C) and final melting (ice and hydrohalite) indi­
cate that F compositions varied in terms ofNaCl/(NaCl+CaCli )(::.0.1-1.0) 
and NaCl/(NaCl+MgCh)(0.2-0.84) ratios. Preliminary SEM-EDS analysis 
of decrepitate mounds confirms the presence of Na. Ca. and Mg and also 
indicates K. Fe. and Mn in solution. The lack of clathrate phases suggests 
that. ifpresenL condensed G (e.g .• CH.. CO~) occur m only minor to trace 
amounts in aq t Th cover a broad range with maximum T of ca. 300°C. 

L petroleum I, with a blue-white color under ultraviolet hght. occur m 
isolated populauons with unifonn UV ratios charactenzing a panicular 
group. Th range from ca I 00 10 300°C. similar to the range for aq I but 
within a group a much narrower range is recorded. The high Th and rare 
occurrence of bitumen in the I predicates rapid. postentrapment cooling of 
the area {i.e., within a few kiloyears). otherwise degradation of the petro­
leum would have occurred. The 63-1S signatures of sulfides at Walton sug­
gest that mineralization occurred in the presence of L petroleum with the 
petroleum causing reduction of aq sulfate to H1S. 

Collectively. the Fl data indicate that mineralization occurred at ambi­
ent conditions of250 to 300"C and P of ca. 400 bars. as constrained for 
different I types. The L petroleum 1s considered to have been generated by 
thennogenic processes via mteracuon of the heated. highly sahne mineral­
izing F with organic-rich beds and was subsequently entrained as an im­
miscible phase within the aq F. Generation of the hydrothermal petroleum 
at Walton is analogous to the present-day occurrence ofL petroleum vented 
from black smokers on the ocean floor (e.g .. Gua)mas basin). (From 
authors· abstract bv E.R.) 

Sec also Chi e't al , Sangster et al. and Savard and Chi. this volume 
(E.R.). 

KOOi, \I.E., SCHOUTEN, J.A .. van dtn KERKHOF, A.M .. !S­
TRATE, G. and ALTHAUS, E., 1998, The system CO2-N2 at high pres­
sure and apphcauons to fluid inclusions: Geochim, et Cosmo. Acta. v. 62. 
no. 16. p. 2837-2843. First author at Van der Waals-Zeeman Inst.. Umv. of 
Amsterdam. Valckenierstraat 65, IO 18 XE Amsterdam. The Netherlands 

Postulated F-F imm1sc1bility of50•50% COrN1 mixtures has been 
checked by high-P expenments (<5 0 Pa: <400 K) and could be refcted. 
The implications for the interpretation ofhigh-dens1~ Fl (<42 cm·/mole) in 
cclogite and granulite-facies rocks are discussed: only models based on 
LG-immiscibility arc applicable for molar volume calculations also in the 
vcry-high-P range, The position of the critical curve for COrN? could be 
more accurately determined with the help of experimental and Fl data .. The 
S1-F i~opleth and the three-phase (S1S~F) line have been established for 

Volume 31, 1998 

50.6% N2 composition. (Authors· abstract) 

KORMLISHIN, V.A., 1997, The feeler for the thennal influence on fluid 
inclusions: JI Symposium APIFIS (Asian & Pacific lnt'I. Fluid Inclusion 
Society) Program, Tashkent, Uzbekistan. p. 38. Author at Scientific Soc. 
of Ore-forming Fluid Research in Inclusions of Minerals of Uzbekistan. 

It is well known that the thermal influence causes to move G bubbles 
in Fl (I). The nature of this motion is not studied yet. The feeler (2) had 
been contnved for the thennal pointed influence on micro-objects within 
the eyeshot of microscope. The feeler is applied for study of Fl in thin 
polished plates, petrographic and immersed preparations with no destruc­
tion. It has T register and may influence on Fl in the regime of regulated 
heating as well as create the gradient thennal flow of variable intensity at 
any horizontal direction. The device is of a little size and oon11enient in 
work. The application of the described device will promote the additional 
infonnaiion about physico-chemical features of ore forming F [sic). 
(Author"s abstract) 

KOVAL, P.V. and PROKOF'EV. V.Yu., 1998, P-T conditions of crystalli­
zation of granitoids in the Mongolia-Okhotsk zone: Evidence from studies 
of melt and fluid inclusion in minerals: Petrologiya. v. 6. no. 5. p. 497-51 I 
(translated in Petrology. v. 6. no. 5, p. 451-465). Authors at Vinog:radov 
Inst. ofGeochem. and Analytical Chem., Siberian Div .. Russian Acad. of 
Sci., ul. Favorskogo la. Irkutsk. 664033 Russia. 

The crystalhzauon conditions of granitic rocks of the Mongolia­
Okhotsk wne were estimated on the basis of data on their geochemistry 
and I in minerals at I 235-540°C and 8000-90 bar at a content of water of 
13. 9-0.2 \\1.%. The range of the physicochemical conditions of granitoid 
M crystallization (T, P. and water concentration in the M) increased to the 
highest (possible under crustal conditions) values with decreasing depth 
facies of the gramtoids. The estimates obtained on the batholilhic levels of 
the intrusions usually correspond to the range of the main modal values of 
the distributions. Extreme values were commonly yielded by small and 
metalliferous gran1to1d intrusions of the rare-metal geochemical types. It 
was demonstrated that granitoids of the rare-metal geochemical types can 
fonn by means of the F-magmatic differentiation (metarnagmatic transfor­
mation) of earlier palingenetic granitoid Min the presence ofCO1-rich F. 
F-magmatic differentiation played an important part in the development of 
metalliferous magmatic systems. {Authors· abstract) 
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KOVALENKER, V.A .. 1998a. Epithennal fluid-magmatic systems: 
sources of water, compos111on of ore-forming solutions. and parameters of 
mineral-formauon (abs1 ); Second APIFIS lnt"l. Syrop. Mineral fanning 
Fluids and Ore Genesis. Oct 28-30. 1998. Tashkent. Uzbekistan. Abstracts 
11olume. p l 12-115 (m Russtan). 

See following Item (E.R.) 

KO\"ALENKER, V.A., 1998b. Ep1thennal fluid-magmatic systems: 
sources of water. composition of ore-forming solutions. and parameters of 
mmeral•formation (abst.). Second APIFIS Inn. Syrop. Mineral Forming 
Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbekistan, Abstracts 
volume. p, 115-117 (in English). (English translation of preceding item). 
Author at Inst. ofGeol. of Ore Deposits. Petrog .. Mineral. and Geochem. 
(IUEM) RAS. 109017. Russia. Moscow, Staromonetny 35. 

A review of ep1thennal deposits and the literature on their megatec­
tonic environments and the chemistry of their F. from Fl studies (E.R.) 

KO\'ALE\'ICH, V.M., PER\T, T.M. and PETRICHENKO, 0.1., 
1998. Secular variation in seawater chemistry during the Phanerozoic as 
indicated by brine inclusions in halite· J, of Geology. v. 106. p. 695-712. 
Authors at Inst. ofGeol. and Geochem. ofCombusuble Minerals. Naukova 
3A. 290053 Lviv. Ukraine. 

Anal}sis of data on the chemical composition of P Fl (brine I) in P­
bedded halite from man} evaporite formations of northern Pangea shows 
that during the Phanerozoic the chemical composition of marine brines was 
oscillating s1gmficantly between the Na-K-Mg-Ca-CI type and the Na-K­
Mg-CI-SO~ type. We regard those changes as corresponding lo the chemi­
cal evoluuon of the Phanerozoic ocean The chan2es correlate in ume with 
earlier suggested secular changes in the mineralogies of marine nonskeletal 
hmestones and potash evaporites. In addition to those secular changes of 
sca\\ater chemistry. the concentrations ofK. Mg. Ca. and S04 ions in ma­
rine brines underwent important changes under the influence of local fac­
tors. including rock-water interaction. These S changes did not influence 
the principal chemical ~-pc of the: bnne charactensuc for a given time in­
terval. In the past concentration of the Ca-ion did not exceed the present 

--------------------------------~~--------~ 
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concentration in mannc water by a factor of three, and the increase was 
synchronous with a decrease in the SO,ion conccn1ration. This could be 
as much as three times lower when compared to the present concentration 
of that 1011 in seawater. (Authors· abstract) 

KOVALEVICH, V.M .. PERYT, T.M,. PETRJCHENKO, 0.1., 
HORITA. Juske and HOLLAND, H.D., 1998, Brine inclus10ns in halite 
and the origin of the Middle Devonian Prairie cvaporites of western Can­
ada; discussion and reply: J. of Sedimentary Research, v, 68. no. I. p. 228· 
231. 

KOZIOL, A.M. and NEWTON, R.C., 1998, Experimental determination 
of the reaction: Magnesite+ cnswite = forsteritc + C01 in the ranges 6-25 
kbar and 700-l 100°C· American Mineralogist. v. 83, p. 213-219. First 
author al Dept. of Gcol .• Univ. of Dayton. Dayton, Ohm 45469-2364. USA. 

KOZLOV, V,V •• 1998: Mineralogy and origin of the Chadak Au-Ag hy­
drothermal deposit. Uzbekistan (abst.): Second APIFIS lnfl. Symp. Min­
eral Formmg Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbeki· 
stan. Abstracts volume. p. 125-129 (in English). Author at Inst. ofGcol. 
and Geophys . Tashkent, Uzbekistan. 

The Chadak deposits, including the Kyzylcheku, Shkol'noc and Bi­
chanzor gold deposits. represent the volcanic-hosted low-sulfidation. adu­
laria,senc11e type of gold deposits with ·an anomalous regime· ofF evolu• 
tion. e.g. high T Jumps after the main stages of epithermal ore deposition. 
As a result. wollastonite and garnet-bearing. skarn-likc assemblages arc 
developed after carbonate in quartz-carbonate-adularia gold bearing veins: 
The mineralogical. stable isotope and Fl evidences suggest the invasion of 
high-T F mto the buned epithermal vein systems and their progressive 
m1xmg with meteoric water. oxidation and cooling. The mineralogy of the 
vein systems is very complex. The Chadak vein systems developed during 
four major mmeraliz.ation events, which represent different F pulses of a 
different T and composition: I. Au-Ag lode adularia-seric11e-1ypc mincrali• 
zauon; IL Skam•like calc-silicate, Ag-Au-Bi-Pb-Zn-Cu • bearing mmcrali• 
zation replaced most of the older gold-bearing quartz-calcite-adularia veins 
m several vein systems. Venically. skam mincralizauon is located in lhc 
calcite-beanng upper part of the vein system. Extensive recl)-stallization 
and partial rc:-dcpos11ion of the older Au-Ag ores took place during both 
prograde and retrograde stages. Th ranges from I 00 10 600°C: Ill. Quartz· 
hematite Cu-Bi-bearing mineralization with Th J 50-272°C. and 61R0wa1er 
= -8.8'K.o in the F; IV. Quanz-barite-fluoritc Pb-Zn-bearing mineralization, 
with Fl Th ranging 210 lo 90°C, 

A study of mineralogy and Fl in Au-Ag veins of the Chadak deposit 
has revealed a complex history of F inputs and mineralization events The 
results of our studies demonstrate a change in F regime from low saline. 
rela11vely reduced, low C01 F. typical for Au-Ag epithermal deposits. to 
saline. oxidized F enriched in COz, similar to the F from Pb-Zn skam de­
posits. An invasion of high T brines into the Chadak epithennal system of 
shallow levels was a result of magmatic and tectonic activation of the ore 
field. There are no clear evidences for significant difference in time of 
formauon between epithcrmal Au-Ag and subsequent high-T Ca-silicate 
mineralizations in Chadak and other deposits with ·an anomalous regime' 
off evolution. This 1ypc of ·anomaJous· deposit may present direct evi­
dence for temporary, spatial and gene11c link between some Au-Ag low­
sulfidation deposits and other style of mineralization well known in the 
region· Pb-Zn skams and porphyry-copper. (From author"s abstract by 
E.R.J 

KOZL6V, v.v.. SMIRNOVA. S.K. and llSMA~ov. A.I .. 1998. The USC 

of modem equipment in the thermometry and analysis of the composition 
of 0u1d inclusions (abst.J: Second APIFIS lnt'I. Symp. Mineral Forming 
Fluids and Ore Genesis. Oct. 28-30, 1998. Tashkent. Uzbekistan. Absuacts 
volume. p 163-165. (in Ruman). 

See Translations. 

KOZLOWSKI. A., SLAB\', E .. FILA. E., MARCINOWSKA. A. and 
ILNICKI, S .. 1997. Geochemical constraints of the mctasomatic Tounna­
hne formation in the lzera area. Poland: Abstracts. Inti. Symposium on 
Tourmaline. June 20-25. 1997. Ministry of Educ .. Czech Republic. First 
author at Inst. ofGeochem .• Mineral. and Petrog .. Fae. ofGeol. of the War­
saw Umv .• 02-089 Warszawa. al. Zw1rki i Wigul)' 93. Poland. 

Me1asomatizing solutions were investigated by means of Fl methods in 
the minerals of albititc. greisens and veins The parent F of the metasoma-
11\es were mainly L. 1.e .. hydrothermal: pncumatolytic I were found only 
exceptionally. T of the metasomatic process decreased gradually. Albite 
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and quartz from albitites (lcucogranites) crystallized at almost 500400"C 
[ all T h""PfeSSW'C corrcctcdj, Daff'crcnt tourmaline associations yielded van­
able T (530-3S0°C). Early topaz m greiscns crystallized at 530-490°C. 
main-phase topaz at S00-4 I O"C and the late one at 400-360°C. Fluorite 
dispersed in greiscns and albi1i1cs formed at 380-300°C, nest fluorite at 
290-230"C and veinlet fluorite at 260-l 30°C 

The solution P (determined from COrbcaring I) changed from ca O 9 
kbar to ca. 0.5 kbar al the end of the process. For crystallization of the 
albitite minerals it has typical value of ca. 0.8 kbar. for tourmaline. 0.9-0.7 
kbar, for topaz. 0.8-0.4 kbar and for fluorite ca. 0.S kbar. The lower P val­
ues during the topaz and fluorite formation could be connected with open• 
ing of small fissures and voids. 

Carbon dioxide content and sal varied strongly. probably by inflow of 
separate ponions of solutions. The richest in COi were connected wnh the 
highest sal. achieving 20 Wl"/4, and occasionally exceeding this value. The 
solutions initially were of Na-type. subsequently being enriched in Ca and 
K. The maximum of Ca conccntrauon and minimum of Na occurred dur­
ing fluorite crystalliz.alion. The highest K concentrations were found at the 
decline of topaz crystallization, when it was panly repl~d by muscovite. 
(From authors· abstract by H.E.B.) 

KRAVCHUK. I.F., MALININ, S.D. and SLUTSKY, A.B .. 1998, Chlo­
rine in fluid-magmatic systems: Experimental data (abst.); Mmcralogical 
Magazine. v. 62A. V M. Goldschmidt Conf_ Toulouse 1998. Extended 
Abstracts, p. 811. Authors at Vernadsk-y Inst. of Geochem .. Russian Acad. 
of Sci .. 117975, Moscow, Russia 

Experimental studies of chlorine solubility in M of various composi­
tions and its partitioning between the phases were conducted in h1gh•P cells 
of three lypCS, viz: horizontal two-chamber bomb. G bomb. and cylinder­
piston apparatus at T 800-l 200"C and P 10 15 kb. Natural and model sys­
tems of from basaluc to gramtic compositions were studied in cquilibnum 
with water-chloride F ofvanous concentrauons. (From authors· abstract 
byE.R.) 

KREKELER. M.P.S., HUFF, W.D .. BERGSTROM, S.M .. KOLATA, 
D.R. and CINGOLANI, C- 1998, Petrolog) and volcanology of Middle 
Ordovician K•bentomtes from Cerro Viejo. San Juan Province. Argentina 
and Palcogeographic implications for the Argentine Prccordillera (abst ). 
The Geological Society of America 32nd Annual Meeting. Nonh-Ccnnal 
Section. March 19-20, 1998, Columbus, Ohio v. 30. no. 2. p. 29, ISSN 
0016-7592. 

Trace clement and REE dala from whole rock samples indicate that 
these beds were derived from highly evolved s1lic1c magmas. K-bcntomtes 
overlap in \blcanic Arc Granite (VAG) and Within Plate Granite (WPG) 
fields in discrimination diagrams. K-bentonites are cnnched in LREE. 
depleted in HREE. and have negative europium anomalies These data 
indicate thal the K-bcntonires originated from subduction zone related vol­
canism where a large crustal component was mixed with magmas. Ml data 
from P quartz phenocrysts show these beds to be High K rhyolites having 
3.6 10 4.6 "1% Ki◊ and 73.5 to 75.5 Wl"/o S1O1. T01al volatiles m the Ml 
range between 2.0 to 4 7 "1%. (From auti'KITT · abstract by H E.B.) 

KRflGER. Yves.and DIAMOND. L.W •• 1998. Behavior of synthetic 
l\uid inclusions in the system H~O-NaCI.CO1-Ag: Program and Abstracts. 
PACROFI VII. Pan-American Conf. on Research on Fluid Inclusions. June: 
1-4. Univ. of Nevada. p. 39. Authors al M1ncralogisch-Petrographisches 
lnstilul, UniversiUII Bern, CH-3012 Switz.erland. 

In attempting 10 quantify P-V-T-X propemes in part of the ternary 
system H1O-NaCI-CO1 we conducted eight syntheses of Fl from a 6 wt% 
NaCl solution and silver oxalate (AgiC 10,) at 500-700°C and I 400-5000 
bar. Under all these cond111ons we expected homogeneous entrapment of Fl 
with a bulk composition of9.69 mol% CO2 and I. 74 molo/o NaCl. and we 
expected that Ag would behave as an inen component. However, the I 
showed significant deviations from the expected behavior 

Clathrate dissociation T (CLA➔LIQAo+LIQcm+VAPJ vary by up lo 
I .3°C and total Th (LIQ+-VAP➔LIQ) vary by up 10 25°C. In most I two dxl 
are observable: (I) chlorargyrite (AgCI) was identified by irradiating the I 
with ultraviolet light such that the originally transparent crystals turned 
black due 10 a photochemical reaction. and (2) nahcohte (NaHCO3) was 
identified by its high interference colors under crossed polar1z.crs and by 
laser Raman specuoscopy. 

We attribute the observations to "loss" ofCOz from the V phase to 
nahcolite and 10 aq HCOi In accord with this idea we detected a distinct 
Raman peak in the aq phase at I 017 cm·' (corresponding 10 the C-OH 
stretching vibration. Davis and Oliver. 1972. J Soluuon Chem. I 329-
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339). The quanz host showed no peak at this position. hence we infer that 
the aq phase indeed has significantly enhanced con«ntrations of Hco.i·. 

I synthesized by the silver oxylate method need 10 be carefully checked 
for dxl, for correlations in microthcrmometric data. and for compatible 
molar volumes. before reliable p. V • T •X data can be derived for the g­
logically important COrHiO-NaCI ternary. (From authors' absttact by 
E.R.) 

KUNZ. Joachim, STAUDACHER. Thomas and ALLEGRE, C.J., 
1998, Plutoniurn•fiSSIOfl xenon found in Earth's mantle: Science, v, 280, p. 
877•880. First author 81 Instirut de Physique du Globe de Paris. Labora• 
toire de Gcochimie ct Cosmoch1mie. Centre National de la Rechcrchc Sci• 
entifiquc, URA 1758, 4 place Jussieu. f. 75252 Paris Cedex OS. France. 

Data from mid-<>CCan ridge basalt glasses indicate that the shon•lived 
rad10nuclide plutonium•244 that was P(CSCllt during an early stage of the 
development of the solar system is responsible for roughly 30% of the fis. 
siogenic xenon excesses in the interior of Earth today. The rest of the fis• 
siogcnic xenon can be ascribed to the spontaneous fission of still live ura• 
nium-238. Thts result, in combination with the refined dctermmation of 
xenon-129 excesses from extinct iodine-129. implies that the accretion of 
Earth was finished roughly SO million 10 70 million years after solar system 
formauon and that the atmosphere was formed by mantle degassing. 
(Authors· abstract) 

KUROSAWA, M .. SHIMANO, S., SASAKJ, M., FUJIMOTO, K., 
SHIMA. K.. OSHIMA, H .. ISHII. S. and SUENO. S., 1998, Chemical 
analyses offluid mclusions by the LAM-ICP-MS and PIXE (abst.). 1998 
Annual Meeting of the Mineralogical Society of Japan/Japan Association 
of Mineralogists. Petrologists and Economic Geologists. Kyushu Untver• 
sity, Oct 8·!0, 1998, p. 153 (absl. m Japanese). 

KUSTARNIKOVA, A.A. and USMJ\NOV, A.I., 1998. The decomposi· 
tion of volcanic glass and its effect on mtncral•format1on in the palaco-rift 
basalts of the southern Tien-Shan (abst.): Second APIFIS lnfl. Symp. Min• 
era! Forming Fluids and Ore Gcnests. Oct. 28-30. 1998. Tashkent. Uzbeki• 
stan, Abstracts volume. p. 48•51 (in Russian). 

K\'LE, R.J., HARRISON, Jtlfrey, PENNINGTON, Jay and K,WA• 
LIERIS. 1 .. ants. 1998. Fluid evolutton history for the giant Grasbcrg por· 
phyry Cu•Au system. lrian Jaya. Indonesia (abst.J: GAC/MAC Mcctmg 
Quebec 1998, Abstract Volume 23, p. A98. First author at Dept, ofG­
log1cal Sci .• Univ. ofTexas. Austin. Texas. 78712. USA: email 
(rkvlc,u.masl.utexas.edu) 

· The Grasbcrg deposit within the Central Range of the island of New 
Guinea is one of the world ·s richest Cu-Au systems with proven reserves of 
19 mt of Cu and 1450 t of Au. The Grasberg deposit 1s the principal ore• 
body of the Ensbcrg District which also includes proximal Cu-Au•beanng 
skams in mixed carbonate•siliciclastic wall rocks and distal Zn-Pb-Ag 
replacement zones in carbonate wall rocks Total production of Ertsberg 
District porphyry and skam ores since 1972 is > 300 mt of ore averaging 
1.7% Cu. I.I git Au. and 5.4 git Ag. 

Fl studies indicate a change from high T (500+°C). high sal F of 
.. magmatic .. origin with characteristic Cu• and Fe-bearing dm in the Gras­
berg Igneous Complex (GIC) quartz stockwork to lower T and sal F in dis­
tal deposits and late-stage minerals. Late-stage quartz.sulfide vems within 
Kucing Liar contain halite-bearing Fi with Th of300-450°C. S}nchrotron 
XRF analysis of Fl in Grasbcrg stockwork quartz reveals high concentra­
tions of Cu and Fe. as well as metals (Zn. Pb. Mn) that general!} occur 
peripheral and paragenetically late with respect to Cu These relationships 
and other geochemical information indicates that the metals in the GIC 
mineralmng system were supplied from a deep magma11c source and over• 
pnnl diverse host rocks at shallow crustal levels. (From authors· abstract 
byH.E.B.) 

LABOTKA. T.C~ ANOVITZ. L.M., BLENCOE, J,G. and SEITZ. 
J.C .. 1998, The effects of the mixing properties of H10.CO~ on the flow of 
metamorphic fluids (abst.): Geological Soc,ctyof America Annual Meet• 
mg 1998. Abstracts. v. 30. no. 7. p. A-319, 

LAIER, T. and N\TOFT. H.P .. 1998. lsotopically heaV) natural gas m 
Pre.Cambrian crystalline rocks-South Greenland. An example of extreme 
fracuonation due 10 migration (abst.): American Chemical Society 215th 
Nattonal Mcetmg Program. Dallas. TX. March 29·April 2. 1998. paper no. 
016 

Natural G. Cl .CS, I in the Precambrian crystalhne rocks of the Iii· 
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mausaq intrusion. 1100.1300 MA is isotopically heavy. o13C of methane 
and ethane being 1.6-5.00-and 9.2•12-5"- respectively. The G content in 
the rocks vary from SO to 100 mgll(g of rock. The presence of bitumen. 
I 00• I 50 mgll(g of rock. containing biomarkers 1)-pical of Proterozoic or­
ganic matter suggest an organic origin of all hydrocarbons in the crystalline 
rocks. Isotopic fractionation due to diffusive loss ofG is thought to be 
responsible for the iSOlopically heavy signature of the gases. The s~cm­
atic variation in G composition, e.g., C 1fC2 and iCJnC. with the 6 3C value 
of methane further support this hypothesis. (Authors· abstrael) 

LANG, J,R.. BAKER. Tim and LEWIS. P.O., 1998. Intrusive, strait• 
graphic, geochemical and structural controls on skam and massive sulphide 
mantolchi1Mey ores in the La Negra and Zimapan districts. central Mexico 
(abst.): GAC/MAC Meeting Quebec 1998. AbslraCt Volume 23. p. Al01-
AI02. First author at Mineral Deposit Research Unit. Univ. of Bnush Co­
lumbia. Vancouver, BC, V6T 124; email (jlang@cos.ubc.ca) 

Skarn alteration evolved similarly in each area. Stage I is barren. 
present only at La Ncgra and is dominated by spurrite. Stage 2 is perva• 
sivc. barren. anhydrous garnet-dominated cndo- and exoskam, Stage 3 is 
well-mineralized. pervasive to fracture-controlled. gamet•pyroxene­
amphibole exoskarn. Calc•silicates in mantos and chimneys are restncted 
10 the vicinity of dikes. Pervasive alteration of mtrusions comprises a 
pota.Ssic assemblage at I.a Negra and El Monte and a sericitic assemblage 
at Carrizal. Fl document a decrease in T (700.c:200°C) and sat (>50 to < IO 
eq. wt%). 32S-42S°C from non•boiling. NaCl-KCI· CaCli-H2O brines. 
Oxygen isotopes decruse from 9-12'¼.(Stage 2) to 4•10'6o(Stage 3). Ga­
lena Pb isotopes are similar to igneous compositions. (From authors' ab· 
s1rac1 by H.E.B.) 

LARGE, R.R~ BULL, S.W .. COOKE, D.R. and McGOLDRICK. P.J., 
1998. Genetic model for the HYC deposit, Australia: Based on reglOllal 
scdimcntology, gcochemisby, and sulfldc•sediment relationships. Econ, 
Gcol., v. 93. p. 1345•1368. First author a1 Centre for Ore Deposn Re• 
search. Univ. ofTasmania. GPO Box 252-79. Hobart. Tasmania 7001, 
Australia: email (Ross La,ge@utas.edu.au) . 

The fine-grained. laminated. stratiform zinc-lead ores of the McAnhur 
River (HYC) ore deposit have been the subJec1 of continued debate m re­
gard to the timing of zinc•lead mineralization-sedex or syndiageneuc 
replacement. Several lines of evidence arc used here to demonstra1e that a 
synscdimcntary origin is likely for the HYC deposit. 

The detailed nature of the layering in the ores suggests that the intro­
duction of metalliferous brines into the basin was not continuous but OC• 

curred as a series of pulses interspersed with pelagic sedimentation and 
rurbidue deposicion. Preliminary calculatlOlls suggesl that on the order of 
10.000 discrete pulses of brine were required to form each ore lens. and ii is 
suggested these pulses were related to microseismic activity following each 
major seismic event in the basin. 

Solubility considerations indicate that the mineralized brines were 
most probably sulfate•rich (SO/'>H2S) and capable of transporting up to 
several thousand ppm zinc and lead at moderate T ( I S0-250°C). and near­
neutral pH. Zinc-lead deposition was the result ofcwo possible processes: 
( I l thermochemical reduction of brine sulfate by organic matter in anoxic 
basm water. and (2) diffusion of H2S from the anox1c water column into the 
metalliferous brine layer Sulfur isotope data are best explained if both 
processes operated together to deposn galena and sphalerite. (From 
authors· abstract by E.R.) 

LARSEN. R.B .. 1998. Composition ofvolattle fluids in granite pegma• 
mes. south Norway: Implications for genesis of high-purity quartz (abst.): 
23N1 Nordic Geological Winter Meeung. 13-16 Janua,y. 1998. Abstract 
Volume. p. 177. Author at Geological Survey ofNorwa), P.O. Box 3006. 
N•7002 Trondheim. Norway. 

Fl studies including more than 650 m1crothcrmomc1ric measurements 
and a few Raman microprobc analyses were conducted on quartz from the 
intennediate zone of seven pegmatnes, All the studied l are P. show an- to 
euhedral morphologies. are typically 4.g µm m diameter and contain saline 
solutions and I 0• 15 vol.% of a carbonic phase. All but one pegma11te have 
ThCO? L- 28°C: one. with traces ofN2. has ThCOi • 10°C. Initial melting 
of ice at or close 10 •21 °C. imply that NaCl is the dominant salt species in 
tht aq phase and clathrate melting T document strongly contrasting sal 
from 6.4 to 17.4 m .% NaCl cq., following a crude declining trend from 
nonh to south. Preliminary LA·HR-ICP-MS analysis [laser ablation. high 
resolulion-lCP•MS) of quartz from the same pegmautes. show that the total 
concentration of structural admixtures in quartz increases parallel with the 
decrease ofsal. (From authors· abstract by H E.B.) 
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LARSE~. R.B .. EIDE, E.A. and Bl:RKE, E.A.J., 1998. Evolution of 
metamorphic volatiles during exhumation of microdiamond-bearing 
granuhtes in the western gneiss region. Norway: Contrib. Mineral. Petrol .. 
v. 133. p. 106-121. First author at Geological SurveyofNorway. P.O. B. 
3006. N-7002 Trondheim. Norway; email (rune.larsen@ngu.no} 

Fl in pmet. J..")'llllite and quartz from microdiamond-bcaring granulites 
m the Western Gneiss Region. No,way, document a conspicuous F evolu­
tion as the rocks were exhumed following Caledonian high- and ultrahigh­
p (HP-UHP} metamorphism. The most important of the vanous F mix­
tures and dm in these rocks are: (N2+CO2+magnesian calcite), 
(N2+CO1+CH..+graphitc+magncsian calcite), (N2+CH..}. (N2+CH..+Hz()). 
(CO2) and (H20+NaCl+CaC]i+nahcolite). Rutile also occurs ,n the 
N2+COi ioclusions as a product of titanium diffusion from the garnet host 
into the Fl. \blatiles composed ofN2+CO2+magncsian calcite charctcrisc 
the ambient metamorphic environment between HP-UHP (peak) and early 
retrograde metamorphism. During progressive decompression. the mole 
fracuon ofN2 increased in the F mixtures: as amphibolite-facics conditions 
were reached. CH. and later. HiO. appeared m the F. concomitant with the 
disappearance of CO2 and magnesian calcite. Graphite is ub1qu1tous in the 
host lithologies and FL Thermodynamic modelling of the metamorphic 
volatiles in a graphite-buffered C-0-H system demonstrates that the 
oberved metamorphic volatile evolution was attainable only if the /02 in­
creased from c -3.5(±0.3) to-0.8(±0.3) log units relative to the FMQ oxy­
gen buffer. External introduction of oxidising aq solutions along a system 
of interconnected ductile shear wnes adequately explains the dramatic 
increase in the /02. The oxidising F introduced during exhumation were 
likely derived from dehydration of oceanic crust and continental sediments 
previously subducted during an extended pcnod of continental collision in 
conjunction with the Calcdonian orogeny. (Authors' abStract) 

LARSEN, R.8. and POLVE, M .. 1998. Trace clement distribution in 
pegmalitic quartz: Petrogcnctic applications to granite pegmatites in south 
Norway (abst.): 17th General Meeting lnt'I. Mineralogical Association, 
Aug 9-14. 1998. Toronto. Canada. Abstracts and Programs. p. Al47. First 
author at Geological Survey of Norway. 

Fl studies and solution ICP-MS analysis of quartz were combined with 
XRF analysis of feldspar and mica separates from the intermediate and 
core zones of Late Proterozoic gnwtitc pegmatites in South Norway. P Fl in 
quartz conlain 6.4-17.4 wt% NaCl and 5 mol"lo CO2 and belong to the 
HiO-COrNaCl-(:tN2) system. In com:lation with mineral composilions. 
total F sal follow a crude declining trend from N to S. Given these con­
straints, the trace clement distribution m quartz imply that pegmatites 
formed from progressively more dilferentialed granitic M toward the south 
Composiuonal changes of Fl. feldspar and biotite conform to this model. 
and 11 can be coocludcd that trace element analysis of quartz may provide 
an 1mportan1 1001 in understanding pcgmatite forming processes. Results 
of complimentary in situ laser ablauon HR-ICP-MS analysis of REE m 
quartz are m progress. (From authors' abstracl byE.R.) 

LAWRIE, K.C. and HINMAN, Mark. 1998. Exploration model for Co­
bar Au-Cu-Ag-Pb-Zn deposits (abst ): Geological Society of Austraha. 
Abstracts No 49. 14th Australian Geological ConvcntlOll. Townsv1lle. July 
1998. p 260. First author at James Cook Univ. of North Queensland 

Cobar deposits compose multiple epigenetic lodes that arc highly dis­
cordant to stratigraphy and occur as vertically continuous pipes. lenses and 
veins of narrow width and short strike length. Metal ratios vary from N to 
S and also vary significantly between adjacent orebod1cs. with vertical and 
lateral zonation common within individual lodes 

Two F components were involved in deposit formation These arc (I) 
a rela1ively reduced (pyrrhotne+/or pynte-stable) F !hat evolved from n­
alkane to C1H~-rich compositions pnor to mincrahsation. and progressed 10 

honer. more saline and CH.i-nch compositions durmg minerahsauon. This 
F is considered to be ofbasmal (connate) ongin: (2) a more oxidised (pyrite 
or magneme-stable) H1O-COi F that 1s high T but has low sal. This F is 
considered to have been derived from the basement (metamorphic and/or 
igneous origin). Ore precipitation resulted from the mixing of these two F 
with contrasting T. rcdox properties, and compositions including sal Pb 
isotope data supports a mixmg model: the Pb-Zn end member of the mm• 
eralisation spectrum appears to represent basinal-source dominance. 
whereas Cu-Au mineralisation is basement-source dominant. although still 
mixed A meteoric F component may be presenl m some deposits 

The metal contents of Cobar deposits differ from other scdex deposits 
due to F sourcing from regions e"tcmal to as well as "ithm the host basm. 
Lower F sal. a greater (and higher) FT range. and precipitation due to F 
mi"ing also contribute to the complexity of observed metal ratlOS m Cobar 
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deposits. More •typical' sedex Pb-Zn-Ag deposits may occur elsewhere 
within the Cobar Basin. (From authors' abstraet by E.R.) 

LAWRIE, K.C., JAIRETH, Subhash, A-IZZEDDIN, David and 
GRACE, Jason, 1998, Gold localisation in a lateral ramp within a reacti­
vated mylonite. The Golden Butterfly deposit. Croydon goldficld. N.Q. 
(abst.): Geological SoclCfy of Australia, Abstracts No. 49. 14th Australian 
Geological Convention. Townsville. July 1998. p. 261. First author at 
James Cook Univ. of North Queensland. 

Au occurs within numerous quanz veins which arc hosted w1thm the 
Proterozoic Croydon \blcanic Group and granites. Mineralisauon is local• 
ised within restricted domains along lhcsc veins. and generally considered 
to lie at the intersection oflodes with graphitic zones within granites and 
volcanics, and/or cross-cutting faults. Au mineralisalion is co1ocidcnt with 
brittle-ductile shearing of buck quartz, sericitic alteration. and formation of 
extensional comb quartz textures. Fl data for mineralised comb quartz 
veins shows that F were saline (5-15 wt% NaCl cq.). and of moderate T 
(max. Th 259°C) Au was most likely transported as a thio complex, and 
most likely precipitated as a consequence of rcdox reactions between 
gJBphitic wallrocks and relauve oxidised hydrothermal F. However. there is 
evidence for mixing with a cooler, less saline Fin some comb quartz veins. 
(from authors· abstract by E.R.) 

LAWRIE, K.C., MERNAGH, Terrance, BLACK. Lance and WV­
BORN, Doone, 1998, Au-Cu mineralisation at the Bald Hill prospect. 
L.F.B .• N.S.W. (abst.)· Geological Society of Australia. Abstracts No. 49. 
141h Australian Geological Convention. Townsville. July 1998. p. 262 
First author al Austrahan Geological Survey Organisation. GPO Box 378. 
Canbena. ACT 260 I. 

Bald Hill is a Au-Cu prospect in the Lachlan Fold Belt. hosted in a 
small pluton. Two zones of mineralisation arc recognised within the plu­
ton: a northern Au-Cu zone and a southern Au-dominant zone Preliminary 
results from the northern zone show that the main alteration and mineral•· 
sation paragencsis is ~ Sulphide-poor quanz veins. and siliciftca­
tion and albitisation of groundmass: ~ Sulphide-bearmg quartz 
veins and disscrnina1ed mineralisation. 

A reconnaisance Fl study revealed that pre-ore F arc HiO-CH-!-bearing 
(no CO2 detected). This suggests that the F was reduced. I have Th m the 
rMgc 300-400°C. arc L-rich. with high potassium in the F possibly indi­
cated by small sohd mica I. The syn-ore F has a similar H20-CH.. compo­
sition (no CO2 detected). In this stage. heterogeneous L-V ratlOS within 
individual quartt crystals suggest phase separation occurred at the time of 
mineralisauon. V ratios up to 50% arc preserved m P and PS I. High sal 
are indicated by the presence of halite and other phases within I. 

In summary, mineralmng F appear to have been reduced. of moderate 
T and high sal. Ore deposition may have been coincident with phase sepa­
ration related to de-pressurisation within acuve brittle-ductile faults that 
intersect the pluton. It is considered likely that the Bald Hill Au-Cu pros­
pect 1s related to reduced I-type magmas emplaccd at relatively shallow 
crustal levels. although the host pluton itself may not be the phase of mag­
mausm from which mineralising F were derived. (From authors· abstract 
byE.R) 

LA\'NE. G.D. and SHll\tlZll, N .. 1998. ln situ measurement of lead iso­
tope ratios m minerals and melt inclusions using high resolution-high 
transnuss1on secondary ion mass spectrometry (SIMS) (abst.): EOS Trans. 
AGU. 79( 17). Spnng Meet. Suppl., p. S353. Authors at Woods Hole 
Oceanographic Inst.. MS23. Woods Hole. MA 02543-1541. USA; email 
(gla~ whoi edul 

Large format high resolution-high transmission SIMS has been suc­
cessfully apphcd to the measurement of Pb isotope ratios in mineral and 
glass phases which contain very low total Pb concentrations (0.1-2 ppm}­
spec1fically. plagioclase and basalt glass. (From authors' abstract by ER.) 

LEACH, D.L., VIETS, J.G., KOZLOWSKI, A. and KIBITLEWSKI, 
S., 1996. Geology, geochemistry. and genesis of the Silesia-Cracow zinc­
lead district. soulhcm Poland: Society of Economic Geologists. Special 
Pub no. 4. 1996. p. 144-170. First author at US Geological Survey. P.O 
Box 25~6 Federal Center, Denver. CO 80225. USA. 

Fl m sphalente arc mostly two-phase aq L plus V but organic L­
beanng Fl arc abundant. Fl Th in sphalcritc arc between 40 and I 56°C and 
sal range from near Oto >23 wt.% NaCl cq. Fl Th increase with depth be­
low the surface and arc consistent with a cooling grad1ent of the orc-F of 
about 6 to I OOC per I 00 meters. T·sal relationships and their variations 
with depth are interpreted to indicate the m1xmg of multiple F during ore 
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fonnaiion. Analysis of electrolytes in I F show that later ore stage sulfides 
have significantly more bromide. ammonia, and accwe than sulfides in 
early on: stages. Fl G in sphaleri1e and galena appear to concain al least 
two end-member compositions characterized by either CQi-CH., or CO2-
HiS gas compositions and arc consistent with the presence of multiple ore 
Fin the on:-forming environment. (From authors· abstract by H.E.B.) 

LEE. Jongman and STERN, R.J .. 1998. Glass inclusions in Mariana arc 
phenocrysts: A new perspective on magmatic evolution in a typical intra• 
oceanic arc: The J. ofGcol., v. I 06, p. 19-33. First author at Dept. of 
Gcosci.. Univ. of Texas at Dallas. Box 830688. Richardson, TX 75083-
0688. USA. 

Major clement compositions of glass I in olivine and plagioclasc phe­
nocrysts from represenwive Mariana arc lavas show that mafic Mariana 
arc L arc tholciitic and not high-alumina. implying that the high-alumina 
characteristic of these lavas reflects accumulacion of plagioclasc. Glass I 
also show the common occurrence of felsic M previously unrecognized 
among Mariana arc lavas and indicate th8I felsic M arc imponant. if cryp­
tic. components of this magmatic system. Primitive. mantle-derived M 
have not been found. Glass I data indicate that the arc magma systems 
sampled by erupting lavas are compositionally bimodal. with Fe-rich mafic 
and high-silica (66-76% SiOi) modes. These observations arc most simply 
intc,pn:ted as being due to shallow. compositionally zoned magma cham­
bers. The restriction of fel~ic glass I to plagioclase phenocrysts indicates 
that felsic M reside in the upper part of the magma chamber. underlain by 
Fe-nch mafic M. Plagioclase phcnocrysts accumulate between mafic and 
felsic zones. Glass I from plagioclase and olivine in the same sample are 
compositionally distinct, indicating that these minerals fonncd in different 
M. These data indicate that Mariana arc magmas reside in strongly zoned 
magma chambers, and that coupled magma mixing and plagioclase accu­
mulation arc important for controlling the spectrum of lavas erupted in this 
typical arc. (Authors· abstract) 

LEE. T.J. and BROWN, P.E .. 1998a, Mineralization and fluid inclusions 
1n Paddington. West Australia: An Archean shear zone-hosted lode gold 
deposit (abst.): Geological Society of America Annual Meeting 1998. Ab­
stracts, v. 30. no. 7. p. A 76-A 77. Authors at Dept. of Gcol. and Gcophys .• 
Univ. of Wisconsin-Madison, 1215 West Dayton St .. Madison. WI S3706; 
em&ll (lleegold@geology.wisc.edu) 

The majority of Archean lode gold deposits lie m S faults spatially 
associated with large. transcrustal shear zones, which most likely served as 
the main conduits through which gold-bearing F flowed. However. large 
gold deposits arc rarely localed within these transcrustal shear zones. The 
Bardoc Tectonic Zone is a nonh-nonhwcst trending transcrustal deforma­
tion zone located w1thm the Norseman-Wiluna grcenstone bell of the Ar­
chean Yilgam Craton of Western Australia The Paddington deposit lies 
din:ctly within this tectonic zone. approximately 30 kilometers north of 
Kalgoorhe and the Golden Mile. The deposit 1s contained within low to 
middle greenschis1 facies metamorphosed dolerite (Paddington dolerite) 
and basalt (Paddington volcanics). 

· The deposit contains three main generations of veins: I. early. highly 
defonned carbonate veins; 2. near-venical, shear-parallel. quartz-carbonate­
schecli1e-sulfide:t:m1ca veins: crosscul by 3. near-honzontal quartz­
carbonate-sulfide:t:tourmaline:t:gold veins. 

The highest gold concentrations are found in sections of the near• 
honzon1al veins that have undergone later shearing. Such veins arc per­
pendicularly cul by sulfide-rich veinlets, which contain gold. The relation­
ship of gold to these laler features suggests that much of the gold was de­
posited or remobilized after the formation oflhe flat veins. 

Quartz grains in near-horizontal veins contain several generations of 
fl. Relatively undefonned quartz grains. found in proximity to sulfide and 
carbonate grains. comam P 10 early S HiO-CO2-C~ I wnh highly variable 
composllrons (XHiO from 0 I 10 0.9. XCO2 from <0.1 10 0.8 and XCH., 
from 0.08 to 0.25). These I arc also closely and consistently associated 
with the sulfide-nch veinlets. Secondlll) H2O-CO2 I w11h variable 
H2O·CO1 ratios (XH2O from 0.98 to 0.75). high sal aq I (Th from 150 to 
330"C). low saJ aq I (Th from 14010 210°C. and nearly pore methane I (Th 
approximately-83°C} also exist in the ncar-honzontal vems as separate 
trails (i.e. aq and H2O-CO2 1 do not appear to occur in the same trails I. 

Samples from smaller gold deposits and prospect pits along the Bardoc 
Tectonic Zone have also been found to contain muluple d1sunc1 generations 
of carbonic and aq-carbonic I. m addition to late low T aq I. (Authors· 
abstract) 

LEE. T.J. and BROW~. l".E .. 1998.b Fluid inclusion analysis of a shear 
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zone hosted lode gold deposit, Paddington. Western Australia (abst. ). Pro­
gram and Abstracts, PACROFI VII, Pan-American Conf. on Research on 
Fluid Inclusions, June 1-1. Univ. of Nevada. p. 39. Authors al Dept. of 
Geol. and Geophysi., Univ. of Wisconsin-Madison. 1215 West Da)10n St .. 
Madison. WI 53706; email (tlecgold@geology.wisc.edu; 
pbrown@gcology.wisc.edu) 

The Paddington deposit lies in the Norseman-Wiluna grccnstonc belt 
of the Archean Yilgarn Craton of Western Australia in greenschist fac1es 
metamorphosed dolcrites and high Mg tholeiilic basalts. The deposit con• 
sists of quartz-carbonate veins and vein sets, containing arsenopyrite, PY· 
rite, galena, chak.opyrite, and pyrmotite along with clustered crystals of 
scheclite. 

Pn:liminary analyses of Fl in quartz indicate lhe existence of at least 
four main types. Primary, low-sal (<5 wt% NaCl). high T (Th" 310-380°C} 
Hi0-CO2 and variable sal (from <5 to 20 ~ /• NaCl). high T (T~- 250• 
320°C) Hi() I are both present, generally as isolaaed I or separate clusters. 
Secondary low-sal (<5 wt%). low-T (Th~l40-200"C) H2O and S CH.i I are 
also common. A few probably S. low sal. relatively low T (T h~200-230°C) 
Hi0-CO2 I exist in some samples. Schcelitc crystals contain saline. high T 
aq and (unclear) high T H20-CO2 I, with some S low T aq I near gram 
boundaries. Quartz crystals in proximity to scheclite contain high T H20-
CO1 (variable mo!% CO2) and variably saline HiO in "mixed" clusters (i.e. 
an individual cluster contains both types of I). 

The presence of Hi0-CO2 I along the shear indicates that these F most 
likely originated at some depth and flowed up through this shear. However, 
gold mineralization only occurs where both Hi0-CO2 and saline HiO in­
clusions occur. Thus gold mineralization may be associated with phase 
separation (CO2-rich vs. H20-rich F}, or F mixing (deep-sourced CO?•nch 
f mix with saline, lowerT aq F). (From authors· abstract by E.R.) 

LEE. W . .J. and WYLLIE. P.J .. 1998, Process of crustal carbonatite for­
mation by liquid immiscibility and differentiation. elucidated by model 
systems: J. of Petrol., v. 39, no. I I & 12. p. 2005-2013. First author at 
Div. of Geological and Planetary Sci .. California Inst. ofTech .. Pasadena, 
CA 9125. USA: email (wjl@gps.caltech.edu) 

Experimental studies on several silicate-carbonate joins provide a 
framework in the system CaO-NazO-(MgO+FcO)-(SiO~+A'2Oi) (-+CO2) 
which illustrates possible processes for the formation of carbonatites. The 
two key features arc the silica1e-carbonate liquidus surface, and the misci­
bility gap liquidus surface. Crystallizing parental carbonated silicate M 
may reach a silicatc-CO1 eutectic, a silicate-carbonate field boundary, or a 
misc1bihty gap. Some hydrous carbona1ed silicate M may bypass the high• 
T miscibility gap and reach the silicate-carbonate field boundary. lmm1sc1-
blc carbonace-rich L in model systems simulating magmatic conditions 
tend to be concentrated near calciocarbonatilc compositions 
(<-80%CaCOi: e.g. nepheline SOvite). but may be more alkalic from sili­
cale parents with higher Na/Ca values. An immiscible carbonate-rich L 
scparaling from the high-T parent silica1e L will cool with the precipitation 
of silicates only. until it reaches the silicate-carbonate field boundary, where 
ii is capable of precipitating carbonate minerals. which can form carbona-
1i1e cumulates. Some parents may reach this boundary by direct crystalli­
zatron. but most probably traverse the miscibihty gap. Along this field 
boundary. the coprecip1tation of calcite drives the L toward residual alkali­
rich compositions. The carbonate liquidus (>85% CaCO,) is a ·forbidden 
volume· for magmas. V loss from carbonatite magma can introduce alkalis 
imo country rocks, but 1h1s does not cause alkali depiction of magma. cal­
cite precipitates to maintain the magma composition. Hydrous magnesio­
carbonatite magmas can precipitate cumulate sOvites. (Authors· abstracl) 

Lt'"NG. J., SHARMA, A .• BODNAR. R.J .• POTTORF, R.J. and 
\'ITYK. 1\1.0 .. 1998. Quantitative analysis of synthetic fluid inclusions in 
the H2O-CH~ system using Raman spectroscopy (abst. )· Program and Ab­
stracts. PACROFI VII. Pan,Arncrican Conf. on Research on fluid Inclu­
sions. June 14. Univ. ofNevada. p 41. First author at Dept. of Geological 
Sci .. V1rgm1a Tech. Blacksburg VA 24061 . 

Experrments we~ conducted 10 test the feasibility of determining the 
compositron of H20-CH~ syntheuc Fl using Raman spcc1roscopy. Fl in 
quartz were synthesized following techniques described by Bodnar and 
Sterner 11987). Aluminum carbide plus H2O served as the source for C~. 
F: were synthesized al 600°C and 3 kbar in hydrothennal cold-seal vessels. 
I compos111ons used 10 develop the technique had compositions of0 87. 
I 78. 2.93. 3 86. 5.5 and 10.4 molo/o CH4. Th for the I were: 0.87 
mol"/r=307 8°-308.4"C. 1.78 molo/os J07.l}--310.7°C: 2 93 mol"la"'31 I 0°-
318,2."C. 3 86 molo/0'"316.1°-320.4°C; 5.5 mol%=321.4°-323 7°C; 10.4 
mo1%=344 4°-346.0"C. HiO-C~ Fl of known compos111on wen: analyzed 
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with a DILOR XY Raman microprobc using the 514 nm line of an Ar· 
laser. The spectral resolution was ±0.3 cm·'. To maximize the signal-to­
noisc ratio, a collection time of I 024 seconds was selected. All I were: ana• 
lyzed at 350°C in a Chaixmeca healing stage attached to the Raman micro­
probc. Peale areas foe CH.i and H2O were obtained by integrating the spec• 
aum using a common base line for both the CH. and H2O peaks. The CH. 
peak area ratio was then calculated for each I analyzed. Figure: I shows the 
calculated peak area ralios (PAR) of the Hi()-CH. Fl as a function of the 
mole fraction of methane. Each of the data points is an average of IO 10 I 5 
individual I analyses. The data show a systemaiic variBlion in the peak area 
ra1ios detennined from Raman spectroscopy and the CH. compositions of 
the I. (Authors' abstract) 

See figure in the lllus1ra1ions appendiX. 

LETNIKOV, F.A,. GANTIMUROVA, T.P. and SIZYKH, N.V., 1998. 
On the estimation offluid regime for the continental volcanism of the Per• 
mian-Mioeffle in some regions of Eurasia: Geokhimiya. 1998. no. 5, p. 
448-455 (translated in Gcochm. lntemat'I., v. 36, no. 5. p. 389-396). 
Authors at Inst. of the Earth ·s Crust. Siberian Div .• Russian Acad of See • 
ul. Lerrnontova 128. Irkutsk. 664033. Russia. 

F analyses (HiO. CO2, CH.. CO and H1 I for the continental volcanics 
from several regions of Eurasia (Pennian to Miocene) are compared. The 
Karpathians. Great and Lesser Caucasus. Siberian Craton. Transbaikalia. 
and the Baikal rift zone comprise the regions studied. It was found that m 
various parts of Eurasia, melting proceeded within similar age intervals 
under the influence of independent F flows. The initial and final stages of 
the prolonged episodes of basaltic magmatism arc characterized by low F 
abundance in igneous systems. (Auth~' abstract) 

See figure in the Illustrations append a , 

LEVIN, S.V., 1998, Digital decrepitation· Gcologiya i Razvedka, v, 2. p. 
79-81 (in Russian). 

LEWIS, A.J., KOMNINOU, A., YARDLEY, B.W.0. and PALMER. 
1\1.R •• 1998. Rare earth clement speciation in geothermal fluids from Yel• 
lowstonc National Park. Wyoming. USA: Gcochim. ct Cosmo. Acta. v. 62. 
no. 4, p. 657-663. First author at Dept ofEanh Sci., Univ. of Leeds, Leeds 
LS29JT. UK. 

The waters show little fractionation of REE relative to their host rhyo­
litic volcanics; it appears that the REE abundances of hydrothermal F re­
sulting from alteration of YNP rhyolites arc: unaffected by the presence of 
potential complexing species. i.e .• that acid-alteration completely strips 
REE from the portion of the rocks that rt affects without any fractionation 
across the REE series 

The main control over REE speciatlon is the rclBlion abundances of 
potential complexing agents; however. pH and absolllle abundances arc 
also important In the most acidic wateis (pH~2,0) the free ion is the major 
species when sal and SOJCI are low (60-80% of each REE). and REE 
complexes with chlonde can be significant (up 10 5%). For higher SO.i/CI 
values. sulphate complexes dominate (80-90%). For less acid waters (pH 
2.8-4 0) fluoride is the main complexing agent in low SOJF fluids. but as 
the SO.JF ratio increases the sulphate species become dominant. especially 
for the hghl REE (LREE). (From authois. abstract by E.R.) 

LEWIS, Sttphanit, HOLNESS. Marian and GRAHAM, Colin, 1998. 
Ion m1croprobc study of marble from Naxos. Grc:cce: Grain-scale fluid 
pathways and stable isotope equilibration during metamorphism: Geology. 
v 26. no 10. p 935·938 First author at Dept. ofGeol and Geophys. 
Univ. of Edinburgh. Edinburgh EH9 3JW. UK. 

In metamorphic terranes. modification of the stable isotope compost• 
tions of marbles by F infiltration has been extensively modekd to try to 
constrain both the magmtudes and ume scales of metamorphic F nuxcs. 
We have made a study ofke) localttics on the Aegean island ofNaxos 
{Grc:ccc) m which wc combined textural observa<ions with micro-scale 
trace element and stable isotope analysis to test the assumptions upon 
which modeling of metamorphic F flow is based. and to identif) F trans­
!'En mechanisms. lntcgratton of 10n microprobe analyses of "011•0. 
3CJ11C. Mn. and Fe wrth detailed CL imaging provides evidence that \\&• 

ter-rich F were channeled along cracks and gram boundaries within marble. 
with limited equalibratton between the F and rock Ver)' low ~alues of 
6110s.,10w cdov.n to 2%.J along gram boundaries indicate: a meteoric source 
for F rather than a me1amorphte source. in contrast to pre~ ious studies. In 
this example. the s1mplil)·mg assumptions made prcv1ouslr in chroma­
tographte theory. 10 constrain metamorphic F fluxes. time scales.and po,o­
s,ues from bulk isotope data. are incorrect. By making micro-scale meas• 
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urerncnts. wc can determine infiltration mechanisms and distinguish 
scparBle F-flow events, These observations and measurements provide a 
basis foe constructing more rc:alrstic models of metamorphic F flow. 
(Authors· absttact) 

LI, Baohua, CAO, Zhimin, LIU, Yongfena, et at. 1998. The character• 
istics of ore•fomung fluids m Donglinshan gold deposit: 6th National 
Meeting on Mineral Deposits, Nanjing. China. Nov. 25-28. 1998: Mineral 
Deposits (Kuangchuang D1zhi), v. 17 Supplement. p. 1015·1018 (in Chi­
nese). 

LI, Changcun and HAN, X.L, 1998, Fluid inclusion study of Eocene 
carbonate rocks in Kash, Depression: Acta Mineralogica Sinica. v. 18. no 
I, p. 46-51 (in Chinese; English abst.), Authois at Hebei Inst. ofSci. and 
Engineering. Tangshan, 063009. 

This paper deals with the diagcncsis of Eocene carbonate rocks m the 
Kashi Depression, The Fl charactenstics of diagenctic minerals arc de­
scribed. In term of the microthermometJy and re-equilibrium data on the 
Fl. the diagcnctic T and maximum palco-gco1empcrature have been ob· 
tained. Based on the fbove daia.the 01l-genera1ing strata in this area are 
evaluated. (Authors· abstract) 

LI, Cunyou and SHI, Lida, 1998: The application of a-13 peak and other 
quanz dccrep11a11on parameters to gold vein search (abst.): Second APIFlS 
Int 'I. Symp, Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998, 
Tashkent Uzbekistan, Abstracts volume. p. 97-98 (in English). Authors at 
Shenyang Inst. ofGcol. and Mineral Resources. CASS. 

Based on the amount of quanz dccrepitation data and gold vein search 
information. a dccrc:pitauon parameter model for gold vein search is estab­
lished by quartz I decrcpitation for the Zhang Quan Zhuang quartz vem 
type gold deposit in He Bci Province, China. The criteria used arc: 

I . Dccrepitation T (T d); the more the gold content is. the lower the T d 
is 

2. Dccrc:p11auon activity (h) the average of dccrepitation activity m the 
rich ore body levels are lower. 

3. Dccrep1tation Curve: the decrepitation curves of Zhang Quan 
Zhuang gold deposit can be divided mto four types. some of which are 
found m gold-nch veins. 

4. The Height of Mam Dccrepitation Peak (Zh): the average height of 
main decrepitation peak is small for the levels rich in gold and big for the 
areas poor m gold. 

5 a-13 Peak: the panem of the a•f3 peak can be utilized to decide the 
stripped degrc:c ofvein and evaluate the mineraliz.ation prospect. 

6. The Frequency CocfficlClll (Pc) and The Intensity Coefficient (Qd) 
of Hydrothermal Activity. the two coefficients arc: for quantitatively cvalu• 
aung mineralization. Either big Pc or brg Qd indicate the intense minerali­
zation. 

Some right conclusions have been reached and 840 kg gold have: been 
found by application of the above dccrepitatron parameter model. (From 
authors' abs1ract by E.R) 

U. Rongii, JIN, Kuili and LIAO, Yongshtng, 1998a. Analysis of or• 
gan,c inclusions using macro-FT.IR and fluorescence microscopy and its 
significance. Geochimica. v. 27. no. 3. p. 244-250 (in Chinese; English 
abst ). Firs! author a1 Beijing Graduate School. China Univ. of Mining and 
Tech .• Beijing 100083. 

Organic I from the Shahcjie Fonnacion ofEogcne period in Shcngli 
O11-Gas Province. eastern Chma. were studied using Micro-FTIR and 0uo­
rescence microscopy as well as by measurement of Th. Two populations of 
organic I were recognized. the P and S organic I. The former contains sul­
fur alcohol and organic matenals which have relatively long alkyl chains 
with the carbon atom number of 15-17. whereas the later contains a cenain 
amount of H,S besides sulfur alcohol and organic materials which have 
relatively short alkyl chains with the carbon aiom number of 5-6. The Th 
of the P organic I is 87-91°C and 1s lower than that of the SI (Th"'98· 
I os~C}. suggesting that 1he P I experienced a thennal evolution of lower 
degrees than the S I. Tors inference rs consistent with the characteristics of 
the nuorcsccnce spectroscopy and parameters(>.. max. Q values) of the 
organic I The compos111on and thcnnal maturation of organic l suggest 
tha1 the P I resul1ed from the mrgrauon of the hydrocarbon-generated or­
ganic materials within the stratum where they lived. whereas the S organic I 
arc trapped when hydrocarbon migrated secondly out of the source rock to 
the places where they finally accumulated (Authors· abstract) 

LI, Rongxi. JIN, Kuili and LIAO, \-ongsheng, 1998b, Organic inclus1011s 
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in Shengli oil-gas province study and their application in the petroleum 
exploration (abst.): Second APIFlS lnt'I. Symp. Mineral Fonning Fluids 
and Ore Genesis, Oct. 28-30, 1998. Tashkent. Uzbekistan. Abstracts vol­
ume. p. I SO (in English). FilSt and second author at Beijing Grad. School, 
China Univ. of Mining and Tech., Beijing 100083; last author at Geologi­
cal Research Inst.. Shcogli Petroleum Administtation. Dong Ying 2S7015. 

Organic I from Sha Hejic fonnation ofEogene Penod in Shengli Oil­
Gas Province. East China. were studied using Micro-FT. IR and nuores­
cence microscopy as well as the TOF-SIMS together with the measure­
ments of Th. Two groups of organic I were recognized-the P and S or­
ganic I. The P organic I contained sulfur alcohols and longer alkyl chains 
with the carbon atom number of I S-17 compared with the S organic 1 
which contained shoner all.-yl chains with the carbon atom number of only 
5-6 and a certain amount ofH2S besides sulfur alcohols. The P organic I 
experienced a lower degree of thermal evolution with the Th of87-91°C 
than that of the S organic I with the Th of98~10S"C, which is consistent• 
with the characteristics of the nuorescence spectroscopy and paramete1S 
(J..max. Q·Values) of the organic I. The composition and thermal matura­
tion of organic I show that the P organic I formed during the period of hy­
drocarbon generation and migrated inside of the stratum where they 
{ formed) while the S organic I arc trapped when the hydrocarbon migrated 
secondly from the source rocks under the strarum to the place where they 
accumulated. (Authors' abstract) 

LI, Xi11, JACKSON, Ptter, KJTTO, P.A. and JIA, V., 1998, Mineralogi­
cal. sulfur isotope and fluid inclusion studies of gold mineralization. 
Bendigo. Victoria. Australia: in Water-Rock Interaction. G.B. Archan &. 
J.R. Hulston (eds). Balkema. Ronerdam ISBN 90 5410 942 4. p 5S3-556. 
First author at School of Earth Sci .• La Trobe Univ., Bundoora. Vic., Aus­
tralia. 

The alteration halo in Bendigo is at least I SO m wide around the core 
of the Nell Gwynne anticline. Gold occurrences correspond to higher con­
centration ofCH.i and CO2 during the whole process of the F evolution. 
The Th in the mineralised veins have a range of 220-400°C. whereas those 
in the barren veins arc l4S-300°C. F immiscibility, including boiling, is 
responsible for gold deposition in the CH.i-CO2-HP-NaCl system. CH.i­
H2O Fl exclusively occur in gold-rich laminated veins. spulS and breccia 
veins rather than in the b&rTen veins. Sal range from I 5% to 13,5 wt.% 
equivalent NaCl. The near-primordial values of the sulfur obtained from 
the ore veins and the highly altered zone may indicate a magmauc source 
or derivation from the metamorphic terrain. (AutholS· abstract) 

LI, Xuejun, DU, \ilngsong, Hl:. Jinwen and FANG. Ji■ngin, 1998. 
Study on hydrothermal mineralization of the Datuanshan copper deposit of 
skam type in Tongling area. Anhui: Acta Geologica Sinica (Diqiu Xue­
bao). v. 19. no. 2. sum 52, p. 30-38 (in Chinese: Engl. abst.). First author 
at China Univ. ofGeosc1 .. Beijing. 

lt 1s shown that the T and P of the metallogenic system decreases 
gradually, and a regular vanauon in composition. sal. density and minerali­
zation degree of the ore F takes place with transition of the metallogenic 
process from post-magmatic hydrothermal period. skarn period 10 quanz­
sulfide pereod. (Ore transpon and deposition·) was evidently in0uenced by 
pH. Eh and G fugaciues of the ore F. The ore F of the principal metallo­
genic period is rich in Cu. (from authors· abstract b) E.R.) 

LI, \'iliang, WEI, Chunsheng and ZHENG. \'ongfei, 1998. Application 
of auger electron spectroscopy to geochemisU)': Eanh Sci. Frontiers. v. 5, 
no. 2. p. 3 I 1-323. 

Auger electron spectroscopy has many geochemical applications in the 
study of near-surface geological materials. lt can be employed to analyze 
the relative atomic concentration of surface components semi­
quantitatively. The extreme near-surface sensitivity and very high lateral 
resolution (<0.1 µmm) make ii possible to identify the heterogeneity and 
discrete domains of mineral surface on a submicrometer scah:. AES in 
scanning mode can be used to 1dentil)' the newly nucleated alteration min­
erals and to get the chemical composition of the res•due from the decrepi-
1a1ed Fl film on a nanometer scale. Depth profiles determined by AES arc 
1mponant to studies of chemical weathering. The~ provide direct evidence 
for the depth of reacuon. and thus changes in the surface chemistry can be 
monitored as a functeon of depth within the minerals. When AES is com­
bined with X-ray photoelectron spectroscopy. it can be used to study the 
mcchamsm oftransponauon and reactions on mineral-F interfaces. 
(AuthOIS. abstract) 

LI. Zijin, Fll, Zh11oren and LI, Jianwti. 1998. Dynamic system analysis 
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of metallogenesis ofNNE-trcnding strike-slip fault-nuid-uranium minerali­
zation in Hunan-Jiangxi border region: Geoscience-J. of Graduate School. 
China Univ. ofGeoscience, v. 12, no 4, p. S22-531. AutholS at China 
Univ. ofGeosci .• Beijing 100083 

The sttuctural and tectonic evolution of the fault zones and ore­
fonning features of hydrothennal uranium mineralization arc detailed. 
Some uranium deposits arc closely related to hydraulic fracruring. With the 
srudy of sttucrural style and fractile geometry of the strike-slip fault system. 
the authors calculate the fractal values (D) of different associated fault pat­
terns of the mine, the models off now and hydrothermal U-mineralization 
and the process of U-metallogenic dynamics. (From autho1S • abstract by 
E.R.) 

LI, Z.L., ZHANG, W.L. and YANG, R. \' •• 1998, The analysis of chemi­
cal composition of melt inclusion of beryl in pegmatite and discovery of 
zinc spinel by electronic probe (abst): 17th General Meeting lnt'I. Min­
eralogical Association. Aug 9-14, 1998. Toronto, Canada, Abstracts and 
Programs. p. A147. Fim author at Dept. of Earth Sci .• Zllongshan Univ. 

The compositions of Ml in beryls from pegmatites in Xinjiang. Hunan 
and Yunnan. China. have been successfully analyzed by the electronic 
probe by the autho1S. Minerals such as beryl. zinc spinel. mica. quartz. 
magnetite. hematite, siderite, sphalente and silicate M have been deter­
mined from 120 analysis points in the Ml. The dm beryl in Ml shaped like 
granular and irregular ranges from IO x 5 to 40 x 8 µm. lts composition 
ratio ofSiO2/Ali01 varies from 3.57 to 3.83. which is similar to that of host 
mineral beryl. In addition. the dm beryl contains minor components of Fe. 
Ca. K. Na. Mg. Nb and Ta. etc. The zinc spinel. which appears as solid I or 
dm in Ml of beryl. was first discovered in Ml of beryls from Xinjiang and 
Hunan pegrnatites in China. Zinc spinel shaped like hexagon and long 
strip ranges from 15 x 7 to 60 x 30 µm and is commonly associated with 
quartz and mica The contents of Ali01, ZnO and FeO are in the range of 
53.83-58.58%, 31.68-41. 71 % and 8.98-2.94 (%?], respectively. The minor 
components of zinc spinels arc Mg. Mn. Si. Al, Nb and Ta, etc. Mica 
shaped like longsbip contains high content ofK and Fe. and its composi­
tion ratio of SiO2/AhOJ varies from 1.313 to 1.741. Fe-<nriched and alu­
minosilicate-<nriched M arc extensively distributed in I. Compared with 
host mineral and dm beryl. the: compositions of silicate M arc enriched in 
Fe. Mg, Zn. Ca P. Ti. Nb. Quartz is widely scanered in I. and its SiO2 
content ranges from 79.28 lo I 00%. The FeO content of magnetite, hema­
tite and siderite in I ranges from 42.26 to 95.14%. The sphaleritc-quartz 
assoc1at1on only appears in pseudo-secondlll)' I. and the contents of Zn and 
S range from 65.11 to 63.42% and from 35.41 to 35.36% respectively. 
(sic] (Autho1S· abstract> 

LIAO, Xiangjun and Wll, Dan, 1998. Typomorphic characteristics of 
quartz from Vuerya gold deposit. eastern Hebei: J. of Guilin Inst of Tech 
(Guilin Gong Xueyuan Xuebao). v. 18. no. 4. p. 330-334. Authors at 
Haman Bureau ofGeol. and Mineral Resources. Haikou. 
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The present paper deals emphaucally with such typomorphic charac­
teristics of quanz from Yuerya gold deposit as trace elements. REE. I. natu­
ral themolummescence as well as its s•gmficance in the study of ore genesis 
and prospecting. Investigation shows that K•. Na· and Ah" arc substituted 
in the lan•ce of quartz. that Ki()/Na2O of quartz can be used in judging 
depth of mineralization. that the mineralizing T (Fl data! ofYuerya gold 
deposit 1s 30S-343°C. and that ore-forming F in Yuerya gold deposit origi­
nates from the deep crust. (AutholS • abstract) 

LIIMATAINEN, Jyrki, 1998. Fluid mclus1on data from the Osikonmaki 
gold deposit. Rantasalmi. southeastern Finland: Spei.i al Paper. Geolog•cal 
Survey off inland. v. 25, p. 91-99. 

LIN, Wenwci and \'IN, Xiul■n, 1998a. lnsp1ssation of ore-forming nuids 
and its fonns: Acta Geologica Sinica (Diq1u Xuebao). v. 19. no. 2. sum 49. 
p. 158-165 (in Chinese: English abst.). First author at Inst. of Mineral De­
posits. C AGS. Beijing. 

It 1s common for almost all of large- and medium- size hydrothennal 
deposus 10 develop widespread hydrothermal alteration. accompanied by 
inspissation of ore-fonning F. F-rock interaction makes initial low• 
concentration F form the metamorphic zone with water-rich minerals. and 
Cduse free-water in solution to solidify m the alteration zone. The interac­
tion between free-water and such components as C and S together with 
boiling and release of P will stimulate the depletion of free-water and the 
increase of metal! ic concentration in residual solution. The inspissa1ion of 
F can appear m structural zones or pore F. Tectonic-altered rock mapping. . 
experimental simulation indicator element studies and mathematical mod-
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cling for the metasomatic profile can help to determine the mspissation 
ranges of ore-fonning F and the dimensions of mineralization. Hence. the 
theory of F insp1ssation in water-rock interaction will provide a criterion for 
deciding the ore-fonning metamorphic fonn8lion and predicting the re­
serves of ore deposits. (Authors· abstract) 

LIN, Wcnwri and YIN, Xiulan, 1998b, Ore-fonning fluid conden[sation) 
thtUY in wa1er/rock reaction-an application to ore prospecting· 6th Na­
tional Meeting on Mineral Deposits, Nanjing. China. Nov. 25-28, 1998 
Mineral Deposits (Kuangchuang D1zhi), v. 17 Supplement, p. 1051-1054 
(in Chinese). 

LIN, Xinduo, 1998. Geological characteristics of magma-hydrothennal 
transitional ore deposits: Gcoscience-J. of Graduate School, China Univ. of 
Geoscience, v. 12, no. 4. p. 485-492. Author at China Univ. of Geosci.. 
Wuhan 430074. 

In this paper the author introduces the recent progress of the study on 
magma-hydrodlennal transitional ore deposit and discusses the fonning 
mechanism of the magma-hydrothermal F. The characteristics of magma­
hydrothermal transitional ore deposits I involve] six aspects-the relation of 
orebody 10 magmatic rock, orebody to host rock. ore textures and struc­
tures. country rock alterations. ore zoning and mineral Fl. (From author's 
abstract by E.R.) 

LINDAAS, S.E .. CHOMIAK. B.A., CAMPBELL. A.R. and NOR· 
MAN, D. I., 1998. Enargite-hostcd fluid inclusion gases from the Lepanto, 
Philippines. high-sulfidation Cu-Au deposit (abst. ): Geological Society of 
America Annual Meeting 1998, Abstracts. v. 30. no. 7. p A-20. Authors at 
Earth & Env. Sci. Dept.. New Mexico Tech. Socorro. NM 87801 : email 
(slindaas@nmt.edu) 

The Lepanto Cu-Au deposit, located in the Mankayan mineral district 
of northern Luzon. Philippines. is a 1.3 Ma old high-sulfidauon epithcrmal 
deposit, hosted in the Cretaceous to Paleocene aged Lepanto metavolcan­
ics. The enargite orebody is localized at the oblique intersection of the 
Lepanto fault with smaller branch faults. It lies 0.S km to the west of a 
copper porphyry and associaced hydrothermal brcccia pipe. Previously, 
ore F were thought to have moved westward from the porphyry to deposi­
tion sites via the Lepanto fault. the G analyses presented here refine this 
model. 

Using a quadrupole mass spectrometer in crush-fast-scan mode. semi­
bulk analyses of gaseous species were obtained from maxed P and S Fl in 
17 samples of enargite. G analyses are best expressed in G ratios when 
there is F evolution. e.g during boiling. Ni As and H1S/AJ rauos correlate 
well. with the higher values recording a larger magmauc component. This 
magmatic component appears within the brccc1a pipe and is concentrated 
in two areas withm the main enarg11e orebody Ni/CH.a ratios decrease 
systematically outward from the porphyty: however. Nll'CH.a ratios are 
anomalously high in the two loci. Fluid mi,cing between magmauc. crustal, 
and rncteonc end members can be demonstrated on a tem81) NrCH.a·As 
plot. Although there is a general trend of decreasing COi/CH4 away from 
the porphyry. the enargite orebody exhibits a pronounced CO~CH, anom­
aly, suggesting local!) strong reducing conditions. 

Previous microthermomctric anal~ses of P Fl in the same samples 
(Mancano and Campbell. Gcochim. ct Cosmo. Acta. v. 59. no. 19) estab­
hshed a general trend of decreasing Th away from the porphyry along the 
Lepanto fault. Anomalously high Th values in this trend correlate with the 
loci identified by G analyses. High sal also occur at these loci. The gener­
ally low sal of the I (0.1-0 9 eq WI ¾ NaCl) was e"plained as a result of 
phase separation at depth. with V ttanspon of metals. sulfur. and heat. but 
not salt. 10 a meteoric reservoir above. The G analyses of the Fl md1cate an 
addiuon of magmatic G to the meteoric F m support of this hypothesis. 

The G analyses offer a refinement of the F flow model. The general 
westward flow 1s augmented by loci of the upward flow ofF occurring 
along the branch fault mtersecttons with the Lepanto fault . The loci are 
expressed by more mineral1z.a1ion. higher N/ Ar and H1S/Ar ra1ios. locally 
more reducing conditions and shghtl} higher sal and Th ofFI. (Authors' 
abstract) 

LINDLEY, 1.D~ 1998. Mount S1mv11 gold deposits: in Geolog} of Aus­
trahan and Papua New Guinean mineral deposits. Berkman. D.A and 
Mackenzie. D.H.. eds: Australasian Inst of Mming and Metallurgy. v. 22. 
p. 821-826. 

lnde,i:ed under Fl. 

LING, Qiton1 and CHESG. H1ilan, 1998. Discussion on forming proc-
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css and geological charac1eris1ics ofmagmalic skam in Tongling area. An­
hui province. J. of Changchun Univ. of Sci. and Tech., v. 28. no 4. p. 366-
372 (in Chinese; Engl. abst.). Authors al China Umv. ofGeosci.. Wuhan 
430074. 

Ml have been dlSQOvcred and T• are recorded up to and above 
I .0OO"C. No dislinguished difference can be found between magmatic 
skam and contact metasomatic skam in mineral assemblages and chemical 
composition. The authors suggest that magmatic skam 1s the product of 
the evolution of inlemtCdlllle-acidic magma m depth. ( From authors· ab­
stract by E.R.) 

LINNEN. R.L, 1998a. Depth of emplacement. fluid provenance and met­
allogeny in gJllllitic terranes. A comparison of western Thailand ~ith other 
tin belts. Mincral1um Dcposita. v. 33. p. 461-476. Author at Bayerisches 
Gcoinstitut, Univcrsitll Bayreuth. 95440 Bayreuth, Germany. 

The most important tin mineralization m Thailand 1s associated Y.1th 
the Late Cretaceous to Middle Tertiary western Thai gJllllllC belt. A variety 
of deposit lypCS are present, in particular pegmamc. vein and greisen styles 
of mineralization. Most of the deposits contain low to moderately saline aq 
Fl and aq-carbonic I with variable C1-WC01 ratios Low sal aq I represent 
trapped magmatic F in at least one case. the Nong Sua pegmallte. based on 
their occurrence as Pl in magmatic garnet. Aq-carbomc I are commonly S 
and neither the COi nor NaCl contents of these I decrease m progressively 
younger I, implying that they are not magmatic in origin Reduced carbon 
is depicted m the metascdiments adjacent to granlles and the 6D values 
gre1sen muscovites are variable. but are as low as - 134 per mil. indicative 
of F interaction with organic (graphitic) material. This suggests that the aq­
carbonic Fl represent F that were produced. at least in part. during contact 
rnctamorphism-rnctasomatism. By comparing the western Thai belt with 
other Sn-W provinces ii 1s evident that there is a strong correlauon between 
F composition and P in general. Low to moderately saline aq I and aq• 
carbonic I are characteristic of mineralization associated with relatively 
deep plutonic belts. Mmeralized pegmatites are also typically of deeper 
plutonic belts. and pegmaute-hosted deposits may contam cassiterite that is 
magmatic (crystallized from granitic M) or is orthomagmatic-hydrothennal 
(crystalhzcd from aq or aq-carbonic F) in origin The magmatic aq F (those 
that were exsolved from granitic M) are interpreted to have had low sal. As 
a consequence of the low sal, tin is partitioned in favour of the M on V 
Saturauon Sub-volca111c systems by contrast are characterized by high T­
high sal F. Owing to the high chlorinity. tin is strongly partitioned in fa. 
vour of the V and cassiterite mineralization can fonn by orthomagma1ic­
hydrothermal processes. Similar relationships between the depth of em­
placement and F composition also appear to apply to other types of gJllllite­
hosted deposits. such as different types of molybdenum deposits. (From 
authors" abstract by E.R.) 

A comparison of Fl and stable isotope data is given (Table 2) between 
Nong Sua and Pilok deposits. 

Fl compositions in these two deposits arc plotted on T h-sal diagrams 
wnh amount ofCOr as the third dirncnslOfl Fl data (from the literature) in 
other western Thai deposits are summarized (Table 3). (E.R.) 

Ll!liiNEN, R.L, 1998b. The solubility ofNb-Ta-Zr-Hf-W in granitic melts 
"'1th L1 and Li+F: Constraints for mineralization in rare metal granites and 
pegmatites: Econ. Geol., v. 93. no. 7. p. 1013-1025. Author at Bayensches 
Gcoinslltut. Universitat Bayreuth. 95440 Bayreuth. Gennany 

Tantalum mineralization is associated with granites and pegma111es 
that mvanably are rich in lithium. This in pan 1s due to the extreme frac­
tionatton that is necessary for M to reach saturalion in either a Ta or an Li 
phase. However. there may be chemical interactions in M that explam this 
assoc1auon. Experiments. therefore. were conducted to determine the ef­
fect ol'lith-ium on the solubility oftantalite in water-sal\lrated gra11111c M 
The genesis of tantalum mmeralization may be explained by Ta being re­
tamed in the M because of high Li-F concentrations. Tantalite crystalhza­
tmn is delayed until an Li±F±P mmeral crystallizes. which lowers tantalite 
solubility and results in a general association ofTa with Li in mineralized 
gra11111c rocks. 

In contrast to columbite and tantalite. the solubility ofwolfrarnite is 
not affected by the lithium content of 1he M (with up to 3.8 WI % Li10 in 
starting g~es) and the solubilities of zircon and hafnon decrease with 
increasing Li content of the M. (From author 's abstract by E.R) 

LISK, !\I., EADINGTON, P.J. and O'BRIEN. G.W .. 1998. Unravelling 
complex filling histories by constraining the ummg of events which modify 
011 fields after initial charge: in Parnell. J. (ed.) I 998. Dating and Durol/on 
of Fluid F/011 and Fluid-Rock lnterac11on. Geological Society, London. 
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Special Publications. v.144. p. 189-203. First author at CSIRO Div. of 
Petroleum Resources and Australian Petroleum Cooperative Research 
Centre. P.O. Box I \30, Technology Park. Bentle}, WA6l02. Australia 

Complex and multiphase charge histones are a feature of many hydro­
carbon discoveries. Previous descnptions of charge histoiy that have relied 
on the chemical propenies of hydrocarbons do not define the geomell)' of 
hydrocarbon accumulations pnor to the attainment of their present slate. In 
this paper. examples of oil charge studies conducted on hydrocarbon dis­
coveries from the Australian North West Shelf arc presented to demonstrate 
the application of a new technique for the mapping of hydrocarbon charge 
called 001''' (Grains containing Oil-bearing Fl). In Australian oil fields 
001 values in oil leg samples are an order ofmagnirude higher than in 
underlying water zones and record the maximum oil saturation experienced 
through lime. Oil I are retained if oil is lost from the pore spaces of the 
rock. which allows 001 to be used to identify relict oil columns and locale 
the original oil-water contact. (From authors· abstract by E.R.) 

LIU, Bin, 1998. Fluid inclusion characteristics. thermodynamic conditions 
of fonnation and P-T-1 path of glaucophanc ccloglles in the North Qitian 
Mountains (abst.): Second APIFIS lnl'I. Symp. Mineral Forming Fluids 
and Ore Genesis, Oct, 28-30. 1998, Tashkent. Uzbekistan. Abstracts vol­
ume. p. 4 7 (in English). Author at Underground Construction & Engi­
neering Dept. ofTongiji Univ. 

Glaucophane eclogitcs of the Caledonian subduction complex in the 
Zoulangnanshan of North Qilian Mountains are the products of subduc­
tion-accretion process during the convergence of the Alashan block with 
the Central Qilian block. Fl data of five (different) deformation­
metamorphic stages have shown that almost all P I trapped in the early 
glaucophane-grcenschisl forming stage have been decrcpitated. Inclusions 
of the subsequent eclogite-. jadetic pyroxene- and quartzite-forming stage 
are well developed: I in garnet are mainly Fl which contain mainly aq so­
lution. Apan from these aq I many solid I also occur. Many tiny I with 
pure CO2 and high sal occur in the quartz segregations. For the later glau­
cophane-schist forming stage many tmy decrepitated T-shaped CO2 I are 
distributed along cleavages in glaucophanc crystals while I trails occur 
along grain- or subgrain boundaries. For the even later amphibolite­
grcenschist retrogression stage the dense Fl trapped in the earlier stages 
have been panially or completely dccrepitated due to rccrystall ization: in 
this stage. besides the introduction of H2O-NaCI.CaCli fluid. COz fluid 
was once presenL causing the fonnation of these two typeS of P I. For the 
very late ductile shearing-brittle defonnation stage HiO-NaCI I of medium­
low sal arc dominant 

The Tf and P of the Fl arc calculated using thermodynamic equa110ns 
relating the Fl 10 the coex1s11ng host minerals. It is suggested that the 
metamorphic terrain has experienced a counter-clocl..'Wise P-T-t path ofT­
rising and P•rising followed by a clocl..-wise one ofT -falling and P-falling. 
The changing thermodynamic conditions from quick P-nsmg dunng pro­
gressive metamorphism to quick isothermal decompression has revealed a 
tcctonodynamic (geodynarmc) feature of quick burying followed by qmck 
uplifting for the subducuon zone. (From author ·s abstract by E.R.) 

LIU, Jiajun, ZHENG, Minghua, ZHOU, De'an. LIU. Jianming, 
ZHOU. \'ufeng. GU, Xuexiang, ZHANG, Bin and LIN, Li, 1998. The 
components and evolution of the hydrogen and oxygen isotopes of ore­
forming fluids from La'erma gold ore belt: J. of Changchun. Univ. of Sci. 
and Tech. v. 28. no. I. p. 43-49 (in Chinese: Engl. absl. ). First author at 
Inst. ofGeochem .. Chinese Acad. of Sci., Guiyang 550002. 

The La· enna gold ore belt. in the south subzone of western Qinling, 
includes La· erma and Qiongmo ore deposits and Yaxiang ore occurrence. 
These stratabound gold deposits are closely associated with submarine 
exhalative sedimentallon and possess many unique features. The gold 
deposits in the Cambrian silicalile formation composed of black chen and 
slate are so clearly confined by strata host rock types and structures that 
their stratabound character is well accepted. 

The hydrothennal minerals such as quanz and barite in the gold ore 
bell have their 6110 values -3. 19%o--+26.7l%o. leading 10 ore-forming F 
wnh 6110 of - I 1.06%.-+ I 5.34%o (from isotope fracuonation equations of 
quanz-water and baritc-water). 6D of- 58.2%o---12 l 5 %o ( lrom Fil. II 1s 
shown through the above-described isotopic study that the ore-forming 
solution was mainlr derived from the ancient meteoric water. Oxygen and 
hydrogen isotopic evolution curves for water and rock system indicated 
that metallogemc F would have boiled while ore-forming materials pre­
cipitated. 

During the hydrothermal mineralization (sic. of"I. circulating ground­
water (meteoric water). ore-forming materials in the silicalite formauon 
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were remobilized. migrated and re-enriched. which contributed to the for­
mation of the present ore bodies. (Authors' abstract) 

LIU, Jiaql and ZENG, Yishan, 1998a. Preliminary study on fluid inclu­
sions in hsianghualite: Geol. and Mineral Resources of South China, 1998, 
no. I, sum 53, p. 56-62 (in Chinese; Engl. abst.). First author at Yichang 
Inst ofGeol. and Mineral Resources. Yichang443003. 

Preliminary study has been carried out by the authors on the thermo­
barogeochemical features ofFI in hsianghualite [Li1Cai[Be~ShO121f2]. It 
is concluded that the P-corrccted Th. sal, density. P. oxygen fugacity and 
fugacity ofCOi arc 270--290°C. 34---36 wt.% NaCl. 1.03-1.15 g/cm3, 
3()--60 MPa, 10·23-10~! bar and 1023-IOH bar. respecuvely. The G phase 
components of Fl in hsianghualite arc rich in H2O (88-96%) and CO2 (4-
9%). with little CO. C~. H2, Nl and so on. (Authors· abstract) 

LIU, Jiaqi and ZENG, Yishan. 1998b, Temperature and pressure geo­
chemistry of fluid inclusions in hsianghualite. Xianghualing area. Hunan 
province. China: 6th National Meeting on Mineral Deposits. Nanjing. 
China Nov. 25-28. 1998: Mineral Deposits ( Kuangchuang Dizhi). v. 17 
Supplement. p. 985-988 (in Chinese). 

LIU, Jinhong, 1998. The classification and significance of the inclusions 
in gemstones: Jilin Geology (Jilin Dizhi). v. 17. no. 2. p. 65-69 (in Chi­
nese; Engl. abst.). Author at Jilin Au, Ag. Gem, Jade Assoc .• Changchun 
City. P.R.C. 130061. 

In this paper, the definitions of I in gemstones arc given. They are 
classified according 10 sequence. formation. component. phase state. siz:e 
and so on, which has an imponant significance for genetic research, ap­
praisal and evaluation. 

LIU, Jinhui and ZHANG. Jianli, 1998. Ore-forming mechanism ofura­
ninite in Xiazhuang ore field, north Guangdong and south Jiangxi prov­
inces: 6th National Meeting on Mineral Deposits. Nanjing. China. Nov. 25-
28. 1998: Mineral Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 
981-984 (in Chinese). 

LIU, Wei, GUANGMING, Yang and XIA, Q.L.. 1998. Fluid inclusion 
studies on the Dalu bastnaesite ore deposit. Dechang Sichuan Province. 
P.R. China (abst.): Second APIFIS Int'!. Symp. Mineral Forming Fluids and 
Ore Genesis. Oct. 28-30, 1998. Tashkent. Uzbekistan. Abstracts volume, p. 
75-76 (in English). Authors at China Univ, ofGeosci .. Wuhan. 430074. 
P.R. China: email (zyb@cug.edu.cm) 

Microthermomeuy of Fl in bastnaesite indicates three l}-pes of I: (I) 
two-phase L•rich I. (2) two-phase G-rich I. and (3) I") polyphase M hy­
drothermal I. Type I inclusions have Th of385 to455°C. Type II inclu­
sions have Th of 4 74492°C. There is no Th in type Ill inclusions al 
900"C. Type I inclusions have a sal range of 12.5 to 17.4 NaCl eq. wt%. 

This research data of Fl in bastnaesite suggest that main ore-fonning F 
was a kind of boiling F. The heterogeneous trapping occurred in the mm­
eralizing process ofbastnaesite. (From authors' abstract by E.R.) 

LIU, Xianran, GAO, Zhengmin. Nl,Shijun, elll., 1998, Origin and 
migration of orc-fonning fluids of micro-disseminated gold deposits of 
Yunnan. Guizhou and Guangxi provinces: 6th National Meeting on Min­
eral Deposits. Nanjing. China. Nov. 25-28. 1998: Mineral Deposits 
(Kuangchuang Dizhi). v 17 Supplement. p. 989-992 (m Chmese). 

LIU, Xianran. NI, Shijun, ZHU, Laimin and JIN,Jlngfu, 1998, A study 
on physicochemical conditions of post-mineralization thermal solution and 
exo-solution in Carlin-type gold deposits; J. of Changchun Univ. of Sci. 
and Tech .. v. 28. no. 4. p 393-398. 405 (in Chinese. Engl. abst.). 

Based on composition. T and sal of I of representative minerals to be 
formed in post-mineralization thennal solution and exo-solution, the 
authors calculated a series of thermodynamic parameters and the geo­
chemical characteristics and studied the change (of) pattern for low T solu­
uon. The results show that the nature of thermal solution of mineralization 
and post-mineralization stage is weak alkaline. but the exo-solution 1s weak 
acid. the Hi. C~ and CO fugacities ofposl•mineraliz.ation thermal solu­
tion and exo-soluuon obviously decrease. especially CH, fugacity. com­
paring wi1h mineralization epoch in exogcnic process. Conlranly. Si fu. 
gacil) obviously increase m the exogenic process. For the nature of sulfur­
bearing atomic group in solution. H1S and Hs· are mam constituents of the 
mmeralm111on stage. but so/·. KSOi and NaSO, are the most imponant 
[components I in post-mineralization thermal solution and exo-solution. 
M1grauon forms of gold and mechanism of which Pore transforms mto 
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oxidized ore arc affected or controlled by the characteristics and varieties of 
solution in exogcnic process. Hence. the results have sigraificancc for dis­
covery and development of ore in Carlin-type gold deposits. (Authors· 
abstract) 

LIU, Yimao, LU, Huanzhang, WANG, Changlit, XU, \'ouzhi, KANG, 
Wriqing and ZENG, Ti. 1998, On the ore-forming conditions and orc­
formmg model of the supcrlarge multimetal deposit in Shizhuyuan; Sci­
ence m China(Series D), v. 41. no. 5. p. S02-512 (in English). First author 
at Guangzhou Inst. ofGeochem., Chinese Acad. of Sci,, Guangzhou 
5 I 0640. China 

Eight favorable ore-forming conditions for the Shizhuyuan W­
multimctal deposit arc proposed. They arc· (i) the geochemistry back­
ground special enriching the volatile and W and Sn ore-forming elements; 
(11) the existence ofM,F system very nch in volatile and ore-forming cle­
ments. (1i) supply of sufficient ore-forming matenal and volatile multi• 
source, (1v) the infiltration and convection water source and driving force 
panl> supplied by the Jurassic reservoir basin; (v) favorable tectonic con­
ditions: (v1) ore-bearing greiscn and vein supenmposcd in the pre-existing 
skam rocks: (vii) favorable ore-transpon and ore-concentration strata con­
d111on; (v1i1) there were a set of favorable ore-forming structures m Shizu­
yuan area: (ix) the orebody has good ore-reserve condnion. Finally, ore­
forming models arc proposed. (Authors' abstract) 

Fl data presented (H.E.B.). 

LIZORKJNA, LI., 1998. Mineralogical features of ores from the gold-ore 
deposits of the Auminzatau-Kul'dzhuJ..1au Rise in the Central Kyzylkumy 
(abst.): Second APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Gene­
ses, Oct. 28-30, 1998, Tashkent. Uzbekistan, Abstracts volume. p. 107-I08 
(m Russian). 

LODEMANN, Manutla, FRITZ. Peter, WOLF, Manfred, IVANO­
VICH, Miro, HANSEN, 8. T. and NOLTE, Eckthart. 1998. On the ori­
gin of saline fluids in the KTB (Continental Deep Dnlling Project of Ger• 
many)· Applied Geochemistry. v. 13, no. 5. p 6S3-671. First author at 
GSF-National Research Cen1er for Environmenc and Health, Inst. of Hy­
drology. D-85764 Neuherbcrg, Gennany. 

Highly saline F were encountered during the German Continental 
°"P Dnlhng Project (KTB) from depths ranging between 2 and 3 km to 
about 9 km. Some 460 m3 Ca-Na-Cl brines with about 68 g1·1 total dis­
solved solids (TDS) and some 270 m3 associated G. mainly Nz and CH. 
were pumped to the surface from the main ti'acture system situated near the 
bonom of the pilot hole. Geochemical and isotopic data suppon tht hy­
draulic tests which suggest the presence of an open and large F reservoir at 
depth. 

Wh ilc Ca and Sr contents of the extracted brines may be the result of 
water-rock interaction, Cl is most likely of external origin. The Cl 1s hy­
pothesized to dcnve from geotcctonic processes rather than to descending 
infiltration ofpalco-seawater (evaporitic brines). The sampled F have 
probably migrated from a deeper reservoir to their present position since 
the Crctaccous-Tcn181)' period due to tectonic activ11)'. However_ s.:vcral 
1sotop1c studies have identified an admixture of descending palcov.aters 
down to more than 4000 m depth. The high 36CVCI ratio of the F sampled 
durmg the long-term pumping test point to a host rock highly enriched m 
U-Th. unlike the sampled KTB country rocks. The F reservoir is believed 
to be in contact with the Falkenberg granite massif situated about 2 km 10 
the E of the KTB holes. capable ofsup~lying sufficient neutron flux for 
considerable subsurface production of 6CI. The Na-CHK'. SO~> precursor 
F of the Ca-Na-Cl brines were produced in the course of extensi\·e tectonic 
processes since the Late Caledonian within the Bohemian Massif. (From 
authors· abstract by E R.) 

LOKHOV, K.I .. NIKITINA, L.P., BEL\'ATSK\', B.\'. and LE\'SK\', 
L.K., 1998. Mantle fluid component in the Proterozoic larnproites of the 
Balttc Shield (absL ): The Ninth lnt"I Conference on Gcochronolog}. Cos­
mochronology and Isotope Geology. Abstracts. published in Chinese Sci 
Bulletin. v. 43. Supp. p. 84. Authors at Inst. of Precambrian G1:ol. and 
Geochron RAS. St Petersburg. Makarova Emb .. 2. 199034, Russia. 

F composiuons and Ar isotopes were studied in the bulk samples of 
lamproites of the two regions of Baltic Shield: Kostomuksha (Ctntral 
Karelial and Poria Guba (Kola Peninsula). 

The F analyses demonstrated extremely high concentrations of the 
mam volatile components (water and carbon d10,.1dc) in the rocks: up 10 5 
mm/gram The rocks arc characterized by the following ratios in volallle 
component· H/C"-4·20 and N!C<0.0 I. Such rauos arc characteristic for the 
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hydrated MORB basalts. 
For rocks of both regions were obtained mineral Rb-Sr isochroncs 

giving the age estimates of 1200+/-S m.y. for the Kostomuksha and 
1719+/-8 m y, for the Pona Guba rocks. The rocks from both regions 
demonstrate unusual for Precambrian lamproites isotopic characteristics of 
Sr and Nd: .Nd"'(9-93) (enriched mantle) and 'Sr down to -20 (depleted 
mande). Ennched component in the lamproites could originate due 10 
mixing of depicted (MORB-typc) malerial with enriched EMIi-type mantle 
source. 

Potassium-argon dating of micas (phlogopites) from these rocks given 
an estimation of the age near 122S+l-l 5 m.y. for Kostomuksha rocks, and 
1760+/-20 m.y. for Pona Guba rocks. 

In these micas also were studied distribution and abundance of chemi­
cal active volatiles. The values of C'Jb/ Ar (36CV Ar?I and N'Jb/ Ar were esti­
mated. These ratios arc lower than in the mantle F. but for an order of 
magnitude higher. than in typical crustal metamorphic F. This indicates 
presence of the mantle F component, estimated mixing ratio between crus­
tal and mantle components is from 0.3 to 0.8. Using the data on carbon 
dioxide concenUat1ons in the micas. and the ratio"° Art36 Ar> I 0.000 in the 
depicted mantle source of these rocks. we estimate that magmatic 
phlogopites could capture from the Fat the time ofthe1r formation the 
amounts of'" Ar in the range n x IO"' ccSTP/g. Es1ima1ed value of excess 
argon is about I O"/o of the measured amounts of isotope "° Ar, lhus we esti­
mate a real age oflhe rocks formation to 10% lower than the isotopic K-Ar 
age; near 1200 m.y. for the Kostomuksha and 1740 m.y. for the Poria Guba 
rocks. (Authors· abstract) 

LOKHOV, K.1., TOKAREV, I.V., LEVSKV, LK. and KOZLOV, A.V., 
1998, Argon and helium isotopes and the main fluid components in the 
quartz crystals from the subpolar Ural (abst.): The Ninth lnt'I Conference 
on Geochronology, Cosmochronology and Isotope Geology, Abstracts. 
published in Chinese Sci. Bulletin. v. 43. Supp .. p. 84. First author at Inst. 
of Precambrian Gcol. and Geochron. RAS. St. Petersburg. Makarova emb . 
2. 199034. Russia. 

F compositions and As. He isotopes were studied in the samples of 
quartz crystals of different generations from the hydrothennal rocks of the 
Subpolar Ural 

Prior to the analyses. the zones in the quartz crystals, which represent 
different stages of the crystal growth. were selected by optical studies. For 
the analyses were chosen the areas in the polished sections of lhe crystals 
with relative abundant Fl. which were believed to be P for given generation 
of the crystal growth. In the crystals from all of the studied hydrothermal 
systems II were marked three main quartz generations: earl) ··smoky col• 
ored ... "rose colored ... and the latest ·•violet colored.. For the analyses were 
selected the crystals. where were present all of the marked generations. 

The analyses as of F compositions. so isotopic He and Ar studies were 
performed by heating T a linlc higher, than the P-<1 transiuon; 6S0°C. 
Optic inspection of the heated samples has shown that most part of the Fl 
was employed due to thermal activation. Composition ofG released from 
one aliquot of the sample was analyzed by the mass-spectrometer, provid­
ing relattve detcnnination of Hz. CH,. Nz. CO. HiO. CO1. SOz. Isotopic 
analyses of He and Ar were performed from another aliquot by means of 
the isotopic static mass-spectrometer 

F composition of the earliest generations 1s characterized by domi­
nance of water. and H/C>20. In some samples sufficient amounts of nitro­
gen were detected (up 10 I 0% by volume). In the late quartz generations 
the rauos H/C an: in the range S-20. and no sufficient amounts of nitrogen 
were detected 

The highest ¥J Ar/l6 Ar ratios: 3000-10000 were detected in the first 
quartz generation. the lowest: 300-1000 in the latest. The 1sotop1c ratlOS 
JHef'He are lowest ( I x I 0-1 ) in the earhcst zones. and highest ( 1 .. 2 x 1 0"') 
m the latest zones. These data we consider as evidence of panicipance of 
the surface waters at the final stages ofhydrothennal process. The samples 
of the early quartz generation w1th high nitrogen contents are characteriud 
by the high values of the 4Al As/l6 Ar ratios and low of the lHel'He. thus de­
tected nnrogen can be ofnon-atmosphenc origin (sicJ. (Authors" abstract) 

LONG, Xunrong, ZHEN, Mingl1111, ZHANG, Shouton, et 11 .. 1998. 
Fluid inclusion research on Mulongtao gold deposits 6th Nat1011al Mcctmg 
on Mineral Deposits, Nanjing. China. Nov. 25-28, 1998: Mineral Deposits 
(Kuangchuang Dizhi). v. 17 Supplement. p. 973-976 (in Chinese) 

LO\'[, D.A., CLARK, A.H., HODGSON, C.J., ,\IORTENSEN, J.K., 
ARCIUBAI.D, D.A. and FARRAR, Edward, 1998. The timing of adu­
laria-senclle•type mineralization and alunne-kaohnite-typc: alteration. 
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Mount Skukum cpithcnnal gold deposit Yukon Territory, Canada: .w Ar-
)9 Ar and U-Pb geochronology: Econ. Geol .• v. 93, p. 437462, First author 
at Dept of Geological Sci., Queen's Univ,, Kingston, Ontario. Canada K7L 
3N6. 

The Mount Skukum epithennal Au deposit exhibits both hypogene 
alteration and mineralization facies charactcnsllc of the adularia-sericite 
deposit type, and bamn advanced argillic alteration of the alunite-kaolinite 
type. the two being separated by only 750 m on the present erosional sur• 
face. 

The 6D and 1i3~s values of alunite from the advanced argillic altera­
tion. which average -175±.0.5 (Io) per mil and 2.93±0.43 (Io) per mil, 
respectively, suggest that this alteration confonns to the hypogenc type 
fonned by magmatic SOi mixing with meteoric water. an inference that is 
consistent with mineral associations and textures that imply fairly high T 
(pyrophyllite stable). 

Gold-bearing quanz-calcitC(-adularia) veins are hosted by andesitic 
volcanic strata of the Eocene Skukum Group and by rhyolitic dikes. The 
mineralized veins confonn entirely to the adularia-sericite class and were 
controlled by strike-slip faults and ftacture zones. The ages of alunite and 
adularia from Mount Skukum indicate a succession from the barren al­
unite-kaoline-typc hydrothennal system to the gold-beanng adulana­
scncite•type system. both of which fonned during ongoing magmatism in 
the Mount Skukum Volcanic Complex. (From authors· abstract by E.R.) 

LOWENSTEIN, T.K.. LI, Jianrn and BROWN, C.B., 1998. Paleotem­
peratures from fluid inclusions in halite: Method verification and a 
100,000 year paleotemperature record, Death Valley, CA: Chem. Geol., v. 
150, p. 223-245. First author at Dept of Geological Sci. and Environ­
mental Studies, State Univ. of New York at Binghamton, Binghamton, NY 
13902. USA. 

Maximum Th of Fl (Th--.,) in halite (laboratory-grown crystals and 
modem samples. Death Valley, CA) match maximum brine T during halite 
precipitation. Maximum brine T during halite precipitation in Death Val­
ley, late April, 1993 (34.4°C) agree with Th.,._, (34°C) and correlate well 
with average maximum air T in April (3 U"C) and May (37.6"C). Th.,._, 
may be used for paleoclimate interpretauons based on the close relationship 
between saline lake T and average air T from modem senings. Lower Th. 
demonstrably below the T at which halite grew, are interpreted to reflect 
collapse of some Fl walls due to the P difference between the mside and 
outside of I. By only using Toma,, the problems of anomalously low Th due 
to possible collapse ofFJ are avoided Halite samples from 30 stratigraphic 
intervals 90 to Om (10010 0 ka), Core DV93-l, Death Valley, CA. were 
used to measure Th ofFI. Vinuallv all Th from Core DV93·1 are below the 
modem 111_, of34°C (halite precipitauon late April. 1993). Lacustrine 
halites. deposited in a perennial saline lake 35 to 10 ka. have Th_, be• 
tween 19 and 30°C. which suggests brine T approximately 4 to I 5°C below 
modem late April values. Ephemeral saline lake halites precipitated 60 to 
35 ka have Th,.._, between 23 and 28°C. 6 to 11 •c below modem values. 
The highest Th.,.., value in the I 00 ka record (up to 3S°Cl is from a halite 
sample formed approximately I 00 ka m a climate regime somewhat colder 
than lhe modem. (Authors· abstract) 

LOWENSTEIN. T.K., LI. Jianrtn, HANNA. Jeffrey. GODFRE\', 
Linda, JORDAN, Teresa, Kli, T.-L. and Ll'O. Shangde, 1998. 80.000-
year Paleoclimate record from the arid Andes. Salar de Hombre Mueno. 
Argentina ( abst. ): Geological Society of America Annual Meeung 1998. 
Abstracts. v. 30. no. 7. p. A 11 S·Al 16 .. First author at Dept Geol. Sci .. 
State Univ. of New York, Binghamton. NY 13902; email 
(lowenst@binghamton.edu) 

A 40-m long core (HM-2008) from Salar de Hombre Mueno (south• 
eastern Puma plateau. 25 S. latitude. 4100 m elc:vation) contains evaporites 
and associated sil iciclastics deposited in environments ranked by paleo­
anduy from driest · 1 ' desiccated mudflal/subaerially exposed salt !lat 
(Holocene) to wenest ·4· perennial saline lake (late Pleistocene). Six U­
scries dates, from 82.4 ka 10 8.0 ka. give average sedimentation rates of0.5 
m/1000 years. Lacustrine ·wet' phases (paleoaridity mdex of3 and 4). 
represented by perennial saline lake halites. occurred during Oxygen Iso­
tope Stage 4 (OIS 4) (82 ka to 64 ka) and OIS 3. Between 26 ka and 8 ka, 
Hombre Muerto salar contained saline pan/ephemeral sahne lake environ­
ments (paleoar1dity index of2 and 3) The OIS 4 and OIS 3 saline lake 
deposits therefore fonned in a wetter climate regime than the evaporit~ 
coincident with OlS 2. The last evidence for ·wetter" lacustnne environ• 
ments occurs at core depths of 6.4 m (8.0 ka): overlying massive mudflat 
sediments accumulated during the driest period of the 80 k)T record. 

The paleo1emperature component of the climate record is given by L-V 
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Th ofFI in halite, which record water T during salt crystal I iz.at1on. Maxi­
mum Th are used for paleotempcrature interpretations because they corre­
late with maximum brine T and air T. Th.,.., from modem halites precipi• 
tated in Hombre Mueno range from I 5 to 26.4°C Maximum air Tat 
Hombre Muerto are about 28°C. Th,_ values from 16 slTllligraphic inter­
vals of core HM-2008 range from 18 to 30°C (1,939 total measurements). 
Th...., values from halites in core HM-2008 are no1 significantly different 
from those observed m modem Hombre Muerto halites. indicating brine T 
during halite precipitation varied surprisingly little over the past 80 k)T. 
(Authors· abstract) 

LU, Anhuai. LO, Guxian, WANG, Wenzhtng and LAI. \'ong. 1998. 
Continent-continent collision and fluid mineralization in southern Wen­
derrg: Acta Geologica Sinica (Diqiu Xuebao), v 19, no 2. p. 185-194. 
First author at China Univ. ofGeosci .• Beijing. 
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The authors discuss the relationship between the evident zonal miner­
alization distribution ftom Ag through Au-Ag. Au, Au-Pb-Zn to Au-Cu 
and coll is ion mechanism, research detailed features of quartz I in collision 
belt. especially the coupling relation of varying features of H20 and CO2 
contents in quartz I to compressive and extensional structures in the colli• 
sion zone. and further present the recognition about the mineralization of F 
driven by the collision. (From authors· abstract by E.R) 

Lli, G.-Q., 1994. A genetic link between the gold-mercury minerahzauon 
and petroleum evolution: A case of the Danzhai gold-mercury deposit: 
PhD thesis. Umv, of Quebec at Chicoutimi, 209 pp, 

Fl examination reveals important infonnation about the ore-fonnmg F. 
A variety of hydrocarbon I are identified. including: (I) L methane I; (2) 
bitumen I; (3) paraffin wax I: (4) heavy oil I, and various combinations. L 
methane I are found in both metallic minerals such as cinnabar and realgar 
and gangue minerals such as quartz. calcite, dolomite and bante. The heavy 
oil I are more abundant in carbonate minerals such as calcite and dolomite 
than in other minerals such as quartz and cinnabar. The spatial relationship 
between the L methane I and cinnabar and realgar demonstrates that the 
hydrocarbon I are a significant part ofore-forming F. The Th ofaq I range 
from 130-2100C and the sal detected from 5.2-19.3 wt,% NaCl cq. Solid 
probe mass spectrometry confinns that hydrocarbons, pan1cularly methane. 
are the most imponant constituent of the Fl. The methane m some I is as 
high as 69.8 molo/o. Some heavy hydrocarbon molecules are also detected 
by the mass spectra. The spectra of a sample from the second stage of 
mineralization displays a complete separation indicating a domman1 un· 
mixmg of the CH.i and H20 phases. Another spectra of a sample from the 
third stage of mineralization displays a complete separation indicatmg a 
marked unmixing of Hi() and C01 phases. (From authors· abs1rac1 by 
H,E.B.) 

LU, H. and MATSUMOTO. R.. 1998. Synthesis ofCOz hydrate in vari­
ous CH.C02Na/CH~CO?H pH buffer solutions: iD Henrie!. J.-P. and 
Mienen. J. (eds), Gas Hydrates: Relevance to World Margin Stability and 
Ch mate Change: Geological Society. London. Special Publications v. 13 7, 
p. 107-111. Authors at Geological Inst.. Univ. ofTokyo, Hongo 7-3-1, 
Tokyo 113. Japan. 

CO2 hydrates were synthesized in CH~01Na/CH,C02H buffer solu• 
tions wi1h various pH values and differenl concentrations to investigate 
whether the change of pH value can inlluence C01 hydrate formation. The 
results imply that the change in pH value has a minimum influence on the 
equilibrium condition of CO: hydrate. The equilibrium condition of CO2 
hydrate m the various pH buffer solutions is seemingly controlled by the 
total concentration of the acetic acid and acetate anion. while Na• cation 
plays a minimum role. (Authors· abstracl) 

Ll 1, \"an and ZHOU. Jiyuan. 1998. Analysis of metallized structures and 
me1allogenic prognosis in the Dongbeizhhai gold ore deposit, Songpan 
Count)'. Sichuan Province. China (abst. ): Second APIFIS lnt'l. Symp. Min· 
eral Forming Fluids and Ore Genesis. Oct. 28-30, 1998. Tashkent, Uzbeki• 
stan. Abstracts volume. p. 93-94 (in English). First author at Chengdu 
Umv. ofTech .. Chengdu. P.R. China; second author at Nanjing Inst. of 
Geol. and Mineral Resources. Nanjing. P.R. China. 

The Dongbeizhhai gold ore-deposit is fonned by submarine exhalation 
mineralii.ation into 1he N-S trending Kuashiya Fault in the Minjiang Me­
ridional Structural System. During subsequent faull movements. when the 
F get 10 low P areas of the fault. the gaseous part of the F separated from 
the L-rich pan. T and pH and Eh value of the F were changed quickly, and 
matenals of the F were crystallized into ore. 

This structural interpretation has resulted in an increase in demon-
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stra<cd reserves (E.R.) 

LU, Yuanfa, ZHAN, Minuuo, CHEN, Kah1u and HUANG. Huilan, 
1998a. Fluid inclusions in ore-bearing skams at lhe Yangla copper miner­
alized concentration area in Dcqin, Ywman, China (abst.): Second APIFIS 
lnl'I. Symp. Mineral Fanning Fluids and Ore Genesis. Oct. 28-30, 1998, 
Tashkent. Uzbekistan, Abstracts volume, p 81 (in English). Authors at 
Yichang Inst. ofGeol. and Mmeral Resources. Chinese Acad. of Geological 
Sci., Yichang443003. PR China. 

There are five typeS of I in transparent minerals. such as garnet, diop­
side, quartz and calcite. from the scratiform skams, which are monophase 
LI, liquid-rich two-phase: G,L ones (LV), G-nch two-phase G-L ones (VL), 
CO1-bearing ones (C) and polyphase ones containing dxl halite (S), The F 
systems in these I arc: variable. and their Th and sal arc: high with wide 
range from I00-620°C. generally >300°C, 8.3 wt°/o - SS.0 wie;, NaCl. 
commonly >20 wi-10. The T show a positive correlation with the sal The 
densities of most Fl arc> 1.00 g/cm. The trapping P for I are relatively 
lower(l0-25 MPa). 

The I in the contact mctasOmatic skams arc: mainly L- and LV-typeS 
with few C-type and S-type. The F systems are simple. The Th, sal and 
densities arc relatively lower. generally <250-C. <20.0 wt0/4 NaCl eq. and 
> 1.00 g/cm3 respectively, and the sal arc: almost constant when the T de­
creases to I00°C±. Their minimum u-apping P 1s up to ISO MPa. 

The observed vanauons in T. sat. density. etc. suggest that the F for 
stratiform skams were derived from two origins (hot. saline solution and 
cooler, less saline seawater) 10 which mixing mechanism exhalative• 
sedimentation is regarded as lhe most reasonable explanation, and that 
those for contact-mctasoma11c skarns came from granodiorite magma, The 
systematic I data also indicate that there· were at least three stTUcture•heat 
events at the Yangla mineralized concentration arc:a. (From authors' ab­
stract by E. R.) 

See also next item (E.R. ), 

LU, Yuanf1, ZHAN, Minguo, CHEN, Kab:u and HUANG, Huil■n, 
1998b. Fluid inclusions in ore-bearing skarns from lhe Yangla copper min­
eralization concentrated area of Dcqcn County, Yunnan province; M1nera­
lium Deposita. v. 17. no. 4, p 331-341. 

See also previous item (E.R.). 

LUCZAJ, J.A .. 1998, Sulfide mineralization and massive dolomitization 
in eastern Wisconsin: Evidence for a common origin during post-Silurian 
regional hydrothermal acuv1ty (abst.): The Geological Society of America 
32nd Annual Meeting, North-Central Section. March 19·20. 1998. Colum­
bus, Ohto v 30. no. 2. p, S7. ISSN 0016-7592. Author at Dept of Earth 
and Planetary Set.. Johns Hopkins Univ .. Olin Hall. 3400 N Charles St • 
Baltimore. MD 21218: email (john.lucuj@ihu.edu) 

A variety of epigenetic Mississippi Valley Type (MVT) minerals are 
present in Paleozoic carbonate rocks throughout Wisconsm and adjacent 
states. Several problems exist with the current models regarding both mas­
sive dolonu11za11on and MVT minerali:zatlOll in the region. especially in 
areas far from the ore district in southwestern WI. 

Abundant evidence supporting regional-scale hydrothennal activity in 
shallowly-buried Paleozoic rocks of Wisconsin that arc far from the ore 
district mclude. ( 1 l MVT mineral assemblages in Precambrian through 
Devonian rocks, (2) dolomite and sphaleritc Th of70-120°C. (3) mineral­
ized faults and fracrures. (4) mineralized breccias. (S) sulfide cemented 
quanz sandstone aquifers. (6) authigcnic K-feldspars wnh Th >I00•C !Liu 
et al .. 1995). and (7) presence ofpost-Silunan ultramafic igneous intrusions 
(Carlson and Adams. 1997). Epigcnctic dolomitization and sulfide miner­
alization has affected all of the Paleozoic rocks in eastern Wisconsin. and 
cum:nt hydrogeologic models do not explain elevated T recorded away 
from the~ district. ThtS pervasive hydrothennal signature ma~ be the 
result of an elevated regional gcolhcrmal gradient related to regional ul­
tramafic igneous activity in the northern Midcontinent Timing ofhy• 
drothcnnal ac11v1ty in the region is still in question because dates for authi­
genic K-feldspars and sphalerite are different. The evidence outlined above 
suggests that the massive dolomite and trace sulfide mineralization outside 
the ore district were not fanned by unrelated hydrologic processes but. 
instead. had a common hydrothermal origin. (From authors· abstract b} 
H.E.B.) 

L0DERS. \'., PRACEJUS, B. and HALBACH, P., 1998. Formauon of 
massive sulfide ores and barite in the Central Okinawa Trough. Japan: 
Evidence from studies oflluid inclusions and stable isotopes (absl.); Pro­
gram and Abstracts, PACROFI VII. Pan-American Conf on Research on 
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Fluid Inclusions, June 1-4. Univ. of Nevada. p. 42. First author at GcoFor­
schungsZcntrum Potsdam, PB 4.3 Lagerswtc:nbddung. D-14407 Potsdam, 
Germany, 

Fl and sulfur isotopes were studied in massive sulfide and bante 
samples from active and inactive smokers. mounds, and stockwork miner­
alization of the hydrothennal "Jade" field in the Central Okinawa Trough. 
Ores forming from these F can be chemically characterized by their respcc• 
tive major components: a) Zn-Pb-rich. b) Ba-Zn-Pb-nch, c) Zn-Cu-rich. d) 
Fe-rich replacements. and e) Zn-Pb-rich impregnations of felsic volcanics 
(rhyolitc). Additionally, barite precipitates 111 the outer edifice of smokers, 
within soft sediments adjacent to the vents, and in open spaces of the 
stoclcwork zone. 

The 6~S values of sulfides liom stockwoli( mineralization and ch1m­
n~ are very homogeneous but sulfides from chimneys always show mean 
6 S values of about 5"-. whereas stockworlc sulfides are heavier (mean 
ol<s-6.8 CX..), The 034S values of barites arc less homogeneous, indicating 
mixing of the hydrothermal F with ocean waler. 

Two-phase Fl m sphalerite from impregnation (stockwork) ores show 
preliminary Th between 28S°C and 347°C (mean 315°C) and yield sal 
between 5.0 and 6.S cq. wt% NaCl. whereas cnargite•hostcd Fl show lower 
Th of about 270°C and higher sal (-8 eq. wt% NaCl), The Th of P two­
phase I in barite from the inner fabrics of smokers are considerably lower 
than those ofl in ZnS (mean Th 190°C) but they show sal similar to those 
of Fl in ZnS. Bantes from the outer edifice of smokers contain less saline 
PFI in growth zones (3.7-4.S eq. wt°/4 NaCl). The Th of these two-phase Fl 
arc lower than those of PFI in barite from the inner parts of smokers ( 128 to 
189°C). Additionally, all bllrile samples contain numerous gcnerauons of S 
I which mostly are arranged along trails cuning through the crystals. These 
S I are either monophasc. i.e. aq I, or two-phase. low.sal aq I. (From 
authors· abstract by E.R.) 

LUETH, V.W. and GOODELL. P.C., 1998. A fluid inclusion study of 
geodes from Rio Grande Do Sul, Brazil: Implications for the origin of 
quartz geodes (abst.) Program and Abstracts. PACROFI VII. Pan­
American Conf. on Research on Fluid Inclusions. June 1-4. Univ. of Ne­
vada. p. 43. First author at New Mexico Bureau of Mines & Mineral Re­
sources, Socorro. NM 8780 I: email (vwlucth!@nmt.edu) 

Two typeS of quartz geodes. of similar sii and shape, are recognized 
from the Parana basalts. Mmeralogic. mo,phologic, and Fl characteristics 
differentiate the two types although they are of similar size and shape. 

One group of geodes is characterized by dark gray to black exterior 
chalcedony and with particular chaledony-quartz stratigraphy. Dark geodes 
contain pyrolus1tc and hollandite. Fl Th are low (less than 40°C) and sal 
range between 0.0 and 0. 7 cq. wt% NaCl 

The other group of geodes is characteristically light-colored and have 
more abundant and coarser grained quartz. Manganese oxide mineralogy 
is limited to sparse. bladed p)Tolusi1e crystals covered by drusy quartz. Fl 
Th m quanz range from 140° to I 75°C with low sal (0 to 0.7 cq. wt°/4 
NaCl), 

The light-colored geodes may be the result of. I) a hydrothermal heat• 
ing event that occurred during or after geode growth or 2) deeper burial that 
led 10 a greater degree of silica diagenesis. (From authors· abstract by 
E,R.) 

u ro, \'i. WANG, Mingtai, LI, Jianhong, et al .. 1998. Mctallogcny 
model and gcochemlStry of ore-forming fluids of uranium deposits in 
Xuguangu area. Guangdong province: 6th National Meeting on Mineral 
Deposits. Nanjing. China. Nov. 25-28, 1998 .. Mineral Deposits (Kuang• 
chuang D1zh1). v, 17 Supplement. p. 1055-1058 (in Chinese). 

U IQtrE, F.J .. PASTERIS, J.D., WOPENKA, 8., RODAS, M. and 
BARRENECHEA, J.F., 1998. Natural fluid-deposi1ed graphite. Minera• 
logical charactenstics and mechanisms offormauon: American J. of Sci .. 
v. 298. p 471-498. First author at Dcpanamento de Cnstalografla y Mm­
eralog1a. Facultad de Geologia. Umvemdad Complutensc de Madnd, 
28040 Madrid. Spain. 

This paper focuses on the similarities and differences between meta• 
morphic graphite (formed in situ from organic matter) and F-dcposited 
graphne. We discuss the formation of F-depositcd graphite in terms of the 
source of carbon. the characteristics of the C-bearing F (the C-0-H sys­
tem). the mechanisms of carbon mobilization. and the mechanisms of car­
hon precipitation, New and existmg analytical data are compiled on lhe 
physical and chemical characteristics of F-deposited graphite obtained by 
the following tcchmqucs· optical microscop). differential thennal analysis, 
thennogra111mctl'), X-ray diffraction. Raman spectroscop), and stable iso-
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topic mass spectrometry, Our discussions focus on major. that is. volumet• 
ncally significant. worldwide concentrations of graphite. (Authors· ab­
stract) 

LVO\', S.N. and ZHOU, X. Y., 1998. pH measurements in supercritical 
hydrothermal systems (abst. ): Mineralogical Magazine. v. 62A. V. M. 
Goldschmidt Conf. Toulouse 1998, Extended Abstracts, p. 929. Authors 
at Center for Advanced Materials. Pennsylvania State Univ .• 517 Deike 
Bldg., University Park. PA 16802 USA. 

We have developed a flow-through electrochemical cell (FTEC) and 
demonstrated that it successfully operates in both subcntical and super­
critical aq environments at T up to 400°C. The FTEC consists of a previ­
ously developed flow-through external (Ag/AgCI) P-balanced reference 
electrode (FTEPBRE) and a modified flow-through platinum hydrogen 
electrode (FTPHE>. (From authors· abstract by E.R.) 

. . 
LYDON, J,W., 1998a, In praise of understanding ore-forming processes: 
SEG NewslenerNo. 32, 1998, p. 19-20. 

LYDON. J.W., 1998b. "In praise of understanding ore-forming proc• 
esses"-Replyto Solomon and Khin Zaw: SEG Newslener, No. 34. p. 41• 
42. 

MA. Guoliang, LI. Ying, XUE, Chunji and QI, Sijing, 1998, Exhalites 
in the metallogcnetic belt of the Qinling Ranges, China (abst. ): GAC/MAC 
Meeting Quebec 1998. Abstract Volume 23. p. Al 14. First author at Sci­
ences de la Tcnc. Univ. du Quebec a Chicoutimi, SSS Bou!. Univ., Chi• 
ooutimi. PQ G7H 2B I. 

In the ore deposits ofDengjiashan and Qiantongshan. which arc lo­
cated in the south of the ore belt. the lenticular or bedded ores are actually 
the mineralized silica rocks. Apart from such sulfides as sphalerite. pyrite, 
minor galena and arsenopyrite. the silica rocks are composed of micro­
crystal! inc quanz, albite. scapolite, ankerite and mmor tourmaline. Even 
though there are such sedimentary structure as banded and laminated 
structures. the dominant structures are lump and mottled structures. Their 
611O(SMOW) are 18.6 to 21.3%.. indicating a hydrothermal origin. REE 
composition is similar to that of sea water. which has low REE content and 
depletion ofC. Studies of Fl show that their forming Tare 87-200°C. and 
the sal are around 14 wt% NaCl. 

By comparing with the modem seafloor hydrothermal sediments. it is 
concluded that the albitite and silica rocks are exhalites formed during the 
hydrothermal sedimentation of the ore deposits. (From authors· abstract by 
H.E.B.) 

MacGOWAN. D,B., 1998. Geochemical controls on distribution of liquid, 
gaseous and critical fluid phases during generation and migration of hydro­
carbons (abst.): Geological Society of America Annual Meeting 1998. 
Abstracts, v, 30. no. 7. p. A-84. Author at Medicine Bow Associates. P.O. 
Box 323, Laramie. WY 82073; email (macgowan@uwyo.edu) 

Heterogeneous F phases are present in many pctroliferous basins. par· 
ticularly those associated with abnormal F P. Indeed. theories of the origin 
and maintenance of abnormal F P call upon mulllple F phases to activate 
capillary seals in low permeability rocks. It has previously been held that 

. these muluple F phases form when L hydrocarbon and solid kerogen ther• 
mally crack to form G. However. empirical models ofF phases during the 
generation and migration of hydrocarbons suggest that. through this T and 
P range. F phases are distributed through a variety of L. L +G. gaseous and 
supercriucal F phases. Burial history models and kinetic models of the 
generation of hydrocarbons are coupled with empirical F phase• 
compos111on models to understand the evoluuon ofF phases ofhydrocar• 
hons through ume-T space. Such models are very useful for understanding 
F phase propenies. such as flow characteristics. as well as the stability of 
abnormal F P seals deriving from capillarity between multiple-F phases m 
low permeability rocks. during generation and migration. Several S)1tthe11c 
bunal h1stor} models were const1Ucted to test the effect of changing ther• 
mal gradients.changing subsidence rates and uplift and geopressure re• 
gimes on the d1stnbu1ion of hydrocarbon F phases through time, Add1uon· 
ally. 11me•T models from the Green River Basin. WY and the San Joaquin 
Basin. CA were also evaluated. These models indicate that over the ume• 
T .p range of hydrocarbon generauon and migration. formation F exist pri· 
marily as G·L m1x1ures (multiple phases I or as super critical F (smgle 
phase); simple Lor G phases appear 10 be relativel} rare. This implies that 
seals on abnormally-pressured compartmems ma} be geological!} ephem­
eral. tAuthor"s absiractl 
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MACH. C.J, and THOMPSON, T.B .. 1998. Geology and geochemistry 
of the Kokomo mining district. Colorado: Econ. Geo!., v. 93, p. 617-638. 
Authors at Dept. of Earth Resources. Colorado State Univ., Fon Collins. 
CO 80523. USA. 

The ores of the Kokomo mining district. Colorado, are Ag-Pb-Zn mas­
sive sulfide replacement deposits (mantoS) hosted by limestone. The sedi• 
mentary section is greatly expanded by Crctace0us-Tertiary porphyritic 
granodiorite and quartz monzonite sills. dikes. and stocks. Hydrothermal 
alteration is dominated by skams in calcareous sedimentary rocks. 

Fl analyses of quartz and carbonate ganguc minerals indicate that T 
averaged 350°C during the early stages of ore deposition and decreased to 
about 160°C during the late stages. Ore F sal also decreased through the 
ore deposition event from 4.6 to <2 wt.% NaCl eq. 

Carbonate gangue minerals within the ore wne exhibit 6110 and 613C 
values within lhc range for magmatic waier. Sulfur isotope values of sul• 
fide minerals suggest a magmatic sulfur source. 

The Kokomo stable isotope values, Fl Th and sal are comparable to 
daia from other Leadville-type (magmatic hydrothermal) carbonate-hosted 
sulfide replacement deposits in the Colorado mineral belt. including lead· 
ville and Gilman. (From authors· abstract by E.R.) 

MAEDA, Hiroyuki, 1998, Volcanic activity. hydrothermal alteration and 
epithermal gold-silver mineralization in the Ryuo mine area in the Kitami 
metallogenic province, Hokkaido. Japan: Resource Geo!.. v. 48. no, 2. p. 
I 05-115. Author at Dept. of Civil Engineering. F ac. of Engineering, Ki• 
tami Inst. ofTech .. Kitami 090-8507. Japan: email 
(maeda@rock.civil.kitami-itac.jp). 

The Ryuo epithermal gold-silver deposit occurs primarily in the felsic 
volcaniclastic rocks of the lkutahara Formation and in Ryuo Rhyolite. The 
Ryuo mineralization age of 7.7-8.1 Ma coincides well with the hydrothcr• 
mal alteration age (7.7 Ma) ofRyuo Rhyolite hosting ore veins. It is con• 
eluded that the Ryuo mineralil.8lion was essentially accompanied by felsic 
volcanic activity during lhe sedimentation of the lkutahara Formation. and 
was closely related both temporally and spatially to the intrusive activity of 
Ryuo Rhyolite. 

Hydrothermal alteration related to the epilhermal gold-silver minerali• 
zation of the R)llO deposit is primarily characterized by earl)' regional and 
vein-related alterations. and late steam-heated alteration. Early regional 
alteration consists of a smectite halo (smectite+pyrite±quartztopal-
CT ±mordenite±clinoptilolite-heulandite series mineral). Early vein-related 
alteration is primarily marked by potassic alteration. This alteration halo 
can be subdivided into a K-feldspar halo 
(quanz+adularia+pyrite±illite±interstratilied illite/smectite±smectite), an 
1ll 1te halo ( quartz+illite+chlorite+pyrite±interstratified il­
lite/smectite±smectite} and an interslratified illite/smectite halo 
(quartz+mterstratified illite/smectite+pyrite±smectite). Late steam-heated 
alterauon characterized by kaolinite or alunite locally overprints the early 
K • feldspar halo. 

The style of the Ryuo gold-silver deposit is a low-sulfidation epither• 
. mal type. The gold-silver-bearing quartz veins precipitates during boiling 
of ore F. The origin of the ore F might be meteoric water. The T and sulfur 
fugacity conditions during precipitation of electrum and acanth1te arc esti• 
mated to be 206-238°C (Th values] and I0"13 -~ to I0"11 6 atm. respectively. 
(From author's abstract by E.R.) 
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MAEDA. S .. TAKAGI, H .. TAGUCHI. S .. SANADA, K., HAYASHI, 
M .. SASADA, M .• SAWAKI, T., FUJINO, T. and UCHIDA, T., 1998. 
Semiquantitative measurements of CO1 gas in liquid-rich inclusions by 
laser Raman microspectroscopy: l!! Water-Rock Interaction. G .B. Arehart 
& J.R. Hulston (eds). Balkema. Rotterdam ISBN 90 S410 942 4. p. 8S5-
859 First author at West Japan Engineering Consultants (WestJEC). Fu• 
kuoka. Japan. 

The detection limits and F-values for N2. COz. CH.i and H2S gases in 
the laser Raman microspectrometery have been determined utilizing the 
RAMANOR T64000 microprobe. The major factors which affect the 
spectl\lm intensity were also examined using a 25 mol% CO1 standard. 
S}1ttht:s1zed I. Very wide fluctuations in the spectrum intensity of th G were 
reduct:d down 10 relative error 14% as a result of normalizing the CO2 us­
ing the H~O water intensity in the same Fl. This method can be applied to 
L-nch Fl for the semiquantitauve measurements ofCOz gas. (Authors· 
abstract) 

~IAED.-\.S., TAKAGI. H., FUJl:,,iO, T., TAGUCHI, S., HAYASHI. M .. 
SAWAKI. T •• HORIKOSHI, T. and OKl'BO. \"., 1998. Homogenization 
temperature of lluid inclusions in the primary quartz of host rock along · 
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hydrothcnnal veins· Absuacts with Programs of--A 20th Anniversa,y 
Symposium and 1998 Annual Mee1ing of Geothermal Research Society of 
Japan, Oct. 27-29, 1998. Wascda Univ .. Tol,,.-yo. 

MAEKAWA, Tatsuo, 1998. Equilibrium condilions of gas hydrate from 
mixtures of methane and ethane and outline of experimental apparalllS for 
gas hydrate s}nthcsis in porous sediment: Bulletin of the Geological Sur­
vey of Japan, v. 49, no. 10. p. 501-507 (in Japanese; Engl. abst.). 

Natural G hydrales of thermogenic origin often include high concen­
tralion of ethane as well as methane. The phase equilibrium conditions 
were experimentally determined for G hydra1es synthesit.ed from methane 
and ethane mixtures. The prcscnl results indlCale that addilion of elhane to 
G mixture shifts the equilibrium condition to the side of higher T and lower 
P. An experimental apparatus for G hydrate synthesis in porous media was 
constructed to study the formBlion and properties of G hydrates m porous 
sediments in ocean bed. (Aulhor"s absuact) 

MAGLAMBAYAN, V.B., ISHl\'AMA, Dalzo, MIZUTA, TO!hio, II\IAI, 
Akira and ISHIKAWA, Yohei. 1998, Geology, mineralogy, and formation 
cnvironmenl of the disseminated gold-silver 1elluride Bulawan deposit. 
Negros Occidental. Philippines: Resource Gcol.. v. 48. no. 2. p. 87-104. 
First author 81 Dept. ofEanh Sci. and Tech., Fae. of Engineering and Re­
source Sci .• Akita Univ .. Akita O I 0-8502, Japan; email (ma­
glarnvb@'hotmail.com) 

The Bulawan deposit is located in the porphyry copper bell of south­
west Ncgros island. Philippines. Propylitic, K-feldspar. scricitic and car­
bonate alteration types can be distinguished in the deposit. Sencite alter&• 
lion overprinted the propylitit.ed and K-feldspar alteration zones. at lower T 
than epido1c and chlori1e in the propyli1izcd zone Carbona1e ahera1ion is 
associated with the mineralization in the center of the brcccia pipes and 
along faults. 

Mineralization consists of gold-silver telluride ores that are hosted by 
the carbonate- and scricite-altercd dacite porphyry brcccia pipes. The Bu­
lawan ores occur mainly as dissemma1ions. but unlike many epithennal 
gold deposits. lack classical cpithermal colloform and crustiform quanz 
veins. 

Fl in quartz and calcite in clasts of propylitized andesite in the brcccia 
pipes homogenize Ii-om about 300 to 400°C while Fl in quartz, calcite and 
sphalcrite within the dacite porphyry breccia pipes homogenize between 
300 10 3 \0°C. The ores were formed around 300°C from hydrothennal 
solutions with sal of about 6.6 wt.% NaCl cq. The presence of sylvanite 
and calaverite as intergrowths with each other. and the Ag content of 
calavente are consistent with the above T cstimale Based on paragenesis. 
the Bulawan deposit formed in a pyrite-stable environmcn1. with pH be­
tween 3 4 and 5.5, /Oz between 10·12 10 10·.IO atm, /S1 between IO·"•to JO­
H atm, ffe1 between 1049 to 10"" ' atm, and total sulfur content about 10· 
2 1 molal. The dominant reduced sulfur species in the ore solutions ma) 
have been H1Sc1111, and the likely aq 1ellurium species were HiT~1111 and 
H2 Te031_,. The ore minerals in the Bulawan deposit were probably formed 
by mixing of slightly saline and low sal F. (From authors' abs1ract by ER) 

MAGLAMBAYAN, V.B., ISHl\'AMA, Daiso, MlZllTA, Toshio and 
ISHIKAWA, \"ohri, 1998. Thermal effect by post-ore intrusive rocks 10 
ore textures and fluid inclusions of the Uwamuki No.4 orebody. Kos8"a 
Kuroko deposits. Akita Prefecture. Japan: J.Min. Coll. Akita Univ. Ser A. 
V VIII. no. 2, p. 49-68. First author Bl Inst. of Applied Earth Set . Mining 
College. Akita Univ .. Akita O I 0-8502. Japan: email (ma­
g)amvb@hotmail.com) 

The purpose of this study is to clarify the lhennal effects b} the post­
ore intrusive rock on ore tex1urcs and Fl of the suatiform sulfide orebody 
based on the vertical and horizontal variations on grain size of minerals and 
Fl data oblained Ii-om the samples of the boreholes MR872 and MR864 of 
the l)warnuki No. 4 orebody in the Kosak.a Kuroko deposits. 

The highly saline Fl were found in Zone IV near 10 the Takadcrayarna 
rhyohte in MR872 (14.1 wt.% NaCl cq. ofFI in barite) and in 1he Uwa­
muki tuffbreccia of hanging wall close to the rhyolite in MR864 (halite­
bcaring Fl in quartz). The emplacement of the Takadcrayama rhyohte into 
the Uwarnuki tuff brcccia caused phase separation of pore water in (of>) 
seawater origin 10 occur above 440"C. The very high sal L phase which 
separated Ii-om the low•sa1 V during phase separation was trapped as the 
halile•bearing S Fl in phenocryst quartz in the tuffbrcccias in MR864 and 
as the S Fl with high sal in barite of Zone IV in MR872. 

The thermal effects of the Takaderayarna rhyolite probably caused the 
coarsening of sphalerite and barite crystals around the Takaderayama rhyo­
hte in the Uwamuki No. 4 orebody and the generation of high sal ofFI m 
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the ores of the orcbody and in the surrounding rocks. (From authors" ab­
stract by H.E.B,) 

MAGRO, G., RUGGIERI, G., PANICHI, C.. SCANDIFFIO, G •• 
BOIRON, M.C. and CATHELINEAU, M., 1998, Noble gases and car­
bon isotopic composition of fluid inclusions from the Lardercllo geother­
mal field (Italy), prelimma,y data (abs!.): Mineralogical Magazine. v. 62A. 
V. M. Goldschmidt Conf., Toulouse 1998. Extended Abstracts, p. 939. 
First author at CNR-lstituto di Gcocronologia e Geochimica lsotop1ca. via 
Maffi 36, Pisa. Italy, 

We measured Nz/Ar ralio and the isotopic compositions of noble G 
and carbon of CO2 extracted by undervacuum crushing off! in order to: I) 
define the ongin of the palacogeothennal F. 2) compare noble G and CO2 
isotopic compositions of the F trapped in the I with present-day d1sch~cd 
F and evaluate 1fthe source of these F has been changed with time. (from 
authors' abstract by E.R.) 

MAINERI, C., COSTAGLIOLA, P •• BENVENUTI, M., Rl "GGIERI. 
G .. CASIGLIA. A., VASELLI, 0., LATTANZI. P. and TANELLI. G., 
1998. Studies of the "La Crocena" raw ceramic material mine (Porto Az­
zuro. Isola D'Elba): Fluid inclusion and C-0 isotope constraints of late­
stage fluids: 78th Nat1. Congress ofSIMP. Monopoli. 1-3 Oct, 1998. pub­
lished in Plimus no. 20, p, 143-144. First author 81 Dipanimento di 
Sciel'll.C dclla Terra. UniversitA di Firenz.c. 

At La Crocena. intensely alkali metasomized aplitcs and quartz por­
phyries are crosscut by calcite and minor pyrite veins that postdate the 
seriticiz.ation. The calcite has Fl with 1.5-2.6 wt.% NaCl eq. and Th~200-
220"C. Oxygen and carbon isotopic compositions of la1e-stage calcites 
coupled with Fl data strongly suggest that the last hydrothermal event at La 
Croccna involved a dominantly meteoric F. mixed with a CO2 magmatic 
component. (From authors' absuact by E.R.) 

MALININ, S.D. and KUROVSKAYA, N.A .. 1998. Fluorile solubility in 
heterogeneous fluids of the system HiO-NaCI: Geochemistry International. 
v. 36. no. 3. p. 278•xxx. 

MALLARD, W.G. and LINSTROM. P.J., eds., 1998. NIST Chemistry 
WebBook. NIST Standard Reference Database Number 69. November. 
1998. Nat'I. Inst. of Standards and Technology. Gaithersburg, MD 20899; 
URL (http:1/wcbbook.msl.gov/chemistry) 

Charles S. Oakes has called FIR readers· attention to this ·'book .. in 
which the individual ··chapters." separa<ely authored. arc not the pages of 
data on a single molecule but rather the collection of data of a panicular 
type. available for use in calculations The titles include: 

Neutral Thermochemical Data 
Negative Ion Energetics Data 
801hng Pomt Data 
Heat of Sublimation Data 
Condensed Phase Heal Capacity Data 
Proton Affinity Evaluation 
Constraints of Diatomic Molecules 
Vibrational and Electronic Energy Levels of Polyatomic Transient 

Molecules 
Ionization Energy Evaluation 
Thennophysical Properties of Fluid Systems 
Ion Energeucs Data (four '"chapters") 
Organometalhc Thennochemistry Data 
IR and Mass Spectra 
Henf} ·s Law Constants 
Molecular Vibrauonal Frequencies 
UVNmble Spectra 
Oakes indicates that 11 provides (onlinc. real time calculauon to your 

specs) thermophysical propenies of a vanety of F systems over a very wide 
range of P and T. H10. CO2. methane. ethane. propane. N2, 01. etc. It will 
even present the (tabulated and graphed) results in units of your choice 
(including those beloved by engineers in the U.S.) 

MA~DE\'ILLE. C.W •• WEBSTER, J.0., SASAKI, A., HAURI, E.H .. 
RU:'IICLE, :\1., TA\.LOR, B.E. and BACON, C.R., 1998. Open-system 
degassing dunng the climactic and prc-chmacuc eruptions of Mount 
Mazama. Cracer Lake. Oregon: lndicauons of a mantle sulfur source 
(abst. )· EOS. Trans .. 79 (45) Fall Meet. Suppl.. p. F96 I. Firsl author at 
Aml!rican Museum of Natural H1s1ory, New York. NY 10024-5192. US; 
email (cmand}1i"amnh.org) 

Prehm1nary electron microprobe analyses of plagioclasc-hosted glass I 
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from climactic pumice all have sulfur concentrations of 80-211 ppm. 
Lower sulfur concenlralions in some I are attributed to M entrapment fol­
lowing previous degassing events. Ion microprobc measurements of sulfur 
concentration in glass 1 from andesitic scoria range from 994 to 1620 ppm 
with average matrix glass sulfur concentration of 102 ppm (detennined via 
Kiba bulk extraction). Nep1ive correlation of o34S values versus sulfur 
concentration is indicative of sulfur degassing from oxidized magma where 
S04 1s the dominant sulfur species in the M and sulfur loss is dominant at 
SOi. A minimum estimate of total sulfur degassing from rhyodacitic and 
andesitic magma during climactic eruption 1s 3.1 X 1013 gS. (From 
aulhors' abstract by H.E.B.) 

MANGO, Htltn, ARM I ENT A, A .. VILLASENOR. G., LATHROP, A. 
and ONG LEY, L., 1998. Fluid inclusions indicate lack of relationship 
between skam orebodies and outlying veins in Zimapan. Mexico (abst.J: 
Geological Society of America Annual Meeting 1998, Abstracts. v. 30, no. 
7, p. A-77. First author at Natural Sci., Castleton State College. Castleton, 
VT 05735; email (mangoh@sparrow.csc.vsc.edu) 

The ore deposits of Zimapan (Hidalgo. Mexico) consist mostly of Pb­
Zn skams around intrusive bodies. However. there are numerous quanz 
and calcite veins throughout the region. These veins have been the focus of 
many prospect pits for several hundred years, although it is not immedi­
ately apparent whether or not lhese veins are related to the ore deposits, and 
therefore whether they contain any economic mineralization. 

Fl data suggest that the veins are not closely relaled to the ore deposits. 
Fl from quartz. calcite and sphalerite within the orebodies of San Carlos 
and Santa Fe have Th ranging from 208 to 332°C (n=29). with an average 
of275"C. Calculated sal for these I range from 1 to 28 wt.% NaCl eq; the 
average 1s 12.8 wt.% NaCl eq. In contrast, calcite and quanz from veins 
away from the orebodics contain Fl with Th ranging from 88 to 2 I 2°C 
(n- 28). averaging I 63~c . Sal average 0.2 wt% NaCl eq. Because the 
vein F are on average over I 00°C cooler and are mostly considerably more 
dilute than those from the ore deposit. it seems unlikely that the F responsi­
ble for ore generation were also the source of the veins. Therefore. pros­
pecting along these veins may not be worth the effort. 

These data are also useful from an environmental standpoint. The 
groundwater m the town of Zimapan is contaminated by arsenic. and while 
arsenic is present in the ores. the mines are kilometers from the tow11. as 
well as bemg either downhill or on the other side of a small mountain range 
(thus indicating no direct groundwater link). One hypothesis as to the in­
troduction of arsenic into the groundwater system is that water is coming in 
contact with arsenic-bearing minerals in veins away from the orebodies. 
However.the Fl data suggest that these vems are not related to ore forma­
tion. and so it appears unlikely that these veins carry an} arsenic minerals 
that could contaminate the groundwater. (Authors' abstractl 

MANNING. C.E., 1998. Fluid composition at the blueschist-eclogne tran­
siuon in the model system Na10-MgO-AhOrSiO~-HiO-HCI· Schweiz. 
Mineral. Peuogr. Mitt. v. 78. p. 225-242. Author at Dept. of Earth and 
Space Sci., Univ. of California. Los Angeles, CA 90095-1567, USA: email 
(manning@ess.ucla.edu) 

The transfonnation of mafic epidote-bluesch1sts to eclogites in sub• 
duction zones hberates water-rich F. Solute activities and concentrations m 
these high-P F are here estimated for the first time and show that the F 
evolved from malic rocks during eclogite fonnauon should be rich in Si 
and Na. and have significantly higher Al contents than more familiar crus­
tal f_ (From author's abstract by E.R.) 

MAO, Jingwen, ZHANG, Zuoheng, YANG. Jianmin, ZHA!"G, Zhao­
chong, WANG, Zhiliang and YE, Dtjin. I 998, Geology and metallogemc 
geochemistry of the Ying;ruishan gold deposit. Gansu province· Mmera• 
hum Deposita. v. 17. no. 4. p. 297-306. First author at Inst. of Mineral 
Deposits. Chinese Acad of Geological Sci.. Beijing 100037 

The Yingzuishan deposit. a gold deposit recently discovered m the 
western part of North Qilianshan Caledonian orogemc belt. is 15 km away 
from the Hanshan large-size gold deposit. The strata in the mine are com­
posed of volcanic. elastic and carbonate rocks of Middle Cambrian Ge'er­
mogou Group. 

The host rock for the gold mineralization mainly comprises silty slate. 
dac11ic cataclastic brecc1a and andesitic tuffbreccu1 To1all~ 11 orchod1es 
have so far been found. of which the largest one is about $09 m long and 3-
5 m wide with an average grade of9.62 X 10.,._ The orebodic:s extend 180-
200" and dip 37-82°. Silicification. scncitization and terrodolomitization 
are developed in the mme. 

Mineralization in the Yingzu1shan gold deposit displays two episodes. 
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endogenetic and exogenetic. The endogenetic compnses two stages of 
mineraliza1ion. Stage I comprises dense massl\le quanzitc fonned through 
replacement ofultrabasic rocks by auriferous hydrothermal solution. Stage 
II. Ille principal gold mineraliza1ion stage characterized by small auriferous 
sulfide quanz veins, is commonly superimposed upon stage I. Geochemi­
cal studies of the ores and altered rock reveal that silicon, alkaline compo­
nents. CO2 and LREE were brought into the metallogenic system during 
mineralization and alteration. 

Th of stage II mineralization range from 320 to 200°C. Raman laser 
analysis of single I shows the existence of abundant CO2 m the F. Oxygen 
isotope data suggest thal the orc-fonning hydrolhcrmal solution responsible 
for the gold deposit was mainly derived from the magma of the mantle. 
(Authors· abstract) 

MAPANI, B.E.S. and WILSON, C.J.L., 1998. Evidence for externally 
derived vein fonning and mineralising fluids: An example from the Mag­
daia gold mine, Stawel\, Victoria, Australia: Ore Geol. Reviews. v. 13. p. 
·323-343. Authors al The Univ. of Melbourne, School of Earth Sci .• 
Parkville. Vic. 3052, Australia. 

Mineralogical and microfabric studies of the Magdaia gold deposit 
together with isotopic and Fl studies have shown that the mineralising F is 
externally derived. Four types of Fl were distmguished on the basis of 
spatial arrangement and composition using the Laser Raman spectroscopy 
method. The sal of the Fl range from 0, 7 to 8.4 wt.~'- NaCl eq .• suggesting 
that gold was deposited due to the influx of different external F. The asso­
ciation of pyrite-arsenopyrite-pyrrhotite with gold and with PGEs suggests 
that these F have a lower crustal origin and may have originated from the 
upper mantle and mixed with F derived from deep seated metasediments. 
(From authors' abstraet by E.R.) 

MARESCOITI, Pietro, 1998, The manganese mineralizations associated 
with cherts of "Diaspri Di M. Alpe Fonnation": Mineralogy, chemistry. 
phase equilibria and genetic significance: Summary of PhD research pub­
lished in Plinius. no. 19. p. 158-163. Author at Dipartimentodi Scienze 
delta Terra, Universita di Genova, C.so Europa 26. 1-16132 Genova. 

Physical and chemical constraints. revealed by a Fl study indicate that 
the F circulated during the main tectono-metarnorphic events. most likely 
at the peak conditions (2 75±25°C: 2.5±0.5 kbar). 

In few samples Fl characterized by a different chemical system has 
been detected, They show a distinct microthennometric behaviour. On 
cooling all I fi'ecze around -50°C and form brownish aggregates. On sub• 
sequent heating. the first melting (T.) 1s observed around -39°C while final 
melting (Tm,..)takes place between -8.5 and -10.5°C. SEM analyses in 
open m1crocavities indicate that Mn. Na±IL+Ca are present while Cl was 
never detected. Raman microspcctroscopy reveals that very low density 
CH~ 1s present in the G bubble. while no CO2 has been detected. This F is 
related to a temporall} defined episode recorded in an intennediate growth 
stage of euhedral quanz crystals. My data suggest a fairly complex solu­
tion where Mn:•. MnOH and MnOHz seem the dominant species. while er 
apparently is a very subordinate ion. This F migrated through the complex 
system of micro fractures. represented by the syntectonic veins, and possi­
bly represents the mineralizing F which triggered the observed reactions in 
the wall rock. (From authors· abstract by H.E.B.) 
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MARIGNAC, C .. 1998. The nature of ore-fonning fluids and ore deposi­
tion conditions in Sn-W deposits from fluid inclus10n studies: A review: 
17th General Meeting lnt'I. Mineralogical Association. Aug 9-14.1998, 
Toronto. Canada. Abstracts and Programs. p. A 136. Author at CRPG· 
CNRS. Nancy. France: email (mangnac@mines.u-nancy.fr) 

A review. (E.R.) 

MARIGNAC, C.. VALLANCE, J ., CATHELINEAU, M. and 801-
RON, M.-C.. 1998. Fluids associated with the Sn-W mineralization of 
Vaulry ( Blond Massif. Limousin. France) (abst.): Reunion des Sciences de 
la Terre. Brest. 31 March-3 April. 1998. p. 156 (in French. translation by 
E.A.J. Burke). First author at CRPG-CNRS. Nancy: email 
(mar1gnac@mines,u-nancy.fr) 

The wolfrarnite-cassiterite (+sulfides) mineralizations ofVaulry are 
hosted by networks of quanz vemlets, oriented NO to N30°. corresponding 
to a s~stem of shear and tension jomts (N-S shonening) caused by the 
Blond leucogranite of assumed Westphalian age. The gramte contains 
barren quanz veinlets along the same directions. along an E-W passageway 
of about IO km. to the west of Ille deposit. 

In the deposit. the quartz veins have been deformed at the brittle• 
ducule hm11. still by the N·S shonemng. The mineraliz.auon is superposed 
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on 1his dcfonnation, in connccuon with a rotation of the shonening din:c­
tion lo N50°E, as indicated by the major din:ction of FIP in which the min­
eralizing F circulated. in the veins and in their nearby host rocks. This 
direction 1s also ubiquilous in the quanz crystals of the Blond granite, all 
along the E-W passageway. 

The mineralizing F. with low sal (3. 1-S.S wt.% eq. NaCl). have circu­
lated ar a T of350 to400"C at an estimated Pofmaximafly 120 Mpa. bur 
with strong fluctuations. The repetition of cementing and solution of the 
drams m the veins repeatedly changed the P from a lithostatic to a hydro­
static regime. Raman microspectrornctry showed the sporadic presence of 
volacilcs (essentially CH.a and N2) in very low quantities. These volatiles 
sci the Vaulry deposit apart from the other tungsten deposits of the Vari scan 
chain. 

It seems that the mineralization is the result of the mixing of a moder• 
ately saline h1gh0 T F, containing small quantities of methane and nitrogen. 
with a colder diluted F (meteoric water"). As similar F circulated on a re­
gional scale (the E-W passageway). 11 is concluded that the hydrothennal 
system responsible for this mineralization has a range of several kilometer. 
(Audlors' abstract) 

MARKL, Gngor and BUCHER. Kurt. 1998. Composition offluids in 
the lower crust inferred from mc1amorphic salt in lower crustal rocks: Na­
ture. v 39 I, p. 781-783. Authors at lnstitut ftlr Mincralogic. Pctrologic und 
Gcochemic, Alben-Ludwigs-Umversitat. Alberstrassc 23b, 79104 Freiburg, 
Gcnnany 

Knowledge of the rheological properties of the lower crust and the 
metamorphic processes that opcnue then: is imponanl for our understand­
ing of orogemc processes and granite genesis. The rheological properties 
cnticall} depend on whether F are present in the lower crust and. if pn:scnt, 
on their composition. Fl and phasc~quilibria studies oflower crustal 
granuhres have shown that F with low water activities (due 10 the pn:scncc 
of dissolved components such as CH.a. N2. CO2 and chlorides} are present 
at least episodically in the lower crust. Herc we n:pon the occurrence of a 
solid salt solution (NaCI-KCl) found together with chlorine-rich amphibole 
and biotite in lower crustal granulitcs. A desiccation mechanism explains 
how salt and chlorine-rich minerals formed from an originally water-rich F 
through a shon-livcd series of hydration reactions in the !!18RUlires. during 
which chlorine was progressively enriched in the F. Consequently. it would 
appear that F was pn:scnr in the lower crust in only small amounts and was 
not stable over geologically long periods of time. leading to the conclusion 
that the lower crust is devoid of a free F phase during most of its history. 
(Authors· abstract) 

I\IARKL, Gttgor, FERRY, John and BVCHER. Kurt, 1998. Formation 
of saline brines and salt in the lower crust by hydration reactions in par­
tially retrogressed !!1&nulites from the Lofotcn Islands. Norway: American 
J. of Sci.. v. 298. p. 705-757 First author at lnslltut ftlr Mincralogic. 
Petrologie. und Geochcmic, Albert-Ludw1gs-Umversi1a<. Albers1rassc 23 b. 
0-79104 Fn:iburg. Germany. 

Anonhositcs. gneisses. and mangeritic rocks from the Lofoten Islands 
m northern Norway contain Cl-rich amphibolc (up to 3.5 wt.% Cl) and 
biotitc (up to 1.5 wt.% Cl) that developed mosll} during regional metamor• 
phism at •600°C and .,9 kb by replacement of older anhydrous granulitc 
facies mineral assemblages. Textural evidence indicates that amphibole 
and biotite evolved from Cl-poor to Cl-nch compositions within individual 
samples. Dcvelopmcnl ofCl-rrch amphibolcs and biotites within a shear 
zone demonstrates that the amphibole and biotite developed by reaction 
between a preexisting granulirc fac1cs mmcral assemblage and an aq F. 
Mincral-F equilibria indicate that the aq F was variable in composition 
ranging from XH2o(•(HiO/(H.zOtCI)) of0.99 for equilibrium with the most 
Cl-poor amphiboles and biorires to 0.4 10 0 6 for equilibrium wilh the most 
Cl-rich minerals that coexist with salt. The most saline F correspond 10 
NaCl eq. concentrations of over 25 rnol/l 

The range in OH/Cl of amphiboles and b10titc in individual samples 
can be explained by a desiccauon model in which small amounts of "nor­
mal" low.Cl crustal F infiltrate rocks with granulite facics minerals and is 
subsequently enriched in Cl by preferential consumption of H.i() during the 
resulting hydration reaction Sahne F developed at the extremes of reaction 
progress and then produced the Cl-nch amph1bole and biotite compositions 
cocx1stmg with halide crystals. (from authors· abstract by E.R.) 

MARKL. Gttgor and PIAZOLO, Sandra, 1998. Halogen-bearing min­
erals in syenitcs and high-grade marbles of Dronning Maud Land. Antarc­
uca: Monitors of fluid compos111onal changes during late-magmatic lluid­
rock mreracrion processes: Contrib. Mineral Petrol.. v. 132. p. 246-268. 

83 

Volume 31, 1998 

Authors at lnstitut ftlr Mincralogrc. Petrologie und Gcochcmic. Albert­
Ludwigs-UnivmiW, Albertstrassc 23 b. 0-79104 Fn:iburg, Germany; 
email (marld@ru(uni-frciburg.de) 

Mcta•scdrmcntary rocks including marbles and calcsilicates cxperi• 
cnccd a granulite facics metamorphism with peak metamorphic conditions 
around 830t20°C at 6.8±0.5 kbar. accompanied by mtrus1on of huge 
amounts of syen11ic (chamockitic) magmas at 4.5:1:0. 7 kbar, The marbles 
and calcsihcates may represent mcta-cvaporites as indicated by the occur• 
rence of metamorphic gypsum/anhydrite and Cl-rich scapolitc that formed 
in the pn:scncc of saline F with XNaC1 in the range 0.15-0.27. The results 
are interpreted to n:flect the n:action of relatively homogeneous magmatic 
F (in tcnns of log (/H20/JHF)I derived from the late-magma1ic stages of 
the syenites with both earlier crystallized. still honer parts or the syenites 
and with adjacent country rocks during down-T F flo'II. Fluorine is succcs­
sivdy removed from the F and incorporated into F-bearing mnierals (close 
to the sycnitc into metamorphic fluorite) In the course of this process 
log(/H2O/ /HF) increases significantly. Chlorine preferably partitions in10· 
the F and hence log(/Hz()//HCI) docs not change markedly during F-rock 
interaction. (From authors' abstract by E.R.) 

MARSHALL, D" MEISSER, N. and TAYLOR, R.P., 1998. Fluid inclu­
sion. stable isotope and Ar·Ar evidence for the age and origin of gold· 
bearing quartz veins at Mont Chemin. Switzerland Mincral. and Perrot .. v. 
62. p. 147-165. Firsl author at Inst. of Mineral. and Perrog . Univ. of 
Lausanne. Switzerland. 

A new Swiss gold occurrence at Mont Chemin. comprising gold­
bearing quartz veins, displays many characteristics thal are typical of 
mcsothcnnal gold deposits within the Alps and globally The most notable 
of these features are i) the presence ofNaCI-H20-CO1-bearing F with an 
XCOi of approximately 0.016 and NaCl eq. in the range 4.6 to 106 wt.'¼. 
ii) grccnschist formational T and Pin the range 265-28s•c and 700-1400 
bars: and iii} the proximity of the occurrence co the Rhonc-Simplon Linc, a 
deep crustal structun: in the Swiss Alps. 

Corrected Ar-Ar data for hydrothenmal adulana. considered to be 
conlemporancous with mineral deposition from the gold-bearing F. yields 
an age of9.9± 1.0 Ma. Gcoihennal gradients and uplift rates derived from 
the Ar-Ar age data and the gcothcnnometry arc m agreement with existing 
data for this n:g10n. and indicate that the hydrolhcnnal activiiy at the Mont 
Chemin gold occurrence records one of the last Alpine metamorphic events 
in the nonheasccm Mont Blanc massi( 

T estimates from F-muscovitc-quanz-rcldspar equilibrium and oxygen 
isotope thcnnomeuy of coexisting adularia and quanz are combined with 
the Fl isochorcs to derive depositional P. These data y1ckl gcoihcnmal gra­
dients on the order of SOOC/km and uplift rates of0.44 mm/a for the NE 
ponion of the Mont Blanc massif. 

(Authors· abstract) 

MAR.'iHALL, Daa~I. PFEIFER, H.-R" HUNZIKER. J.C. and 
KIRSCHNER. David, 1998, A prcssun:-tcmpera1ure-timc path for the NE 
Mont-Blanc massif: Fluid inclusion. isotopic and thermobarometric evi• 
dcncc: Eur. J. Mineral .. 1998. no. 10. p. 1227-1240. First author at Inst of 
Mineral. and Perrog., Univ. oflausannc. Switzerland: email (mar­
shalllu'sfu.ca). 

The Mont.Chemin n:gion at the NE e1Ctreme of the Mone-Blanc mas­
si( Canton Valais. Switzerland. 1s pn:dominantly comprised of the granitic 
rocks ofrhc Mont-Blanc intrusive rock suite and the Mont-Blanc basement 
gneisses. Fl. F·mineral equilibria. stable-isotope and radiogcnic-1sotope 
sludies have heen used to denve P. T. age {PTt) and F·compos1tion con­
straints for a number of Alpine events. The earliest of these events 1s re­
corded in a paragonite-katophoritc schist hosted within the basement gnc1s• 
ses. The paragonires yield a -111Arf .. Ar age of 47 Ma. Mineral 
thermobarometrv is consistent wuh formation T in excess of 300"C. with 
minimum P or t'soo bars. A wcll-defincd P-T uplift path is n:corded in 
minerals hosted by veins of different generations. The overall PTt path 
de lines a gcothcnnal gradient of 2S°C/km. but the younger pon10ns of this 
PTt path are consistent with gcochennal gradients slightly in excess of 
50°C/km. similar to those observed to the East along the RMnc-Simplon 
line. (Authors· abstract) 

Sec: also FIR 30, p. l 26 (E.R.l.1-63 

MARTEL, C.. PICHAVANT, M., BOllRDIER, J.-L., TRAINEAU, H., 
HOLTZ. F. and SCAILLET, 8., 1998. Magma storage cond111ons and 
control of eruption regime m silicic volcanoes: Experimental evidence 
from Mt. Pelee: Earth and Planet. Sci. Leners. v. 156. no. 1-2. p, 89-99. 
First author at CRSCM-CNRS. IA Ne de la Fcrollcne, 45071, Orleans 
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Cedcx 2. France. 
Diffcrcnccs of erupcion regimes m silicic volcanoes, e.g . effusive ver­

sus explosive, have commonly been ascribed either to stratificauon of 
volatiles in the magma storage region or to G loss through permeable con­
duit walls Recent Plinian and Pelcan erupcions of silicic andcsite magmas 
from Mt. Pelee (Pl : 650 yr B.P., 1902, 1929) show no systematic vanations 
in bulk rock and phenocryst and glass compositions. Rare coexisting Fe-Ti 
oxide pairs in Pelcan products yield T between 840 and 902~ . and _NNO 
between 0.4 and 0.8. Pre-eruptive M Hz() contents. calculated from pla­
gioclase-M equilibria, span values from 1.9 to 5.5 wt.%. Glass I from the 
Pl Plinian fallout have Hz() contentS between 4.2 and 7.1 wt.%. In con­
trast, the Pelcan I have Hz() contentS commonly <3 wt.o/a, due to post· 
entrapment modifications upon eruption. Phase equilibrium studies allow 
pre-eruptive conditions to be precisely determined and demonstrate that 
recent erupcions. either Plinian or Pclean, tapped magmas wnh M Hi() 
contentS of5.3-6.3 wt.%. stored at 2_0.5 (sic] kbar. 875-900"C and 
_NN0-0.4-0.8. Differences in erupuve style at Mt. Pelee are unrelated lo 
systematic variations in pre-eruptive magmatic H20 conccntta1ions, but 
may be caused by contrasting modes of degassing in the conduit. 
{Authors· absttacl) 

MARTIN-IZARD, A., CEPEDAL. M.A., FUERTES-FUENTE. M .. 
REGUILON, R., RODRIGllEl,.PEVIDA, L.. SPIERING. E .• GON­
ZALEZ. S., VARELA. A., MALDONADO, C., and BOIXET, LL., 
1998, Gold-copper deposits in the bell from Rio Narcca, Asturias, Spain: 
Bolccm Geol6gico y Minero, v 109-5, no. 6, p. 479-496 (in Spanish: Eng• 
lish abst ). 

Intrusion of several igneous rock types in limestones and dolos1ones of 
Cambrian and Siluro-Devonian age within the Cantabrian Zone of the lbe• 
rian Massif resulted in the formation of calcic and magnesic copper-gold 
exoskarn systems and late epithermal mineralization as an overpnnl to 
skams. Along with geological and geochemical dala, preliminary K/Ar 
ages suggest thal the ore depos11S was formed by overprinllng of several 
hydrothermal events. Copper-gold mmeralizalion is associated 10 retto­
grade alteration of the magncsic and calcic skam (306±5 Ma), which is 
characterized by a melallic paragenesis consisting of magnetite. Ioelhngite, 
arsenop}Tite. chalcopyrite. bomile, pyrrholite. with electrum. b1smuthinite 
and w11t1chcni1e I. and minor mackinslryne. cobaltite and gersdortite. The 
retrograde al1era1ion also affects the monzogranile and appears along quartz 
veins with carbonate and arsenopyrile. After extensive erosion. 
react1va1ion of a nonheast-ucnding fracrure zone provided conduits for the 
subsequent crnplaccmenl of porphyritic (285±4 Ma) and d1abasic (255~5 
Ma) dikes and low T hydrothermal alteration 1ha1 crosscut both lhe igneous 
rocks and the skams. The laler eventS arc characterized by 1he develop­
ment of quaru/calcitc/adularia veins and breccia veins. oxidized jasperoid 
and Jasperoid breccias with epithermal gold mmeraliza1ion. 

The Fl study shows a highly-saline magmallc F with Th between 580 
and 620°C. This F evolved inlo two immiscible F· one CO, and/or CH.i 
rich and the other a high sal aq F. Evidence ofimmiscibilil)· processes has 
been found al T between 360 and 420°C and around I kbar of P. These 
processes could be related to the main sulfide mineralization stage. This F 
evolved into a very low sal aq F with Th ranging from 270 10 360°C Re­
lated to lhe intrusion of porphyntic to diabasic-d1kes at least two hy• 
drothermal events took place. The Fl study shows a vel) low sal aq F with 
lower Th ( I 80-195°C and I 20-165°C) suggesting late ep1thennal c:vc:nts 
overpnntmg on the rncsothermal skarns. Lastly. meteoric alterMion pro­
duced a nc:w generation of oxidation along fractures and breccias. 

Preliminary data from carbon and oxygen isotopic composition from 
Boma.s area poml out two types of hydrothermal F The first one shows an 
evolution from prograde skam to reuoskarn 10 Lancara limestone The 
other one 1s a different late hydrothermal F. not related d1rec1ly with skarn 
formation Sulfur isotopic composition also shows an evolution from 
shghlly negative values for 1he first s111ges to shghlly positive and pos11ive 
dunng late hydrothermal process. (Aul hors· abstract) 

MART\'. B .• 1998. \blatilcs (He. C. N. Ar) in the mande· Assessment of 
shallow-level assim1la1ion and fractionation. and evaluation of source com• 
pos111on (abst}; Mineralogical Magazine. v. 62A. V. M Goldschmidt 
Con[. Toulouse 1998. falendcd Abstracis. p. 959. Author at Centre: de 
Recherches Pctrographiques e1 Gcochimiques. Centre. Nauonal de la Re~ 
cherchc Scienufique. BP 20. 54501 Vanda:uvre. Cedex. France. . 

The abundances and 1he isotopic ratios of carbon. nitrogen. hehum 
and argon have been analysed in 45 mid-ocean ridge basalts Gases were 
el11t-acted by crushing and split for purification and analysis. by static mass 
spectrometry for N. He and Ar. and by conventional dynamic mass spec-
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ttomeb)· for C The dala confirm the occurrence of ncar-consWII He and C 
isotope raiios, and of a light nittogcn component in the convective mantle. 
(From author's abstract by E.R.) 

MARTY, lkrurd, TOLSTIKHIN, Igor, KAMENSKY, 1.L. NIVIN, 
Valtntin. BALAGANSKAYA. Eltna and ZIMMERMANN,J.-L .• 1998, 
Plume-derived rare gases in 380 Ma carbonatiles from the Kola region 
(Russia) and the argon iSOlopic composition in the deep mantle· Earth and 
Planet Sci. Leners, v. 164. p. 179-192. First author at Centre de Recher• 
ches Petrogr-aphiqucs et Gcoch1miques, Rue Notte-Dame des Pauvres, B P. 
20, 54501 Vanda:uvre Cedcx; France. 

In an elf on 10 document the source of the parental M to carbonacites. 
we have measured rare G in 380 Ma carbonalitcs and associated mineral 
tisemblages from the Kola Peninsula. eastern pan of the Baltic shield in 
Russia. These series were emplaced during widespread Devonian magma­
tism when several large ultrabas1c.aJkaline-carbona1ite massifs were 
formed. 4Hc/3He ratios vary from I x I 06 to I x I 01 in the bulk He ex• 
tracted by melting of samples from three localities. includin¥, the l~e 
Kovdor massif. A companson of measured abundances of He and He 
with those expecled from in-situ production revealed a large (up 10 Io' 
times) excess of3He. implying a significant contribution from a mantle­
derived 3He-bcanng F. Crushing of these samples allowed extraction of F 
with 4Hc/3He ratios down to 38.000, lower than those of mid-ocean ridge 
basalts and in the range of4Hei He observed in 3He-rich ocean island ba· 
salts {OIBs) related to manlle plumes. ~ crlNc up lo 12.1±0.2 are higher 
lhan the atmospheric value of9.80, 1mplyin~ the occurrence of primordial 
(solar-type) neon in the carbonatlte source. ·°NcJ12Ne and 21Ne/22Ne ratios 
display a good correlation. with the regression line close lo (slighlly to the 
righl oO the Loihi Scamount correlation. fatrapolation of the regression 10 
solar ~ c!"Ne of 13.8 gives a 11Nc/22Nc of 0.045 for lhe plume end• 
member. well below the mid-ocean ridge basalt {MORB) source (upper 
mantle} end-member of0 07. The measured .,. Asl'J6 AI ratios up 10 2790 
correlate very well with the Ne isotopic ratios. and the bes1 estimate of the 
JO Ar~ Ar ratio of the plume source 1s within SOOO:t I 000. Although the 
3Hc/22Ne ratio in the plume source ~ars to be comparable to the solar 
value within a factor of2, the nNc/ AI ratio. computed from Ne-Ar iso­
tope correlation. is two orders of magnitude lower than the solar value 
Such difference 1s unlikely to be due lo magmatic frac11onat1on since the 
observed 4Her° As" ratios are close to values expected for radiogenic pro­
duction and accumulation in the mantle source. It may rather represent a 
characteristic of the plume source. The isotope composition of light noble 
G in samples from ultrabasic-alkaline rocks of the Kola Peninsula, and 
associated carbonati1es. indicate a conttibution of material with lower 1imc­
in1egra1ed ( U+ Th )!'He. 22Ne) and (401v16 Ar) ratios than those in the asthe­
nosphcric upper manlle. the subcontinental lithosphere. and the con1inenlal 
crust. The loca1ion of such material is likely to be below lhc convective 
mantle: supplying MORB magmas, and reflects the contribution of a plume 
source material 10 Kola carbonatitic magmalism. These data suppon mod• 
els which advocate a structure of the Earth hClerogeneous in its refrac­
tory/volatile content. (Authors· abstract) 

MAS. G. and PERAL, H .• 1998a. Gcnthclvi1e from the El Criollo Quarry. 
Cerro Blanco. Cordoba. Argentine: IV Meeting of Mineralogy and Metal• 
logeny. ("MINMET"] Sept 23-25. 1998. Bahia Blanca, Argentina, p. 185-
190 (in Spanish. Engl. absl.). First author email (Gmas@criba.edu.ar) 

Gcnthelvite occurs in hematite veins in the granite pegmatite of Cerro 
Blanco. m the Pampa de Achala batholi1h. Cordoba. The characteristics of 
this mineral indicate that it is nearly an e"lreme member of the helvile 
group. Primary two-phase Fl contain a low to medium sal aq solution and 
homogenize around 325°C. (Authors· abstracl) 

MAS, G.R. and PERAL, H.R.. 1998b. Fluid inclusions from the miaro­
hles of Cerro Blanco pegmatites. Cordoba Prov .• Argentine: Boletin de la 
Soc,edad Espai\olade Mineralogia. v. 21 ,A. p. 144-145 (absl.}. First 
author email (Gmas1wcriba.edu.ar) 

Differences in cr)'stallization conditions between 1WO types of quartz 
and genthelvi1e crystals from 1he miarolites of the Cerro Blanco pegmatile 
have been determined by means offl data. (Authors· abstract) 

MASTER. Shar1d, 1998. New developments in understanding the origin 
of the: Central Afiican copperbclt (abst.}: Mineral Deposits Study Group, 
Annual Meeting. 5-6 January. I 998. Univ. Greenwich. UK (unpaginated). 
Author at Dl:pt. of Earth and Planetary Sci .. Harvard Univ., Cambridge, 
Mass 02138. USA. 

An e"1ensivc: review (28 references), using published Fl studies (E.R ), 
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MATHEZ. E.A., and MOGK. D.M., 1998, Characteril.ation of carbon 
compounds on a pyroxene surface from a gabbro xenolith in basalt by time­
of-Hight secondary ion mass spectrometty. American Mineralogist. v. 83, 
p. 918-924. First author al Dept. of Earth and Planetary Sci., American 
Museum of Natural History, New York. NY 10024, USA: email 
( matheztalamnh.organ1z.ation) 

Time-of-fhghl secondary IOII mass spcctromet,y (TOF-SIMS) yields 
mass spectra of the upper several monolayers of an analytical surface. The 
applicability ofTOF-SIMS 10 the charactcriz.ation ofC compounds on 
crack surfaces JR rocks is demonstralcd. A pyroxene grain recovered from 
the interior of a gabbro xcnohth from the 1801 flow ofHaulalai volcano, 
Hawaii, was chosen for this initial study because well-developed carbona­
ceous films arc known to exist on man} of the crack surfaces in these 
rocks. In addition to the an1ic1pa1cd major clements (Si. Al. Fe, Mg. Ca), 
several minor and trace clements (B, Li, Na. Ti. Mn. Co.Ni, Cu) were iden­
tified in the positive ion mass spectra. The unsputtcrcd surface is covered 
with a hydrocarbon-rich layer, as indicated by the presence of numerous 
light C,H, fragments as well as several masses of several hundred atomic 
mass units (amu). This layer as much better developed than the ubiquitous 
atmosphere-derived hydrocarbon layer observed on nominally 
clean.unspuncred surfaces and therefore must be indigenous. High con• 
centrauons of Ni and Cu arc associated with the C-rich layer and may exist 
as organo-metallic compounds. Several C-N fragments, possibly indicative 
of b1ogcnic compounds. were also identified in negative ion spectra. Im­
aging reveals the presence of local1zcd islands enriched in oxides of Si, Al, 
Na. and Ca beneath the carbonaceous layer. This study demonstrates that 
TOF-SJMS can be used to provide uniquc and geochemically useful inf or• 
mation on crack surfaces in rocks. {A~thors' abstract) 

MATSUMOTO, Takuya, HONDA, Masahiko, McDOUGALL, Ian and 
O'REILLY, S. \ '., 1998, Noble gases in anhydrous lherzolites from the 
Newer ¼>lcanics. southeastern Australia: A MORB-hkc reservoir in the 
subcontinental mantle: Geochim. ct Cosmo. Acta. v. 62. no. 14. p. 2521-
2533. First author at Research School of Earth Sci., The Australian Nat'!. 
Univ., Canberra 0200, Australia. 

In order to understand the nature of noble G reservoirs beneath conti• 
nents. elemental and isotopic compositions of noble G were analyzed from 
spmcl-lhc1'7.0lilcs with anhydrous mineral assemblages (i.e .. oli­
v1ne>chnopyroxcnc--Orthopyroxene>spincl); these are considered 10 be 
typical of the upper lithosphenc mantle. The observed noble G elemental 
and isotopic compositions are very similar to those found in MORBs. 
Charactenstic features mclude (I) lHcfHe ratio of about I x 10·1. (2) line­
arly correlated ~c/~Ne and 21Nc/22Nc ratios plotting on the well­
established MORB-hne, (3) relatively high .oAr/l"Ar ratios. and (4) corre­
lated excesses JR 129Xe and 1J6Xe with respect to atmospheric xenon. In 
addition. JHe to 22Nc ratios are close 10 those of a solar component. rein• 
forcing the view thal the Earth contains primordial helium and neon of 
solar composition. The MORB-like noble G arc trapped predominantly in 
CO2-rich Fl. which arc inferred to be ofS origin. These G probably arc of 
mctasornatic origin. havmg been introduced mto the lithosphenc mantle 
from the convective upper mantle by COi-bearing M. The results md1cate 
that a MORB-like noble G reservoir may charactcriz.c the upper part of the 
mantle on a global scale. This reservoir may be underlain by a relative!) 
less degassed mantle reservoir. as plume-like mantle noble G also have 
been identified beneath southeastern Australia (Matsumoto ct al .. 1997). 
Thus. some form of chemical layering appears to be required 10 explam the 
noble G signatures both in the subcontinental and suboccanic mantle. 
(Authors· abstract) 

MAZl'REK. M., WA BER. H.:"I. and GAlrfSCHI. A .. 1998. Hydrocar­
bon gases and fluid evolution in very low-grade metamorphic terranes· A 
case study from the Central Swiss Alps: !!! Water-Rock Interaction. G.B 
Arehart & J.R. Hulston (eds). Balkcma. Roncrdam ISBN 90 5410 942 4. p. 
417-420. First author at GGWW. Inst. ofGcol. and of Mineral. and Petrol .. 
Univ. of Bern. Switzerland. 

In a marl fonnation that was subjected to low-T metamorphism. ftee 
gases and groundwaters were sampled and compared with the bulk and 
isotopic cornpos111ons of Fl. Results indicate ditfercnt sources for G (de· 
rived thermally from kerogenl and water ( which represents a mixture of 
connate and metamorphic water). No indications exist for later interactions 
of the rocks with meteoric waters. (Authors· abstract) 

McCANDLESS. T.E., LAJACK. D.J., RUIZ. Joaquin, and GHAZI, 
A.!\I,. 1998. Trace element determination of single fluid inclusions m 
quanz b> laser ablation ICP-MS: Gcostandards Newslencr. the J. ofGco-
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standards and Gcoanalysis, v. 21, no. 2, p, 279-287. First author at Centre 
for Mineral Resources, Dept. ofGcosci., Univ. of Arimna. Tucson, AZ 
85721. USA 

Single Fl in quartz from a Pb-Zn-Ag carbonate replacement deposit 
were selected for trace clement determination by laser ablation lCP-MS. 
Spikes in clement intensities were noted between first breached F versus 
subsequent analyses, suggesting thal accurlllc clement concentrations may 
not be determined in smaller Fl when only one analysis is obtained before 
the F is exhausted. Elemental conccntra1ions in the Fl were determined by 
external standardisation using solutions sealed in microcapillary tubes 
Standards and single nanual I analyses give rcpcalllbilitics (%RSD) of 
-20% for Rb and Sr. Rubidium and strontium concentrations range from 
0.56-5.07 µg mr1 and 1.12-27.4 µg mr1, respectively. whereas Zn and Ag 
arc below detection limits (<10 µg ml'1) The results suggest that nearly all 
Zn and Ag are removed by the time hydrothermal F precipitate ganguc 
minerals. (Authors' abstract) 

McCORMICK. K.A. and McDONALD, A.M., 1998, The crystal chem• 
istry of amphiboles in the footwall brcccia. at the Fraser mine, Sudbury, 
Ontario (abst.): 1711.i General Meeting lnt'I. Mineralogical Association. 
Aug 9-14.1998, Toronto, Canada Abstracts and Programs, p. Al4L 
Authors at Mineral Exploration Research Center and Dept. of Earth Sea • 
Laurmt1an Univ.; email (kmcconnick@nickcl.laurentian.ca) 

Amph1bolcs from two cores drilled through the footwall breccia be· 
tween the Sudbury Igneous Complex and the footwall Levack Gneiss al 
Fraser mine in the North range of the Sudbury Basin were analyzed Both 
halogen-poor and halogen-bearing phases arc present. The rims on actino­
hte to magnesiohomblende arc an Fe-rich amphibole that is frequently 
enriched m Cl (0. 7-4.0 wt%). The Cl-poor, Fe-rich rims range in composi­
tions from fcrroactinolitc to fcrrohomblcnde, whereas the Cl-bearing. Fe• 
rich rims arc always hastingsitc. Cl-beanng amphiboles arc associated with 
sulfides. but arc erratically distributed through the ore zone. The presence 
ofchcse Cl-bearing phases suggest that they crystalliz.cd from a CI-Fe-nch 
F that. at least spatially, is related to mineralization. (from authors· ab­
stract by E.R.) 

McCUAIG. T.C. and KERRICH, Robert, 1998. P-T-tdcformauon-fluid 
characteristics oflodc gold deposits. Evidence from alteration systematics: 
Ore Geol. Reviews. v. 12. p. 381-453. Authors at Dept. of Geological Sci.. 
Univ. of Saskatchewan, Saskatoon. Saskatchewan. Canada S7N 5E2. 

Alterauon during both interscismic and coseismic episodes typically 
involves the hydrolysis of metamorphic feldspars and Fe. Mg. Ca-silicates 
to a muscovnc/paragon11c-chlorite±albitc/K-fcldspars assemblage; carboni­
zation of the metamorphic minerals to Ca. Fe. Mg-carbonales; and sulphi­
dallon of Fe-sil 1cates and oxides to sulphides. Geochemically this 1s ex­
pressed as additions ofK. Rb. Ba. Cs. and the volatiles H2O, CO2, CH,. 
H2S m envelopes of meter to kilometer scale. K/Rb and K/Ba ratios arc 
close to average crustal values. po<entially ruling out late stage magmatic F 
where K/Rb and K/Ba arc respectively lower and higher than crustal val­
ues. 

The hydrothermal ore-forming F were dilute. aq. carl>onic F. with saJ 
generally s3 wt.o/e NaCl cq .. and ~C02.t<'H'1 10-24 wt.%. They possess low 
Cl but relatively high S. possibly reflecting lhe fact that metamorphic F arc 
generated in crust with - 200 ppm Cl. but -1 wt.% S. Primary Fl arc: ( l l 
H1O.CO1. (2) COi-nch wilh variable CH.a and small amounts of Hz{). and 
(3) 2-phasc H1O (L-V) I Inclusions types 2 and 3 represent immiscibility 
of the type I original ore F. lmmiscibility was triggered by F P drop during 
the coseismic events and possibly by shock nucleation. leading to highly 
vanable Th in an isothermal system. A thermodynamic evaluation of al• 
teration assemblages constrains the ore F pH to 5-6; redox controlled by the 
HSOJH2S and CO2/CH.a buffers: and Xc-02 that varies. The higher T de­
posits formed under marginally more oxidizing conditions. Stable isocope 
systematics of the ore and gangue minerals yields T of200-420°C. consis• 
tent with the crustal spectrum of the deposits. very high F rock ratios. and 
disequilibrium of the externally derived ore F with wall rocks. The ore F 
60 and 6110 overlap the metamorphic and magmatic ranges, but the total 
dataset for all deposits 1s consistent only with dominantly metamorphic F. 
Carbon isotope compositions of carbonates span-l I to+2%and show 
provinciality· this is consistent with variable proportions of reduced C (low 
6BC) and oxidiz.cd C (higher 613C) in the source regions contributing CO2 
and CH, 10 the ore F. In some ins1ances. C appears to have been derived 
dominantly from proximal 10 the deposits. as in the Mcguma tcrranc 
(6nC- -22'Yo), Sulphur isotope compositions range from Oto 9%o. and arc 
consistent w11h magmatic S. dissolution or desulphidation of magmatic 
sulphides. or average crustal sulphides. J.IS-dcplcted sulphides occur in ore 
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bodies such as Hemlo where F immiscibility led to loss of H2S and conse• 
quent F oxidation. Gold is probably transported as an Au(HS)i· complex. 
Relatively high S but low Cl in the hydrothennal F may explain the high 
Au slow base mc:tal characteristic of the deposits. Gold precipitated in ore 
bodies due to loss ofS from the ore F by sulphidation of wall rock, or im• 
miscibility ofH2S: and by oxidation or reduction of the: F. or by chc:mi• 
sorption, or some combination of these processes. Most lode gold deposits 
have bc:c:n brinly reactivated dunng uplift of host terrancs. with S brines or 
meteoric water advecting through the structures. These S F may remobilize 
gold, generate: retrograde stable: isotope shifts, reset mineral geochronome­
ters. and leave trails ofS Fl. Data on disturbed mmc:rals has led to invalid 
models for lode gold deposits. The sum of alteration data leads to a model 
for lode: gold deposits involving a clockwise P-T-t evolution and synkine• 
matic and synmctamorphic mineralization of the ·deep later' type. (From 
authors· abstract by E.R.) 

McDONALD, lain and TREDOUX, Marian, 1998. No platinum in ac• 
uve hot-springs near Naboomspruit, Northern Province. South Africa: A 
great idea bites the dust (abst.): Mineral Deposits Study Group, Annual 
Meeting. 5-6 January. 1998. Umv. Greenwich, UK (unpaginatc:d). First 
author al School ofEanh and Environmental Sci .. Univ. ofG=nwich. 
Chatham Maritime, ME4 4AW, U.K. 

Earlier data point to an oxidized, S-poor epithermal F as the source of 
the Pt. Samples were: analyzed by lCP-MS. Rb, Pd and Au were detected 
in ppt range, but no Pt. (E.R.) 

MdNNES, BJ.A., EVANS, N.J., GREGOIRE, Michel, RYAN, Chris 
and McCARRON, Joanne, 1998. Characteristics of the: mantle source 
region of the Ladolam gold deposit. Lihir Island. Papua Nc:w Guinea 
(abst): Geological Soc. of Ausualia. Abstracts No. 49. 14th Australian 
Geological Convention. Townsville. July 1998. p .. 303. First author at 
CSIRO. Exploration and Mining. P.O. Box 136. North Ryde. NSW 2113. 

Xcnohths from dredge and TV-grab sampling of a I km submarine 
cinder cone: located I 4 km SW of the giant Ladolam gold mme returned 
130 ultramafic, malic and sedimentary xcnohths. Petrological studies of 
these samples has provided an unprecedented view of the source region of 
an arc magmatic system with a clear propensity to produce giant ore de• 
posits. 

Some of the peridotitc xenoliths have distinctive vem structures and 
mineral compos111ons generated by water-rock intcracuons within the man­
tle wedge. The veins are planar, interconnected networks ( 1 to 6 cm m 
width) which crosscut earlier ductile defonnation. The vems contain fi. 
brous. radiating orthop)TOxene with fine-grained Fe-N1 sulfides and mmor 
olivine. clinopyroxene, phlogopite and magnetite The presence ofH20· 
nch Fl in the orthopyroxene and the lack of shear structures in these veins 
indicates that metasomat1sm of peridotite occurred via hydraulic fracturing. 
probably as a result of the mllux of slab-derived hydrous F into the mantle. 
(From authors· abstract by E.R.) 

MeKEAGNEY. C.J .. 1998. Structural and alteration characteristics of the 
lndarama lode gold deposit, Zimbabwe: imphcauons for craton-wide tec­
tomsm and mineralization. PhD thes1s. Univ. Southampton. 

The Jndarama lode gold deposit is part of the Kwekwe gold camp in 
the Midlands greenstone belt. central Zimbabwe Gold mmeralizauon is 
hosted by vertical!} dipping. Bulawayan (c. 2.9-2.7 Ga) metabasalts oflow 
(greenschist facies) metamorph1c grade. 

Host rock alteration involved carbonauzauon. sericitization. chlonti­
zauon and sulphidation. Variable alteration and microveming intensity is 
described in tenns of four alteration domains The outermost two domains 
have undergone chloritization and sericitizauon. and weak carbonauzation 
and sulphidation. whereas alteration domains closer to the shear veins are 
characterised by more intensive senc111zation. carbonauzauon and sulphi• 
dauon. and consequently are strongly bleached. Multiple repetitions of the 
same alteration assemblages characterise all lodes. Localised increases m F 
llow. created by lode intersections and mme-scale dilational jogs. greatly 
increased the extent of host rock alteration. thereby weakening the host 
rock and promoting brinle-ducule rather than brinle detonnation in these 
localised zones. 

Geochemical modelling indicates that gold was deposited from a re­
duced H!O-COi F. w1th a pH between 5 and 5.6 under P-T condnions of 
200-325°C and 0.25·1 kbar. Gold transport was dominantly as AuHS~. but 
Au(HSh' was also important. Gold deposition occurred in response to 
destabilisation of the transporting complexes. mainly by F•rock interaction. 
but also by decreasing F P. F-rock interaction controlled gold precipnauon 
by decreasing the activities of reduced sulphur species (b} sulphide mineral 
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precipitation). increasing pH (by feldspar hydrolysis). and by host rock 
sulphidation. Phase separation. caused by abrupt F P drops dunng vein 
reactivation. contributed to gold precipitation by the: c:scapc of volatile: 
components from the F. 

The extent of F-rock interaction was tightly controlled by geological 
structure and provided the dominant control on gold prec1p1tat1on. The key 
to mineralization was F access to the host rocks. which was greatly en­
hanced by development of the microvein networks (damage zones). and by 
wallrock alteration which led to subsequent local development of a spaced 
cleavage. (From author's abstract by E.R.) 

Uses only earlier Fl data ofBuchholz (E.R.). 

McLEMORE, V.T .. GLINES. Joe and LUETH, Virgil. 1998. Quartz 
cpimorphs from the Hermosa District Sierra County. New Mexico: New 
Mexico Geol., v. 20. no. 2, p. 63-64. 

Indexed under Fl. 

l\lc:NEIL, B .• SHAW, H.F. and RANKIN, A.H. 1998.'The timing of cc• 
mcntation in the Rotliegend sandstones of the southern North Sea: A 
petrological and fluid inclusion study of cements: J. of Petroleum Geol. v. 
21. no. 3. p. 311-328. First author at Japan Nat'I. O1I Corp .. 1-2-2 Hamada, 
Mihama-ku. Chiba-shi. Chiba 261, Japan. 

When plotted on burial-thermal history diagrams. the Fl and pet­
rographic results show that quartz cement precipitated over a range of bur• 
ial depths. Dolomite precipitation occurred during deep burial diagenesis 
and ceased largely with the onset of fracturing. Sulphates (anhydrite and 
barite) were mainly precipitated during the inversion phase in the Sole Pit 
area. As both the anhydrite Fl. and possibly also the quartz Fl within some 
of these cements contain hydrocarbon G. the migration ofG took place 
during the inversion period. using the fractures as migration pathways. 
(From authors· abstract by E.R.) 
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MENEZ. B .• PHILIPPOT, P .. CHEVALLIER. P., POPllLUS, P. and 
LEGRAND. F., 1997, Quantitative elemental analysis of individual fluid 
inclusions using synchrotron X-ray microtluorescencc (SXRF): Terra Nova 
abstract, v. 9. p. 446. First author at CNRS. URA 736. Laboratoire de Pe­
trologie, Universite Paris 7. 

The main limiting factor associated with individual Fl analysis using 
SXRF technique is to quantify absorption of the incident and fluorescent 
radiations by the F and the host material. Mineral host thickness and Fl 
sizes determined by optical means have proved to be highly maccunue with 
regards to the degree of precision required. Theoretically, (Ka/KJ3 )i ratio of 
element i in solution is directly proportional to the thickness of material 
traversed and therefore could be used as a reliable term for absorption cor­
rection. 

In order to constrain experimentally the relationship between 
(Ka/K.J3)i. host material thickness and Fl geometry and composition. three 
experiments have bc:c:n developed on line DI 5 and BLI0 of LURE {Orsay) 
and ESRF (Grenoble) synchrotron radiation facilities. These arc:: 

I-Interception of the X-ray beam emerging from pure metal targets 
(Cr. Mn. Fe. Ni. Cu. Zn) by quartz and aluminum plates of different thick• 
nesses (i.e. absorption by the host). 

2-Analysis of aq solutions of known metal concentrations (Mn. Ni. 
ZnJ and of different sal (0 and 15 \\1.o/o NaCl eq.J placed in sihca glass 
capillaries of various wall thickness and inner diameter (i.e absorption by 
the host and the F). 

3-Analysis ofsyn1hc1ic Fl ofkno\\n metal contents (N1. Zn) trapped in 
NaCl crystals ( i.e. absorption by the host and effect of I geometry). 

Results of experiment I indicate that the evolution of (Ka/KJ3)i ratios 
as a function of host material thickness is in peifect agreement with thc:o-­
reucal prediction. independently of the local analytical environment ( repro­
ducibility of the measurements). For experiment 2 and 3. (Ka/KJ3) rauo of 
a relerence element in solution. let say Zn. was used to estimate the thick• 
ness of host material traversed. Establishing that the X-ray peak mtensity 
of Zn corresponds to a given concentration. we were able to determine the 
concentration of the other trace: metals present in solution (Mn.Ni) with an 
accuracy of :t:6¾. This indicate that reliable quantitative estimauon of 
elemental concentration in individual Fl can be obtained using SXRF tech­
nique without precise knowledge ofl depth and geometry (Authors· ab· 
stract) 

ME~EZ. 8., PHILIPPOT. P .. MOSBAH, M .. DRAKOPOULOS, M. 
and SNIGIRE\', A .. 1998a. Fluid inclusion depth and thickness estimates 
usmg resonance of Na nuclear reaction and Si elastic scattering: Int. Conf. 
Nuclear Microprobe Tech. & Applications 98. Spier. p. xx £NOTE: the 
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authorship sequence and exact title arc different in Program and Proceed· 
ings, pub ii! Nuclear lnstrurncnls and Methods in Physical Research.) 

MENEZ. Binfdictr, PHILIPPOT, Pascal, MOSBAH, Mkhrllr, DRA· 
KOPOULOS, Michael and SNIGIREV, Anatoly, 1998b, Individual fluid 
inclusions analysis combining PIXE. PIGE and synchrotron X,ray tluorcs• 
cencc (SXRF): Jnt'l. Conf. Nuclear Microprobe Tech. and Applications 98, 
Spier. S. Africa. No. 13. First author at l..aboratoire de Pctrologic. CNRS· 
Umversitc Paris 7, Paris, France. 

Proton-induced X-ray ~mission and synchrotron radimion X-ray 
lluorcscencc techniques have shown to be well-adapted for IJ1ICe clement 
analysis m individual Fl. The computational procedures used to estimate 
elemental concentrations require concctions for X-ray self-absorption by 
the IF and the host mineral. Because the geometry used for the calculations 
is approxunated as a plane-parallel layer of homogeneous material, the 
careful determination of the: I depth and JD-geometry is essential for reli• 
able analyses. The choice of target I is best achieved using a spindle stage. 
Inclusion depth is the most critical parameter for quantitative mialyses. 
This factor is poorly determined with optical techniques. 

Two independent means of evaluating I depth have been developed. 
For X-ray spectra, (Ka/KP)z ratio from a given element 2 in solution is 
directly proportional 10 the: thickness of material traversed and has provided 
I depth cs11matc:s commonly bener than ± I µm. With regards toy-ray 
spectra, the potential performance of the resonant nuclear reaction Na (p, 
p'y) Na m estimating I depth has been evaluated (we choose Na because of 
its common occuncncc in natural F). By progressively increasing the en• 
c:rgy of the incident proton beam until appearance of the rcsooancc of low• 
est energy ( 1.283 Mev) gives, after corn:ction for absorption of the beam by 
the host quanz. the: thickness of quartz traversed and hence the I depth. 
Similarly. we show how the use ofthc: nuclear reaction Si (p, p) Si can pro­
vide infonnation on the Fl thickness. 

Owing to different ionization cross-sections. PIXE yields more intense 
X-rays from lighter elements (2<22) whc:n:as SXRF yields more intense 
heavy-clement peaks. The two techniques arc thus complementary and 
were used in combination 10 obtain elemental concentration of a wide: 
range of elements. In order to calibrate the X-ray peaks. a standard is TC· 

quired, Approaches that we: have tested include choosing one clement from 
previous independent work {e.g .. crush-leach), or assuming Cl or total salt 
concentration is known from microdlermomctty. The PIXE microprobc, 
under vacuum. is free of the Ar peak that is ubiquitous in SXRF spectra, so 
PIXE spectra arc more suitable for quantifying Cl and associated low• to 
mcdium•Z clements. Mcdium•Z elements such as Fe can in tum be used as 
an internal standard for quantifying heavy trace-metals (Zn. As. Sr) from 
SRXF spectra. Application 10 samples from the Brusson gold dis1rict and 
from a Columbian emerald deposit which contain a single gcnerauon oft 
analyzed previously by crush-leach. gave single-I analyses by PIXE and 
SXRF that arc generally very similar 10 the crush-leach analyses. (Authors· 
abstract) 

MENEZ. B .. PHILIPPOT, P .. VANKO, 0.A., MOSBAH, M .• 
CHEVALIER. P., DRAKOPOULOS, !\I., POPULUS, P. and SNIGA· 
REV, A., 1998. Individual fluid inclusion microanalysis combining proton· 
induced and photon-induced X•ray emission (PIXE and SXRF): Program 
and Abstracts. PACROFI VII, Pan-American Conf. on Research on Fluid 
Inclusions. June 1-4. Univ. of Nevada. p. 44. First all!hor at CNRS. Uni· 
vcrsitc Paris 7. Paris. 

A review. including a discussion of calibration procedures: Ap• 
proaches that we have tested include choosing one element from previous 
mdepcndcnt work (e.g., crush-leach). or assuming Cl or total salt concen• 
tra1ion is known from microthermomc:try. The PIXE microprobc. under 
vacuum. is free of the Ar peak that is ubiquitous in SXRF spectra. so PIXE 
spectra arc more suitable for quantifying Cl. For example. an application to 
samples from the Brusson gold district {provided by l..an)n Diamond) and 
from a Columbian emerald deposit (provided by Gaston Giuliani) which 
contain a single generation oft analyzed previously by crush-leach. gave 
smgle•I analyses by PIXE and SXRF that are generally very similar to the 
crush-leach analyses. In another case. freezing runs modeled on the NaCl• 
CaCti-H20 system for some oceanic Fl showed that a typical I contained 
40 wt% salts. PIXE analyses of I from the same sample were computed by 
calculating a Na value by charge balance and adjusting the total salts to 40 
wt%. The results arc consistent with previous SXRF experiments. 

Sec also Philippot. ct. al. (this volume) (E.R.). (From authors' abstract 
byE.R.) 

MERNAGH. T.P .. 1998a. A fluid inclusion study oflhe Fosterville mme, 
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Australia: A turbiditc-hostcd gold field (abst.): Program and Abstracts. 
PACROFI Vil, Pan-American Conf. on Research on Fluid Inclusions. June 
1-4. Univ. of Nevada. p. 45. Author at Australian Geological Survey Or· 
ganisa1ion, GPO Box 3 78. Canberra. ACT 260 I. Australia. 

The Fosterville Au mine is located m the world-class. turbidite-hos1ed 
Au province m the western Lachlan Fold Belt. Victoria. Australia The gold 
is intimately imocialcd with disscmina1cd arscnopyritc and p)Tite within 
pervasively kaolinized and ferrugintzcd lithic brcccias in the oxidized 1.00c 
of the deposit. Mineralized quanz porphyry dikes contain abundant dis• 
scminated sulfides and arc cul by later quartz/carbonate veins. 

Three Fl typc:S occur m the: quanz/carbonate veins. Type la arc two­
phase L-rich Fl with no detectable CO2. Type lb Fl are also L-rich but con• 
tain COi. Type II arc V-rich (>20 vol¾ V), CO:-bearing Fl and arc most 
abundant. Type Ill (also common) arc three-phase Fl containing Land V 
COi. 

Raman microprobe analysis of the V phase ofType lb. II and Ill Fl 
confirms the presence of CO2, and indicates that N2 (~18 mol%) and CH. 
occur in some FL CH. varies from O to 25 molo/o with the highest conccn• 
ttations occumng proximal lo black shales. 

Clathratc: melting m COi-beanng Fl occuncd around 8.5"C giving sal 
of0.5 10 5.8 cq. wt% NaCl with a mode at 3.S wt% NaCl. Most CO1•nch 
Fl dccrcpitatc:d before Th buc the remaining homogenize between 234 and 
384°C. Similar Th are observed for homogenization into both the Land V. 
with some Fl exhibiting near cntical behaviour. However. a small number 
ofType II Fl homogenize between 146 and 198°C. 

Gold deposition is interpreted to be due to dcsulfidation reactions 
caused by phase scpara1ion and subsequent F mixing. Mineralization 
within the host rocks occurred as the F flowed from the: ove!pressun:d veins 
into the host rocks and reacted with more reduced F or carbonaceous mate• 
rial to prccip11atc gold and associated sulfide minerals. (From author's ab· 
slractbyE.R.) 

MERNAGH, T.P .. 1998b, A fluid inclusion study ofshear-wnc hosted 
gold Bl Fostervillc, Victoria (abst.): Geological Society of Australia. Ab· 
stracts No. 49, 14th Australian Geological Convention. Townsvillc. July 
1998. p. 311. Author at Australian Geological Survey Organisation. GPO 
Box 378. Canberra. ACT 260 I, Australia. 

Shear-zone gold mineralisation at Fosterville extends for at least IO km 
and is hosted within a system of subparallcl faults m marine sandstones and 
shales. Wallrock altcralion is hmned to silicificauon. minor sericitisation 
and abundant finc•gramcd disseminated arscnopyritc and pyrite. 

Three types of Fl occur within the quanz/carbonatc veins; Type la arc 
two-phase. L-rich I with <IO vol% V and no delectable CO2: type lb inclu­
sions arc also L-rich but contain COi in the V phase: type II arc V-rich 
(>30 vol% V). CO2-bearing I and are the most abundant. Many Type II 
inclusions have only a thin meniscus of water or appear to consist of only 
CO2: type Ill arc three-phase I containing Land V CO2 and these arc also 
very common. 

Raman microprobe analysis of the V phase ofTypcs II and Ill inclu• 
s1ons confirms the presence of CO2. but also indicates that N2 and CH. 
occur in some I The N1 content oflhc V phase varies from Oto 18 mot% 
and is believed to reflect interaction of the F with organic material withm 
the turbidite sequence. CH. varies from 0 to 25 mo!% with the highest 
conccn1rauons occurring proximal to black shales. These results arc in 
accord with m1Cr0lhermomemc analyses which showed CO2 final melting 
T varied between -58.8 and -56 6°C with the: overwhelming ma.JO(lty being 
close to -56,6°C. The majonty of CO2-bearing I homogenise between 234 
and 384°C with a mode: at 270°C, and similar T arc observed for homog• 
cn,sauon into both the Land V phases with some I cxhib1ung ncar critical 
behaviour, However. a small number of Type II inclusions homogenise 
betwc:c:n 146 and 198°C. Coexisting aq I homogenise between 133 and 
218"C with a mode at 162"C Other P. aq I in growth wncs in bladed car• 
bonate crystals homogenise between 212 and 338°C with a mode at 247"C. 

Type lb F containing up to 25 mot% C01 represent the least reacted, 
deeply sourced F that have migrated through the fault zone at Fosterv,llc 
These F were initially at near critical conditions and were trapped at about 
270"C and at P from 130 to 200 Mpa. The presence of coexisting aq and 
CO2-bearing I which homogenise around 162"C suggest that 1h1s Funder­
goes phase separauon and coolmg. Other aq I in subhedral 10 cuhedral 
carbonate indicate the ingress of a lower sal. meteoric(?) F at T around 
24 7°C. Phase separation was enhanced by mixing with CH. and N2 en• 
r1Ched. reduced F in the country rocks and the resulting pani11omng of H2S 
mto the V phase led 10 gold and sulphide precipitation. ( From author's 
abstract b~ E.R ) 
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METRICH. Nitolc, JORON, J •• L. and BERTHIER. Bernard, 1998, 
Occumnce of boron-rich po<assic melts in the Vulsini \blcanic District, 
Italy: Evidence &om melt inclusions: Geochim. ct Cosmo. Acta, v. 62. no. 
3. p. 507-S 14. Authors at Laboratoire Picl'Je Soc. CEA-CNRS. CE•Saclay, 
91191 Gifsur Yvcnc, France. 

Boron was analyzed by nuclear microanalysis technique. using the 
11B(p, a)1Bc reaction, in potassic to heghly potassic M (Mg#[Mg2•t(Mg2• + 
Fc2'))>0. 70) trapped as MI in olivine (F091 7-'J05) phcnocrysts from the 
Vulsmi \blcanic District (northwestern Roman Province. Italy). These data 
evidence unusual B concentrations &om 60 to I 00 ppm, up to five times 
higher than any documented values in primitive subduction-related mag• 
mas. The Ml display variable concentrations in B. K. Sr, and F. with con­
stant ratios between clements, for a single volcanic event, that strongly 
suggest variations of the cxtcms of batch panial melting of a mantle source 
enriched in B. K, Sr, and F. 

Conversely, 13/K and B/CI ratios in potamc magmas (Mg#>0.70), as 
exemplified by Ml in olivine (Fo>90). arc variable on the scale of the 
whole Roman Province These variations cannot be explained by either 
fractional crystallizaiion or diffcnng extents of the mantle source melting 
alone. This is also supponed by the range in Th/Ta ratios (52-10) of the 
whole rock samples. Variability of the B/K or 8/CI rauos cannot be related 
to a single-stage mctasomatism even< The data indicate the possible oc­
currence ofB-rich contaminant and/or high inputs ofsubductcd-derivcd 
components in the mantle wedge beneath the Vulsini area. within the pecu• 
liar geodynamic setting of northern pan of the ApcM1mc arc. 

In addition, by dctcrmimn~ boron concentrations using nuclear micro­
analysis involving the 118(p, a) Be nuclear reaction, we have illustrated the 
sensitivity of the nuclear reactions in the analysis of the light clements. 
(Authors· abstract) 

METRICH, N., SCHIANO, P., CLOCCHIATTI, R. and MAURY, 
R.C., I 998. Constraints on sulfur transfer in subduction zones. The exmn­
plc: of Batan (L\IU>n volcanic arc. Philippines) (abst.): Reunion des Sci• 
enccs de la Terre. Brest, 31 March-3 April, 1998, p. 161 (in French, trans­
lation by E.A.J. Burke). First author at Laboratoire Pierre Sile. CEA-CNRS. 
CE/Saclay, 91191 Git7Yvettc: 

Sulfur contents have been studied systematically in glass I trapped in 
olivine neoblasts of harzburgite mantle nodules and in olivine phenocrysts 
of a calc-alkalinc bsaslt of Batan Island The ncoblasts of olivine (Fo.io 1. 

,91; N1O • 0.25-0 5%; Cao < 0. 1%) of the nodules contain at the same 
time P glass I (SiOt"' 63 5-60"1.,) rich in sulfur (S• 2540-1440 ppm). iso­
lated sulfide globules and/0!' multiphase Fl (Hi() S+sulfidc globules). 
These S.02-rich L represent the products of low-degree fusion of recycled 
crust. thus enrichmg the mantle below Batan (Schiano et al .. 1995. Nature. 
no. 377) This permits proposing a model for sulfur transfer from the sub• 
ducting crust to the mantle by means of a (hypcrlsupercriucal F. The dif­
ferent sulfur-contaming phases (glass and Fl. sulfide globules) observed m 
the olivine ncoblasts result from the immisc1bilit}' of a sulfur-beanng phase 
cocxlSlmg with a hydrated silicate L and an aq phase. both rich m sulfur. 

In the sllecate L. sulfur decreases very rapidly. with the lowest contents 
corresponding to the I (SiO2"' 62-56.6o/o) in the olivine ncoblasts richest in 
iron (F0x1 1-a:: figure). 

S102 has been recalculated on the basis of an anhydrous compos111on, 
On the basis of major elements. the glass I (CaO/AhOJ= 0.8-1 .25) in oh• 
vine of the basalt define a continuous evolution with the Batan lavas and 
the mantle-silicate L Sulfur docs not follow the same evolution (figure). m 
agreement wuh its possible fractionation by other phases, 

In a first approx1mauon we propose that a high proportion of sulfur in 
mantle-silicate Land basaltic magmas is of crustal ongm. 

FIGURE CAPTION: The evolution of sulfur contents in olivine 
ncoblasts (dots) is indicated by an arrow. It is seen that the highest sulfur 
contents in mantle and in basaltic (I}) glasses arc similar at about 2500 
ppm. (Authors· abstract) 

See figure m 1he /llustralioris apperidix. 

METRICH, :i-ikolt. SCHIANO, Pitrrc, CLOCCHIATTI, Robert and 
~IAllRY. R.C., 1998b Transfer of sulfur in subducuon scnmg. An exam­
ple from Batan Island (LlllOn volcanic arc. Phihppmcs} tabst }: EOS. 
Trans .• 79 (45) Fall Meet. Suppl.. p. F970 First author at Laborato1rc Pi• 
erre Sue CEA-CNRS. CE-Saclay. Gif sur Yvette 91191. France. emall 
(nmetncltfii'cca.frJ 

Sulfut abundance has been detcnmncd in both P s1hc1c and basaltic 
Ml of ohvincs from harzburgitic xenoliths and a basaltic lava sample. re­
spectively. from Batan Island. In the calc-alkaline basalt sample. both the 
ohvmc phenocrysts (fo>85) and their Ml have recorded earl) stages of 
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crystalliza1ion. The average sulfur concentrateon determined for these calc• 
alkaline b~tic M is 2550 ppm. Assuming that the calc-alkalinc basalts 81 
Batan have derived &om a mctasomatizcd harzburgitic mantle source. by 
15-20"/4 extents of melting. 20-40"/o of sulfur may have been provided by 
the slab«rivcd component. (From authors' abstract by ER.) 

MIGDISOV, A.A., SULEIMENOV, O.M. and ALEKHIN, Yu.V .. 1998, 
Experimental study of polysulfane stability in gaseous hydrogen sulfide: 
Geochim. ct Cosmo. Acta, v. 62, no. I 5. p. 2627-2635. First author 81 
Dept. of Earth and Planetary Sci .• McGill Univ., Montreal, Quebec H3A 
2A7. Canada 

The solubility of sulfur in gaseous hydrogen sulfide has been studtcd 
experimentally in the HiS·S system. Experiments were carried out at T 
between 50 and 290"C and P up to 200 bars The results of expenmems 
show significant interaction between S and H2S. It is thconzcd that sulfur 
solubility in gaseous H2S 1s ~lated to two main chemical reactions, domi­
nated in the different T ranges: sulfursolvation by H2S (125-l70°C) and 
·polysulfanc formation (200-2900C). (From authors' abstract by E.R.) 

MIKHAILOVA, Yu.V., PANKRAT'EV, P.V. and BEZDELIGA, N.\"a., 
1998. The isotope-geochemical and physicochcmical regime of formation 
of the volcanogenic-sedimcntary polymctallic deposits of Uzbekistan 
(abst.): Second APIFIS Int'I. Symp. Mineral Forming Fluids and fu Gene­
sis, Oct. 28-30, 1998, Tashkent. Uzbekistan. Abstracts volume, p. 136-139 
(m Russian). 

MIKUCKJ, E.J., 1998. Hydrothermal transport and depositional processes 
in Archean lode-gold systems. A review fu Geol. Reviews, v. 13. p. 
307-321. Author at Ccnttc for Teaching and Research in Strategic Mineral 
Deposits, Dept. ofGeol. and Geophys .. The Univ. of Western Australia, 
Nc:dlands, WA 6907. Australia: email (c:mikucki@geol.uwa.edu.au) 

Compelling c:v1dencc now exists for the formation of Archean lode­
gold deposits over a substantial range in metamorphic cond1teons and 
crustal depth. The commonality of o~-F isotopic and geochemical charac­
teristics, the extreme F-rock ratios within actual ore roncs and the observed 
depth concinuity within individual orcbodics all suggest lhac these deposits 
formed within venically extensive. crustal-scale hydrothermal systems. 
Calculations based on new thermodynamic data and estimated orc-F con• 
ditions suggest that gold would have been transported as Au(HSh. over 
most ofth1s range. Gold transport m the ore F that formed some diopside­
and d1opside-K-feldspar class deposits (T>550°C) would have been as 
Auc1i·. whereas the Au(HS)0 complex may have been significant in some 
of the lower T (~70"C). less alkaline ore F. The high solubilit}' of gold in 
lode-gold o~ Fat amphibolite facies condiuons (I0's to I000's ppb) sug• 
gests that F may have been undersaturatcd in gold within their source re• 
gions. promotmg the ore fluid's capacity to retain gold in solution over the 
large transport distances involved, Ore depositional mechanisms were also 
likcl) 10 vary between crustal levels. F-rock interacteons. and wallrock 
sulph1dation m particular, appear to be the most important type of precipi­
tation mechanism. However. with decreasing depth of formation. the scope 
of other depositional mechanisms. notably phase separation and F mixing, 
becomes greater. (Author ·s abstract) 

Ml Kl 'LSKI. S.Z. and SPECZIK, S11nisl■"·• 1998. Scheclite metasoma• 
lites in the Ptasmik enclave of the Klodzko-Zlotv Stok intrusion in Sudetes 
(SW Poland): Extended Abstracts. Anatomy and textures of ore-bearing 
granitoids ofSikhotc Alin (Primoryc region. Russia) and related mincrali• 
zation; lnt'I. Field Conf. m Vladivostok. Russia, 1-12 Sep-1998, Scltmann, 
R • Gonevchuk, G. and Khanchuk. eds .. p 59-60. GeoForschungsZentrum 
Potsdam (GFZ). 

Three generations of scheclite-bearing quartz veins are recognized. 
The Th of the I from quartz in schechtc-bearing veins fall into three groups; 
300-370°C; 2I0-260°C and IOO-l70°C. Total salt concentrations in I so­
lutions vanes from 1-12 wt%. In the second generation of quartz veins 
native gold mineralization was also found. (From authors' abstract by 
H,E.8 .) 

MILLEDGE, H.J., SllTHERLAND, F.L., KENNEWELL, P. and 
ME\'ER. H.0.A., 1998. Studies on Copcton diamonds. east Australia 
iabst.) 17th General Meeting Inf! Mineralogical Association. Aug 9-14, 
1998. Toronto. Canada. Abstracts and Programs. p. Al8. First author at 
Dept. of Geological Sci., Univ. College. London. 

The mam suite contains two roughlv equal proportioned varieties vi= 
ycllo". high nitrogen and white. low nitrogen diamonds. with nitrogen 
concentrations ranging from under 20 to over 2500 ppm. One cocs1te-
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beanng Copeton diamond contained scapolite, as a high P. CO2, H20 and 
sulphur-bearing phase. (From authors· abstract by E.R.) 

MILODOWSKI, A.E., GILLESPIE. M.R., NADEN. J., FORTE\', 
N.J., SHEPHERD. T.J., PEARCE, J.M. and METCALFE, R., 1998. 
The petrology and paragcnesis of fracture mioeralil.ation in lhc Sellafield 
area. wes1 Cumbria: Proceedings oflhc Yorkshire Geological Society. v. 
52. pan 2. p. 215-241. Authors al British Geological Survey. Keyworth. 
Nottingham. NGl2 5GG. UK; email (amilodowski@bgs.ac.uk) 

The petrology and paragencsis of fracture mineralization hosted in the 
Ordovician, Oinantian (Carboniferous Limestone) and Penno-Trias~ic 
rocks of the Sellafield area were studied as part of the United Kingdom 
Nirex Limited programme of site mves1igations around Sellafield in wesl 
Cumbria for a deep repository for radioactive waste. This paper summa­
nzes the petrological and mineralogical observations from 23 of the deep 
(up 10 2 km) boreholes drilled by Nirex. 

A paragene1ic sequence of nine Mineralization Episodes (MEI lo 
ME9) was recognized, and has been interpreted in the con1ext of the g­
logical and hydrogcological history of the Lake District massif and East 
Irish Sea Basin margin areas. ME I to ME3 produced silicate and sulphide• 
dominated Palaeozoic cpithermal lo mcsothermal mineralization associated 
with pre-Acadian hydrothermal circula1ion and late-Calcdonian (mid­
Dcvonian) intrusions. ME4 to ME7 represent carbonate-sulphate-fluorite• 
hematite-dominated mineralization associated with warm. complex, Na-Cl· 
Ca-SO4 brines .:xpellcd from the East Irish Sea Basin area during progres­
sive burial of the thick Carboniferous and Permo-Triassic sedimentary 
sequence. Sulphate-carrying bnnes expelled 10 the basin margin in the 
Sellafield area mixed locally with cooler, more dilute. sulphate-poor 
groundwaters carrying barium. resulting in the prccipi1ation of barite. MES 
and ME9. by contraSt. arc closely related to the development of the present· 
day groundwater system. MES involved telodiagcnctic, supergenc altera­
tion and weathering by near surface oxidizing groundwaters. Isotopic cvi• 
dencc indicates tha1 MES was probably ini1ia1ed following Late Teniary 
uplift and may still be ongoing m some areas. ME9 may be coeval with 
MES. bul represents mineralization in the deeper. more-reducing ground­
water environment This mineralization episode is dominated by calcite 
(sometimes associated with pyrite. marcasile. barile. anhydrite or gypsum) 
prccipitalcd from groundwaters of similar composilion to those found in 
the Sellafield area at the present day. Observations suggest that ME9 min­
eralization occurred during the Quaternary and is ongoing in 1hc present 
groundwaters (Authors· abstracl) 

Extensive Fl data presented (H.E.B.). 

MIN. K)ounp·on and CHO, Moonsup, 1998. Metamorphic evolu1ion of 
the northwestern Ogcheon mc1amorphic bell. South Korea: Lithos. v. 43. 
no. I. p. 31-SI 

The Ogchcon metamorphic bell (0MB) comprises late PrOlerozoic to 
Paleozoic mctasedirncntary and metavolcanic sequences which are intruded 
by Mesozoic graniloid plutons. P-T condilions of the garnet zone. csti• 
mated from gamc1-biotite. gamc1-chlorite and amphibole-plagioclasc geo­
thcrmomctcrs 1ogcthcr with garnct•plagioclase-biotite•muscovite/quartz 
gcobarometers. arc in the range of S-8 kbar and 520-~90°C. Re1rogradc P· 
T path based on Fl studies suggests lha1 the exhumation of the 0MB has 
passed 1hrough the P-T range of 1-3 kbar and 350-500°C. following 1he 
isochore curves of the CO2 I. In conjunc1ion with structural and gcochro­
nolog1c data. we conclude that the 0MB has e:1:pcrienced a polycyclic P-T 
cvoluuon charac1crized by (I) crustal thickening during the middle Paleo­
zoic time and (2) regional retrograde metamorphism in the Triassic. Our 
result funhcr suggests that the Triassic collision bell in cast-cenlral China 
does not pass through the 0MB. (From authors· abstract by E.R.J 

MIN. Maozhong and WU, Junqi. 1998. Stable isotope studies of palco­
karst-hos1cd uranium deposits in China: Geochemical Journal. v. 32. no. 2. 
p. 103-115, 

The Devonian-Carboniferous carbonate rocks in sou1h China host 
several important uranium deposits. which arc characterized by their occur­
rence in solullon collapse breccias and by the mineral associa1ion of pitch• 
blendc. coffinite. carbonates and Fe. Pb. Cu. Zn. Ni sulfides. The deposits 
reprcscnl an economically new, imponanl uranium deposi1 type in China. 
The results of sulfur. carbon. oxygen and hydrogen isotope s1udics on Fl. 
carbona1e and pyri1c from 1hrcc l)l)ical deposits of this l)l)C, i.e .• San­
qilinyi, Sanbaq1 and Saqisan. provide information concerning the na1urc of 
the F and sources of sulfur and carbon responsible for uranium mineraliza­
tion The oJ•s values of pyrite from the ores and host carbona1e rang.: from 
I O 10 39.8 per mil and from 8.2 to-38.1 61' 0 . respec1ivcly. Depiction in 
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6J4S and a wide range of the 634S values for sulfide indicate that the sulfur 
m both the ores and host carbonates is biogcnic. The 613C values of calcnc 
from the ores range from 2.9 to-1 .4 per mil. which arc similar lolhosc of 
the hosl carbonate. ranging from 3.3 to-1.8. The majority of 613C and 
6110 values of carbonate from the deposits lie within the range for carbon 
and oxygen iSOlope compositions that exist in marine sedimentary carbon-
81e. The similarity between the sulfur and carbon isotope composi1ions of 
the ores and host carbonate indicates that the sulfur and carbon as well as 
metallic clements in the ores may have derived from the host marine sedi­
mentary carbonate. The 6110 and 60 values oflhc mineralizing F range 
from 12.6 to - 2.1 per mil and from - 26.8 to-54.8 per mil. respcc11vdy. 
The oxygen and hydrogen isolope data dcmons1ra1e that the mineral•zmg F 
were dcnvcd from metamorphic water and were mixed with shallow 
grooodwatcr Such F may have been released by faulling and shearing. 
which also opened the channel ways for circulaiion of mineralizing F and 
facilitated their mingling with meteoric water. (Authors· abstract) 

MINARIK. W.G .. 1998, Complications to carbonate melt mobility due 10 
the presence ofan immiscible silicate melt J. of Pc1rot.. v. 39. no. 11 & 12. 
p. 1965-1973. Aulhor at Geophysical Laboratory and Dept. ofTcrrestrial 
Magneusm, Carnegie Inst. of Washing1on. S25 l Broad Branch Road. 
Washmgton. O.C. 20015 USA; email (minarik@gl.ciw.edu) 

The rela11ve intcrfacial energies of immiscible carbonate and silicale M 
were investigated in olivine and chnopyroxenc matrices. Carbonate M has 
a higher M-solid interfac1at energy than docs the coexisting silica1c M. The 
silicate M therefore selectively wets the grain<dge channels bciween solid 
phases, excluding the carbonate M to the center of M pockets, away from 
erain edges, This prevents the carbonate M from migra1ing independently 
of the silicate M and the carbonate M is unable to separate from the silicate 
M in a solid-dominated assemblage. The carbonate M will migrate effec­
tively only after the sihcalc M has solidified. or by separating from the 
silicate M within L-dommated reservoirs (sills. dikes, or chambers). unre­
stricted by solid interfaces. This relative wetting behavior may help explam 
the close associa1ion of carbonate and silicate magmas in alkali complexes. 
and their relative timing of emplacement. These results also place con• 
straints on the generation and separation of derivative M in carbonated 
silicate M systems and on the style and liming of alkali wall-rock mctaso­
mausm. (Author's abstracl) 

MIRANDA-GASCA, M.A., GOMEZ.CABALLERO, J.A. and [AS. 
TOE. C.J., 1998, Borate deposits of northern Sonora. Mexico: Stratigni­
phy. teclonics. stable isolopcs. and fluid inclusions: Econ. Gcol., v. 93. p. 
S 10-523. Firs! author a1 Univ. of Arizona. Dept. ofGeosc1 .. Tucson. AZ 
85721 USA. 

Mid-Tertiary tectonic cx,cnsion produced basins with lacustrine sedi­
ments bearing borates, zeol11es, gypsum. and detrital gold in northern So­
nora. Colemanite deposits associated with howli1c. gypsum. and cclestitc 
arc present in the Magdalena and Tubutama basins. In the Magdalena 
basin. the La TinaJa dcl Oso deposit contains at least lwo generations of 
colemanite. the first replacing stratiform and probably syngcnetic ulcxile. 
and the second. more volummous. of clear epigenetic origin. Fl in cpigc• 
nc1ic colemanite indicate dcposilion from very low•sal hydrothermal F al T 
up 10 180°C. mainly I00-140"C. Wa1crofcrystalliza1ion from epigenetic 
colemanite has 60 values of - 35 10-20 per mil. indicating that water in the 
hydrolhcrmal F was of meteoric origin but was not lacustrine brine because 
of the low sat. The 6J4S values ofgypsurn associated with colcmanitc. 4.1 
to 10.6 per mil. arc typical of sulfate in exlensional basins of the region. A 
realgar specimen has a 634S value of -32.9. consistent wilh formation of 
sulfide by baclenal reduc1ion of sulfalc: Borate was ini1ially deposited as 
ulcxite. then replaced by colemanitc after bunal Epigenclic colcmanitc 
formed after lacus1rinc brine had disappeared. probably by circula1ing me­
teoric water heated as a rcsull of high thermal gradients in the upper plates 
of metamorphic core complexes. (From authors' abstract by E.R.) 

!\I ISRA. K.C .. GRATZ. J. F. and LU, Chanasheng, 1996, Carbonate• 
hosted Mississ1pp1 Valley-type mineralization in the Elmwood­
Gordonsville deposits. Central Tennessee zinc dis1ric1: A synthesis: Society 
of Economic Geologists. Special Pub. no. 4. 1996. p. 58-73. First author al 
Dept of Geological Sci . Univ. ofTcnncsscc. Knoxville. TN 37996-1410, 
USA. 

The lower Ordov1c1an breccia-fill deposits of the Cenlral and East 
Tennessee districts have: many similanlies in terms of host rocks, nature of 
mmeralizauon. ore-!langue mineralogy. and T and sal of mineralizing F. 
However. s1gnifican1 differences in 1he origm of the F. sulfur iso1ope rauos 
and sulfide prec1pi1a1ion mechanism, 1sotop1c composilion of ore lead. and 
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age of mineralization indicate lhat the two MVT distmts developed with­
out any genetic connection. (from authors· abstract by H.E.B.) 

Extensive Fl data presented 10 suppon their conclusion (H.E.B.) 

MIZOTA, Chitoshl, FAURE, Kevin, NAKAYAI\IA, KatHltiro and 
ZENG, Nanshi, 1998, Origin of boulder-size cuhcdral quanz in the Seto 
porcelain clay fonna1ion. central Japan: Geochemical Journal. v. 32, no. I. 
p. 59-63. 

Large boulder-size euhedral quanz crystals occur in the basal horizons 
of the Late Miocene Seto Porcelain Clay Fonnation. central Japan The 
quartz crystals consist of smoky basal ponion overgrown by translucent to 
mill..-y white quartz. S 110 values (-1 5 10 --0.2 per mil SMOW) of the trans­
lucent 10 milky white quanz 1ft considerably lower than the values of 
smol..) quartz(I0.3 to 10.5 per mil). The oxygen isotope r81ios ofquanz 
and Th of Fl indicate !hat the translucent lo mill..-y white quartz overgrowths 
precipitated onto the early-stage smoky quartz in druses of the Nacg1 and.lor 
Toki granites, from meteoric dominant thermal wateJS that infiltrated into 
the granites during the latest stage of granitic activity in the late Cretaceous 
age. (Authors· abstract) 

i\llZUTA, T., MIURA, T. and ISHIYAMA, D., 1998. The crystal size 
d1stnbu11on and gcochermcal characteristics ofbarite from the Motoyama 
Kuroko deposits, Akita Prefecture. Japan (abst.): 17th General Meeting 
lnt'L Mineralogical Association, Aug 9-14, 1998, Toronto. Canada, Ab­
straCIS and Programs. p. A86. Authors at Dept. of Applied Earth Ser , 
Akita Univ., Japan: email (mizutt@ipc.akita-u.acjp) 

The crystal sil.CS versus filling T of Fl in barite and crystal sizes versus 
saJ both have positive relatronships. These observed data reveal that the T 
decrease of ascending hydrolhcnnal F were not so large with small degree 
of seawater mixing within siliceous orebodies locating in the main conduit 
zone of Kuroko mineralization just below the Kuroko massive ores 

Baritc in those ores could be precipitated very close to the barite­
saturation curve and crystals should be grown slowly and become larger. 
(from authors' abstract by E.R.) 

MOL!"IAR, F .• 1996, Fluid mclusion charactcrisucs of Variscan and Al­
pine mctallogcny of the Velcnce Mts., W-Hungary. ill V.A. Popov (cd). 
Plate tectonic aspects of the Alpine mctallogeny in the Carpatho-Balkan 
reg,oin. Proc. of the Annual Meeting. Sofia. 1996. UNESCO-IGCP Project 
No. 356, V. 2. p. 29-44. Author al Dept. of Mineral .. E0IVOS L. Univ., H-
1088 Budapest. Muzcum kn 4a. Hungary. 

In the area of the Velcnce Mts. genetically different igneous and hy• 
drothennal activities took place The Variscan monzogranitc intrusion 
generated pegmallte. quanz-molybdenite stockwork. quartz-tounnaline 
metasomatic and vein type polymetallic mineralization. These were de­
posited in a non-borhng. high P ( 1-2.3 kbars) postmagmatic system In 
contrast to 1h1s. a boiling. low P (maximum 400 bars) hydrothermal system 
was developed in relat10n to the volcanic activity of Eocene age, Cu­
porphYT) and HS type epithcnnal ores were deposited m this hydrothermal 
system. F of this hydrothermal activil) also invaded the Variscan intrusion 
causing the appearance of Cu-porphyry and epithermal mineralization in 
the monzogramte. (Author"s abstract) 

MOLNAR, F., 1977a, Modelling of the fonnation of epithennal gold de­
posits on the basis of mincralogical-gcnetical srudies· examples from the 
Tokaj Mts. NE Hungary: FOd1ani Kutatas XXXIV/1. p. 8-12 (in Hungar­
ian). Aulhor at Dept. of Mineral., E0IV0s L. Univ. H• I 088 Budapest. Mu­
zeum kn 4a. Hungary. 

The paper contains a short review on lhe HS and LS l)l)C epithermal 
gold deposits and presents mmcralogical and Fl data on the LS type sys• 
tems of the Tokaj Mts. Microthermometric data prove that hydrothennal 
activity took placc between I 00 and 290°C m mineralization charactensed 
by adulana•sericite. as well as alunite-kaolinitc altcratlOII. Variation ofT 
and mineralogical data as a function of elevation and temporal evolution of 
hydrothennal acuvny is used for modelling of gold deposition. Results 
show that borhng and cooling of F as well as increase of their oxygen fu. 
gacity were responsible for the gold enrichment in the studied areas ofTo­
kaj Mts. (Author's abs1rac1) 

~IOLNAR. Fuenc:. 1997b. Conuibutions to the genesis ofroolybdenite in 
the Vclcnce MIS · Mineralogical and lluid inclusion studies on the miner· 
alizatson of the Retczi adit F0ldtani K0zlOny (Bull. of the Hungarian Gcol 
Soc.). v. 127. no 1-2. p. 1-17 (m Hungarian: English abst.). Author ac 
ELTE TTK Asvanytam Tanszek. 1088 Budapest. Muzeum kn. 4fa.: email 
(finolnar@ccs.carlcton.ca) 
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On the ba.iis of rellccted light microscopic and electron microprobe 
studies carried out on museum samples from the Retczi adit. Vclence Mts., 
It was detennincd that molybdenite is associated with pyrite. pyrrhollte. 
sphalcritc and galena in stocl...vork-type mineralization hosted by the Varis• 
can granite and metamorphic shales of the Velcnce Mts. These rocks show 
siliccous-scricitic alteration wid intensive pyrite dissemination at some 
places. In addition to the molybdenite-bearing paragenesls. grey ore bear­
mg veinlcts also occur in the granite. In this mmeraliz:ation. Zn-nch tctra­
hedrite occurs in two varieties with different As· and Fe-contents and is 
associated with pyrite, galena, sphalcrite. chalcopyrite and marcasile. The 
occurrence of an Ag-Tc mineral phase was also detected in this paragene­
sis. According to the Fl data from quartz crystals associa&cd with molyb­
denite. the T of the polystagc hydrothermal activity was about 300°C. as 
Wl:11 as bctwccn 400 and soo•c. COi•nch F occasionally were uapped 
during the hydrothennal activity and indicate phase-separation processes or 
mixing of iwo different type off. The entrapment P of these COi-nch F in 
the Fl was about 1.0-2.4 kbars. These data suggest that the molybdenite• 
bearing mineralization Wai formed in the postmagmatic system of the 
Variscan granite wid not related to hydrothermal activity induced by the 
andesitic intrusions of Eocene age known in the area of study. (Author ·s 
abstract) 

MOLNAR, F., WATKINSON, D.H., EVEREST, J. and JONES, P.C., 
1998, Multi-stage lluid mobilization in the footwall units oflhe Sudbury 
igneous complex and the role offluids in the forma1ion of vein-type Cu-Ni­
PGE deposits (abst.): 17th GcneraJ Meeting lnt'I. Mineralogical Associa­
tion, Aug9-14, 1998, Toronto, Canada. Abstracts and Programs. p. A33. 
Authois at Dept. Earth Sci • Carleton Univ.: email (finol­
nar@ccs.carleton.ca) 

Vein-type and disscminaled sulfides occur in Sudbury Breccia hosted 
by the footwall units as far as several hundred metres from the magmatic 
scgregational sulfide bodies near the base of the Sudbury Igneous Complex. 
Major minerals in chcse ores arc chalcopyrite, pyrrhotite, pcnclandite, mil­
lerite. and bomite. Pd-Pt-Bi-Tc-As minerals. Ni-Bi sulfides. magnetite. 
galena. and sphalerite arc the most common accessories. Hydrous silicates 
have elevated Cl-content. Type I , NaCI-COr HzO F in I of rock-formmg 
quartz arc related to the late stages of the conlact metasomatic recryslalli­
uicion of the Levack Gneiss Complex. These F underwenl immiscibility 
during P decrease from 3 10 0 5 kbars al 300-350°C. Type 2, NaCI-CaClr 
Hz() F in P I of K•feldspar arc related 10 the K-metasomat1c alteration of 
the Murray Granite between 360-410°C Type 3. NaCI-CaCh:t(KCI-FcC'2· 
MnCh-BaC'2-PbCl)-H2O F occur m P and S I of quartz a.isocialed with 
sulfides in all deposits. Minimum T for these F arc 200-400"C. Type 4. 
NaCI-CaCh-Hz() F in S I of quanz also occur in all studied deposits. Tt 
arc below 200-240°C. Type 3 and Type 4 F were occasionally immiscible 
with carbonic F. F of all stages 1ft characterized by 20-50 ~lo sal. lower 
sal also occur in [cenainl carbomc-aq I, Type 3 F post-dating Type I and 
Type 2 F can be related to the formation of the Cu-Ni-PGE enriched vein­
type ores T)pe 4 F arc post-ore basmal F. (From authors' abstract by 
E.R) 

MONTANEZ. I.P., 1996. Apphca&ion of cathodolumincsccnt cement stra• 
tigraphy for delineating regional diagcnctic and fluid migration events as­
sociated with Mississippi Valley-type mineralization in the southern Appa­
lachians; Soc1etyofEconomic Geologists. Special Pub. No. 4, p. 432-447. 
Author at Dept. of Earth Sci .. Umv. of California. Riverside. CA 92521, 
USA. 

Integral ion of the CL dolomite stra11graphy of Upper Knox carbonales 
from the southern Valley and Ridge region with radiometric dates of asso­
ciated noncarbonate minerals. and with dolormte Fl and stable isotope data. 
suggests that late-diagenetic zoned dolomites provide the most complete 
spatial and temporal record of regronal diagcneuc events. and of F flow 
systems 1ha1 developed in che Knox regional aquifer of the southern Appa­
lachian basin. The precipitation T of zoned dolomites estimated from Fl Th 
and systematic trends in their sno values record a regionally developed 
prograde-10-retrogradc thermal history, which is mtcrpreted to iniually rec­
ord F m1grauon in response to the far-removed orogenies. (from authors' 
abstract by H.E.B.) 

MO"TOMOLI. Chiara, 1998, Syn- and post-collisional tectonic SlnJC· 
tures m the northern Apennines (Italy). The internal Tuscan domam: 
Summllf) of PhD research published m Plinius. no. 19. p. 166-169. Author 
at D1pan1mcnto di Scienze della Terra. Umversita di Pisa. Via S. Maria 53, 
1-56126 Pisa. 

Fl studies conducted on quaru from syntcctonic veins developed dur• 
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ing DI and D2 tectonic phases show several different generations. Primary 
aq two-phase Fl with low sal values have been recogniz.ed in DI syntcc• 
tonK: veins. In the D2 syntectonic veins. different gencrattons off( have 
been recogmz.ed. P two-phase methane-bearing water-nch I made up of L· 
water+L or V •phase rich in methane: rarc P, apparently one-phase, L mcth• 
anc I, S two-phase (L rich) L+V water I with variable sal values. 

The ranges of composition and the bulk density of the P two-phase 
methane-bearing water rich I indicaie a T range for their trapping between 
200 and 290°C and P between 250 and I 45 MPa. The presence of rare P 
apparently one-phase L methane I may testify 10 the existence of medlanc• 
water immiscib1hty phenomena which sometimes occuned m thc system 
probably due to isothermal P drops in agJ'CCmcnl with lhe regional tectonic 
framework, (From author's abstract by E.R.) 

MOORE, Gordon, VENNEMANN. Tonttn and CARMICHAEL. 
I.S.E., 1998, An empirical model for the solubility of H2O m magmas 10 3 
kilobars: American Mineral!)gist, v. 83. p. 36-42. 

MOORE. J.N., ADAMS, M.C. and ANDERSON, A.J., 1998, The min• 
eralogic and fluid-inclusion record of the transition from hquid-to vapor• 
dominated conditions at The Geysers, California (abst.). Program and Ab­
stracts, PACROFI VII. Pan-American Con[ on Research on Fluid lnclu• 
sions, June 1-4. Univ. of Nevada. p. 46. First author at Energy and Gcosci. 
Inst .. Salt Lake City UT 84108: email (jmoorc@egi.utah.edu) 

The Geysers is the most extensively explored V-dominated field and 
the best characterized. Development of the current thermal system was 
initiated 1-1.5 million years ago. Pctrologic and 4IJ Art39 Ar spectrum dating 
demonstrate that L-dominated conditions persisted in the central Geysers 
until 0 .28 Ma when seismic activity uiggercd catastrophic boiling and 
venting {Moore and Gunderson, 1995: Hulen ct al., 1997) The system has 
been V-dominatcd for thc last 0.25 my. 

Quartz crystals from three wells drilled in the central and northwestern 
pon1on of the field contain numerous P L and V-rich Fl. indicating growth 
in a boiling environment. 

Th of L-rich I indicate that mineralization occurred over a T range of 
>305-241°C. Although the maJorityofthc PI yielded sal nearO.O wgt% 
NaCl eq., sal as high as 3. 7 were recorded. T-cnthalpy relauonships indi• 
c8le that the low sal waters represent steam condensaie whereas the higher 
sal F arc the residual, boiled brine. 

P V-nch I arc unusually large, up to approximately 800 microns in 
length. and typically exhibit negative crystal shapes. Heating and freezing 
measurements have documented several phase changes. Cooling to ap­
prox1matclv. J oo·c results in lhe formation of solid CO2. As the I arc 
warmed, lhe solid CO2 sublimes at T that range from .93'c in I from shal­
low depths 10 -57'C in deeper samples. Although ice-melting T in most I 
yielded apparent sal ofO.0 to 0.4 eq. wgt% NaCl, I that trapped boiling 
bnne have sal as high as 2.6 wgt% NaCl cq. 

The results of this study provide clear evidence of mineralization in a 
developing V-dominated heat pipe. As the heat pipe evolved. slightly 
acidic condensate fonned at the base of Jhe cap rock and drained do"11• 
ward. dissolving quartz. calcite. and other minerals present along the vein 
walls. Dcposllion of coarse-grained quartz and bladed calcite occurred 
when the condensate or mixtures of condensate and brine encountered 
regions of the fracture zones that were still superheated and boiled. Gro"th 
of thc quartz was episodic. with periods of rapid growth resulting in the 
formation of skeletal crystals that trapped large P V-rich inclusions. The 
formauon oflate•stage clays. which is commonly associated with this 
quartz-calcite assemblage, is the result of continued downward percol8lion 
ofthc acid condensaic. {from authors' abstract by E.R.I 

MOORE, J.N., NORMAN, D.I. and KENNED\', B.1\1., 1998. Tracing 
fluid sources in an active hydrothennal system: a case study of The Gey• 
sers, California: Program and Abstracts. ?ACROFI VII. Pan-American 
Cont: on Research on Fluid Inclusions. June 1-4. Univ. of Nevada p. 47. 
First author at Energy and Geosci. Inst.. Salt Lake City. UT 84108: email 
ljmoore@"cgi.utah.edu) 

Fl trapped in S minerals indicate that T within the earlier L-dominated 
regime ranged from 440°C at distances of282 m from the pluton to 305°C 
at a distance of about 1700 m. We use Fl G compositions to trace the ori• 
gms of the geothermal F and evaluate the processes that have affected 
them. 

Gas analyses of Fl. when combined with their noblc-0 compositions. 
can provide information on the evolution of the hydrothermal F that is 1101 
readil) obtained using other techniques. Veins deposited by magmatic F arc 
distinguished by the occurrence of I containing high• T halite-saturated 
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brines. These veins arc found within 600 m of the intrusive and in the plu• 
tonic rocks. I populations domina1cd by magmaiic waters arc charactcnzed 
by Ni/Ar ratios much greater than air•saturaled waler (>JOO) and a He 
isotopic ratio of approximately 6 Ra. Veins affected by the subsequent in• 
cursion of connate or metamorphic waters arc also characterized by high 
Ni/Ar ratios but have a He isotopic ratio of0.S Ra and high CH.a contents. 
Thus. high Ni/Ar raiios do not in thcmsclves indK:atc a magmatic influ• 
cnce. N2/Ar raiios similar to air•salurated water document the still later 
incursion of meteoric F into the plutonic rocks. 

Steam and I gases from the northwest Geysers have N2/Ar ratios 
greater than air-saturated water and high C~ COO(cnts. implying that thc F 
arc dominantly connate or metamorphic in origin. N:i/Ar raiios and C~ 
contents ofl from the southeast and central Geysers record the prog,ess1ve 
incursion of meteoric recharge prior to the onset of V-dominated cond1• 
lions. Although the I in these rocks have generally low sal. and variable 
N2fAr ratios, He isotopic raiios arc near 6 Ra and, thus. document the input 
of a magmatic G. The presence of a magmatic component raises the possi­
bility that other gases, including H2S and H2 also have a magmatic origm. 

In part. variations m the compositions of the I fluids can be rclaled to 
differences in the solubilities of the volatile species during progcssivc 
boiling. Evidence of boiling includes the presence of abundant P and S V­
rich I, vanablc G contents. and G contents thal arc much higher than could 
be accounted for by the trapping P. Quartz-calcite veins deposited by boil• 
mg F arc characterized by nearly constant CH.tH1 ratios on ternary plots of 
C~.COi·H2, (From authors· abstract by E.R.) 

MOORE. J.N .. POWELL. T.S., BRUTON, C.J., NORMAN, D.I. and 
H[IZLER, M.T .. 1998, Thermal and chemical evolution of the Tiwi 
Gcothcnnal System, Philippines: i!! Water-Rock Interaction. G.B. Archan 
& J.R. Hulston (eds). Balkema, Rotterdam ISBN 90 5410 942 4, p. 671• 
675. First author at Energy and Gcosci. Inst., Univ. of Utah, Sall Lake City, 
Utah. USA. 

The Tiwi geothermal field is related to young volcanic activity on the 
southern coast of Luzon. Philippines. Nine stages of alteration and vein 
mineralization have been documented in core from the western part of the 
Matalibong sector where measured T arc close to 270°C. The earliest stage 
1s characterized by chalcedony and clays (stage I). Stage 2 veins arc filled 
with sericite and chlorite. Stage 3. 5 and 7 veins arc characterized by 
qu~pidote:l:adulan~wairakite whereas stage 4, 6 and 8 veins consist 
of anhydrite and/or calcite. lllite:1:chlorite were deposited during stage 9. 
The maximum Fl T of stage 4. 5 and 6 vein minerals arc close to the boil­
ing point and typically exceeded 300°C while the minimum T arc more 
than 75°C below the present measured values. J,Q ArlQ Ar spectrum dating 
indicates that stage 5 adularia was deposited at about 0.30 Ma The results 
of the spectrum dating combined with Fl data and mineral geothermome­
ters indicate that mineralization during stages 2 to 8 reflects repeated cycles 
of boiling. P drawdown and the incursion of cooler F between 0.20 and 
>0.30 Ma. Stage 9 mineralization appears to be related to renewed heating 
and boiling that occurred in response 10 intrusive activity dunng the last 
0.05 Ma. Fl G compositions and sal indicate that the hydrothermal F were 
mainly mixtures of fresh and seawater modified by interactions w1th crustal 
and possibly magmatic gases. Only stage 9 minerals arc in equilibrium 
with the present-day F. (Authors· abstract) 

MORALES-ALVARADO. l\-lcrttdts. and PROL-LEDESMA, R.M., 
1998. Preliminary fluid inclusion results from the ··El Muerto•· pcgmaute, 
Oaxaca. Mexico (abst ); Program and Abstracts. PACROFI VII, Pan­
American Cont: on Research on Fluid Inclusions, June 1-4. Univ. of Ne• 
vada p. 48. First author at Posgrado en Ciencias de la Tierra. UACPyP. 

The El Mucno pegmatite is located in the Qal(aca metamorphic com­
ple,i. Five zones can be identified in the pegmatite. They arc: 

I. Bordl!r Zone.- It contains mainly allanite-plagioclase:tmuscovite 
2. Intermediate Zone I.· This ronc consists of plagioclase­

microcline±muscovite:1:allanite:1:magnctite and minor amounts of 
quartz and b1011tc. 

3. Intermediate Zone 11.· microcline-biotitc-quartz±magnetite. 
4. ln1enncd1ate Zone Ill.· microcline-quartz. 
5. Core Zone• It consists of highly fractured massive quartz, milky 10 

transparent. 
Microthermometnc measurements were performed in isolated I located 

m areas not affected by fractures. 
The Fl arc highly variable in density and composition. ranging from 

pure COi (G or Lor both phases present at room T). to CO2+NaCI {dis• 
solved)+H2O. CO1+NaCI {dissolved+halite)+H2O and NaCl+H2O {hydro­
halite 1s frequent and some I have dm). Fl composition is inferred from 
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observed phase chan&e5. Th range &om I 80° to 300°C. Assuming that the 
P for the Oaxaca complex calculaled from gcothcrmobaromctcrs was 7 kb, 
the maximum Tt would be bctwm, 680• and 800°C. Apparent sal values 
vary between 20-26 cq. wt% NaCl in the aq phase and 8-10 wt% in the 
C02+NaCl+HiO inclusions. Some I dccrq,itale before reaching homogcni­
wion, apparently due 10 their moderate to high density. There is evidence 
of immiscible separation of COi•rich and H20-rich F which would occur al 
a T of approximately 350°C. (From authors' abstract by E.R.) 

MOREIRA, Manuel, KUNZ. Joachim and ALLtGRE, Claude, 1998, 
Rare gas systemaiics in popping rock: Isotopic and elemental compositions 
in the upper mantle: Science, v. 279, p. l I 78-1181. Univcrsite Denis Did· 
erot•Paris 7. Laboratoire de Geochimie et Cosmochimic. Inst. de Physique 
du Globe de Paris, CNRS Unite de Recherche Associec Number 1758, 4 
Place Jussieu, 75252 Paris Cedcx 05, France: email 
(moreira@igpg.jussicu.fr) 

New experimental data on the isotoiic varialions of neon, argon, and 
xenon in a popping rock imply that the As/Mi As ratio of the upper mantle 
is <44,000 and thal the 1211Xe/1:WXe ratio is <8.2. The elemental abundance 
panem of rare G is chondritic-like and is quite distinct from the solar pal· 
tern. These data imply thal Earth accreted from planetesimals that proba­
bly underwent a transfonnation of their rare G budget from solar- to chon­
driuc-like. leaving the isotopic composition unchanged from the solar 
panem. (Authors· abstract) 

MORIIZUMI, Mihoko and NAKASHIMA, Satoru, I 998a. Time scale 
esumation for an explosive caldera-forming eruption based on the waler 
diffusion profile in melt inclusions (abst): EOS, Trans., 79 (45) Fall Meet. 
Suppl .. p. F975. Authors at Dept. of Earth and Planetary Sci .. Hokkaido 
Univ .. Sapporo 060-0810, Japan: email 
(moriizu@cosmos.sci.hokudai.ac.jp) 

The authors measured the water profile in Ml in quanz of the ancient 
deposits from the Kunara volcanic group, northern Japan, and propose here 
a methodology to estimate the magma ascending time of the plinian crup• 
tlOll. Using FTIR. and a IO µm aperture, to be formed by a diffusion proc• 
ess of water from the I toward the host quanz crystals. Fining the dala with 
diffusion profile simulatioin. the diffusion time can be evaluated. The re• 
suited diffusion time is 10-20 seconds. The time scale of water diffusion in 
the I is considered to correspond 10 the magma ascending time m the vent, 
that is the duration between the M trapping in magma chambers and the 
rapid cooling of quartz at the craler. Based on the geochemically estimated 
depth of the magma chamber (about S km: 800°C). the above time scale 
yields the velocity of the ascending magma to be 250 to 500 ms·1. This 
cstrmation coincides well with the initial velocity of plinian columns ob­
served at many eruptions. (From authors' abstract by E.R.) 

MORIIZUMI, M. and NAKASHIMA, S., 1998b. The distributions of 
water from melt inclusions in pumices of Plinian eruption (abst. ): Abstracts 
of the 105th Annual Meeting of the Geological Society of Japan, p. 350 (in 
Japanese). 

MOROZ. I.I. and ELIEZRl.1.Z., 1998, Phyllosilicates inclusions in em• 
eralds from various deposits (abst.): 17th General Meetmg Inf!. Mincra• 
logical Associauon. Aug 9-14. 1998, Toronto. Canada. Abstracts and Pro­
grams. p. Al 6. 

MOROZ. I.I. and VAPNIK. Ycvgcny, 1998. Fluid mclus1ons in emeralds 
from various deposits (abst.l: Geological Society of America Annual 
Meeting 1998, Abstracts. v. 30. no. 7. p A-382 First author at Inst. of 
Earth Sci .. The Hebrew Univ., Jerusalem 91904. Israel: email (in• 
cssa:'?vms.huji.ac.il) 

For the gemmologist. the identificauon of I in gems is of the utmost 
importance both for their authentification and for the determination of their 
geological origin ( De le-Dubois et al.. 1987). 

Fl in emeralds from seven deposits were investigated using Fluid INC. 
cooling-heating stage. The stone occurrences in Australia. Brazil. Mozam. 
biquc. Tani.ania and Zambia belong to ·schist-type' deposits. CO2. H20-
CO1 and undcrsaturated brine I are usually connected wuh the growth of 
these emeralds (except emerald from Zambia. where CO2 and H.P-COi I 
were not tound). The following lower limit offl entrapment conditions 
was obtained: Australia: T>20o~c. P>0.5 kbar: Tanzania (lake Manyara): 
T>280°C. P>I.0 kbar: Tanzania (Sumbawanga) T>260-280°C. P>25 
kbar: Mozambique: T>2800C. P>2.5 kbar: Brazil· T>3000C. P>l.5 kbar: 
Zambia: T>230"C. 

The specific geological setting for Nig~rian emerald deposit (greisen 
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associations of Mesozoic alkali granite ring complexes together with albiti­
sation processes) ~lied in a unique suite of Fl in this emerald: ovcrsatu­
rated brine I are typical for it. Brines arc of Li-Ca-Mg-Na-Cl composition 
with sal over 40 wt.% NaCl eq. C~•brine I were found on the intermedi• 
3lC stage of crystal growth. The possible conditions of I trapping are 
T>4500C, P>300 bar. 

The results of the study can be of grcaa use in determining gem sources 
and. more generally. in understanding conditions under which gems are 
formed. (Auchors' abstract) 

MORRIS. G.A. and NESBITT, B.E., 1998. Geology and urning of pa­
lacohydrogeological evcrMS in the MacKenzie Mountains, Northwest Ter­
ritories. Canada: i.D Parnell. J {ed.) 1998. Dating and Duration oJF/u,d 
Flow and Fluid-Rock Interaction. Geological Society. London. Special 
Publications. v. 144, p., 161-172. Authors at Dept. of Earth and Atmos­
pheric Sci., Univ. of Alberta. Edmonton. AB. T6G 2E3. Canada. 

Six distinct F events, which span a time frame from syndeposition 
(Cambrian-Devonian) to the last stages of the Laramide Orogeny (early 
Tcniary), have been identified in the MacKenzie Mountain range of the 
northern Canadian Rocky Mountains. This study represents one oflhc 
most complete records of the F history of an area that has seen many pa­
lacohydrogcological events. This combmalion officld and geochemical 
obscrvaaions (Fl data) allows us to estimate the age, as well as the origin. of 
each event described. (From authors· abstract by E.R.) 

MORROW, D., 1998. Regional subsurface dolomitization: Models and 
constraints: Geoscien~ Canada, v. 25, no, 2. p. 57-70. 

Indexed under Fl. 

MRESAH. M.H., 1998, The massive dolomitizauon of platformal and 
basmal sequences; proposed models from the Paleocene, northeast Sine 
BBS1n, Libya: SedimentaryGcol., v. 116, no. 3-4, p. 199-226. 

The Paleocene carbonate succession in the northeast Sirte Basm 1s 
composed of two shallowing-upward ramp cycles. where each cycle is 
under• and overlain by deeper-waler, pelagic facies. A significant propor­
tion of each of these twO cycles is dolomitizcd. Petrographic study, sup­
ported by geochemical data (stoichiometry. stable isotopes. trace clements. 
and Fl). and integrated with broader tcctono-sedimentary information. has 
provided the basis for interpreting these Paleocene dolomites. Four distinct 
types of dolomite have been recognized, two have a platformal setting and 
the other two are basinal. The platform varieties consist of dolomicrites 
and pervasive strata! dolomites. The dolomicrites. interpreted to be of syn• 
sedimentary origin. were probably a product of reflux of seawater. with 
elevated sal. as suggested by palaeocnvironmental analysis and supported 
by geochemical evidence (the average 6110 value is - I per mil PDB: the 
av~c Sr content 1s 639 ppm). The pervasive dolomites were formed 
during the progradation of the platform sequences. and probably stabilized 
and augmented during shallow bunal. A meteoric-marine mixmg-zone is 
thought to have been the most likely process for the formauon of these 

. dolomites, This interpretation 1s supported by geochemical evidence (the 
average 61"0 is - 2.4 per mil PDB; the average Sr content is 72 ppm) com­
bined with a favourable stra1igraphic position. The most characteristic 
fealure related to both mixing-zone and reflux dolom111z.a1ion is the basin• 
ward movement of the dolom111zing F. which suggests that the formation of 
these platform dolomnes was related to a lowstand system trac1. 
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The two basinal varieties comprise thick (over 300 m) basinal dolo­
mudstoncs and fracture-filling. sparry dolomites. The stratigraphic position 
of the finely crystalline basmal dolomudstones. within very thick shale 
successions (as a result of being very close to the depocentre of the Sine 
Basin) combined "'ith geochemical evidence (the average 6110 rs ~ .4 ]'Cf 
mil PDB). suggest that the dolom111zing F were basin-denved. wllh Mg'" 
released from dewatering through compaction of basmal shales. The oc• 
currcncc of this type of dolomuc provides one of the rare examples oflarge• 
scale dolomitization of thick. basmal sequences. Late diagenetic fracture­
filling dolomites exhibit a slnlctural control on their distribution. Geo­
chemical evidence (mcludmg Fl analysis and the lightest oxygen isotopic 
signature of -7.3 per mil PDB) suggests that highly saline formation brines 
were the solutions responsible for their formation. (From author's abstract 
by E.R.l 

Ml:CHEZ. P., NIELSE!li, P .. SINTUBIN, M. and LAGROU, D .. 1998. 
Condilions of meteoric calcite formation along a Variscan fault and their 
possible relation to chmaiic evolution during the Jurassic-Cretaceous: 
Sed1mcntology. v 45. p. 845-854. First author at Fysico-chcm1schc Geol~ 
gie. K.U. Leuven. Celestijnenlaan 200C. B-3001 Hevcrlee. Belgium: email 
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Two calcite cements fill karst cavities and replace lower Carbonifer• 
ous limestones. The first calcite (stage A) is nonfenoan. Primary. origi• 
nally one-phase. all•L, aq I have a final melting T belWCen --0.2 and 0.2°C. 
indica1ing a meteoric origin of the ambient water. The 6uC and .5110 val­
ues of the calcites are between -7.3 and -6.3'6o, -7.8 and-S.S'K.o. The sec• 
ond calcite (stage B) is fenoan. Primary. single-rihase aq Fl indicate: pre• 
cipitation from a meteoric F below SO°C. The: 6 3C values vary between -
7.3 and-2.1%o and the 6110 values between-7.9 and -7.2"". A precipita• 
lion T below so•c for the stage A calcites and the presence of iron ox­
ideAlydroxide I in the: crystals indicate: near-surface precipitation condi­
tions. The evolution from the [oxidized] stage A to (reduced I stage B 
calcites and the: associated geochemical changes are interpreted to be re• 
lated to the change from semiarid to humid conditions in western Europe 
during late Jurassic-CrctaceouS times. (The: isotopic shifts could have 
been I caused by a change in the source of the air masses or by an increase 
in the amount of rainfall during the early mid-Cretaceous. Although the 
latter interpretation is preferred, ii cannot be proven. (From authors· ab­
stract by E.R.) 

Sec also next item (E.R.). 

MUCHEZ. Pllilippt and SINTIJBIN, Manuel, 1998, Contra~ling origin 
ofpalacofluids in a strike-slip fault system: Chem. Gcol.. v. 145. p. 105-
114. First author at Fysico-chemische Geologic, K.U. Lcuvcn, Celestijnen­
laan 200C, B-3001 Hc:verlcc, Belgium; email 
(phi1ippe.muchc:z@gco.kuleuven.ac.be) 

Calcite cements in a dextral strike-slip fault system in the: Variscan · 
Front Complex (Belgium) have: been investigated to detc:nnine the origin of 
the F migrating along the fauh system. Generation of non-ferroan and fer. 
roan calcites occurs along the fault plane. The general geological setting 
and the microthennomctric data (Tt!s50°C) indicate that calcite precipita• 
tion along the faults took place at shallow depth. However, the geochemis­
try and origin of the F from which the calcites along lhc: fault lane and in 
the breccia precipitated were different. The non-ferroan calcites along the 
fault plane precipitated from a highly saline F ( 18.1 to 25.3 eq. wt.% 
CaC]i) ac a T around 50°C. Secondary I in trails in lhesc calcites demon­
strate that similar highly saline F reached T of at least I 30°C. The latter 
migrated from a depth of over 4 km. implying the F was tapped from the 
lower Palaeozoic siliciclastic basement The ferroan calcites along the 
strike-slip fault plane also fonned from highly saline F. but which inter• 
acted with Upper Palaeozoic strata before migration 10 shallow depth. In 
contrast. P Fl in the fcrroan calcites in the breccia indicate cemcntation 
occurred from a low sal F ( I 7 lo 8.6 c:q wt.% NaCl) at a T of 50°C or less. 
This F likely originated from shallow deplh. The contrasting origin of the F 
indicate different flow regimes have been intersected by the faults during 
the1rs1rike-slip reactivation. (From authors· abstract by E.R.) 

Sec also previous item (E.R.). 

MUCHEZ. P .. ZHANG, \ '., DEJONGHE. L, \IIAENE, W., and KEP­
PENS, E •• 1998, Evolution of palacofluids at the Variscan thrust front in 
eastern Belgium: Geol. Rundsch, v. 87. p. 373-380. First author al Fysico­
chem1sche Geologic.KU. Lcuvc:n. CclesUJnenlaan 200C. B-3001 Hcvcr­
lee, Belgium: email (philippe.muchez@gco.kuleuven.ac.be) 

The geochemical evoluuon of the F migrating at the Vari scan thrust 
front in eastern Belgium has been investigated by a petrographic. minera­
logical and gcoc;hcm1cal study of ankente. quanz and ferroan calcite veins 
hosted by lower Devonian rocks. Three vein generations have been recog­
nized. The first generation consists of quartz. chlorite and ankerite filling 
pre• to early Vanscan ex1ens1011al fractures The oxygen and carbon iso­
topic composition of the two ankerite phases and of the fcrroan calcites are 
respectively between - 16 4 and - I I 4%o PDB betwecn-17.8 and-l.7%o 
PDB. This range is greater than thal of calcite nodules in the lower Devo­
nian siliciclasuc sediments (6110 • -15.6 to - I 1.1%o PDB and 61JC = -13.4 
to- 10 2%o PDB). This suggests prccipitauon of the carbonate veins from a 
F which was at most only partly isotoprcally buffered by the calcite nodules 
in the host rock. The calculated oxygen isotopic composition of the ambi­
ent F from which the calcite veins formed is between 7.8 and I0.0%o 
SMOW. Two main F types have been recognized in Fl in the quartz and 
carbonates. The: first F type is present as S Fl in the first and second vein 
generations. The F has a sal ofO.S-7.2 eq. wt.% NaCl and a high. bU( vari­
able, Th of I 24-188"C. Two origins can be proposed for this F. It could 
have bccn expelled from the lower Devonian or could have been derived 
from the metamorphic zone to the south of the area studied. Taking into 
account the m1crothennometric and stable-isotope data. and the regional 
geological setting. the F most likely originated from metamorphic rocks 
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and interacted with the lower Devonian along its migration path. Th•s •s in 
agreement with numerical simulaJions of the palacofluid and especially the 
palacotc:mperaturc: field. which 1s based on chloritc gcothermometry and 
vitrinite reflectance data. The second F type occurs as S I in the shear veins 
and as Fl of unknown origin in post-Variscan ankente veins. Therefore, it 
has a post-Variscan age. The I are characteriz.cd by a high sal ( 18.6-22 9 
eq. wt.% CaCh). The composition of the Fis similar to lhat which caused 
the development of Mississippi Valley-type Pb-Zn deposits in Belgium. 
(Authors· abstract) 

MULLANE, M.M. and KINNAIRD, J.A., 1998. Synsedimentary miner­
alil.11ion at Ballynoc barite deposit. near Silvennincs. Co. Tipperary. Ire­
land: Trans. lnsm. Min. Metal!. (Sect. B: Appl. earth sci.). v. 107. January• 
April, 1998, p. B48-B6 I. 

Stratiform mineralization at Ballynoc is hosted by limestones and 
comprises mainly baritc with pyrite. The orebody is conformable with 
sedimentary rocks in its immediate footwall and hanging-wall. 

Thermometric studies show that two F were involved in minerahza• 
lion. One originated within the crust and had a moderate T ( I 80-225°C) 
and low sal (8-15 eq. wt.% NaCl). Points of exhalation of this F are 
marked on the foorwall surface by pyrite hydrothc:nnal chimneys. The 
other F originated in the local depositional basin and had a lower T (68-
1 IO°C) and higher sal (20-25 eq. wt.% NaCl). Th oflhesc I increase from 
the base of the barite units upwards. 

Barile and pyrite were appamitly deposited as sediments on the sca­
floor. The most probably depositional model is the scdimcntary-cxhalative 
convection cell model. This 1s consistent with available sulphur isotope 
data. which indicate that Lower Carboniferous sea-water sulphate was the 
dominant source of sulphide sulphur (by bactenogcmc reduction) and bar• 
ite•fonning sulphate. (From authors· abstract by E.R.) 

MOLLER, A. and BEHR, H • ..J., 1998. The multistage crystallization 
process oflhe Schellcrhau granites• A quartz CL study (abst.): 17th Gen­
eral Meeting lnt'I. Mineralogical Associauon. Aug 9-14. 1998. Toronto. 
Canada. Abstracts and Programs, p. A86. 

Of peninence to studies of Fl in granites (E.R.). 

MUNZ. I.A., IDEN, K., JOHANSEN, H. and VAGLE, K., 1998. The 
fluid regime during fracturing of the Embla field. Central Trough. North 
Sea: Marine and Petroleum Gcol.. v. IS. p. 75 J. 768. First author at lnsti• 
tun for energiteknikk. P.O. Bo,c 40, N-2007 Kjeller. Norway; email 
(ingridm@ife.no) 

The deep Embla field. located in the Central Trough. North Sea. rcpre• 
scnts the first 011 reservoir m Paleozoic rocl.s to be developed on the Nor­
wegian shelf The reservoir consists of braided fluv1al and alluvial fan 
sandstones interlayered w•lh floodplam/lacustnnc: mudstones and volcanics 
and intrusives. Extensive fracturing of the reservoir has led to the forma­
tion of numerous mineralised veins. Three main types of mineralised 
fractures can be identified: (I) e-1) diagcnctic verns and veins which oc­
cur m and around mafic igneous rocks: (2) carbonate-dominated vems; (3) 
barite. clay minerals and bitumen verns. This article presents Fl evidence 
from fracture-filhng minerals. suggesting that the fractures wen: important 
F conduits of both petroleum and brine migration. The petroleum I data arc 
consistent w•th an undersaturated 011 composition. A range in sal between 
23 and 12 wt.¾ NaCl eq. •s found forthe aq I. The variation in sal rndi• 
cates mixing between a high saline F. related to cvaporites. and a F with 
lower sal. M•crothermometry da1a suggest that the fracturing events oc• 
curred at deep basinal levels, at Tin excess of I 00°C. (Authors· absuact) 

MURAI\IATSU, Y .. KOMATSU, R., SAWAKI, 1: and SASAKI, M., 
1998. Hydrothermal activity after mtrusion of the Kakkonda Gramte in the 
Kakkooda gcothcnnal reservoir -Geochemical study of fluid inclusions in 
anhydrite (abst.): 1998 Annual Meeting of the Mineralogical Society of 
Japan/Japan Association of Mineralogists. Petrologists and Economic Ge­
ologists. Kyushu tlmvcrsity. Oct 8-10, 1998. p. 207 (abst. in Japanese), 

Ml'RAMATSU, \asuyuki and WEDEPOHL, K.H., 1998. The distnbu­
tion of1odine in the earth's crust: Chem. Gcol.v. 147.p. 201-216. First 
author at Nat'I. Inst of Radiological Sci • lsoz.aki 3609. H1tachinaka-sh1. 
lbaraki 311-12. Japan. 

Anal) tical data by ICP-MS measurements after pyrohydrolys1s on a 
reasonably large senes of samples representing about 300 rocks of maJor 
units and subunits of the carth·s crust. and a few organic materials, are 
provided for a genetic discussion. Metasedimentary gneisses. mica schists 
and gr.viulites have as little as 12 to 25 ppb I and have lost from 75 10 
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>95% of lhcir iodine at rnctamo1phic T. Granites. panodiori1es, lonahtes 
and basalts arc even lower 1n iodine and contain 4 to 9 ppb I almost inde­
pendent of the species of magmatic rock, The continental crust. the oce­
anic crust { including seawater) and bulk Earth's crust contain 119 ppb. 777 
ppb and ~300 ppb 1, respectively. The CVI weight ratios of the continental, 
oceanic and bulk Earth ·s crust arc 3800, 4500 and 4300, respectively, to be 
compared with 1210 and 403 in theOrgueil and lvunaCI chondrites. 
(from authors' abstract by ER.) 

MURAOKA, Hirofumi, UCHIDA, Toshihiro, SASADA, Masakatsu, 
\'AGI, Masabiko, AKAKU, Kohti, SASAKI, Munctakt, YASUKAWA, 
Kasa111i, Ml\'AZAKI, S.-1., DOI, Nobuo, SAITO, Stiji, SATO, Ko and 
TANAKA, Shoichl, 1998, Deep geothcnnal rcsoun:es survey program. 
Igneous, metamo1ph1c and hydrothennal processes in a well encountering 
500°C at 3729 m depth, Kakkonda, Japan: Gcolhcrmics, v. 27, no. S-6. p. 
507-534. First author at New Energy and Industrial Tech. Development 
Organization. H1gashi-lkebukuro. Tokyo 170-6030. Japan. 

The exploration well WD-la was drilled to a depth of3729 min lhc 
Kakkonda geothermal field, northeast Japan. using efficient borehole 
cooling techniques. The well penetrated an entire shallow hydrothermal 
convecuon zone. an entire contact metamo1phic aureole and part of a neo­
granillc pluton. The recovered T of lhc well Uldicales a boiling point­
controlled profile up 10 380°C to a depth of 3100 m, and a conduction• 
controlled profile with a very high gradient from 3100 m 10 the bottom of 
lhc hole. where lhc Tis 500°C. WD-la may be lhc first geolhcnnal well 
that encountered 500°C, which exceeds the convcnuonal hydroslalic boil­
ing-point curve. An inflection point of the T-dcpth profile at 3100 m and 
about 380°C reflects the brittle-plastic boundary The brittlc-plaslic 
boundary constrains lhc maximum dcpch of fracrurc fonnation, and lhc 
fraclUre distribution constrains the maximum depth of hydrothermal con­
vection (Authors· absttact) 

MURPHY, P.J. and LaGRANGE, M.S .. 1998a. Raman specttoscopy of 
gold chtoro-hydroxy speciation in fluids at ambient temperature and pres• 
sure: A re-evaluation of lhc effects of pH and chloride concentration: Geo­
chim. ct Cosmo. Acta. v, 62. no. 21/22, p. 3S 15-3526. First author at Ra• 
man and Luminescence Laboratory, Dept. of Physics. Univ. of the 
Witwatersrand. PB 3, WITS 2050, Johannesburg. South Africa. 

Previous work on gold chloride and hydroxide specialion in F has 
show differences m opinion as lo the relative importance of gold (I) and 
gold (Ill) species. as well as for the Raman peak assignments for the vari­
ous species In add111on p~vious experimental work has not been consis• 
tent with theoretical predictions either of the number or of the frequcnces of 
the peaks in the Raman spectrum. In order to re-evaluate the effect of pH 
on Raman spectra and speciatlOll, solutions contammg gold (Ill) chloride 
were analysed by Raman spectroscopy at ambic111 T and P. over a range of 
pH from I 10 11. Total gold concen1ra11ons were from 0.001 10 0.02 M. 
with total chloride concentrations of0.004-0.5 M. Hydrolysis of the simple 
chlonde species occurs at lower pH values than found previous!}; and bolh 
gold and chloride concentrations were found 10 affect the pH ranges of 
stability for the vanous chloro-hydroxy species. Decreasing gold concen­
tration rcsulled in hydrolysis occuning at lower pH values. This 1s espe­
cially 1mponant in the absence of excess chloride ([Cl: 2:Aul Substantial 
hydrolysis occurred below pH"'4 for 0.02 M Au/0.08 M Cl'. and below 
pH• 2 for O 001 M Au/0 004 Mer. Addition of excess chloride (as NaCl) 
increases the pH of hydrolysis at a given gold concentration. (From 
authors· abstract by E.R.) 

MURPH\', P.J., LaGRANGE, M.S. and STEVENS. G., 1998b. Analysis 
of gold spcc1ation in hydrothermal fluids by Raman spectroscopy; the 
example of gold chlonde solutions (abs1.); Mineralogical Magazine. v 
62A. V M. Goldschmidt Conf. Toulouse 1998, Extended Abstracts. p. 
1046, 

~lllRPHY. P .J .. STEVENS, G. and LaGRANGE, M.S .. 1998. Geologi­
cal applicauons of Raman spcctroScopy and the use of Raman spectros­
copy 1n 1he slud) of gold speciation m fluids: Information Circular - Umv 
of 1hc Wuwatcrsrand. Economic Geol. Research Uni I. 321. p. 41 . 

The system studied was the gold-cltlonde-hydroxide system. a1 ambi­
ent T and P. and varying pH and chloride concentration Prev10us work on 
gold chlondc speciauon in F has shoY.1l differences m opinion as to the 
relative importance of gold (I) and gold (Ill) species. as well as for the Ra­
man peak assignments for the various species. Tot11I gold conccncrauons 
were from 0.02 to O 001 M. with total chloride concentrations of0.004-0 I 
M The spectra obtained are consistent with the hydrolysis sequence of 
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square-planar Au(lll) complex 10ns [AuCl,(OHlf.,x,J', where X..() to 4. (Au 
(OH)f,,J' probably occurred. alongside (AuCl(OH)o,)' at pH values above 
11. The spectra show the predicted number of peaks for Au.Cl and Au-OH 
stretches for each species. However. the peak frcquenccs do not fit pre-
cisely with the predictions ofTossell ( 1996 ). particularly for Au-OH 
stretches. Significant differences were found belWCCn the pH values of 
hydrolysis and those presented in previous works. and both gold and chlo-
ride concentration were found to affect the pH ranges of stability for the 
various chloro-hydroxy species. A hydrolhcnnal cell has been developed 
which allows Raman analysis of Fat hydrothennal conditions, up to 3S0°C 
and 2 kbar, and in future this will be used to extend this study to conditions 
relevantto lhc formauon of many lode gold deposits. (From authors· ab-
stract by E.R.) 

MLTLU, Halim and G0LE<:, Nilgll■, 1998, Hydrogcochemical outline 
of lhcnnal waters and gcothermometty applications in Anatolia (Turkey): 
J. of\blcanol. and Geothermal Research. v. 84. no. 1-4, p. 48S-S04. First 
author at General Directorate ofTurk1sh Mineral Research and Explora­
tion. MAT Dept., 06520. Ankara Turkey. 

The chemical compositions of a total of 120 thermal water samples 
from four different tectonically disunct regions (Central. North. East and 
West Anatolia) ofTurkey are presented and assessed m terms of gcolhcrmal 
energy potential of each region through the use of chemical gcothcrmome• 
tcrs. Na.Ca-HCOi type waters an: the dominam water types in all the re­
gions cxcepc thal Na.Cl type waters are typical for lhc coastal areas of Wesl 
Anatolia and for a few inland areas of West and Central Anatolia where 
deep water circulation exists. The discharge T of the springs ranges up to 
100°C, and the bottom-hole Tin drilled wells up to 232°C. Gcother­
momctty applicallOns yield reservoir T of about 125°C for Central Anato­
lia. 110°C for Nonh Anatolia. t 36°C for East Anatolia and 251 °C for West 
Anatolia. the latter agreeing with some of the bottom hole T measured in 
drilled wells. The results reveal that lhc highest geothermal energy poten­
tial in Turkey is associated with the West Anatolian extensional tectonics 
which provides a regional. deep-seated heat source and a widespread gra­
bcn system allowing deep circulation of waters. The North Anatolian re­
gion. bounded to lhc south by the dextral North Anatolian Fault along 
which most of the geothermal sites arc located. has the lowest energy po-
1cn1ial. probably due to the rcslriclion of the heat source lo local magmatic 
activities confined to pull-apart basins. The East Anatolian region (under• 
going contemporary compression) and the Central Anatolian region (where 
the compressional regime in the cast is convened to lhe extensional regime 
in 1he wcs1) have moderate energy potential. Although the rccenlly active 
volcanoes suggest the presence, at depth. of still cooling magma chambers 
thal are potential heat sources. the lack of well-developed fault systems is . 
probably responsible for the comparatively low energy potential of these 
regions. Almost all the lhcnnal wa!ers ofTurkey arc saturated with rcspccl 
to calcite and. hence. have a significant calcite scaling potential which is 
particularly high for West Anatolian waters. (Authors' abstracl) 

M\'SEN, 8.0 .. 1998. Interaction between aqueous fluid and silicate melt 
in the pressure and temperatures regime of the Earth's crust and upper 
mantle: N. Jb. Miner. Abh .. v. 172. no. 2/3. p, 227-244. 

The solubility and solubility mechanisms of H20 have been deter­
mined for M in the system K10-SiOi-H2O from 0.8 to 2.0 GPa in the 700-
1100°C T range. Solubility and solubility mechanisms of the silicate in 
coexisting aq F were also determined. (From author"s abstract by E.R.) 

NAOEN, J .. KILIAS, S., CHELIOTIS, I., LENG, M.J., SHEPHERD, 
T.J. and SPIRO, B., 1998. The Profitis llias deposit. Milos Island, Greece: 
A case stud) ofbo1hng in epithcnnal system recorded by fluid inclusion 
and stable isotope data (abst.); Mineral Deposits Study Group. Annual 
Meeting. 5-6 January. 1998, Univ. Greenwich, UK (unpagmated). First 
author at Bntish Geological Survey. Keyworth. Nons .. UK. 

Milos Island is slill geothermally active and hosts a high~nthalphy 
geothermal resource and metalliferous mineralisation. Two main styles arc 
evident stratiform Mn-Ba. and epnhermal Ag-Au-Pb-Zn.Cu. 

The Protitis lhas gold deposit is classified as an adular1a-sericite-type 
ep1thermal deposit. Fl data were obtamed on drill-core samples and surface 
exposures of the veins. Two main I types were identified: aq L-and v. 
nch They occur in ore and pos1--0re quartz. sphalcrite. and bari1e. Quartz 
and sphalerite contain predominantly L-rich P I. whereas barite contains 
relatively more (20¾ by number) V-rich I in comparison. Estimates of 
cUlectic melting (•25 10 -38°C) indicate 1hc presence of divalent cations in 
the ore F. probably magnesium or calcium. Sal of L-rich I. based on m1-
crothennome1ric data. range between 0.1 and 11 .4 wt% NaCl eq. in ore• 
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suige quartz and sphalerite. and between 0.93 and 8.5 wt% NaCl cq. in 
post-ore baritc. V-rich I in ore-stage quanz homogenise between 368 and 
399°C (n"'3 ), while V-rich I in barite generally dccrepitated before antici­
pated homogenisation. 

Evidence for boiling. in the Fl microthcnnomeby data, is shown by 
examining the relationship between sample elevation and Th. Two distinct 
distributions are evident. Below 450 m Fl Th arc tightly clustered and vary 
only by 20 10 50°C. However. above this level Th show extreme variaiion 
(sometimes over l 50°C). This is attributed 10 the heterogeneous trapping 
of a boiling hydrothermal F in the upper levels of the system. The uansi• 
tion between the two distributions at 450 m is interpreted as the base of 
boiling. Moreover. samples containing hegh gold values (> 12 ppm) or 
visible gold arc exclusivclr located above this level 

Where both 60 and 6 10 were measured on the I F. they show a clear 
trend that is sub-linear and parallels the Meditemmean Meteoric Water 
Linc (MMWL), whereas trends in the F-mineral data arc much more am• 
biguous. The data show how imponant it 1s to be able to relate process 
information (e.g .• pctrography, Fl and stable isotopes) with the distribution 
of ore determined from diamond drilling and assa) By intcpating genetic 
and empirical information, we arc able to dcmonstrlltc that the major con­
trol on ore deposition is boiling, with the base of boiling located 450 m 
above present-day sea-level. In addition. we suggest that data derived by 
analysing both 60 and 6110 on I F provide a bcner framework for inter• 
preting F processes in ef,ithcrmal systems lhan cumnt methodologies 
based on calculating 61 0 from F-quartz equihbria. (From authors· ab­
stract by E.R.) 

See figure in the Illustrations appendix. 

NAKAMURA, M., 1998, Dissolution ongin and synentrapment composi­
tional change of melt ill(:Jusion in plagioclasc (abst.). EOS Trans. AGU, 
79(17), Spring Meet. Suppl., p. S37I. Author at Dept. of Earth and Envi­
ronmental Sci., Rensselaer Polytcch. Inst , Troy, NY I 2180, USA: email 
(nakamm@rpi.edu) 

Although the significance of Ml snrdics has been increasing rapidly, 
the mechanism and petrologic environment of I formation arc poorly un­
dersrood. Furthermore. possible M composition change at the time of en­
trapment (synentrapmcnt change: SEC) has not been experimentally inves­
tigated. In this paper, I present the cxpcnmental results at 200 MPa that 
some types of Ml in tabular plagioclasc were reproducibly formed by par­
tial dissolution. and evaluate SEC. 

The Ca/(Ca+Na) molar ratio and the MgO content in synthesized Ml 
are up to 17 and 61 % lower than those in the matrix M. respectively. This 
SEC is caused by a combination of factors. A model for diffusion in a 
growing M channel was constructed which revealed that the concentration 
or incompatible clements with low diffusivities in the M can be signifi­
cantly lower in the Ml in plagioclasc than that in the matrix M. (From 
author's abstract by E.R.) 

~AKAMURA, M. and SHIMAKITA, S., 1998. Dissolution ongin and 
syn-entrapment compositional change or melt inclusion in plagioclasc: 
Earth and Planet. Sci. Leners. v. 161. p. 119-133. Authors at Dept. of 
Earth and Planetary Sci., Tokyo Inst. ofTcch .. 2-12-1 Ookayarna. Muguro­
ku. Tokyo I 52. Japan. 

In the system Oi-Ab-An-H20. Ml in plag1oclase were reproducibly 
formed 1n a sencs of partial dissolution experiments. and the compositional 
drlferenccs from the surrounding ma1rix M were evaluated. Al 200 MPa 
and I 050- -1 I 50°C, a seed crystal of An59 was partially dissolved into the 
matrix M, which was in equilibrium with more calcic plagioclase than the 
seed. The reaction proceeded inward from the crystal surface by a dissolu­
tion and recrystallization process to form a reaction zone composed of M 
channels and recrystallized calcic plagioclase. The M channels were 
choked (necked) off by the recrystallized plagioclasc at the crystal surface 
to create Ml. The experimentally formed I, having squa,e and l i~ 
shapes up to a few tens of micrometers in si:ze. a,e similar in texture to 
some common types of natural Ml. Since the partial dissolution of pheno­
crysts can occur during various magma mixing processes. it should be 
taken into consideration as one of the I formation mechanisms when trying 
to interpret information from natural Ml. especially for those rn hydrous arc 
magmas. The chemical composition of the reproduced Ml d,:viates from 
the mamx M basically along the plagioclasc liquidus islllhcrm. The molar 
ratro ofCa/(Ca+Na) and the MgO concentration in the S)Tilhesizcd Ml are 
up to 17 and 61 % (relative) lower than those in the matrix M. respectively. 
This compositional difference is caused by a combinatron of facrors: ( I ) 
supersaturation with dissolved plagioclasc component: (2) insufficient 
diffusive homogcnizarion in the M channels due 10 rapid dissolution of 
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plagioclase: and (3) the choking-oft' effect. On the basis of the expcrimcn• 
tal results, a model for diffusion in a growing M channel in dissolving pla­
gioclasc was constructed which revealed that the concentration of incom• 
patible clements with low diffusivities can be significantly lower in the Ml 
than that in the matrix M. These results demonstrate the imponancc of 
petrography for interpretation of I dm and of more experimental studies on 
Ml origin. (Authors' abstract) 

NARASIMHA, K.N.P. and SRIKANTAPPA, C .. 1996. High density 
carbonic inclusions from mig,naaitic gneisses around BMdipur. Kamataka. 
The Indian Mineralogist, v. 30, no. I. p. 67-77. Authors at Dept. ofGeol. 
Univ. of Mysore. Manasagangotri, Mysore • 570.()()6, India 

Carbonic I (0.836-1.053 glee) as well as low (4-18 wt.% NaCl eq.) to 
high (32 wt.% NaCl) sal aq I arc nociced in paleosome portion of the arn­
phibolite facics migmatttrc gneisses around Bandipur. In contrast pure 
COi I (0.783-0.956 glee) were recorded in lcucosome ponion of the gneiss. 
High density CO2 I arc synmigmatilic in nature. Based on the textural 
evidences as internal generation of CO2 has been envisaged. (Authors· 
abstract) 

NAUMOV, V.8 .. KOVALENKO. V.I. and DOROFEEVA. \~A .. 1998. 
Fluorine conccntra1ion 1n magmatic melts: Evidence from inclusions in 
minerals: Gcokhimiya, 1998. no. 2. p. 147-157 (translated in Geochm. 
lntcmat'L v. 36. no. 2, p. 117-127). First author at Vemadsky Inst ofGco­
chem. and Analytical Chem., Russian Acad. ofSci .. ul. Kosygina 19. Mos• 
cow. II 7975 Russia. 

The paper summarizes data on fluorine concentrations in magmatic 
silicate M (833 analyses offluorinc and other major componen1s ftom 69 
publications). This data was obtained in studies of glasses ftom hornogc­
nous Ml in minerals and chilled glasses from ocean-floor volcanic rocks. 
Two types of M were dislrnguishcd for basic and ultrabasic magmas 
(Si0i"'40-53 wt.%): the firsl type contains less than 1.3% ofK20 and the 
second type, more than 1.3%. The average concentration of fluorine in M 
of the first type is 0.029 wt.% ( 196 analyses) and 0.299 wt.% (29 analyses) 
in M of the second type The concentration offluorine is 0. 143 wt.% (62 
analyses) in magmas of intermediate composition (third type. Si02=-53-64 
wt.%). Several M types were distinguished for silicic magmas (Si0~>64 
wt.%): M with ordinary composition (founh type). M enriched in chlorine 
and iron (fifth type. or pantcllcrite. comendite. and alkaliine granite). and 
M enriched in fluorine (sixth type. or topaz rhyolitc. ongonite. Li-F granlle. 
and pcgmatitc). The average concentration offluorine in M of the fourth 
type is 0.196 wt.% (336 analyses). 0.273 wt.% in M of the fifth type (41 
analyses). and 2.087 wt.% rn M of the sixth 1ype t 169 analyses). Consid­
ering the various abundances of these rock types on continents and sca­
floor. the average concentrauon of fluorine in magmatic M is estimated as 
0.094 wt.% for continental blocks and 0.052 wt.% ror continents. conu­
ncntal margins, and seaOoor (Authors· abstract) 

NAVO!'-., Oded, 1998. The role offluids in diamond format1011: Israel 
Geological Society. Annual Meeting. 22-24 March. 1998. p. 72. Author at 
Inst. of Earth Sci., The Hebrew Univ .. Jerusalem. 91904. 

Diamonds are. most probably. the deepest available samples of Earth's 
material. Most arc coming ftorn the upper mantle and were formed ac 
depth of 150-200 km. but some carry I from the transition zone and even 
from the lower mantle. deeper than 6 70 km. The exact mode of diamond 
formation in the mantle is still unclear. Formation T recorded by diamond I 
may be as low as I ooo•c. rndicatrng subsolidus fonnation. bul the forma­
tion of perfect, single crystals requires growth from F. 

Most diamonds contain no Fl. Rather. the most common I arc mineral 
I of graphite. sulfides and silicate minerals of two separate paragencsis: the 
peridotitic suite (olivine. orthopyroxene, Cr-pyrope garnets. chrorniles and 
clinop)TOxene) and the cclogitic suite (clinop)Toxcne and pyrope­
almandinc: garnet) Some diamonds do contain F and those have been the 
focus of our studies over the last IO years. Volatile-rich F were found in 
microscopic I (<I µm in size) rn three typeS of diamonds: 

1. Fibrous diamonds. These diamonds consist of slightly mis-aligned 
diamond fibers Md appear as diamonds of cubic morphology or as coats 
around octahedral diamonds. They carry many Fl which give these dia­
monds a translucent appearance The I arc rich in water. Fe•. Ca• and Mg­
carbonates. K20. and many incompatible elements. The internal P within 
the I is high. - 1.5-1 8 GPa. These high inremal pressures ensure that the I 
are P and that they were trapped at the diamond source regron. 

2. Cloudy diamonds. These octahedral diamonds carry a cloud of F 
and mineral I in their center. So far. we have characterized diamonds wrth 
.:clogitic or pcrrdlllitic minerals together with silica-rich F (with broad 
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similarity to the F trapped in the fibrous diamonds), carbonate-rich F. and 
KCl-rich F. 

3. CO2-bearing diamonds Herc:, the only impurity is CO2 that is pre• 
sent as solid under P of 5 0Pa. 

The presence of CO1 ensures a source of c81bon for diamond genesis. 
Thermod}11amical calculations indicate that diamond may be found in 
equilibrium with water and either CO2 or C~. The F found so far indicate 
the association with CO2 and point to relatively high oxygen fugacities. 
However. the reported occurrence of highly reduced mineral assemblages 
in some diamonds suggests that diamonds may also crystallize in a C~­
dominated environment. (Author's abstract) 

NER6NSKY, G.I., 1998. The compos111onal features of gas-liquid in na• 
tive gold from the Upper Amur Province (abst.): Second APIFIS lnfl. 
Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998. Tash­
kent, Uzbekistan, Abstracts volume, p. I0S-107 (m Russian). 

See Translations. 

NESBITT, B.E. and PROCHASKA, Walter, 1998, Solute chemistry of 
inclusion fluids from sparry dolomites and magnesites in Middle Cambrian 
carbonate rocks of the southern Canadian Rocl..-y Mountains: Can. J. Earth 
Sci .. v. 35, p. S46-555. First author at Dept. of Earth and Atmospheric 
Sci., Univ. of Alberta, Edmonton, AG. T6G 2E3. Canada; email 
(b,nesbitt@ualberta.ca) 

Middfe Cambnan carbonate rocks of the southern Canadian Rocky 
Mountams are host to widespread umts of white. sparry, hydrothC1111al, 
replacement, and open-space filling dolomite. Contained within the dolo­
mnes are occum:ncc:s of talc and Miss1ss1ppi Valley type Pb-Zn (the former 
Kicking Horse and Monarch mines) mineraliZJllion and economic concen• 
trations of magnesite (Mount Brussilofmmc:). Results of studies of solute 
chemistry of saline ( 18-2S eq. wt.% NaCl) I F reveal dis1inctly low Na/Br 
(5S-220) and Cl/Br (95-340) values. These values indicate that the brines 
which formed the dolomite originated from seawater that had deposited 
large amounts of halite in an evaporitic environment. Low I/Br ratios for 
the dolomite-magnesite I F are consistent with their derivation from sea­
water and contrast sharply with the high I/Br ratios of Laramide-agc: F. 
which formed vcfns throughout the Rocky Mouncains. Variations in F/Br 
ratios between texturally early and late magnesites indicate the involvement 
of a second F in the formalion of the late magnesnes. Results of the study 
of solute chemistry ofl F from hydrothermal dolomites, magnesites. and 
associated mineralization are consistent with a model of the pre-Laramide 
formation of these materials from seawater that had undergone extensive 
evaporation and halite deposition, Distinct differences m I/Br. total sal, and 
oD values between the dolomite-magnesite depos11ing F and Laramide-agc: 
vein-forming F clearly indicate the lack of the involvement of Laram1de• 
age F in the genesis of the dolomites. magnesi1es, and associated minerali• 
zat1on. (Authors· abstract) 

NEUMAYR. P .. HOINKES.G .. PUHL,J .. MOGESSIE, A.and KHU­
DEIR, A.A., 1998. The Meallq dome (Eastern Desert. Egypt) a Precam­
brian metamorphic core complex: Petrological and geological evidence: J. 
Metamorphic Geol., v. 16. p. 259-279 First author al Inst. of Mineralogy• 
Crystallography and Petrology. Karl-Franzens Umv. Graz.. 80 lO Graz.. Aus­
tria: email (neumaYT1?bkfug.kfunigraz ac,at> 

The Ml metamorphic event (~750°Cl is restricted to migmatized 
amphibolitc xenoliths within the Um Ba· anib orthogneiss in !he structur• 
ally lowest pans of the basement. Typical upper amphibolite facies M2 
mineral assemblages include Grt-Zn-rich Spl-Qu;l:Bt. Grt-Zn-nch Spl-Ms­
Kfs-81-Sil-Qtz and locally kyani1c: in metaSed1mcntary rocks M2 P-T 
conditions ranged from 610 to 690"C al 6-8 kbar for the metamorphic peak 
and 530-600°C at about 5.8 kbar for the retrograde stage However. relic 
kyanile indicates P above 8 kbar. preceding the l peak, A clockwise P-T 
path is indicated by abundant M2 sillimanite after relic kyanile and by 
andalusite after sillimanite. M2 Fl. trapped in quartz wilhm garnet and in 
the quartz matrix show an array of isochorcs. Steepest 1sochores ( water­
rich H2O-CO.i±CHJNi I) pass through peak M2 P-T conditions and flatter 
isochores (CO2-rich H1O-C01±CHJN2 I) are interpreted to represent retro­
grade F which 1s consistent with a clocl..-w1se P-T path for M2. The M3 
assemblage Grt-Chl in the uppennost mctascdimentary sequence of the 
basement limits T to 460-550°C. M3 T cond111ons within the ophiolitc: 
cover napes are limited by the assemblage Atg-Trem-Tlc to <540"C and the 
absence of crysotile 10 > 350°C. The pol)metamorph1c evolution in the 
basement contrasts with the monometamorphic oph1olite (cover] nappcs. 
(From authors· abstract by E.R.l 
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NEWTON, R.C., ARANOVICH. L Ya., HANSEN, E.C. and VAN• 
DENHEUVEL B.A., 1998, Hypersaline fluids in Precambrian deep-­
crustal metamorphism: Precambrian Research. v. 91, p. 41-63. First 
author at Dept. of the Geophysical Sci., The Univ. of Chicago. Chicago. IL 
60637. USA. 

An outstanding debate about the evolution of Precambrian granulite 
facies terranes concerns the role off in deep-<:rustal metamorphism. One 
line of thought ascribes df)ness and large-ion element (LILE) depletion to 
dehydration melting of rocks containing biotile and amphibole. without 
important participation of a low-density F phase, and removal of the grani• 
tic M to the upper crust during metamorphic episodes, An alternative ap­
proach emphasizes field evidence: for alkali metasomatism and silica mo­
bility on outcrop and thin-section scales. which seemingly demonstrate: F­
dl'iven processes. Nearly ubiquitous CO2-rich Fl in granulne facies rocks 
have bc:c:n cited by many workers as evidence: that important granulilc: fa­
cies F were carbonic, in contrast to the HiO-dominated F of lower-grade 
metamorphism. However, the low solubilities of silicate constituents in 
CO2-rich F and the low wetting ability (high dihedral angles) of such F 
relative to silicate mineral grain boundaries, inhibiting infiluation. have 
been revealed in experimental srudies over the last two decades. Recent 
expenmental work in the: system NaCI-KCI-Hi() at deep crustal T and P 
demonstrates that concentrated brines have appropriate low H2O activity. 
high infiltration ability, and high alkali mobility (especially Rb affinity). 
Recent observations of brine I in granulites suppon the concept that 
polyionic salt solutions, immiscible with CO2 in the high-grade metamor­
phic T range ( 700-850"C) are feasible granulite facies F. Of the several 
conceptual sources ofhypersaline F in the crust, volatile-rich alkaline ba­
salts seem plausible because of their additional ability to deliver heat for 
metamorphism. The postulated magmatic emanations may split inlo con­
centrated brines and immiscible CO2 during ascent. They transport alkalis 
and LILE upward in the crust. Alkalic basalts in modem continental set• 
tings may represent remelting of subcontinental mantle previously enriched 
in volatiles and alkalis by subduction processes. (From authors' absttact by 
E.R.) 

NIE. F • .J., 1998. Geology and origin of the Dongping alkalic-type gold 
deposit. northern Hebei province. People·s Republic of China: Resource: 
Geol., v. 48. no. 3. p. 139-158. Author at Inst. of Mineral Deposits. Chi­
nese Acad, of Geological Sci.. Ba1wanzhuang Road 26. Beijing I 00037. 
P.R.C.: email (nfj@mx.cei.gov.cn) 
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The Dongping deposit is one of the largest gold deposits in China. It is 
spatially. temporally, and genetically associated with the shallowly­
emplaced Hercynian Shuiquangou alkaline intrusive complex that intrudes 
high-grade metamorphic rocks. Hydrothermal activities can be divided 
into lour penods from early to late including: (I) gold-bearing K-fc:ldspar­
quartz stock.works and veins; (2) disseminated sulfide and gold zones; (3) 
gold-bearing quartz vems. and (4 l barren calcite-quartz vems. 

Fl m ore-bearing quartz of periods I. 2 and 3 are CO2-rich, variable sal 
(2,5·2 I wt.% NaCl cq,). and have variable Th of 195 to 340°C. Quartz in 
the gold-bearmg K.fcldspar-quanz stockworks (period I). disseminated 
sulfide and gold zones (penod 2). and the gold-bearing quartz veins (period 
3) has calculated o!KOH20 values between -1 7 and 6.9%.. and oD values 
of Fl waters between - 10 I and -!>6%o. All these isotope data of the ore­
forming F plot between the magmatic F field and the meteoric water line. 

The combined Fl measurements. sulfur. oxygen. hydrogen. and lead 
isotope data. and petrological observations indicate that the Dongping de­
posit was formed from the mixing of these magmatic F with meteoric wa­
ters. The deposit is. therefore. believed to be a product of Hercynian alka• 
hne igneous processes withm the north Chma craton. (From author's 
abstract b) E.R.) 

NIELSEN. P .. SWENNEN, R., Ml'CHEZ, Ph. and KEPPENS. E., 
1998. Origin ofDinantian zebra dolomites south of the Brabant-Wales 
Massif. Belgium: Sedimentology, v 45. p. 727-743. First author at Fysico­
chemische Geologic. Katholieke Umversiteit Leuven. Celestijnenlaa 200C. 
B-3001 Heverlee. Belgium. 

Zebra dolomites. characterized by a repetition of dark grey (al and 
light (b) coloured dolomite: sheets are several tens of metres thick. Locally, 
cavities exist between two succeeding white dolomite sheets. These cavi­
ties mal..e up ,.5% of the zebra rocks and are locally filled by saddle shaped 
ankeme and/or xenomorphic ferroan calcite. 

Geochemical and Fl data (Th,. J 200C) indicate a burial diagenetic 
origin for these zebra dolomites. The a and b I dolomites are characterized 
by similar geochemical compositions and Fl data pointing toward a related 
origin, To explain the zebra textures. a model involving dolomitizing F 
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expelled during the Variscan orogcny i5 proposed. (From autho!s' absu-act 
by E.R.) 

NIELSEN, R.L., MICHAEL. P.J. and SOURS-PAGE, Rachel, 1998. 
Chemical and physical indicators of compromised melt inclusions: Geo­
chim. ct Cosmo Acta, v. 62, no. S, p. 831-839. First author at College of 
Oceatic and Atmospheric Sci .• Oregon State Univ , Corvallis, Oregon 
97331-SS03. USA. 

The utility of the gcochcmisb)' of basaltic suites as probes of mantle 
processes is encumbered by the processing those magmas undctgo during 
transpon from the field of melting 10 the ocean floor. Ml provide us with 
an opportunity to obtain information on in1cnncd1a1e stages in the evolu­
tion of a magma system. Such data can be an exua constraint for our mod­
eling of petrologic processes. However, Ml have generally undergone some 
degree of post~nuapmcnt c,ystallizarion. Therefore. 10 quantify the details 
of geochemical trends represented by Ml suites, we must construct a set of 
cnteria to evaluate the degree to which any I or sci of I reprcsenlS the origi­
nal 1rapped L composition. The problems encountered in evaluating the 
degree 10 which I compositions depart from that standard fall into three 
categories: ( I) Enors caused by the selection of the Tor time of heating: 
(2) Loss or gain of volatiles caused by I NpCure: (3) Contaminalion from 
alteration produclS such as manganese oxides or salts in the host crystal. 

The criteria that may be used lo evaluate the veracity of rehomo­
gcni:zcd I compositions include examination of the relationship of the I 
composition to the host lava suite, Che morphology of the I, Che Fe and S 
content relative to the host suite. and the MnO content relative 10 the I suite 
and the host lavas. (Authors· abstract) 

NIELSEN, R.L., SOURS-PAGE, R.E. and JOHNSON, K. T.M., 1998, 
The nature of melt extraction and transpon in the lower crust and upper 
mantle: ConstrainlS from melt inclusions (abst.): EOS. Trans., 79 (45) Fall 
Meet. Suppl .. p. F1003. First author at COAS. 104 Ocean. Admin .• Ore­
gon State Univ .• Corvallis, OR 97331-5503, US; email (micl­
senrti'OCC.orst.edu) 

-Data was collected from rehomogeni:zcd olivine and plagioclase­
hostcd Ml from a variety of different environments. and some characteris­
tics were found to be prevalent throughout. First. Ml are generally. though 
not always, more primitive than their host lava. Second. depicted hosts 
generally contain depicted I. while enriched hoslS contain only enriched I. 
Third. in most cases lhe host lava composition is similar to lhc composite 
composition of all the Ml from lhat host. Founh. the LREE. and K behav­
ior is somcwha< decoupled from the HREE. P and Ti. Fifth. the distribu­
tion of Cl is extremely heterogeneous, however. we have some preliminary 
infonnation that suggests lhat Cl may be anomalously high in some ulua­
dcplcted I (Ti/Zr>IOOO). Finally. the diversity of Ml compositions is 
largely independent ofMgO. 

Taken together. these observations suggest that magmas travel on in­
dependent palhs through the upper mantle and lower crust and that signifi­
cant fractionation precedes mixing and accumulation, C orrclation of de­
gree of enrichment of Ml with their hosts demonstrates that enrichment is 
an inherent charactenstic of the parent magmas. nol generated by low P 
processes The heterogeneous distribution of Cl. and ilS presence in ultra­
depicted I suggcslS the possibility of a fluxing F circulating in the upper 
mantle. enabling the production of M ti"om refractory harzbulJ!ite. (From 
authors' abstract by E.R.) 

NIIMI, N. and YAMAMOTO, T., 1998. An inclusion in garnet porphyro­
blasl in a granuhle facies migmatitc (abst.J: 1998 Annual Meeting of the 
MincraloglCal Society of Japan/Japan Association of Mineralogists. 
Petrologists and Economic GcologislS. Kyushu University. Oct 8-10. 1998. 
p. 113 (abst. in Japanese). 

NIJLAND, T.G .. TOURET, J.LR. and VISSER, Dicderlk. 1998. 
Anomalously low temperature onhopyroxenc. spincl. and sapphirine occur­
rences in metascdimcnlS from the Bambie amphibolite•to-granulite facies 
transiuon 1.0ne (south Norway): Possible evidence for localized action of 
salme fluids. The J ofGeol., v. 106. p. 575-590. Authors al Dept. of Pet­
rol. and Isotope Geol .• Vnjc Univcrsiteil. De Boclelaan 1085. NL-1081 HV 
Amsterdam. The Netherlands. 

The question has been raised whether isolated granulite lacies "is­
lands,'· wluch occur throughout the amphibolite lacics of the regional am­
phibolite-to-granulitc facics transition zone in the central pan of the Bam­
bie sector. southern Norway arc the result of prograde or retrograde 
metamorphism Quartz contains Fl of highly saline brines. Relatively 
small I. usually without a salt cube being present at room T. have sal of c. 

97 

Volume 31, 1998 

25 wt.% NaCl cq., but 1.-gcr I containing a salt cube wilh lhtle F indicate 
that actual sal may have been considerably higher. CO2-rich Fl are absent. 
As no feasible heat transpon mchcanism is available to cause an intense. 
local increase in T, we suggest thal breakdown ofbiotilc and development 
of granuhtc facics assemblages is due to the locali:zcd presence of highly 
conccnuatcd brines at T close to or lower than peak metamorphic T. Re­
cent experimental and theoretical results demonslrlllc thal sallS will Strongly 
recude aH2O while maintaming alkali transport propenies. The later ca• 
pacity of the F enabled K• derived from b1otitc breakdown to be transferred 
10 quanz-feldspar lcucosomcs. which, however. arc non-anatcctic. The 
occurrence lends suppon to recent pctrogenctic grids that demonslralc that 
sapphinnc 1s not mdicaaivc of extreme(> high T, even in quartz-rich rocks. 
and provides a possible illustration of the actton of saline Fm high-grade 
metascdimcnts (From authors· abstract by E.R.) 

NIKOLAEVA, E.I. and KAZHiKHIN, M.A., 1998, The isotope compo­
sition of the ore-lead in the Almalyk porphy,y-(X)ppcr system as an indica­
tor of ore-forma11on (abst.): Second APIFIS lnt'I. Symp, Mineral Forming 
Fluids and Ore Genesis, Oct 28-30, 1998. Tashkent. Uzbck1s1an. Abstracts 
volume, p. 89-91 (ii) Russian). 

NINOMIYA, Atusi and ARAI, Shoji, 1998. Polygcnetic olivine pheno­
crysts in Okele basanilc. New Zealand: J, Min. Petr. Econ Gcol.. v. 93. p. 
235-249. Author a& Dept. of Earth Sci.. Kanazawa Univ . Kanazawa 920-
1192, Japan. 

Generation of polygenetic olivine phenoc,yslS is discussed for a ba• 
sanilc from Okctc Quarry, New Zealand, based on descriptions of its oh­
vine and spmel and the reaction product between the basanite and ilS peri­
dotitc xcnolilhs. The olivine phenocrysts can be divided mlo two typcS. I 
and II. The phcnocrysts (I) arc relauvely small. subhcdral 10 cuhcdral and 
has minute spmel I sparsely throughout the gram. They are free of the tex­
tures indicating deformation and fracture. The phenocrysts (II) arc rela­
tively large and have spine( I only in the rim. Their core has deformation 
textures and/or Fl trails. The olivine phenocrysts (I) arc nonnally zoned­
the core ranges from F0a~ 10 Fo16 and the rim has Fo16. The phcnocrysts 
(II) frequently have compositionally flat cores. which arc relatively Mg-rich 
(up to Fo.o). and 1.0ncd nms (FOas-16). 

The olivine phenocryslS (I) with low-Fe3
' spinel I were derived from 

the onhopyroxcnc/M reaction product. and those with high-Fc3
• spincls 

were prcc1picatcd from lhc basanite M. The olivine phcnocrysts (II) are of 
xenocrystal origin and have been modified by the M 10 various degrees. 
The ohvinc phenocryslS in olivme-rich magmas such as picrite basalts and 
alkali olivine basallS can be polygenet1c due lo the reacuon between the 
mantle peridot1tc and ·more pnmnive magmas. (From authors· abstract by 
E.R.J 

NISHIO, \'oshiro, SASAKI, Sho, GAMO, Toshitaka, HIVAGON, 111-
jinit and SANO, \'uji, 1998. Carbon and helium isotope systematics of 
Nonh Fiji basin basalt glasses. Carbon geochemical cycle in the subduc­
tion zone: Earth and Planet. Sci. Letters. v. 154. no. 1-4. p. 127-138, First 
author at Geological Inst.. School of Sci . Univ. ofTokyo., Tokyo. Japan. 

We have measured 613C values and CO;il3He ratios of vesicle-gas, and 
chemical compositions of North Fiji Basin basalt glasses. to esumate the 
contribuuon of subductcd carbon in back-arc basin basalt quanci1a1ivel). It 
has made clear that the CO2/3Hc ratio increases and the 613C value de­
creases with Ki() content. (From authors· abstract by E.R.) 

Nl\'IN, V.A •• IKORSK\', S.V. and KAMENSKY, l.L., 1998, Noble gas 
isotopes and carbon in rocks of the foid11e-sycni1c complexes, the Kola 
Alkaline Province (KAP). Russia (abst.): The Ninlh lnt'I Conference on 
Gcochronolog). Cosmochronology and Isotope Gcolog), Abstracts. pub• 
lished in Chinese Sci Bullctm. v. 43, Supp .. p. 95. Authors at Geological 
Inst.. Kola Scientific Centre. Apauty. Murmansk Region. 184200. Russia. 

Recently, owing to the original method that allows to extract G pre­
served m Fl. m some PaleoZ01c (370 Ma) alkaline-ultrabas1c complexes of 
"-AP there have been revealed high ~Hel'He ratios exceeding those for the 
upper mantle and 1mpl> ing activity of a Devonian subcontinental mantle 
plume in the region. However. synchronous foid1tc-sycm1c plutons of this 
province. whose mantle origin is not debated and Rb/Sr and Sm-Nd isotope 
systems 1cs11f\: against crustal contamination oflhe initial Mare character• 
ized by two magmludc lower «clUSlal» 3Hel'He ra1ios under comparable 
concentrations of U and Th as parental clemenlS for ~He To understand 
the reasons of these distmcuons. considering that some ratios of carbon lo 
He and Ar isotopes arc c11JCial geochemical indicators of interacuon be­
tween manllc and crustal processes. we exammed coupled distribution of 
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these components both in the whole rocks and in Fl. taking the Lovozero 
alkaline massif as an example. The vanations of Cr He ( 100-6 x 104

), 

Ct1He (2 x 01-h 1011
) and C/36Ar ( I " 101-6" 101

) ratios as well as a 
~itive correlation between 36Art'He and Cl3Hc:, iHel'He and Cf"He, 

Ar/36 Ar and C/36 Ar with regard to earlier well-founded abiogenic mag• 
matic derivation of carbon in the studied complexes suggest the mantle 
initial relations of the volatile: components. These relations changed likely 
not because of M degassing. but because of some 'He loss and the trappmg 
of G with low 1Hef"He ratios in S Fl at late• and postmagmatic stages of 
rock fonnation and as a result of in situ production of4He from U and Th 
fission. (Authors' abstract) 

NORMAN, D.I. and CHOMIAK. B.A., 1998. Understanding fluid path­
ways in ore forming geothermal systems in light of fluid inclusions gas 
analyses (abst.): Geological Society of America Annual Meeting 1998. 
Ab~uacts, v. 30, no. 7. p. A-77. Authors at Earth & Environmental Scij. 
Dept. New Me,iico Tech, Socorro, NM 87801; email (dnor• 
manr@nmt.edu us) 

A log (COi/C~) vs. log CN2/Ar) diagram is used to differentiate four 
types of F in geothermal systems; shallow meteoric. magmatic. evolved, 
and a mixed magmatic-evolved F. Shallow meteonc and magmatic vola­
tiles have COi!C~> 10, magmatic F have N2/Ar>I IO, and evolved Fat 
T<200°C are methane rich. In general. geothennal systems exhibit mixing 
between two end member F, and ore mineralogy changes in time and space 
within mineral deposits is associated with changes in F sources. Common 
in many deep epithermal and sediment-hosted deposits are I that have 
CO1/C~ about I or less. and N2/Ar>l l0. On aCO1lC~•Ni/Ar diagram 
such analyses indicate mixing of the composite F with shallow meteoric F. 
We interpret this data as an ore F comprised of evolved water charged with 
a magmatic component mi,iing at shallower depths with near-surface cir­
culating F. In the same deposit at shallower depths. or later in the par­
agenesis. Fl have COi/C~ from I to IO and Ni,/ Ar near that of air satu• 
rated water. We interpret these I F 10 be mixtures of deep and shallow 
circulating F devoid of a significant magmatic contribution. Examples of 
deposits with these characteristics are: Zacatecas and Fresnillo. Me,uco: 
Changkeng, China: and Getchel and Twin Creeks. Nevada Skarns such as 
San Martin and Zima-pan. Mexico, indicate muung of a CO:-rich mag­
matic F with evolved water. Inclusion volatiles in volcanic-hosted ep1ther. 
mal deposits such as Tayoltita and El Oro. Mexico and St. Cloud. New 
Mexico. indicate they are dominated by shallow meteoric F. No specific Fl 
G chemistry, sal and T are successful in detennining the type of minerals 
deposited. (Authors· abstract) 

NORMAN, D.I., CHOMIAK. B.A, and MOORE, J.N., 1998. Ap­
proaching equilibrium from the hot and cold sides in the FeS2-FeS-Fe}O,­
H2S-CO2-C~ system in light of Fl gas analysis: in Water-Rock Interaction, 
GB Arehart & J.R. Hulston (eds), Balkema. Rotterdam ISBN 90 5-tl0942 
4. p. 565-569. First author at New Mexico Tech .• N. Mex .. USA. 

Water-rock reactions in Broadlands. Tiwi, and The Geysers geothennal 
systems were studied by Fl analysis. I are nch m C~ which is attributed to 
F interaction with orJ!anic-rich sediments. Broadlands and Tiwi I have less 
H1S than is calculated for F equilibrium with local pyrite-bearmg wall 
rocks. The Geysers Fl. and steam. have greater than equilibnum concen­
uauons of H1S. We attribute the high HiS to slow kmctics in F recharging 
the systems• cool ground waters (Broadlands and Tiwi) or hot magmatic 
volatiles (The Geysers). A slope of 0.08 on COiJC~ vs. H1S plots sug• 
gests that the reaction 2FeiO,+ 12H1S+CO2=6Fc:S~+ I 0H:O+CH, controls 
sulfidation and pyrite desuuction reactions. (Authors· abstract) 

NOVA,\',, WILDE, S.A., l\lANGGA, S.A. and SllKARNA. D., 1998, A 
study of tluid inclusions at the Cikotok gold mine, West Java. Indonesia: 
Ninth Regional Congress on Geol .• Mineral and Energy Resources of 
Southeast Asia--GEOSEA "98 17-19 Aug. Kuala Lumpur. Malaysia. Pro­
gram and Abstracts. p. 119, Mineral Resources paper 6. First author at 
Geological Research and Development Centre. Jalan Diponegoro No. 57. 
Bandung 40122. Indonesia. 

The Cikotok Au-Ag ore deposit is typified by a high silver content m 
large sulphide-bearing quartz veins and in hydrothennal breccias. 

Primary I in quartz veins suggest that the Th and sal of the Fl ( 1.18 eq. 
wt.¾ NaCl) are in agreement with the T of the deposition of gold and 
metal-beanng F. 

There are two types ofFI: I) H1O-rich with V (two phases) and 2) 
single F phase (H2O G and CO: G ). The freezmg pomt measurements <-0.1 
to - 3.7 °C) yield sat estimates of0.1-3.15 eq. wt.% NaCl. The Fl with a sal 
<3.2 wt.% NaCl should have a meteoric origin. The Th for the tor the Fl 
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lie between 184 and 306°C. with a mean 245°C. Trapping P of 40 bars 
was oblained from the P-T plot of Shepherd et al .• ( 1985) by using the Th 
of 245°C. This is equivalent to a lithostalic load. and thereron: depth of 
210 m. These are typical of the low sal epithennal gold deposits common 
\\ithin active hydrothennal systems and within cpithennal gold deposits. 
These results are similar to those of Sillitoe ( 1977) who concluded that 
epithennal deposits which often contain precious metals were deposited 
from low T (200-300°C), low sal (<2 eq. wt.% NaCl) meteoric water. 
(From authors' abstract by E.R.) 

O'REILLY, C.O., SHANNON, P.M. and FEELY, M., 1998. A tluid 
inclusions study of cement and vein minerals from the Celtic Sea basins. 
offshore Ireland: Marine and Petroleum Geol.. v. I 5. p. 519-533. First 
author at Dept. ofGcol .• Nal'I. Univ. oflreland, Galway, Ireland: email 
(p.shannon@ucd.ie) 

Fl petrography and microthennometry have been carried out on Juras­
sic sandstone cements (quartz, calcite and dolomite) and later fracture­
filling calcite (±quartz) veins from the North Celtic Sea-and the Fastnet 
Basins. Fl in the sandstone cements are small (1-8 µm) monophase (L 
only) or L-rich, two-phase (L+V) aq I; all display irregular to ellipucal 
morphologies. The two-phase aq I homogenise to the L phase between 
--60-122°C and have saJ ranging from ~7.0-16.0 wt.% NaCl eq .• indicating 
precipitation of the cements by moderate sat waters. In contrast the veins 
host both aq and peuoleum L The aq I are L-rich, two-phase (L+V) I (~2-
30 µm long) that are typically P and show irregular and negative ciystal 
shape morphologies. Their Th (to L) range from S0-145°C and sal from 6-
20 wt.% NaCl eq .• indicating broadly similar sal coupled with a wider 
range of minimum Tl 10 those recorded from the cements. Yellow-brown. 
two-phase (L+V) petroleum I are hosted by vein calcite from several wells 
in the central North Celtic Sea Basin. Some of these I appear to be P and 
all are spatially associated with the aq I. The two-phase (L+V) petroleum I 
homogenise. mostly to the L, between ~S0-130•c. Petroleum I in the vein 
calcites indicate that petroleum was transported via fractures, at a late 
stage. through the Jurassic and Cretaceous strata of the Celtic Sea Basins. 
and apparently not through the sandstone matrix. (Authors' abstract) 

OAKES, C.S .. PITZER, K.S. and STERNER. S.M .. 1998. The system 
NaCI-CaClr H1O: Part 3. Heats of dilution and mixing at 373 to 573 K 
and 21.5 MPa using a new high-temperature, flow-through calorimeter: 
Geoch1rn. et Cosmo. Acta. v. 62. no. 7. p. 1133-1146. 

OELKERS, E.H., SHERMAN, D.M .. RAGNARSDOITIR, K.\'. and 
COLLINS, Claire. 1998. A EXAFS spectroscopic study of aqueous anti• 
mony (111)-chlonde complexation at 1empera1ures from 25 to 2S0°C: Chem 
Geol.. v. ISi. p. 21-27. 

OGATA, Takeyuki, ISHl\'AMA, Daizo. MIZUTA. Toshio and KI­
MURA, J.-1., 1998a. An examination ofscheelite mineralization using a 
LA-ICP-MS method a1 the Yamaguchi skarn deposit, Iwate. Japan (abst.): 
Geological Society of America Annual Meeting 1998. Absuacts, v. 30. no. 
7, p. A-370. First author at Inst. Applied Earth Sci .. Akna Univ., Akita 
0 I 0-8502. Japan. 

The Yamaguchi W-Cu skarn deposit occurs in hornblende-biotite 
granile or the Miyako granitic bodr in the Sn-W province of the outer zone 
of northeast Japan. 

REE content of 140 grains of amphibole. manite. biotite and plagio­
clase m granitic rocks and skarn zones were analyzed using a LA-ICP-MS. 
From quartz diori1e to granite. the REE content in amphtbole decreases 
from quartz dionte to granite. while REE content in titanite increases. The 
chondrite-norrnalized REE pattern of some of hornblende in the granite are 
U-shaped. La content in hornblende and titanite of granite ranges 16 to 4.8 
and 2653 to 772 ppm. respectively. La content in hornblende and titanite 
of aplite and skarn ranges 0.61 to 0.04 and 62.5 to S 1.6 ppm. respectively. 
LR EE-content in both titanite of the aplite veins and amphibole of the 
skarn is drasticall} decreased. The REE patterns of litanite in the aplite 
vein are similar to those oftitanite altered hydrothennall} in Brazil. The Fl 
m quartz from the deposit contain 3.3 wt.% NaCl eq .. and 5.8 wt.%C0i 
(liquid CO2). Carbonate complexes of LREE are dominant m CO2-bearing 
F. F containing CO2 component could be responsible for the significant 
decrease of LREE in titanite from aplite vein. Therefore. CO1-beanng F 
probably played an imponan1 role on the formation of scheelite-bearing 
aphte 11cm was fonned. (sic) REE content in titanite and amphibole 1s 
good indicator to find generation of F phase in magrna-hydrothennal Iran• 
s111onal S}Stcm. (From au1hors· abstract by H.E.B.) 
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OGATA, T., ISHIYAMA, D., MIZlffA, T. and KIMURA, J., 1998b. 
Tungsten mineralization at the Yamaguchi skam deposit. Iwate Prefecture­
An examination of the chemical composition of minerals using LA-ICP­
MS method (abst.): Abstracts with Programs, 48th Annual Meeting of the 
Society of Resource Geology, Tokyo, June 17-19. No. P-18 {in Japanese). 

Indexed under Fl. See previous abstract (E.R.). 

OHTANI, T., FUJIMOTO, T~ TANAKA, H~ TOMIDA, N. and ITO, 
H., 1998, Palcohydrothermal activity within the Nojima fault zone csti• 
maced from the analysis ofOuid inclusions (abst.): Abstracts of the I0Sth 
Annual Meeting of the Geological Society of Japan, p. 134 (in Japanese). 

OHTANI, T., FUJIMOTO, K., TANAKA, ff •• TOMIDA, N and ITO, 
H., 1998, Fluid inclusions en the Nojima fault zone: Newsletter, Japanese 
Assoc. Geothermal Fluid lnclusionists. no. 8, Feb., 1998. p. 29-32 (in Japa­
nese). First author Bl Geological Survey of Japan. 

Fl dala are presented for Th vs depth and sal vs. depth. (E.R.) 

OKUBO. Susumu, 1998, Occum:nces and microthermomctry of the Mio­
cene hydrocarbon inclusions from the MITI-Mishima well, Niigata Pre­
fecture, Japan: J. of the Japanese: Association for Petroleum Technology, v. 
63. no. 3, p. 205-21 S (in Japanese, Engl. abst.). Author at JAPEX Re­
search Center, Japan Petroleum Exploration Co .• Ltd. 

Occurrences and microtherrnometric characteristics of hydrocarbon I 
found in the MITI-Mishima well in Niigata Prefecture, Japan. have been 
studied and their implications are discussed. They occur locally in the 
lower part of the well, from the Miocene Lower Teradomari Formation · 
through 10 the upper part of the Nanatani Formation. which (arc) the main 
source rocks [for) the Niigata oil and G fields. 

Occurrences and crystal shapes of quartz with hydrocarbon I suggest 
that fraccures were the main migration pathways of the hydrocarbons. 
Quartz crystals with hydrocarbon I were found on extensional open fracture 
surfaces in cores. They also occur as cuhedral or subhedral crystals in cut­
tings. lntergranular pore spaces in sandstone are rarely observed in this 
horizon. The occurrences and crystal shapes of quartz indicate that they 
had precipitated in open spaces, and so the pathways of hydrocarbons 
mainly lie in the open-fractures of the source rock. 

The microthcnnometric characteristics of the I suggest that the migra• 
tions of hydrocarbons occurred at least twice. The hydrocarbons in the I 
fiom the MITI-Mishima well. commonly composed ofV. Land bituminous 
solid, are classified into the V-homogenized type and the L-homogenizcd 
type, This is based on their behaviour when heated on the stage of the 
mteroscopc. These two rypes of I do not exist in the same grain. although 
they occur in the same range of depth in this well. 

The experiments on the estimation of the degree of thermal change of 
the hydrocarbon I in a closed system show that the Th, which is initially 
66.CJOC, decreases to 45.9°C. This is after the I have been heated to 370"C 
for I 92 hours. Thus. the hydrocarbons in the I are revealed to have cracked 
at this T (Author's abstract) 

OKlll, Toshihani, MAEDA, \'uriko and HIRAOKA, Ryozo, 1998. 
Composition and stability of hydrates with double guests: Bulletin of the 
Geological Survey of Japan. v. 49. no. I 0, p. 5 I 7-S26 (in Japanese: Engl. 
abst.), First author at Tokyo Gas Co .. Frontier Tech. Research Inst.. 1-7. 
Suehiro-cho I -chome. Tsurumi-ku. Yokohama. 230 Japan. 

Stab•liry of hydrates is sensitively influenced by their composition of 
guests. Sometimes even a very small amount of guest changes its cquilib• 
ria drastically. In this repon. relationship between equilibria of hydrates 
with multiple guests and their composition is described. There arc two 
kinds of guest mixtures, one is fiom mixed G and the other fiom methane 
and an additive in water phase. 

First. equilibria of hydrates from methane and ethane or propane were 
investigated. It is difficult to measure composition of multiple guests in 
hydrate phase. because compositions ofG and hydrate phases arc different 
at an equilibrium. and then both change during hydrate forrnateon. A new 
approach to measure equilibrium composition in hydrate phase by stepwise 
dissociation and G analysis is introduced. 

Next. effect of contaminants in water phase was investigated. In this 
report 1e1rahydrofuran was selected as a typical guest in water phase. so that 
it might form stable hydrate with methane. 

The results indicated that equilibrium condition was drastically 
changed by small addition of a guest in larger cage: on the other hand. 
methane in small cages did not affect so much. These results suggested 
that occupancy of large cages en both I and II structures alfects stability of 
hydrates more strongly than in case of small cages. (Authors· abstract) 
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OMAR. G.I .. TSENG, H. Y., ONSTOTT, T.C. and PERSON, Mark. 
1998, Thermal and hydrogcologic constraint on the origin of deep subsur• 
face micro-organisms within the Taylorsville Basin. Va. U.S.A. (abst.)· 
Abstracts with Programs--Gcological Society of America, v. 30. no. I. p. 
6S. 

Indexed under Fl. 

ONASCH, C.M., SHEN-TU, Bia&ming and COUZENS-SCHULTZ. 
B.A., 1998, Strain panitioning and factorization in a quartz arenite. J. 
Structural Gcol., v. 20, no. 8, p. 1065-I074. First author at Dept. ofGeol ., 
Bowling Green Stale Umv., Bowling Green. OH 43403, USA; email (co­
nasch@bgne1.gbsu.ed) 

Most rocks dcfonn by multiple grain-scale deformation mechanisms 
In order to assess completely the contributions of each mechanism. the 
strain associated with that mechanism must be known and compared to the 
finite strain. This study describes the partitioning of strain between three 
mechanisms, P solution, dislocation cn:ep, and microfiacturing. in a quartz 
arenite deformed at low T. P solution, which occurred primarily during 
compaction. dominates the finite strain with an average of24% shortening 
normal to bedding. Dislocation cn:ep. which occurred during layer-parallel 
shortening. accounts for about 2% shonening parallel to bedding dip. Mi­
crofracturcs, which occur in three orthogonal sets. resulted in 2-4% exten­
sion normal to bedding, parallel 10 bedding strike. and parallel to bcddmg 
dip. The validity of the mechanism strains was tested using strain factori• 
zation. Models were constructed using the mechanism strains m an order 
determined by their relative ages. Because porous. well-soned quartz 
arenites. such as the one studied. are likely to undergo some mechanical 
compaction in the early stages of diagenesis. variable amounts of mechani­
cal compaction were included in factorization models. Models using the 
measured deformation mechanism strains with an initial 5° I 0% mechanical 
compaction yield finite strains in close agreement with the measured fimtc 
strains. This suggests that the mechanisms identified. the strain associated 
with each mechanism, and the deformation sequence are plausible 
(Authors' abstract) 

O'REILLY, C., SHANNON, P.M. and FEEL\', M .. 1998. A fluid inclu­
sion study of cement and vein minerals from the Celtic Sea basens. offshore 
Ireland: Marine and Petroleum Gcol., v. 15. no. 6, p. 519-533. 

ORSOEV, D.A., KJSLOV, E.V, and GLOTOV, A.I., 1998. Fluid regime 
of the low sulphide PGE mineralization formation at the loko-Dovyrcn 
massif. nonh Baikal region (abst.): IAGOD Newsletter. 1998. p. 42. First 
author at Geological Inst.. Sakhyanovoy str. 6. 6 7004 7 Ulan-Ude. Russia. 
The concentrateon and composition of volatile components (Hi(). CO2, 
CO. CH.i. H2) in plagioclasc samples were studied by G chromatography. 
The plagioclase samples were selected from anorthosites of PGE-bearing 
horizon and 1axitic rocks {olivine leucogabbro and gabbronorites. gabbro 
pegmatites) from Layered zone ofloko-Dovyrcn massif. The investigated 
samples are characterized by the higher contents of HP ( 1.84-10.32 ml/g) 
!sic) CO2 (0 063S-1.234). H2 (0 08-0.27). CO (0.0199-0.1687). CH.i 
(0.0087-0.0472) in comparison with plagioclase from normal rocks of the 
massif layered zone (Balykin et al .. 1983). The H1 and CO2 are leading 
components at the G phase of all plagioclase samples. The CO and CH.i 
have the subordenated role. At the same time. the plagioclascs from rocks 
of PGE-bearing horizon differ by a higher proponion of H2 and CO2. 

This composition ofvolatele components could not be in equilibrium 
with Munder magmauc T (Ncruchcv. 1991 ). Presumably it is result of 
influx of F from intermediate magmatic chamber. On the other hand, the 
increased role ofCO1 can be caused by not only P solubility ofG in equi­
librium with M. but also by partial oxidation ofF during massif cooling 
and the crustal waters circulat100. The heavy isotope composition of sul­
phur at the N1-Cu and PGE meneralization (Glotov ct al .. 1998) and that of 
hydrogen and oxygen in lower margin rocks (Kislov et al., 1991) are evi­
dences of this phenomenon. This process was displayed more heavily in 
rocks of PG E-bearmg horizon than in Malit zone rocks by a ratio of the 
CO: and CO contents in a cross-section of the massi( 

Thus. the evoluteon of volatile components during formation of PGE­
bearing horizon take place fiom carbonaceous composition mainly. that is 
connected directly with inttial M, through hydrogen-methane compositlOll 
playing an imponant role en PGE industrial concentrations formation. lo 
water mainly compos111on as a result of hydrothermal system occurrence on 
the late magmatic and postmagmatic stages. (Authors· abstract) 

ORSOE\: D~4 .. KONNIKOV. E.G .. GLOTO\', A.I. and KISLOV, E.V .. 
1997. Lower layered horizon of the Fedorovo-Pana gabbroid massif, Kola 
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Peninsula: features of structure. composiuon. and fluid phase d1stribu1ion: 
Russian Geol. And Geophys., v. 38, no. 11, p. 1811-1820 (in Russian: 
Engl. abst. ). 

The inner structure oflhe lower layered honzon (LLH) oflhe Fe­
dorovo-Pana Massif was srudied in detail on lhe western slope of Mt 
Zapadnyi Kievey. The LLH cross sec1ion 1s characterized by rhythmic 
layenng mainly of gabbronon1es and gabbros wilh different grain size, 
percentage of mafic minerals. and fabric. Microm}1hms have typically 
two- and three-member struclure. Up the sec1ion. the microrh)1hms be­
come thicker and relative volume of leucogabbros and anonhos11es in­
creases. The lower part oflhe LLH. where the low-sulfide PGE minerali• 
zation is localized a1 the plagiopyroxenites and taxilic norites. is 
distinguished by lhe finesl. most complicated, and contrasling interlayer­
ing. Signs of viscous flow of a magmatic M are strikingly displayed in lhe 
middle and upper parts of lhe cross section. The composition and distribu­
tion of the F components (HiO. CO1.'CH4) in plag1oclase monofrac1ions 
were s1udied by G chromatography. It has been shown that the G phase 
evolution proceeded from hydrocarbon-hydrogenous to mainly CO2 on lhe 
background of a general decrease in H2O concentration and its share during 
the ddferenuation of a magmatic M. This led 10 the conclusion that lhe 
low oxidizing po1ential (or more reducing cond111ons) and relative high 
H1O P in lhe F phase were most favorable for concentraling PGE minerals. 
(Aulhors' abstracl) 

OSENBR0CK, Karsten. LIPPMANN, Johanna and SONNTAG, 
Christian, 1998, Dating very old pore waters in impenneable rocks by 
noble gas isotopes: Geochim. et Cosmo. Acta. v. 62. no 18. p. 3041-3045. 
First au1hor al lnstitut ftlr Umweltphysik. Universiutt Heidelberg. Heidel­
berg. Germany: email (ka.os@t-online.de) 

The 4He, .w Ar. and u6Xe content dissolved in the pore water of sedi­
mentary rock samples was measured on samples from borehole cores near 
the repository for nuclear waste in Morsleben. Germany. Due to the very 
low permeabilities of the rock formations, conventional groundwater sam• 
piing was almost impossible. Hence. we developed a new sampling 
method for noble G in the pore water of freshly drilled rock cores, This 
method pro-vides vertical noble G profiles in high depth resolution. even in 
impermeable rocks. By application of the new technique quantitative age 
informations of groundwater and pore water have been derived. We find 
palaeowaters from lhe las1 glaciation depleted in 6D and o1~O with a 4He 
age of about 55 kyr. The high salme pore soluuons below are at least 6 
Mio years [sic) old. This has been concluded from the profiles ofrad10-
genic 4He and 40 Ar close to .dif-fusion m s1eady-state and from xenon iso­
topes produced by srntaneous fission ofl1~U m the rocks. A 4He !lux of 
2 " I0'1 cc STP cm· )T"

1 is derived from the profile. which is due to local 
4He production within lhe investigated sediments. (Authors· abstract) 

PAK. T.M. and BAlll\lGARTNER, L.P .• 1998. Solubility of simple pe-
1 itic and granitic mineral assemblages in chloride rich aq solutions at 2 
kbar. and 400-650°(: tabst.): Mmeralog1cal Magazine, v. 62A. V. M. Gold­
schmidt Conf., Toulouse 1998. Extended Abstracts. p. 1124, First au1hor at 
Dept. or Geol. and Geophys .. Univ. of W1sconsm-Mad1son. Madison. WI 
53706. USA. 

We measured the solubility of various assemblages at 650-55o•c and 
2 kbar over a total chloride range ofO.O I to 4 m Cl"" The results are 
summarized in Table I. Accurate predictions of important variables. such 
as pH, slill limit the applicability of quantitative mass transport calculallons 
for metamorphic conditions. (From aulhors' abstract by E.R) 

See figure in the 11/ustrallons appendix, 

PAL, D.C., PANIGRAHI, M.K. and MISHRA, 8., 1998. Fluid inclu­
sions characteristics of tin-bearing pegmautes of Malkangin District. 
Onssa: J. Geological Society of India. v 51. p. 685-696. Authors at Dept 
of Geol. and Geophys .• Indian Inst. ofT ech .. Kharagpur 721-302. 

Stannifcrous pegmatlles ofMalkangiri occur both in metabasics and 
metasediments showing signatures of deformation but very I 111le wall rock 
alteration. Fl microthermometnc studies m pegmatitic quartz and quartz 
from quartz veins reveal the following three types of I: aq b1phase. me­
lastable (?) monophase aq I which do not show any thermal response. and 
rare halile-bearing I. The CO:-free nature of the l 1s noteworthy lsochores 
ofhahte-bearing I (where Ts NaCl>Th) intersect at P•T values of2.65 kb 
and 337°C. implying preservation of the magmatic F that separated during 
the late stage of felsic magmatism m the area. Addiuonally. the above P• T 
values compare reasonabl) well with those obtained from the intersection 
of halite liquidi wilh the corresponding 1sochores 

Tin-bearing pegmatites in metabas1cs are characterized by 1heir low Th 
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and isothennal variation in sal. This is explained by mixing of a Sn• 
bearing, granite affilitated, presumably reduced F with a heated. less 
evolved oxygenated meteoric water that led lo cassilerile precipitation. 
lntereslingly. I in cassiterite-bearing pcgmarites within metasediments rec­
ord a low T comparable wilh those from wilhin metabasics. In contras!, 
barren pegmatites within the schistose metasediments preserve high T sig• 
nature and indicate a simple cooling trend. The study reveals different 
styles of evolution of stanniferous and barren pegmatites al Malkangiri. 
(Authors' abstract) 

PANG, Z.-H and REED, Mark. 1998. Theoretical chemical thermometry 
on geothermal waters: Problems and methods: Geochim. el Cosmo. Acta 
v. 62. no 6. p. 1083-1091. 

PARILOV \'u.S .• 1998. Tests for determining the sources of ore-forming 
fluids based on the chemical composi1ion of solutions in inclusions (abst): 
Second APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 
28-30. ~998. Tashkent, Uzbekistan, Abstracts volume. p. 27-30 (in Rus­
sian). 

See Translations. 

PARK. S.I(., 1998, The influence of fluids on partial melting beneath 
Nanga Parbat. Pakistan Himalaya (abst.): Geological Society of America 
Annual Meeting 1998, Abstracts. v. 30. no. 7, p. A296-A297. Author at 
IGPP. 1432 Geol.. Univ. ofCalifomia. Riverside. CA 92521: email (mag• 
neto@ucrmt.ucr.edu) 

Rapid exhumation of the Nanga Parbat-Haramosh Massif(NPHM) in 
the past 3 Ma has exposed rocks from the middle crust. Tom leucogranite 
dikes. migmatites and small bodies of granite with ages as young as I Ma 
are common. Clearly, partial melting is occurring beneath Nanga Parbat. 
An interdisciplinary srudy of the NPHM yields new constraints on lhe ex­
tent of partial melling and the conditions under which that M forms. 
Abundant microseismicity ceases abruplly at a depth of 5 km below sea 
level (9-12 km below the surface) and at depths of 8 km on lhe flanks. 
which is inferred 10 be the brittle-ductile ( b-d) transition. Fl and oxygen 
isotopic studies indicate that meteoric waters circulate 10 shallow crustal 
depths (above 1he b-d transition) and are lhen heated to a dry steam phase 
before returning 10 the surface. Most surprising is the lack of evidence for 
widespread magma below the b-d transition. Prominent S wave arrivals 
and electrically resistive cruse are arguments against widespread magma. 
Average F contents from rock resistivity are <0.0 I% in the crust 10 depths 
of at least 40 km. Such resisuviues above the b-d transition are consistent 
with evidence of dry steam from the Fl and the harmonic nature of some 
local seismic events. Below 1he transh1on. we infer from the finite resisciv­
ity and NaCl content of the brines (5% ftom Fl) lhat these Fare intercon­
nected. F generated from metamorphism and partial melting may instead 
be concentrated in isolated. rapidly defonning regions. The young igneous 
bodies observed at the surface are due presumably 10 dry decompression 
partial melting caused by the rapid exhumation at Nanga Parbat. Genera­
tion of granitic M under dry conditions would lead to electrically resistive 
magma bodies. which would be consistent with the high resistivity. The 
passage of S waves 1hrough this region precludes che presence oflarge 
magma bodies. but small pockets of gran111c magma are permitted by the 
MT data. plausible sources of scallermg seen in the seismic data. and con­
sis1ent with the occurrence of only small and scattered young granitic bod­
ies (Author·~ abstract) 

PARNELL, J., CARE\', P. and Dt1NCAN, W., 1998. History of hydro­
carbon charge on the Atlantic margin: Evidence from llu id inclusions 
studies. West of Shetland: Geology. v. 26, no. 9. p. 807-810. First author 
at School of Geosci .• Queen's Umv. of Belfast. Belfast BT7 INN, UK. 

Fl in Jurassic reservoir sandstones help us to understand the history of 
hydrocarbon charge m the West of Shetland region. The sandstones con• 
tam both hydrocarbon and aq Fl. Hydrocarbons are present in trails of SI 
through detrital grains. and as Pl in quartz overgrowths. This is direct evi­
dence tor al least lwo episodes of hydrocarbon charge before the present oil 
entered the rock. consistent with indirecl evidence from burial history mod­
eling and organic geochemistry Fluorescence colors indicate lhat the two 
mis are of distinct composition. The first oil was degraded. reflecting an 
.:p1sode of uplift and exposure to near-surface F before reburial and migra­
uon of a second live oil. Oils comparable to these two paleocharges were 
mixed to produce the oils that are encountered in the current reservoir 
pores. showing that they were presm·ed desp11e repeated tectonic events at 
the Atlantic margin. (Authors· abs1racl) 
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PARNELL, John, CARE\". Paul and MONSON. Bryan. 1998. Timing 
and temperature of decollc:ment on hydrocarbon source rod beds m cyclic 
lacustrine successions: Palacogeography. Palacoclimatolog). Palaoecology, 
v. 140. no. 1-4. p. 121-134. 

The generation of hydrocarbons causes lubrication of source rock bed­
ding planes which can enhance defonnallon during basin subsidence and 
subsequent tectonic events. Minerals pn::cipnated in tension cavities asso­
ciated wuh dc:collement yield Fl Th m the ranges 96-139°C and 85-96°C 
for the Orcadian and Hanford-Deerfield basms. respectively. These data 
arc consistent with burial into the 011 window at depths of between 1.5 and 
2.0 km. (From authors· abstract by EK) 

PARR\', W.T., 1998. Fault-fluid compositions from fluid inclusion obser­
vations and solubilities of fracture-sealing minerals: Tcctonophysics. v. 
290. no. 1-2. p. 1-26. 

Host-rock chemical alteration and syntectonic veins in and near fault 
zones arc evidence for episodic fracturing and F transpon dunng faulting. 
Alteration minerals, vein fillings.and Fl may be used to estimate fault-F 
chemisll). T and P. Fl in thrust faults. reverse faults hosting mesothcnnal 
gold deposits. and e:<humed footwall rot ks of normal faults show that F 
components include NaCl. CO2. CH,. and CaCt, in addition to H2O. F 
composmon. T and P arc spatially and temporally variable on most faults; a 
typical fault F does not exist. NaCl concentrations in fault F vary from O to 
39 wt.%, CaCh concentrations range up to 19 wt% and CO2 concentra­
tions range up to 32 molo/o in Fl, but some I are present that are I 00 mol% 
CO2. 

Th measurements and P estimates confinn that these F were trapped at 
elevated P at depth on the faults. In CO2-bearing fault F. P fluctuated. and a 
range of CO2 contents indicate effervescence Varying solution densities of 
NaCl•H2O F have been interpreted to result from entrapment off in I at 
constant T and varying P. Diverse F compos111ons are present on some 
faults with similar Th and c:stima1ed P suggesting similar depths on the 
faults. Pressure. T and F composition detenn•ne the solubilities of fracture­
filling minerals calcite and quartz and the formation of alteration minerals 
that are related to the mcchan1eal behavior of the rock. Quartz may pre­
cipitate as a result of cooling or P reduction, but calcite solubility mcreases 
with cooling and decreases with decreased Pco2. Higher sal increase 
solubilities of calcite and quartz and decrease the pH for equilibrium 
among feldspars. muscovite and solution. Mineral assemblages provide 
evidence of deprcssurization of the Fas F moves from higher- to lower• 
pressured reservoirs. Precipitation of quartz, calcite. and K-feldspar or 
alb1te m fractures may result from F deprcssurization. Fault-zone rocks 
containing stilbitc and laumoniite reacted with F that contained little CO! 
at comparauvely low T and P: kaolinite. prehnite. muscovite. epido1e. and 
chlor11e formed from F at higher T and P. Variations in mineralOg)' and Fl 
characteristics on individual faults suggest separate F that differ in chemi­
cal composuioo. T and P. {Author's abstract) 

PARSO~. L.1\1., WALKER. C.L. and DIXON, D.R.. eds. 1995. Hy­
drothennal vents and processes. Gc:ol. Society Special Pub. #87. 

Indexed under fl. (E.R.) . 

PASTERIS, J.D. and CHOU.1.-1\1., 1998. Fluid-deposited graphitic in­
clusions in quartz: Comparison between KTB (Gennan Continental Deep­
DnlhngJ core samples and artific,ally reequilibrated natural inclusions: 
Gcochim. et Cosmo. Acta. v. 62. no. 9. p. 109-122. First author at Dept of 
Earth and Planetary Sci .. Washington Univ .. St. Louis. Missouri 63130-
4899. USA. 

We used Raman microsampling spectroscopy (RMS) to detennme the 
dcgrcc: of crystallinity of minute (2· I 5 µm) graphite I in quartz in two sets 
of samples· experimentally rccquihbrated Fl in a natural quartz grain and 
biotne-bcaring paragneisses from the KTB deep drillholc: in SE Gennany. 
Our sequential rccquilibration experiments at 72S°C on initially pure CO2 I 
ma quartz wafer and the J. Krauthem (1993) experiments at 900-1100°c 
on organic compounts heated in gold or platinum capsules suggest that. at a 
given T. ( I ) F-deposited graphite will have a lower crystallinity than meta­
morphosed organic matter and (2) thBl the crystallinity of f•deposited 
graphite: 1s affected by the composition of the F from which it was depos­
ited We detennined that the precipitation of morc<rystall inc graphite is 
favored by lower/ H1 (higher/ 01). and that the crystallinil) of graphite is 
established by the conditions (including G lugacitiesl that pertain as the F 
first reaches graphite saturation. 

Graphite I within quartz grams in the KTB rocks show a wide range in 
crystallinaty index. reHecting three episodes of carbon entrapment under 
different metamorphic conditions. Isolated graphite: I have the spectral 
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properties of totally ordered. completely crystalline graphite:. Such crystal­
linity suggests thar the graphite was incorporated from the surrounding 
metascd1mentary rocks. which underwent metamorphism at upper amphi­
bohte-facies conditions. Much of the F·dc:posited graphite m Fl. however, 
shows some spectral disorder. The properties of that graphne resemble 
those of experimental p~•pitates at T in excess of 700°C and at elevated P. 
suggesting thar the I represent precipitates from C ·L-H F trapped under 
conditions near those of peak metamorphism at the KTB site In contrast, 
graphite that is intimately associated with chlorite and other (presumably 
low-n silicates in I is highly disordered and spectrally resembles kerogcns. 
This graphite probably was deposited during later grccnsch1s1-facies retro­
grade metamorphism at about 400-S00°C. 

The degree of crystallinity ofF•dc:posited graphite: is sho...,n to be a 
much more comple,c function ofT than is the crystallimty of metamorphic 
graphite To some extent. experiments can provide T-calibration of the 
crystallinity index. However. the difference in time scaks between expen­
mental runs and geologic processes makes it difficult to infer specific T for 
naturally precipitated graphite. (Authors· abstract) 

PENG, Z., WATANABE. M .. HOSHINO, K-.. SllEOKA. S~ \ 'ANO, T. 
and NISHIDO, H., 1998, The Machangqing copper-molybdenum depos­
its. Yunnan, Chi-An example of Himalayan porphyry-hosted Cu-Mo 
mineralization: Mineral. and Petrol.. v. 63. p. 95-117. First author at Dept 
of Earth and Planetary Sci.. Hiroshima Uni\'., Hiroshima. Japan. 

The Machangqing copper-molybdenum deposits consist of two types· 
(I) Cu-Mo quartz veinlets in magnetite-series granite porphyry: and (2) Cu­
Mo skams occurring at the contact between a sedimentary sequence and 
the grafllle porphyry. With dcc~ing T and ai;• and air of the hydrother­
mal F initially in equilibnum with K•feldspar. the following alterauon pat• 
terns developed within the porphyry. from the center outwards: silicifica­
tion. K-silicatc:. phyllic and argillic alteration. The parageneuc sequence of 
alteration minerals observed in the Cu-Mo skarns resulted from decrcasmg 
T and/or increasing ac.Na21f' of the hydrothermal F iniually in equilibrium 
with grandile garnet. Fl in quartz suggest boiling dunng the mineralization. 
The mineralization T based on filling T and sal of quartz are in the follow­
ing ranges: about 265-400°C and 5.0-14.6 wt.¾ NaCl eq for the Cu-Mo 
veinlcts. and 200•500°C and 10.2-42.0 wt.¾ NaCl eq. for the Cu-Mo 
skarns. As is evident from log /O1-pH diagrams. ores of the early stage of 
mineralization in the Cu-Mo skams. characterized by the assemblage mag­
netite+pyritc:+rare pyrrhotite+K-feldspar+quartz. were deposited from 
highly alkaline and high T F. With decreasing T and /Oi . the pH of the 
ore F was shifted lowards slightly alkaline to neutral. with the resultant 
formation oflhe main stage ores. charactenud by the assemblage chal­
copyrite+pyrite+molybdenitc+sphalerite+K •feldspar+sencite (musco­
vitel+eprdoce+quanz. Very minor amounts of ore muierals. including 
mall ldne. bismuth1mte and electrum, an: associated with a late stage of ore 
fonnation. 

In the case of the Cu-Mo veinlcts. it can be stated roughtly that both 
/Si and JO: cond111ons were in the stability lie Id of pyrite. w11h pH of the 
ore F buffered by the assemblage scricitc:+K-feldspar+quartzt:calc•te. K-AI 
detennmauons were made on the granite porphyry. b1otne phenocrysts and 
hydrothermal brotite m the Cu-Mo skarns. giving ages of 42.S to 34.6 Ma. 
52.3 Ma. and 39.2 to 26.4 Ma. respectively. 

It is concluded that the Cu-Mo mineralization at Machangq1ng shows 
a close spatial and temporal associatlOll with the Himalayan fels1c magma­
usm of the magnetite-series type (Authors' abstract). 

PERELLO. JoK, URZUA, Fdipc:, CABELLO, JoK and ORTIZ. 
Francisco, 1996, Clustered. gold-bearing Oligocene porphyry copper and 
asociated epithcnnal mineralization at La Fortuna. Vallenar Region. nonh­
em Chile: in "Andean copper deposits: New discovc:rres. minerahza1ion. 
sl)·les and metallogeny". Soc. Econ. Geologists Special Publication No. S. 
Camus. F. Sillitoe. RH. and Pctc:rsc:n. R .. eds .. 1996. p. 81-90 

First author at Minera BHP de Chile Inc .. Apoqumdo 4499. Piso 12, 
Santiago. Chile, 

The La Fortuna porphyry cluster is centered on a series of porphynuc 
stocks ofTert1ary age that intruded a sequence of Paleozoic rhyohtcs and 
Jurassic red heds. Much of the area is covered by 1gnimbritcs and gravels 
of Miocene age. Structure is dommated by regional. north-trending reverse 
faults cmsscut by local. northwest-trending faults wh,ch arc intimately 
assoc1aced with the porphyry-style: mincral,zauon. Two mam typc:S ofmm­
erahzation are present m the area: porphyry copper-gold at La Fortuna 
itself and El Negro. and high-sullidauon epithcnnal gold at Cantarito 
(From authors· abstract by H.E.B.) 
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A preliminary Fl study was undertaken on four samples from La For­
tuna and two samples from Cantarito (Skewes, 1993). At La Fortuna. the 
quartz-veinlet stocl-worlcs in the intcnncdiate argillic alteration zone con• 
tam two main Fl associations: I) Type I multiphase I. with a V bubble, L, 
and up to six dxl (hematite, halite. opaques, and sylvitc, among others), that 
homogenize by dissolution of halite at T>600°C. The sal of these I com• 
monly exceed 70 wt.% NaCl eq. 

2) Type II (two-phase with V and F} I that coexist with Type I inclu­
sions and do not homogenize at T <600°C. 

The coexistence of these two I typeS and their similar Th, along with 
the elevated sal and T. suggest that lhcy were trapped from undiluted, not. 
boiling F compatible with a magmatic derivation. This. in tum, suggests 
that such F were likely to have been accompanied originally b~• K-silicate 
alteration assemblages, which were later overprinted by the intermediate 
argilhc, scricitc-chlorite alteration present now at La Fortuna. 

Open spaces in hydrothermal breccias associated with advanced argil­
lic alterat1on in the upper parts of La Fortuna are filled with quartz lhat 
contains coexisting I ofTypes I, II, and Ill Type I inclusions contain multi­
ple dxl, homogeni:zed by V bubble disappearance at T between I 94 and 
302~c . and have sal between 30 and 33 "1.% NaCl eq. Low-sal, Type II 
inclusions, with Th between 248 and 262°C, are common. and Type Ill. L­
nch I homogem:ze between 172 and 324°C and have sal of <5,4 wt.% NaCl 
eq, 

The Fl from this shallow porphYJY environment are interpreted to have 
been trapped from two apparently different boiling F at epithermal T: one 
diluted with an important meteoric component and the other moderately lo 
highly saline with an important magmatic component. 

Fl from Cantarito arc generally scarce and small (<6 microns). Work• 
able I were found only in quartz within cavities and quartz-alunite~lined 
hairline fractures and correspond to L-rich Type Ill. No V-rich I were ob­
served. The Type Ill inclusions analyzed homogenize to Lat room T be• 
tween 206 and 261°C. and have sal of <5.2 wt.% NaCl eq, Their T and sal 
ranges compare with those determined for the high-sulfidation epithermal 
deposits oflhe Nansatsu district, Japan (Hedenquist el al,, 1994), Interest­
ingly. these I are similar to the Type DI inclusions from the upper part of the 
La Fortuna porphyry system. and were probably trapped from the same F. 

Feldspar-stable. quartz-K -feldspar stocl-works at El Negro contain 
abundant P Fl ofTypes I. II. and Ill. Coexisting Types I and II inclusions 
have been observed. Neither T nor sal were determined for these I. al­
though the presence of multiple dxl in Type I inclusions and the coexis­
tence of Types I and II inclusions suggest that they were trapped from 
highly saline, boiling F from a magmatic source. (From the authors· text 
by H.E.B.l 

Seefigu~ in the lllus1ra1iot1s appendix. 

PERINELLI. C .. ARMIENTI. P .• TRIGILA, R. and Al.'RISICCHIO, 
C., 1998. lntergranular melt inclusions within ultrarnafic xenol iths from 
Baker Rocks and Greene Point volcanics (nonhem Victoria Land. Antarc­
tica1: Terra Antarcuca. v. S. no. 2. p, 217-233. First author at Dipartimento 
di Sctenze de Ila Terra. Via S. Maria 53. 56 I 26 Pisa. Italy, 

• At Greene Point and Baker Rocks (north Victoria Land. Antarctica) 
ultramafic xenoliths have been found enclosed in Cainozoic volcanics of 
alkali-basaltic and nepheliniuc composition. Greene Point xenoliths com­
prehend spinel•harzburg1tc:s with protogranular to porphyroclastic textures; 
Baker Rocks xenol ilhs are spinel-harzburgites with protogranular 10 por­
phyroclastic textures. cumuhtic wehrlites. and composition Kenoliths made 
by granuloblastic harzburgite and wehrlite or harzburg1te and p}Toxenite. 
lntergranular glassy I arc generally found within the protogranular harzbur­
gites while in cumulitic wehrlites glassy veins or fracture-fillings are more 
common. Composition of glasses shows significant differences berween 
the two series and, at Baker Rocks. also within different samples. We con• 
sider that the origin of the glass I within harzburgites of both series. the 
widespread occurrence of pyrometamorphic textures, Na. Ba. Sr. Rb. K and 
LREE enrichment in the bulk chemistry of these xenoliths. and the occur­
rence of composite xenoliths are all related to a metasomatic event affect­
ing the mantle of this area. Glass I in wehrlitic xenoliths arc instead the 
consequence of fractionation of the M that carried xenoliths themselves. as 
shown not only by the composition of the glasses. but also by the textural 
relations between the xenolith minerals and the 2lass I. 

Geothermometric and geobaromemc estimates show that the xenoliths 
have been initial!} equilibrated between 950 and I 070°C at P between_ I 
and I, 7 GPa: with a following thermo-bar1c rccquilibration at about 900°C 
and 0. 7 GPa, The above results arc in agreement with geophysical data and 
wnh other P and T est1mates obtained on xenohths from the same region 
(Beccaluva et al .• 1991: Homing et al~ 1991 : Zipfel & Womer. 1991 ). 
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(Authors' abstract) 

PETER, J.M., GOODFELLOW, W.D. and Ltg 169 Shipboard Stien­
tifk party, 1998. Setting, mineralogy and geochemistry of the Middle 
Valley sulfide deposits: ODP Leg 169 (abst.): 17th General Meeting lnt'I. 
Mineralogical Association. Aug 9-14, 1998. Toronto, Canada, Abstracts 
and Programs. p. A 132. Authors al Geol. Survey of Canada. Ottawa: email 
(jpeter@nrcan.gc.ca) 

Middle Valley, northern Juan de Fuca Ridge. 1s a hydrothermally ac­
tive rift covered by a thick sequence of turbiditic and hemipelagic sedi­
ments. The massive Zn-Cu sulfide mounds have been drilled. Several of 
the drilled holes are now venting hydrothcnnal F. These sampled F. and 
those from anhydrite chimneys, arc metal-poor and have lower T ( 145• 
27-5°C) than measured in Fl in the massive sulfides and feeder zones (up to 
354°C); therefore, they are not likely to be representative of F which 
formed these deposits. (From authors' abstract by E.R.) 

PETERSEN, E.U. and FITZMA \'ER, J.R., 1998. The alumte-sericite 
associa&ion: A new type of epithennal precious metal deposits? (abst.): 
Geological Society of America Annual Meeting 1998. Abstracts. v, 30. no. 
7, p. A-127. Authors at Dept. ofGeol, and Geophys. Univ, of Utah. 135 S. 
1460 E, Room 719. Salt Lake City, UT 84112-0111. email {eupe-
1ers@mines,utah.edu) 

Three major typeS of epithcrmal precious metal deposits are well es­
tablished (Bonham. 1984): the kaolinite-alunite group (HS), the adularia­
sericite group (LS) and the alkalic group, A fourth type. the alunite-sencite 
group. can be recognized. The type deposit for this laner group is the larg­
est gold deposit in Bolivia (ISO Ml Au}. the Kori Kollo deposit (Jnl largest 
in South America). Hypogene precious metal mineralization is hosted m 
both wallrock and a sheeted vein system dominated by pynte, Alteration of 
the andesitic-dacitic hypabyssal intrusion/dome complex consists of pyriti­
zation (up to 14 vol.% pyrite), si\icification (44-51 vol.% quartz). senciti• 
zation (38 vol.% phengite), (K.Na)-alunite+florencite ( 1-3 vol.%}. and 
local trace kaolinite. A distinctive positive europium anomaly is charac­
teristic of altered wallrock. Vein mineralization consists of Stage I (85-90 
vol.%) pyrite. arsenopyrite, high-fineness elcctrum and minor jarnesonite, 
Stage II (~5 vol.%) pyrete. jamesonite. moderate-fineness electrum, galena, 
sphaleri1e. tetrahedrite, boumonite. and chalcopyr1te. and Stage II (S-10 
vol.%) Pb-APS minerals whech replace earlier sulfides and late alunite. Fl 
studies show lhat magmatic F (700-3000C. 8-45 "1.% NaCl) are trapped in 
P I in quartz phenocrysts. Secondary I record T between 250 and 3S0°C 
(5-13 wt.% NaCl). Primary I in rare. vein quartz yield T=250-350°C. 5-9 
wt.% NaCl. Primary I in sphalerite yield T"'200-300°C. 7-1 S wt% NaCl 
with SI yielding T~t 50·225°C, 7 wt.% NaCl. These data suggest mini­
mum bunal depths during mineralization between 0.4 and 0,8 km. Kori 
Kollo shares several characteristics with HS and LS precious metal deposits 
but does not fit neatly in either category. It es anticipated that more depos• 
its belonging to this class in the region will be recogni:zed as detailed de• 
posit descriptions become available. (Authors· abstract) 

PETRICHENKO, O.\'. and SHAIDETSKA, V.S., 1998. Calcium chlo­
ride in brines of the Upper Devonian evaporite basins in the Pripyat­
Dnipro-Donets riftogene: Study offluid inclusions en halite: Przeglad 
Geologiczny. \', 46, no. 8, p. 689-699 (in Polish. Engl abst.). 

Authors at lnstytut Geologii i Geochemii NANU. Naukova 3A, 
2900S3. Lviv, Ukraine, 

Upper Devonian evaporite deposits ofDnipro-Donets (Ukraine) and 
Pnpyat (Belarus) depressions accumulated due to evaporation of water 
coming from a vast epicontinental sea of the Moscow Syneclise. Periodical 
occurrence and development of four independent evaporite basins took 
place simultaneously weth the development of the deep rift structure and 
intensive volcanism. Analyses of Fl in sedimentary halite indicate that 
brines in the Upper Devonian evaporite basins at the be~inning of halite 
precipnatmn were characterised by a high content of Ca • (from 80.0 to 
169.0 g/1). Dunng accumulation ofthicl series of evaporetes (up to 2,000 
m). the content ofCa2~ in brines decreased to 5.0 g/1. and in some cases to 
6.0 g/1 (rarely- to I .S g/1) The changes of calcium content show inverse 
prnpon,on with that of K + and Br" and sometimes Mir·. that docs not fit 
the concept of the genetic relation between the major part ofCa2

' and sea­
water. and evidences thus an additional source of supply of the: ion. Such a 
source were marine brines buried within chemical and temgenous deposits, 
and discharged into the basin during the: sediment compaction, as indicated 
by similar chemical composition of buried marine brines m sub-evapontic 
and mtra..:vapontic Devonian deposits of both depressions and of bottom 
brines m evaporite basins of the rifiogene in Late Devonian. The constant 
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presence of Ca!• in brines at all stages of sale accumulation resulted from 
the constanl supply of seawater ofNa•K-Mg-Ca-CI chemical cype. Such 
chemical cype was also recorded in brine I in sedimenlary halile from other 
Devonian evaporites. (Authors' abstract) 

PEITKE. T., KRAMERS. J.D. and DIAMOND, L.W" 1998, Radio­
genie isotopes in hydrothermal fluids: Clues 10 understanding ore deposil 
genesis? (abst.)· 17th General Meeling lnl'I. Mineralogical Association, 
Aug 9-14. 1998. Toronto, Canada, AbstraclS and Programs, p. A.30. 
Aulhors at lsot. Gffll. Group. Min.-Pctr. Inst., Univ. of Bern, Switzerland; 
email (tpcttkc@umich.edu) 

Cont.radiclory gcnclic models for latc-mcwnorphic eold lodes of vari­
ous formation ages worldwide emerge from literahllc. tesllfymg 10 the need 
of discriminating analytical tools to reliably constrain the source oflhe F 
and lhe gold, and lhe timing of gold vein formation relative to orogenic 
evenlS. We elucidate lhe power and possible pi1falls of radiogenic isotope 
systematics as applied 10 hydrothermal gold veins on the basis of the Al­
pine Monte Rosa Gold D1slric1 (MRGD; NW llaly). 

Vein em~laccment was diachronous over lhe MRGD between 32 and 
11 Ma !40 Ar/ 9 Ar in mica), always - IO m.y. posl peak metamorphism of 
1he adjacent country rock. P Fl in the gold were revealed by step-wise de:• 
gassing. Their crapped disequilibrium He-Ar abundance patterns arc (a) 
indicative of retrograde boiling coeval with ftcc gold deposition and (b) 
devoid of any atmospheric contribution. The Fl He•Ar isotope composi­
tions reveal a mixture between a crustal and a very subordinate mantle-cype 
component. The initial Sr isotopic compositions ofFI and vein minerals 
(a) arc in disequilibrium with those of the adjacent host rocks and (b) 
monotonically evolve away from the host rock signatures with progressive 
vein growth. Combined with the CO2~H2O-NaCI-KCl•H2S fluid chemistry, 
Sr isotopes demonstrate that (I) F flow in the veins was upward. and (2) the 
F most likely was derived from dcvolat1liza1ion of calcsch1scs. Thus, the 
hydrothermal F ascended at least IO km vertically. Gold and the hy­
drothermal F. however. have d1ffercn1 source rocks. Gold is derived from 
metaophiolites intercalated with and overlying the calcsch1s1S as is indi­
cated by the primitive ini1iaJ Pb isotope compositions ofthc: gold and cogc:­
netic quartz. 

Our detailed study underscores similarities between Tertiary and Ar· 
chean lode gold deposits. suggesting a common genetic dri,·ing forcc,.rc­
gional metamorphism. However. the principal sources of the F may have 
changed through time; Mesozoic veins often appear 10 be gcnellcally linked 
to graphitic calcschiscs whereas such rocks arc notably scarce in the late 
Archean Radiogcnic lSOlopes carefully applied 10 Fl and hydrothermal 
vein minerals have the potential. as no other technique available 10 dale. to 
confine the selection of possible: genetic scenarios for a given hydrothermal 
deposit. (Authors' abstract) 

PHILIPPOT, P1scal, AGRINIER. Picrrt and SCAMBELLl 'RI. 
Marco, 1998, Chlonne cycling during subduction of altered oceanic crust: 
Eanh and Planet. Sci Leners. v. 161. p. 33+44. 

Eclogitic rod.s that have: experienced devolatiliza1ion. with linle or no 
in1crac11on with external F sources. can be viewed as analogues of crustal 
matenal which may be transferred back into the mantle during subduction. 
Thus. they can be used 10 evaluate: lhe extent of the recycling of vol au le 
clements. such as chlorine. We repon new oxygen isotope ra1ios of ompha­
cite. and Fl data determined from cclogitic metagabbros. of 1he Rocciavrc 
mass1f(ltalian Alps) The data arc compared wi1h those obtained for the 
Monviso. Cyclades and lhc: Franciscan Complex high-P rocks. In all lo­
calities. rchcs of c:arJy·dchydration F are preserved as P Fl in 1he cores of 
omphac11e megacryslS (Rocciavre. Monviso and Franciscan Complex) or 
gamc1 (Cyclades) Sal estimates of the IF range from 32 10 45 \\1.% NaCl 
cq. in Rocc1avre. 17 to 21 wt.% NaCl cq. in Monviso. and are similar to 
seawater mother areas. Omphacite and bulk-rock 0130 values of Roc• 
c1avrc (5 I -6.8 per mil) and Monviso (3.0-5.3 per mil) mctagabbros arc 
marked!~ lower than those of Cyclades (6.8-14.3 per mill and the Francis­
can (6 7-13.1 per mil) mctabasites. The: F sal-011O systematics of eclog1t1c 
rocks 1s similar to that documented along a typical section of the altered 
oceanic crust and unmctamorphosed ophiolitcs. This suggcslS that h1gh•P 
me1amorph1sm. and associated processes. did nol modi!)• significantly the 
vanabihty in chlorine conccntra1ions and oxygen isotope ratios. inhented 
from a stage of sea-floor hydr01hcnnal alteration under low- (basaltic layer) 
and high-T (gabbro1c layer) conditions. respectively. 

Extrapolating the estimated H2O and Cl contents of eclogitic rocks to a 
rcprcscn1a11vc section of the subducted oceanic crust indicates that a mini­
mum of I 00·200 ppm Cl could be recycled into the mantle during subduc­
tion. This yaclds a CVH:O ratio of 3.6 to 7.5 x 10·: for the subductcd occ-
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anic crust. which is similar to E-MORB. On the basis of available Cl 
isotopic data, we infer that a large proportion (7~/4) of the Cl stored in the 
altered crust should be recycled to the: mantle to generate an isotopic com­
position of the subductcd crust equivalent to the source of unaltered mid­
ocean ridge basalt (o17Cl=4. 7 per mil). (Authors· abstract) 

PHILIPPOT, P., MENEZ. 8.. CHEVALLIER, P., GIBERT, F., LE­
GRAND, F. and POPULUS, P., 1998, Absorption corrccuon procedures 
for quancitativc analysis of fluid inclusions using synchrotron rad1at1on X­
ray fluorescence: Chem. Gcol., v. 144. p. 121-136. First aulhor at CNRS­
URA 736. Laboratoirc de Pctrologic, T26-E3. Univers1tc Paris 6 and 7. 4 
place Jussieu. 75005 Pans, France. 

Describes a series of steps in a procedure to correct for absorption that 
permit quantilalive results without precise knowledge ofl depth and ge­
omeuy (E.R.). 

PHILIPPOT, Pascal, MENEZ. Blnldictr, DRAKOPOl'LOS, Mkhacl, 
SIMIONOVICI, Atcundrc, SNIGIREV, An1toly and GIBERT, Fran­
~ois, I 998, Mapping trace-metal distribution in individual fluid inclusions 
using a J"' gcncra1iqn synchrotron hght source: lnt1 Conf Nuclear Micro­
probe Tech. & Applications 98. Spier, S. Africa p. 4.14. 

We have: initialed a study aimed at evaluating the applications of 
SXRF technique 10 Fl analysis. An important problem associated with Fl 
analysis using SXRF is absorption of the beam by the host material. Ab· 
sorption has crucial effect on sensitivity. Using lhc LURE photon probe. 
we have developed a technique for correcting absorp1ion (Philippot et al . 
1998. Chem. Gcol., 144. 99•1 I 9; Menez cl al., this volume). Analysis of Fl 
containing known concentrations ( IOOO ppm) of various metals (Mn. Ni. 
Zn) have showed that elemental concentrations in individual Fl can be 
determined wilh an accuracy commonly better lhan 2~/o relative to the 
known concentrations. The high bnghtncss of an insertion device was 
necessary to give highly-intense X-ray fluorescence signal and decrease the 
limits of detection. 

Recently, we performed SXRF analysis ofFI using beamline ID-22 
Micro-FID of the ESRF, a J" generation synchrotron. The c:xperimen1al 
set-up consislS in different Fresnel zone plates that ensured focusing of 
rnonochromatizc:d X-rays at different incident energies ( 12.S keV and 15.0 
kcV), wi1h a spatial resolution of about 10 µm2 and a flux of 109 to 101~ 
ph/scc. The samples studied were from various gold deposilS. The limit of 
detection we obla1nc:d was of the order of I ppm for trace metals such as 
Cu. Zn. As or Sr. 

Fluorescence X-ray maps were collected for several Fl. An example of 
the distnbucion of As in a Fl from the Brusson gold deposit (\\cstem Alps) 
1s presented For each X-ray fluorescence spectrum. the (Ko/KJ3)As ratio of 
As was used as a means of estimating the thickness of quartz traversed by 
the photon beam. This value was used m tum for correcting As count rates. 
The corrccuon procedure resulted in uniform1smg the count rates of As in 

the L portion of the I and allowed visualizing the V bubble which contains 
only 1race amounts of As. The s1ratcgy for computing the composition of 
the IF was to use one clement from crush leach analysis (As; Yardley et al., 
1993. Min. Mag. 57, 407-422) as an internal standard 10 calculate the: 
concentrauons of the ocher cauons (Cu and Zn) present in the soluuon. 
Element concentration estimates calculated using SXRF spectra are in 
relauvc:I) good agreement with those determined by crush-leach analysis. 
This indicates that the: F population trapped in the sample studied was ho­
mogeneous with respect to electrolyte composition. 

These resulcs indicate that 3111 generation synchrotron light source can 
be considered as a promising technique for tracking trace: metals in mdi• 
~ 1dual I ( down 10 the tenths of a ppm level) and hence. as an mvaluable tool 
for rcconstrucllng the: relative chronology of the paleo-hydrothcrmal cvenlS 
responsible for the concentration of economic resources. (Authors' ab­
stract) 

See figure m the l/lusrrat,ons appendix. 

PHILIPPOT, P .. MENEZ. B .. DRAKOPOULOS, M. and SNIGIREV, 
A., 1997. High-rcsoluuon m1croprobe analysis of"geofluuts". An eco­
nomic perspective (abst ). Special meeting. European Synchrotron Re­
search Facility IESRF). Grenoble. Nov. 1997 Unpaginatcd 

Sec next Item (E.R.) 

PHILIPPOT, P .. ~ENEZ. B., DRAKOPOl'LOS, M. and SNIGIREV. 
Anatoly, 1998. Mapping trace-metal (Cu. Zn. Asl d1stribu11on in ind1v1d, 
ual lluld inclusions usmg a 3rd generation synchrotron light source (ESRF. 
France) (abst.): Program and AbstraclS. PACROFI VII. Pan-American 
Conf on Research on Fluid lnclus1ons. June 1-4. Univ of Nevada. p. 49. 
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First author at CNRS. Universite Paris 7. Paris. 
The concentration and spatial distribution of relatively dilute (IO to 

100 ppm) trace metals (Cu, Zn and As) were determined in individual Fl 
from various ore deposits using SXRF. The experimental set-up consists in 
a Fresnel zone plate that ensured focusing ofmonochromatized X-rays at 
about 12.S keV, with a spatial resolution of2x7 µm2 and a flux of 1010 

ph/sec. 
The FI analyi.ed here arc from mesothennal gold-quanz veins at Brus­

son. Val d'Ayas, Italian Alps (kindly provided by Lanyn Diamond and 
Bruce Yardley). The presence of only a single compositional type of Fl that 
has been the subject of detailed chemical analyses using a variety of bulk 
(crush-leach) and single-I techniques (microthennometry. Raman spec• 
trometry and secondary ion mass spectrometry) makes these samples ide• 
ally suited for testing the potential of the X-ray microprobe to be installed 
at the ESRF. The I are water-dominated H20-COi I with about S wt% eq" 
NaCl. 

Fig. I a shows a typical X-ray specrum obtained during a IO min ac­
quisition time on a single I (number in parenthesis is the concentration 
determined by crush-leach; in ppm). Notice that the fluorescence intensity 
of As is much higher than that of Ca and Fe although its concentration ( 147 
ppm) is lower or similar to the concentration of Ca (665 ppm) and Fe ( 120 
ppm). These differences in X-ray peak intensity are due to three factors , 
First, X-rays oflight elements are significantly or totally absorbed by the 
quanz host covering the I and the airpath between the detector and the 
sample. Second, for a given excitation energy ( 12.5 keV in the present 
study), the photoionisation cross section scales with 24 (Z being the atomic 
number of the analysed element). Third, since the cross section has a 
(photon energy)"3 dependence. the majority of the fluorescence events arise 
from photons whose energy is just above the considered absorption edge. In 
the present case. this implies that the sensitivity is optimized for elements 
displaying X-ray fluorescence lines close to the excitation energy (As and 
to a lesser extent Cu (25 ppm) and Zn (34 ppm)). 

Although the conditions of analysis were not optimized and will be 
easily improved using Bragg-Fresnel optics (lower background. higher 
photon flux and smaller foci). these results indicate thal third generation 
synchrotron light sources can be considered as a promising technique for 
tracking trace metals in individual inclusions ( down to the ppm and possi­
bly tenths of ppm level) and hence. as an invaluable tool for reconstructing 
the relative chronology of the paleo-hydrothennal events responsible for the 
concentration of economic resources. (From authors· abstract by E.R.) 

PHILPOTIS,J.A., TA\'LOR. C.D .• TATSllMOTO, Mitsunobu and 
BELKIN, H.E., 1998. Petrogenesis oflate-stage granites and Y-REE-Zr­
Nb-enrichcd vein dikes of the Bokan Mountain stock, Pnnce of Wales 
Island. southeastern Alaska: U.S. Dept. of the Interior, U.S. Geological 
Survey Open-file report 98-4 59. 7 I pp. 

The petrography of the abundant aq Fl is described. (H.E.B.) 

PINEAU, F. and JA\10\', M., 1998. H1O and COi content and isotopic 
features in MORB glass and vesicles. Mantle source and degassing im• 
print (abst.): The Ninth Int'! Conference on Geochronology. Cosmochro­
nology and Isotope Geology. Abstracts. published in Chinese Sc,. Bulletin. 
v 43. Supp,. p I 00 Authors at Laboratoire de Geochimie des Isotopes 
stables. lnstitut de Physique du Globe de Paris, URA CNRS 17-62. 4 place 
Jussieu. 75 25 I Paris CEDEX 05. France. 

A systemauc study has been made on MORBS from the MAR and 
EPR. Both vesicles G and dissolved species have been considered. 

Water is most of the lime stlll dissolved in the glass (concentrations 
vary from I 000 to 6 700 ppm wt% H2O) and then related to geochemical 
characters of mantle source lavas. 6D (-90 to -45'6o) are interpreted in 
terms of source signature or contamination during magma stagnauon at 
shallow levels in the oceanic crust. 

Vesicle-rich glasses arc the only available samples to approach the 
relationship of exsolved species with dissolved water and carbon. Vesicles 
CO2 s0 c varies from -3.6 to-10'6o. It is not always homogeneous inside a 
single fragment of glass. This depends on the conditions controlling CO2 
degassing like vesicle density. magma rate, the relative bubble-magma 
velocity. 

The main parameters allowing to build outgassing models for MORB 
are the carbon supersaturation level. related to the rate of ascent. and the 
isotopic disequilibrium between vesicles and glass. related to the length of 
the rapid ascent episode ("'eruption ··i. 

Rayleigh distillauon commonly occurs during the last fo" km of 
magma run toward the surface. The average starts from 3 km depth, HoY.• 
ever. some extreme supersaturation states ( I 70 ppm compared to an equi-
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librium concentration of --40 Pfm) correspond to a magma velocity >2 mis. 
whereas. in the same sample. S 3C down to -17%. points out to extreme 
isotopic distillaiion eff'ects. implying that the fast episode started from an 
initial depth of -20 km and corresponded to an initial dissolved carbon 
content ~ ppm C. 

Comparison between MAR and EPR samples shows more variable 
data along the MAR. EPR being more homogeneous due to higher degree 
of partial melting in relation with higher spreading rate. On a given site, 
intennediate characters correspond to magma mixing. (Authors· abstract) 

PINEAU, F., SHILOBREEVA, S .. KADIK. A. and JAVOY, M., 1998, 
Water solubility and D/H ftactionation in the system basaltic andesite-HiO 
at 1250°C and between 0.5 and Jkbars: Chem. Gcol.. V. 147. p. 173-184. 
First author at Laboratoire de Geochimie des Isotopes stables (ESA CNRS 
no. 7047). Universite de Paris 7 Denis Diderot ct lnstirut de Physique du 
Globe 4 Place Jussieu, 75 251 Paris Cedex OS, France. 

Water solubilities in M of basaltic andesite composition have been 
measured in the range 500-3000 bars, 1200-1250-C. The saturation curve 
obeys an empirical relationship very close to the square root of P law of 
Hamilton ct al. (Hamilton. D.L. Burnham. C.W,, Osborn. E.F .. 1964. The 
solubility of waler and effects of oxygen fugacity and water content on 
crystallization in mafic magmas. J. Petrol., 5. 21-39). The best fit is ob­
tained by a power law H2O wt.%= al"' (Pin b), where a---0 05:0.0 I and 
n=0.63; the departure from n=O.S is mainly due to the increasing impor­
tance of dissolved molecular water at high P. Hydrogen isotopic ftactiona­
tion between water V and total water dissolved in the melt (LJ.D, ... ) has been 
measured at 0.5, 2 and 3 kb. LJ.O,.,. decreases with P from 32 to 2()j;2%o. 
This variation is related to the increase in molecular water proportions rela• 
tive to hydroxyl group when water solubility increases. The variation of the 
D/1-1 ratios in water dissolved in such M thus appears as a possible indirect 
measurement of the original O1-1/HiO ratio of total dissolved water. not 
subject to variation during quenching as the later is. This correlation shows 
that the LJ.Dv.,. isotopic ftactionation at very high water V P tend toward a 
limit of 16±3%. for basic magmas. (Authors· abstract) 

PIRONON, Jacques, CANALS, Martin, DU BESSY, Je■n, WAL­
GENWITZ, Fredfric and LAPLACE~BUILHE, Corinne, 1998a, 
Volumetric reconstruction of an oil inclusion using confocal scanning laser 
spectroscopy (abst ): Program and Abstracts. PACROFI VII, Pan-American 
Conf. on Research on Fluid Inclusions. June 1-4. Univ. of Nevada, p. 49. 
First author at CNRS-CREGU, EP 578. BP 23, 54501 Vanda:uvre-les• 
Nancy. France. 

Density or molar volume of the oil can be precisely dctennined by 
measuring the G vol% of the I at a given T. 

Confocal Scanning Laser Microscopy (CSLM) has been applied to a 
reference I in fluorite from a MVT deposit using a MRC I 024 Bio-Rad 
equipment using Laser light (488 nm). focused on the sample which is 
immersed in oil. Depth resolutions near 0.5 µm can be achieved. lateral 
resolution about 0.2 µm. Rapid scanning of multiple sections in 2D com­
puterized in order to measure the I volume, 

Gas vol% detennination by CSLM is an important step to use with oil 
I as reliable indicators of physical and chemical conditions ofoil migrauon. 
Comparisons between Th an G vol.% data of the I and the thennodynamic 
propertu,:s of reference oils could give us the opportunity to detennine [ an 
apparent] composition of the oil in the I. Real Tl and P of the oil will be 
obtained usmg contemporaneous CH,•H2O-NaCI I hy intersection of the 
two 1sochores (oil and aq solution). (From authors· abstract by E.R.) 

PIRONON, Jacques. CANALS, Marrin, DU BESS\', Jt■n, WAL- , 
GENWITZ. Fredtric and LAPLACE-BUILHE, Corrine, 1998b, 
Volumetric reconstruction of individual oil inclusions by confocal scanning 
laser microscopy: Eur. J. Mineral .. 1998. no. 10. p. 1143-1150. First 
author at CNRS-CREGU. UMR 7566, BP 23, F·54S0I Vanda:uvre-lcs­
Nanc) Cedex. France: email (pironon@cregu.cnrs-nancy.fr) 
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The composition ofoil trapped in Fl cannot be accurately determined 
with conventional techniques. Consequently. P and T, conditions in petro­
leum environments will only be established by a combination of volumetric 
and T. data. Therefore. analytical procedures and limetauons of Confocal 
Scanning Laser Microscopy (CSLM) have been determined for the volu• 
metnc approximation of oil I. The volumetric analysis ofan oil I has been 
obtained using a confocal BIO•RAD inverted scanning laser microscope. 
Sixty-eight focus planes spaced at I µm have been acquired and comput• 
eriscd. fluorescence image processing {thrcsholdingl allows the 011 volume 
to be estimated. Contouring of each focus piano: and surface modelling by 
GOCAD software to produce a 30 model of the I revealed optical aberra-
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lion at the level of the V bubble. Conscqucntl}: the V bubble may be ap­
proximated as a sphere and a G vol% can be calculated from different es­
timate proa:dures (voxel counting, surface modelling). The result has 
shown that the average n-alkane composition corresponding to the esti­
mated G vol% of the I is close to the average n-alkanc composition de­
duced by FT-IR analysis. This work has demonstrated the ability ofCSLM 
to estimate the volume of the cavity of an oil I to an accuracy better than 
95¾. (Authors' abstract) 

Sec also FIR JO, p. I 56 (E.R. ). 

PITZER. K.S. and DAS, Bijan, 1998. Thennodynamic propenies of 
Na2SO4 (aq) above 200°c: Geochim. et Cosmo. Acta, v. 62. no. S. p. 915-
916. 

PIVEC, Edvin, ULRYCH, Jaromir, SKEIN, Vladimir, BENDL. Jiri, 
DOBES. Petr and ZAK. Kitti, 1998. Epithermal Teniary Pb-Zn-Cu (Ag, 
Tc) mineralization in the Roztolcy volcanic centrc. Ceske Strcdohori Mts .• 
Czech Republic: GeologicaCarpathica. v. 49, no. 2, p. 139-146. 

The abandoned Roztol.-y silver-base metal deposit represents a scarce 
example ofTcniary sulphide vein-type mineralization spatially and geneti­
cally associated with intraplate volcanic rocks of the Cenozoic West and 
Central European ¼>lcanic Province. The deposit is situated in the Tcniary 
Roztol.-y volcanic centre (RVC) of the Ceske Stredohori Mts .. within the 
Ohrc (Eger) Rift. The main ore vein parallels an older bostomte dyke inter­
secting the monzodioritc body, however, both are intersected by a younger 
trachyte dike. This suggests that the orifin of the mineralization is related 
to the development of the RVC. The 61 C values of vein carbonates indi­
cate the influence of deep-seated COi but the O isotopic composition of 
hydrothermal F (calculated 618On.id values from -3 to -7 per mil SMOW) 
shows the dominance of water with rel&1ively shallow circulation. 
Sphalcrite-galena sulphur isoropic geothennomet,y yielded T between 200 
and 250°C and the presence of cubic hessite indicates T>l55°C. The cal­
culated 6).ISn..i values vary in the range -1 .0 lo -2.0 per mil. The presence 
of banded "colloform'" sphalcritc and chalcedony su~ests lower T. High 
lead isotope ratios of galena 206Pb/201Pb about 19.03, 7Pb/20IPb about 
15 67, 2111Pbt2~Pb about 39.17 can be a result of mobilization oflcad either 
from Teniary magmatic rocks. which show similar lead isotope ratios and 
were probably derived from a sublithospheric HIMU mantle source. or 
from upper-crustal rocks, e.g. local Upper Cretaceous sediments. The 
11Sr/116Sr isotope ratios of the principal hydrothermal carbonates rhodochro­
sitc (0. 70524) and calcite-dolomite (0. 70510) 8fC higher than both the local 
primitive magma derivatives and even the developed rocks of the RVC and 
indicate an admixture of Sr derived from local crustal rocks. The volcanic 
rocks of the RVC were the dominant heat source during the formation of 
the ore deposit. The hydroth<rmal deposit was formed during relatively 
shallow hydrothermal circulation oflow to medium sal. low 61JO F sup• 
poncd by CO2 of influx of deep-seated origin. (Authors· abstract) 

PLETSCH-RIVERA, Laura, CAVOSIE, Aaron, SELVERSTONE, 
Jane and SHARP. Zachary. 1998. Testing of a fracture generation model: 
Fluid inclusion and geochemical constraints from quartz veins in the 1.4 
Ga Sandia pluton contact aureole. central New Mexico (absl.): Geological 
Society of America Annual Meeting 1998. Abstracts. v. JO. no. 7. p. A379-
AJ80. Authors at Dept. of Earth and Planetary Sci .. Univ. of New Mexico, 
Albuquerque, NM 87131. 

A fracture generation model proposed by Dutrow & Nonon ( 1995. J. 
Metamorphic Geo!,. v. 16. p. 13) predicts that the heating resulting from 
pluton intrusion into F-saturatcd. low permeability host rock will repeatedly 
increase pore F P and cause multiple fracturing events at individual locali­
ties. At conditions of 3 kbar and 800°C. the model predicts the greatest 
fracture densil} approximately 100 m from the pluton contact. We used 
quartz veins and Fl planes as proxies for macro- and microscope fracture m 
a natural contact aureole in order to test the assumptions and predictions 
made by this model. The contact aureole of the 1.4 Ga Sanda Pluton rec­
ords peak conditions around J kbar and 7500C. Field observations indicate 
that quartz veins are most abundant 400-1000 m from the pluton contact 
and are rare elsewhere. Microthcrmomelric analysis of Fl from quartz 
veins at I 0. 400, and 600 m from the contact indicates two I) pcs of F: 
HiO-CaCb and CO2. Entrapment Tat 3 kbar ranges from 200 to 550°C 
for the HlO-CaC'2 I. and from 350 to 650°C for the CO2 I: entrapment T 
decreases with distance from the pluton. XRF analyses indicate a 6 wt.o/o 
decrease in SiO1 and an increase in other clements in the host schist imme­
diately adjacent to the veins. 6110 of quartz are 13.3 per mil in the vein 
and I 3.6 per mil in the host rock. 

The spatial distribution of quartz veins. Si deplelion in vein selvages. 
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host-rock buffered 6110 values. and large range ofFI entrapment Tall sup­
pon the model prediction that sequential hcatmg of the country rock in­
duced multiple fracturing events via ,n .siru increase in pore F P. However. 
the presence ofCaCh-nch brines in low-Ca host rocks suggests that some 
of the F were pluton-<icrived. We prefer a model in which initial heating 
increased the in siru pore F P. initiated fracturing. and produced quartz 
veins and a new aureole pllllllbing system: subsequently, pluton-dcnved 
Ca-rich F migrated outwards through the aureole. F in the aureole were 
thus both internally and ei1temally produced, and fracturing events likely 
resulted initially from buildup in in siru pore F P followed by an increase m 
the magmatic F P. (Authors' abstract) 

PLOTINSKA YA, O. Yu, KOVALENKER. V.A .. PROK6FEV, V.\'u,. 
and NOSIK. LP., 1998. The evolution and the nature of the fluid regime 
in the Kairagach ep1thcrmal gold-telluride deposit (Kuniminsk Mountains) 
(abst.): Second APIFIS lnl'I. Symp. Mineral Forming Fluids and Ore Gene­
sis. Oct. 28-30, 1998, TashkenL Uzbekistan, Abstracts volume, p. 133-135 
(in Russian). 

See Tran.slalion.s. 

POKROVSKY, A. V., 1998a. The hydrophysical zonation of the Earth ·s 
crust (abst.): Second APIFlS lnt'I. Symp. Mineral Forming Fluids and Ore 
Genesis. Oct. 28-30, 1998, Tashkent. Uzbekistan. Abstracts volume. p. 19-
21 (in Russian). 

POKROVSKY, A. V., 1998b, Sources of water in the Earth's crust and its 
role in the processes of metamorphism. magmatism. and ore formation 
(abst.): Second APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Gene­
sis. Oct. 28-30. 1998, TashkcnL Uzbekistan, Abstracts volume, p. 21-24 (in 
Russian). 

See Tran.s/atiOM 
See figure in the /J/u.srration.s appendix. 

POKROVSKI, G.S. and SCHOTT, Jacques, 1998. Thermodynamic 
propcnics of aqueous Ge( IV) hydroxide complexes from 25 to JS0°C: 
Applications for the behavior of germanium and the Ge/Si ratio in hy­
drothermal fluids: Gcoch1m. ct Cosmo. Acta. v. 62. no. 9. p. 1631-1642. 

POLETTI, Elena. and CESARE, Bernardo., 1998a. Alpine veins in the 
Zenlralgneis complei1 of the SW Tauem Window: A fluid inclusions study. 
EURESCO Research Conf. on "Gcochem1s11y of Crustal Fluids". Crete. 
22-27/5/1998: also in Plinius. v. 20. p. 73-74. 

Authors at Diparumento di Mineralogia e Petrologia. Universitil di 
Padova. Corso Garibaldi. 37-3513 7 Padova, Italy; email (ber­
nardo@dmp.unipd.il) 

The granitic to tonalitic gneisses of the Zentralgneis Complex in the 
SW Tauem Window (Italian Eastern Alps) contain several typcS of discor­
dant veins and scgrcg&1ions (including) quartz-biotite-plagioclasc veins. 
Veins show a zonal distribution of minerals. "1th plagioclasc and biotitc at 
the walls. and quartz 1n the centre. Quartz contains abundant Fl. mostly 
occurring along S planes, however. a few isolated 1 of possible P origin can 
be observed. Both .. primary" and S Fl have comparable shape ( irregular to 
negative crystal), phase contents and degree offilling (20-30% vol.). but 
differ in size: "Primary·· Fl arc smaller (20-<>0 µm) than Sones (50-100 
µm) Three-phase I arc aq-carbonic mixtures wnh Lw+Lc+Vc: the 4- or 5-
phasc Fl are very similar. with the addition of one or two birefringent dxl. 

Fl have hccn characterized by microthermometry and Laser Raman 
spectroscopy. which have confirmed their similarity also with respect to 
composition and densil)•. Three Fl types have thus been distinguished: the 
most representative and imponant is type A. that includes all "primary" and 
most Sl. In this type the carbonic phase 1s vinually pure CO2 with a den­
sity close to critical values: the mole fraction of CO2 is quite low (3-12%), 
and the sal. deduced from the final melting T of clathratc. is <7 molo/o ( i.e. 
<20 wt.% NaCl eq.). The final Th of these I is generally> 300°C. Owing 
to the ver,· small size.the nat11rc of the dxl could not be determined: they 
are hkely.to be either carbonate or sihcatcs. lsochores calculated for type A 
inclusions define possible trapping P of 5-8 kbar at the independently con­
strained T of 550-600°C. These values arc m good agreement with the P-T 
conditions anained in this sector of the Tauem Window during the late 
stages of 1he Alpine evolution. 

Fl. field and pe1rologic data on the quartz-biotitc-plagioclasc veins 
have be.:n integrated m a genetic model where veining is induced and con­
trolled by dcvolatilization reactions in the host granitoids dunng the "Tau­
em Metamorphism~ (From authors· abstract by E.R.) 
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POLETTI, E. and CESARE, B .. 1998b, Alpine vems in the Zentralgneis 
Complex of the SW Tauem window: A fluid inclusion srudy. 78th Nat'l. 
Congress ofSIMP, Monopoli. 1-3 Oct .• 1998. published in Phnius no. 20, 
p. 181-182. Authors at Dipartimen10 di Mineralogia e Pctrologia. Univer• 
slta di Padova. 

FI have been characterized by microthennometry and Laser Raman 
spectroscopy. which have confinned their similarity also with respect to 
composition and density. Three Fl typeS have thus been distinguished; the 
most representative and important is type A, that includes all *pnmary" and 
most S I. In this type the carbonic phase is virtually pure CO2 with a den­
sity close to critical values; the mole fraction of CO2 is quite low (3-12%), 
and the sal. deduced from the final melting T of clathrate, is <7 mol.% (i.e. 
<20 wt.% NaCl cq.). The final Th of these I is generally >300"C Owing to 
the very small size, the nanm: of the dx could not be detennined. they are 
likely to be either carbonate or silica,~. lsochorcs calculated for type A I 
define possible Tp of 5-8 kbar at the independently constrained T of 550-
6000C. These values are in good agreement with the P-T conditions a1-
1amed in this sector of the Taucm Window during the late stages of the 
Alpine evolution. FI. field and pettologic data on the quaru-biotile• 
plagioclasc veins have been integrated m a genetic model where veining is 
induced and controlled by devolatilization reactions m the host gramtoids 
during the "Tauem Metamorphism" (From authors' abstract by H.E.B.) 

POLICKOVSKY, V.S., 1998. Thcnnobarogcochemistry in geology of 
Uzbekistan on the eve of XXI Century. Privately printed (?), 44 pp ( first 22 
pp m English. remainder in Russian). 

A brief review of the development ofthennobarogeochemistry from 
the early days of Brewster and Sorby to modem days. with particularly 
detailed coverage of Soviet scientists from Uzbekistan and elsewhere. 
Includes photos of the seven main Soviet names. Laner half a partial 
translation of firs1 22 pages into Russian, In other papers. the author's 
name is spelled Polykovslcy. (E.R.) 

POLIQUIN, M.J. and SIMMONS. S.F., 1998. Mineralogical and fluid 
inclusions studies of the R-1 zone, Emperor gold mine. Fiji (abst. ): Geo­
logical Society of America Annual Meeting 1998. Abstracts, v, 30. no. 7, p. 
A-302. First author at Almaden Resources. Suite 2020-1055 West Hast­
ings, Vancouver. B.C., Canada. 

The R-1 Zone was the focus of exploration up through 1996 and lies in 
the eastern part of the Emperor gold deposit, inside the Tavua Caldera 
structure. The zone comprises more than IS steeply dipping. parallel veins 
hosted by tuffaceous sedimentary rocks and shoshonitc lava flows of the 
Turtle Pool Formation. Veins appear to have developed parallel 10 
hlholog1c contacts, 

L-rich and V-rich Fl are found in quartz and calcite indicating 1he 
existence of V-saturated F. Mose of their Th ( 150 data) range 200-250°C. 
whereas ice melting T (70 data) range from 0,0 to -4°C. The estimated sal 
of gold mineralizing solutions is about 5 NaCl eq. wt.%. whereas che sal of 
post-mineral,zmg solutions is< 1.4 NaCl eq. wt.%. Crushing studies indi­
cate I F contain up to about 3 wt.% CO2. Estimated fonna1ion P range 
from 60 to >100 bars. corresponding to hydrostatic depths oro,6 to >I km. 
At least 200 m ofrock have been eroded from the top of the R-1 zone. 

The lack ofT increase with depth. despite evidence for boiling cond1• 
lions over the 500 m plus vertical interval of this study is a puzzling feature 
ofthe ore-forming hydrothermal conditions ofth1s deposit. (From authors· 
abstracl by H.E.B.) 

POLITO, P.A., KYSER, T.K., BONE, Yvonn, and CLARKE. J.D.A .. 
1998. Methane: Its place in Archean lode gold mineralisation? (absl.): 
Geological Society of Australia. Abstracts No. 49. 14th Australian Geo­
logical Convention. Townsville. July 1998, p. 358. First author at Dept. of 
Geol. and Geophys .. lJniv. of Adelaide. S.A. 5005. 

The Junction gold mine is an Archean mesothermal lode-gold deposit · 
It is hosted in a differentiated dolerile sill. Gold mineralisation fonned 
post-peak metamorphism. and is confined to structures within the Junction 
Shear Zone (JSZ). Three vein generations are observed. Zoning of carbon· 
ate species in the al1era1ion halo of the JSZ. together with the abundance of 
veining associated with mineralisation is indicative oflarge F flow chrough 
the JSZ. 

Pre-gold mineralisation molybdeni1e-quartz:1:p}nhoti1e veins are pres• 
ent throughout the JSZ. Laser-Raman microanalysis on Fl indicates that 
molybdenite bearing quanz veins host Fl that contain 25-81 % C01 (ave. 
52o/e CO2) and 19-75%C~ (ave. 48% C~) These veins are deformed b>· 
shear veins. ex1ension veins and breccias that are spatially associated wnh 
the JSZ. hydrothennal alteration and gold mineralisauon. 
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Syn-gold mineralisation shear veins are filled with massive quaru and 
minor albite-chlorite:1:dolomite/calcitc. Extension veins are filled with 
quartz-albite-chlorite-pyrrhoti1e±calci1e/dolomite. Fl microthermometry 
and laser-Raman microanalysis (Fl-LR) mdicates that syn-mineralisation. 
pyrrhotite (±Au) bearing quartz veins host Fl containing 88-1008/4 COz 
(ave. 98% COz). 0-12% Cl--4 (ave. 2% Cl--4) and formed at approximately 
3S0°C±50"C. 

There are IWO generations of post-mineralisation. SE dipping. quartz 
veins. These quartz-calcile-biotite-pyrrhotite veins arc observed cuning 
through all rock units and the JSZ. Fl-LR shows that the quartz in the 
sleeper dipping vein-set hosts Fl containing I 00% CO2. In contrast. the 
shallower-dipping vein-set quartz hosts Fl containing 37-87% CO2 (ave. 
65% CO2) and 13-63% c~ (ave. 35% Cl--4). 

Coupled Elemental Analysis and Mass Spectrometry ( EA-MS) of syn­
mineralised quartz veins indicates that up to 54% (ave. 30%) of the tota G 
species trapped in Fl at the time of quartz±gold-sulphide mineralisation 
was C~. This value is calculated using fractionation curves and eq. con• 
straints applied to L\ 13C values obtained from carbonic F liberated from Fl 
and pore spaces of the host quaru veins. EA-MS on pre-mineralisation 
Mo-bearing quaru chips indicate that up to 85% of lhe total G species 
present at the time of gas-F entrapment was CH... EA-MS on post­
mineralised Po-Cc-Bt bearing quartz veins indicate that CH.. accounts for 
up 10 33% of the total G species present at the lime of G-F entrapment. 
(From authors' abstract by E.R.) 

POL\'A, D., BOYCE, A., STUART, F., FOXFORD. K. and FALLICK. 
A., 1998. Evolution and paragenecic context oflow 6D hydrothermal fluids 
from the Panasqueira W-Sn deposit, Portugal: New evidence from mi­
crothermometry, stable and noble gas isotopes and halogen composition of 
primary fluid inclusions (abst.): Mineral Deposits Study Group. Annual 
Meeting. 5-6 January, 1998, Univ, Greenwich. UK (unpaginated). First 
author at Dept. of Earth Sci., Univ. of Manchester. Manchester, M 13 9PL. 

Remarkably deuterium-depleted ore forming F from the continental 
collision-related Panasqueira W-Sn.Cu(Ag) deposit in Ponugal have been 
of contentious origin since their discovery by Kelly and Rye ( 1979), not 
least because of the lack of published detailed geochemical data on rele­
vant. paragene1ically well-constrained P Fl. 

Growth zones from quaru crystal Pa66 span the main sulfide stage 
(MSS) of ore fonnation at Panasqueira and are defined by abundant two F· 
phase P Fl as well as by sulfide. muscovite and tounnaline I. The growth 
zones record essentially constant Fl Th (2S4±6 to 260±S°C), small sal 
variations in (7.4t 0. I to 8.7±0.1 wt% NaCl eq.) and relatively conslllnt F 
6'"0 (3.8±0.3 to 4.4±0.4%.). In con1ras1. 6D varies dramatically between -
60 and -134%.. The reproducibility of the low 6D from specific growth 
zones suggests that they arc not post-entrapment artifacts due to isotopic 
fractionation mduced either by reactions with. or hydrogen diffusion 
through. the host quartz. The effects of small amounts ofC~ and hetero­
geneously trapped hydrous minerals on measured 6D are insignificant. 

The halogen composition of the Fl define two d1s11nc1 components. 
The low IID Fare Br-rich (CI/BF220-240, I/BF().036-0.078) in compari• 
son to the high SD F (Cl/Br 400. I/Br-0.08). The Fare enriched in Br and I 
relative to Cl m seawater (Cl/Br 400, I/Br-0.000S) This tends 10 rule out a 
significant component of magma-denved F. such as those from Hercynian 
Sn-W mineralisa11on in SW England, which are Br-depleted relative to 
seawater, Bromine enrichments in F are common 10 oilfield brines and 
residual brines (after evaporation). The large Br/Cl variation compared lo 
the variauon in I/Cl suggests that Br/Cl may be a po1en1ially important 
tracer oflhe source ofoD vanauon. The low 6D F are represented by the 
lowest I/Br ratios which argues against interaction with organic malerial as 
a method of producing low 6D F (if I bound 10 organic molecules is more 
readi~· partn,oned into waler than Br). 

Ar excesses in the I F increase systematically from the core 
fw Ar/'6 Ar-340) the edge of the crystal 1•0 Ar/Jo Ar-531 ). This coincides 
with a similar increase in Cl/36 Ar that can be interpreted. most simply. as 
variable contamination of a .w Ar•, Cl-rich hydrothermal F by atmospheric 
Ar. However. both •0 Ar/'Jt> Ar and Cl/'Jt> Ar display a stronj correlation with 
SD: the low SD being associated with near atmospheric Art36 Ar and low 
c1tl• Ar ratios. This is the first evidence of a sympathetic co-variation of 
01her F-hosted species with low 6D in Fl. Adsorbed atmosphere is unlikely 
t,> represent a significant H reservoir. thus we cannot rule out the possibility 
that the •11Ar-CI-SD co-variation is due 10 F mixing between a high 3D (sic: 
6D?I hydro1hennal F and a low SD isotopically exchanged meteoric water. 
Wi1ho111 detailed knowledge of the palaeogeography of Panasqueira during 
the time of ore formation. 1t is difficulc to rule out the possibility that the 
low 6D F are due 10 meteoric water recharging from nearby cold. moun-
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tamous tenain. however the low palacolatitudc of Panasqueira throughout 
the main stages of ore formation and the overwhelming predominance of 
meteoric F in the main, late and post-ore mineralising F with 60 of -40 to -
6°"" lends linlc suppon for this model. The involvement of highly frac­
tionated deuterium-depleted magmalic Walcrs, (Sheppard, 1994) can be 
ruled out as low Br/Cl ratios and Fl evidence for boiling durin, the MSS 
were OOl observed and the range of40Ar-/CI ratios (9-19 x 10-·) is limited. 

Our dala rule out a magmatic F involvement during the MSS. Instead, 
we favour the involvement of waters that were ultimately meteoric in ori­
gin. As yer. we cannot definitively explain the characteristics of the low 60 
F. and any model that does must salisfactorally account for (i) the relative 
constancy ofT, sal and F <5180 during excursions to low <iO. (ii) the relative 
constancy ofsal coincident with vanation in the F Cl/36Ar ratio, (iii) the 
high I/Cl and Br/Cl ratios. (iv) the coincidence of low 6D F with the onset 
of precipitation of phosphates and polymctallic sulfides under reducing 
cond111ons. and (v) that unevolved meteoric water in the region around the 
time of MSS deposition was between -40 and -60%.. On a positive IIOlc, 
this work has identified a number of F tracers that vary with 60 and. when 
combined with stable isotopes, may prove useful for constraining the 
source and interaction history of exotic F. (Authors· abstract) 

POTTER. JoanlUI, RANKIN. A.H~ TRELOAR. P .J., NIVIN, V.A .• 
TING, Wupao and NI, Pei, 1998, A preliminary study of methane I in 
alkaline igneous rocks of the Kola igneous province. Russia: Implications 
for the origin of methane in igneous rocks: Eur. J. Mineral .• 1998, no. 10, 
p. 1167-1180. First author at School of Geological Sci .. Kingston Univ., 
Penrhyn Road, Kingston-Upon-Tyames, Surrey, KTI 2EE, U.K.; email 
(J.poner@kingston.ac.uk) 

Fl from the Kovdor, Khibina and Lovozero complexes of the Kola 
alkaline igneous province have been investigated using microthennomctric 
techniques and P-V-T-X modelling CH., I, found in all three complexes, 
arc always S in origin and frequently occur in curvilinear arrays associa1cd 
with S H20-dominant I and, in Khibina. CH.,-Hi<) I. The S nature of the 
CH.,-bearing I appears to preclude a direct magmatic origin for the meth­
ane. which is supponed by ~liminary C-isotopc data which indicate an 
ab1ogenic origin. lsochore projections for P CO2- and H20-dominant I 
intersect the volatile-saturated, agpaitic. nephelinc sycnitc solidus (at 
700°C). at P between 3.5 and 5.5 kbar, compatible with magmatic cxsolu-
11on of these Fat crustal depths of between 11-18 km. By contrast. F·phase 
cquilibna and the shallow slopes of1sochorcs derived rom the P-V-T-X 
modelling of CH4-dominant and related I arc indicative of of trapping con­
ditions at P of0.5 to 1.8 kbar, The close association of CH., I with magnet• 
ite and late-stage hydrated phases suggests evolution of CH4 during hydra­
tion within a reducing environment. This evolution involved subsolidus 
Fischer-Tropsch reactions of the type CO2+4H2➔CH.,+2H.i0. with the 
water-produced driving hydration reactions which generated magnetite and 
more H2. Methane production is thus a function of V-mineral reactions in 
the C-H-0 system operative during late-stage hydrothennal processes and. 
in particular, is due to two self-reinforcing reaction types linked through a 
positive feedback mechanism. (Authors' abstract) 

Sec also FIR JO, p. I 57 (E.R.). 

POTTORF, R.J. and VIT\'K. 1\1.0,. 1998. Applications of fluid inclu­
sions technology to hydrocarbon systems (abst. ): Program and Abstracts, 
PACROFI Vil. Pan-Amcncan Conf. on Research on Fluid Inclusions. June 
1-4. Umv. of Nevada. p. 51 . Authors at Exxon Producuon Research Com­
pany. Houston. Texas 77252. 

This technology has proven effective for the identification of migration 
pathways, seal quahty. and proximity to rcservoired hydrocarbons. 

Es11ma1es of paleotempera1ure, palcoprcssurc, and hydrocarbon F 
propen1es are required. Aq Fl in sedimentary basins accurate!} record 
maximum burial T. and place valuable constraints on thennal history. In 
blind tests for both simple and uplifted basins. the Fl palcotcmperarure IS 

usual!~ within 10°C of the actual ma,imum T. In rare cases where both aq 
and hydrocarbon I are trapped at the same t ime. paleoprcssurc along with 
paleotemperature can be detcnnincd. Examples of P estimated from Fl arc 
within 15% of measured data when compared 10 standard bottom-hole P 
measurements. Either cryormcroscopy or the fluorescence characteristics 
of individual oil I are used to estimtac the oil densit)- or API grav1t)-. This 
infonnation allows the propcnies of included oils to be compared with 
those presently in the trap. The timing of hydrocarbon m1grauon 1s esu­
mated by combining information on Fl Th. burial history. and the PVT 
propenics of crapped hydrocarbons. The grca1cs1 uncenamty m these cs11-
ma1es 1s the PVT propenies of the hydrocarbon I and is an area for conlln• 
ucd research. Biomarker analysis of entrapped hydrocarbons usmg 
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GC/MS/MS (gas chromatography/mass spectrometry/mass specuomeuy) 
techniques allows intcrpretalions of thermal marurity and source-oil corre­
lations on extremely small samples. Case studies illustrate concepts. cur­
rent applications, limitaltons, and future uses ofFI technology. (From 
authors· abstract by E. R.) 

POlITIAINEN, M. and SCHERBAKOVA, T.F., 1998. Fluid and melt 
inclusion evidence for the origin of idiomorphic quartz crystals m topaz• 
bearing granite from the Salmi Batholith. Karelia. Russia· Lithos, v. 44, 
no. 3-4, p. 141-151. 

ldiomorphic quartz crystals in topaz-bearing granite from the Salmi 
batholith contain Pl of silicate Mand abundant mostly S aq Fl Mi­
crothermomctric measurements on Ml give estimates for the granite sohdus 
and liquidus of 640-6809 C and 770-830°C, respectively Usmg pubhshed 
solubility models for H20 in granitic M and the obtained solidus/hquidus T 
from Ml, the initial water concentration on the magma is deduced 10 have 
been approximately 3 wt.¾ and the minimum P about 2 kbar. At this mi­
tial stage. volaulc-undcrsaturation conditioos of magma were assumed. 
These results indicate that the idiomorphic quartz crystals arc magmatic m 
origin and thus real phenocrysts. During subsolidus cooling and fracturing 
of the granite. several generations of aq Fl were trapped m10 the quartz 
phenocrysts, The Hi<) I have sal and densities of 1-41 wt.% NaCl eq and 
0.53-1.18 g/cm', respectively (Authoo' abstrael) 

PRICHARD, H.M. and MALIOTIS. G •• 1997. Gold mineralizatlOll asso­
ciated with low-temperalure. off-axis. fluid activity in the Troodos oph1ol11e 
Au. Cyprus: J. of the Geological Society, London, v. 155. p. 223-23 I 

Silicification of umbers in the Troodos oph10htc complex in 
Cyprus provides evidence for low-T hydrothermal activity occumng late in 
the process of ocean-crust formation, after the crust had moved away from 
the oceanic spreadmg centre. Umbers, which arc Mn-Fe-nch sediments. 
precipitate some distance away from oceanic spreading axes. The move­
ment of the F partially s11icifying the umbers must post-date umber forma­
tion and therefore also occurs off'axis. These F may form pan oflow-T 
hydrolhcrmal circulation similar 10 those identified by off-axis heat 
anomalies m the modem oceans. In Cyprus. the silicificd umbers often arc 
located away from volcanogenic massive sulphide ( VMS) deposits and arc 
aligned along sea-floor faults. They are characterized by quartz vcms as 
well as pervasive sihc1tication. Recent analyses have revealed unexpect• 
cdly anomalous. 1-5 ppm. concentrations of Au in these sihcificd umbers. 
Gold mineralization is known 10 occur in ophiolite complexes as part of the 
metal concentrations m VMS deposits. These deposits arc thought to be 
formed by ancient hydrothennal circulation similar 10 that associated with 
black smokers observed at modem mid-ocean ndges. The research pre­
sented in this paper provides eVl<lence for a second phase of Au minerali­
zation in Cyprus caused by low T silicifying F resulting from occamc hy­
drothermal activity which occurred away from the spreading centre, The 
mineralizing F which silicified the umbers may have been more wide­
spread. impregnating other lithologics, and may have ovcrpnnted the first 
phase of Au mineralization m some VMS deposits after they had become 
inacltve and had been movd away from the s~ading centre. The miner­
al1zmg F passing through these VMS may have used the same structural 
pathways as the original base-metal-rich hydrothermal solutions which 
formed the VMS. (Authors· abstract) 

PROHL. Hansjl!rg and SIEMANN, 1\1.G., 1998. The composition of 
gases m fluid inclusions of Late Pcnnian (Zechstcin) evaporites in nonhem 
Gennany (abst.) Program and Abstracts, PACROFI VII, Pan-American 
Conf. on Research on Fluid Inclusions. June 1-4. Univ. of Nevada. p. 52. 
First author at Fachgebiet Mincralogic, Gcochemic. Salzlagerstatten: email 
(prohllt!•1mmr.tu-clausthal.de. sicrnann@immr.tu-clausthal.de) 

More than JOO G bearing I in P and S salts were analyzed by Laser 
Raman Spectroscopy. The ob<ained data base was used to classify three 
maJor groups: I. Ni-CH4-C 1H,-H~·H1S. 2. N!-01, and 3 Nz-02-CH~. 

Whereas the group one and two represent a reducing milieu and an 
oxidising m1heu. res):lccllvely. the origin of the G in group three 1s not se1-
1led yet. 

The discovery of H1 in cvaporites is of special interest. Hydrogen in Fl 
ma} serve as a natural analogue for hydrogen produced by corrosion due to 
the possible reaction of brines with the material of the high level waste 
container in the post-closure phase of a final repository. In contraSt to m1• 
grauon experiments on drill cores these investigations on hydrogen beanng 
Fl in undisturbed samples enable studies of h~drogcn behav10r under natu­
ral condiuons. Two possibilities for the production ofH2 are considered· (i) 
Development w1thm organic mancr due to cracking processes and (i1) radi• 
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olysis of hydrogen bearing molecules like HiO and CH.i. 
The data do not permit conclusions as to whether the gases {i) were 

incorporated into cvaporile minerals throughout the whole time of evapo­
ration, (ii) rcprcsenl mobilized components of deeper buried layers (iii) are 
a mixturc of(i) and (ii). (From authors' abstract by E.R.) 

PROKOF'EV, V.Yu., 1998, Types ofhydrothennal ore-forming syslems 
(from fluid inclusions studies): Geology of Ore Deposits, v. 40, no. 6. 

PROKOF'EV, V.Yu., ZAGORSKII, V.E., KUZNETSOVA, G. and BE­
LOZEROVA, O. Yu .. 1998, A new type of exsolution mc:11 inclusion in 
lopaz from the rare-metal topaz-mica rocks of the Etykin deposit Dok­
lady Akademii Nauk. v. 359, no. I, p. 94-97 (in Russian. translaled in 
Doklady Earth Sci., v. 359, no. 2, p. 284-287.) Authors at Joint Inst. of 
Geo!., Gcophys .. and Mineral., Siberian Div .• Russian Acad. of Sci .• Uni­
vcrsiletskii Precambrian Research, v. 91, p.3. Novosibirsk. 630090 Russia. 

Odd Ml in topaz that look like glass I with either one or several glob­
ules of an aq F phase. During heating, several odd phase changes occur 
until Th at 600-870°C. The composition by microprobe appears to be to­
paz plus water. There is considerable ambiguity in the interpretations of 
the significance. (E.R.) 

PROKOFYEV, V.Yu., DISTLER. V.V., SPIRIDONOV. A.M., GRE­
BENSCHIKOVA, V.I., \'UDOVSKAYA, M.A., MATEL, N.L, !\11-
TROFANOV, G.L. and NEMEROV, VK, 1998, Fluid regime and con­
dilions of origin of the Sukhoi Log (Russia) gold-platinum deposit (absl.): 
Program and Abstracts, PACROFI VII, Pan-American Conf on Research 
on Fluid Inclusions, June 1-4. Univ. of Nevada. p. 52. First author Ill Vino­
gradov Inst. ofGeochem., SB RAS, Favorsk}· str. la, 664033. Irkutsk. Rus• 
sia. 

The Sukhoi Log gold {Pt) deposit is the largest one in Russia The ore 
bodies arc of stratiform character, in black shales, and are associated with 
quartz-sericilic and carbonllle metasomatites, quartz pockets and veinlets, 
magnesium and magnesium-iron carbonatites, and pyrite impregnation. 

Thermal and cryometric investigations of individual Fl in quartz show 
that impregnated sulfide mineraliz.ation fonned at 385-205°C and 2375-
23 5 bars from magnesium-sodium chloride soluuons weth a salt concentra• 
110n up to 8.5-5.8 wt% eq. NaCl. The syngeneuc G F is nitrogen of high 
density (0.53-0.12 g/cm\ The ratio of total P to the P of water (P...ll'tUo) 
is 57.8-7.8. The cross-cutting veinlets with sulfides and calcite: fonned at 
3 50-2 75°C and 2280-185 bars from a magnesium-sodium chloride solution 
with a salt concentration of 10.7-7.6 wt% eq NaCl. with 7.6-1.8 mol/kg of 
solution C01 of 1. 1-0,4 mol/kg of solution CH.i. Post-ore veinlets formed 
at 335-l 65°C from a magnesium-sodium chloride solution with a salt con• 
centration of9.5-5.7 wt% eq NaCl. 

The features of ore mineralization are associated with a complicated 
interaction of metal-bearing hydrothermal solutions with organic sub­
stances in the black shale sequences Further decomposition of the organic 
substance resulted in the carbonic acid-methane component of the G phase. 
The changing redox conditions. pH and Eh led to the decomposition of 
complexes of dissolved noble metals. and their deposition together with 
sulfides. which resulted in the fonnauon of the Sukhoi Log deposit. (From 
authors· abstract by E R ) 

PROKOFYE\', \:Yu .• PEREPELO\', A.B. and BELOZERO\'A, O.Yu., 
1998. The origin of the: shoshonite-laute rock series of Uksichan Volcano 
(Kamchatka. Russia). from data on melt inclus1ons(abst.): Program and 
Absuacts, PACROFI VII. Pan-Amencan Conf on Research on Flued Jnclu­
seons. June 1-4. Univ. of Nevada p. 54 Authors at Vinogradov Inst. of 
Geochem., RAS, Irkutsk. Russia: email (vpr@igc.1rkutsk.su) 

The origin of the shoshonite-latite series in island-arc systems has been 
so far open to discussion. The mineralogy and geochemistry of rocks of 
Uksichan volcano and compositions of their Ml. show that the high-K and 
subalkalic shoshonite•latite series of the volcanic center is derived from 
high-K aluminous basaltic magmas and its basement rocks from low-K and 
high-Mg basaltic melts. Ml in plagioclases of high-K basalts of the initial. 
stratovolcanic stage are compositionally proximal to shield volcano 
shoshonites and latites. but are higher in phosphorus and titanium which 
accumulate in shoshonitic and latnic magmas until they are involved in 
later apatite and titanomagnetitc crystallization. In other words. glass com• 
position is proximal to that of the residual remaining after fractional ccys­
tallization of plagioclase. which attests to the origin of Uks1chan rocks 
from aluminous high-K basaltic melts. 

Therefore. the Uksichan shoshonite-latitic rocks derived not from 
shoshonite basaltic magmas but rather from high-K ones. that are more 
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broadly distributed throughout the island-arc system. The rocks of the vol­
cano were produced by fractional crystallization under gradually decreasing 
crystallization T and growing F concentration in the latest differentiates. 
(from authors' abstract by E.R.) 

PROL-LEDESMA. R.M., 1998, Pre- and post-exploitation variations in 
hydrothermal activity in Los Humeros geothermal field. Mexico; J. ofVol­
canol. and Geothermal Research. v. 83. p. 313-333. Author at lnstituto de 
Geofisica. UNAM. Cd. Universitaria. Coyoaclin, 04510, Mexico. 

Los Humeros geothermal field is a remarkable example of the lack or 
water-rock equilibrium. Significant variations of hydrothermal ac1iv1ty 
have occurted before and after exploitation stan:ed. Presently. discharged 
water is not in equilibrium with the alteration suite observed in the rcser• 
vdir rocks. Hydrothermal minerals identified in core and cuttings define 
the occurrence of several stages of hydrothermal activity. Cooling at depth 
is inferred from Fl and alteration mineralogy data from the wells located 
nearby Los Humcros fault. Most wells produce a two-phase F with excess 
enthalpy. this accounts for the higJ! CO2 conlent observed in the discharged 
F. Sulfur and carbon isotopic data indicate that volatile species in the geo­
thermal F have magmatic as well as sedimentary components. while: stron• 
tium isotopic composition shows that calcium is provided by the andesiuc 
rocks that fonn the reservoir. As exploitation of the field started, concen­
lralion of HCI increased in the discharged F. This shows thal recharge of 
the reservoir is not enough to balance the output for producteon. and drying 
out of the field may be taking palce at depth. The lack of chemical equilib­
rium and the presence of G of magmatic origin suggest that Los Humeros 
is a relatively young geothennal field related to a recent magmatic intru­
sion. (Author's abstract) 

PROL-LEDESMA, R.M., JUAREZ.SANCHEZ. F .. LOZANO, R., 
Sta. CRUZ. R., ALCAL\-MONTIEL, E., CRUZ.CASAS. V.A., 
HERNANDEZ.LOMBARDINI, S., CANALS, A. and CARDEL­
LACH, E., 1998, Precious and base metal deposition in an active hy­
drothennal system, La Primavera. Mexico: in Water-Rock lntc:racuon, 
G.B. Arehan & J.R. Hulston (eds), Balkema. Rotterdam ISBN 90 5410 942 
4, p 649-652. First author at lnstitut de Geofisica. UNAM Cd. Universi­
taria. Mexico D.F .. Me,dco. 

High gold concentrations were observed in water and rock; 59 and 
263 ppb respectively. Anomalies of Zn and Ba were frequenlly observed 
within the geothermal reservoir samples. ffrom authors· abstract by E.R.) 

QI-HAO. Fan, 1998, A notion regarding the same direcllon prediction in 
the mineralization of hydrothermal deposits and the migration direction of 
ore fluids in Australia: Second APIFIS lnt'l. Symp. Mineral Forming Flu• 
ids and Ore Genesis, Oct. 28-30, 1998, Tashkent, Uzbekistan. Abstracts 
volume. p. 25-27 (in English). Author at The Geological Society of Aus• 
traJia and the Australasian Inst. of Mining and Metallurgy; email 
(qi_hao_f@honnail.com) 

The author uses dala on T d from vanous hydrothermal deposits, 
plus major structural data. to provide prospecung guides, and claims that 
some blind ore bodies have been discovered in this manner, (E.R.) 

QING, Hai ruo, 1998. Geochemical constraints on the origin and timing of 
palaeofluid !low m the Presqu · ile barrier reef. Western Canada sedimentary 
basin: in Parnell. J (ed.) 1998. Dating and Duration of Fluid Flow and 
Flu1d-RocJc ln1erac11on. Geological Society. London. Special Publications, 
v. 144. p. 173-187. Author at Dept. ofGcol .. Royal Holloway Univ. of 
London. Egham Surrey, TW20 OEX. UK. 

From northeastern British Columbia to Pine Point. over a llllcral dis­
tance of 400 km, saddle dolomites display remarkable: trends of decreasing 
•1sr1''6Sr rauos (0.7106-0. 7081) and Th ofFI ( I 78-92•C) with a corre• 
sponding increase in 6110 values ( -16 to - 7'16o PDB). These regional trends 
suggest that hot. radiogenic basinal F moved eastward up-dip along the 
Presqu'ile barrier reef. 

The 6D values of aq Fl from Pine Point dolomite are very low (-80 to -
I 00%o SMOW) compared with that of Devonian seawater ( -10'16o SMOW) 
suggesting an mput of some Columbia-Laramide meteoric waters. If the 
low 6D values are caused by a mixture of F from Pl con1aen1ng Devonian 
seawater with SI that formed later during the Columbia-Laramide Oroge• 
nies. the F migration and associated dolomitiz.ation and mineralization 
could be interpreted as late-Devonian events. However. if the measured F 
were mostly from the Pl. the low 6D values indicate an entrapment or some 
Columbia-Laramide meteoric waters with Devonian formation waters at 
the time of dolomn1zation. This would suggest a Jurassic to early Tertiary 
age for dolomitezauon, which is supponed by similar low 6D values of 
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present-day Devonian fonnation watcis that consist of mixture oflaramide 
meteoric waters and original connate brines. The light 6D values of Pinc 
Point dolomite I could also occur as a result of reactlOII of F wilh organic 
mater associated with generation of oil and G, which occurred at the 
maximum burial during the Laramidc Orogcny. (From aulhor's abstract by 
E.R.) 

QIU, H.N.,SUN, D.Z.,ZHU, B.Q. and CHANG,X.Y., 1998. ""Ari39Ar 
dating by crushing technique on a quartz sample lrom the Dongchuan cop­
per deposits in Yunnan, SW China (abst.): The Ninth lnt'I Conference on 
Geochronology, Cosmochronology and Isotope Geology, Abstracts. pub­
lished in Chinese Sci. Bulletin, v. 43, Supp,, p 106 Authors at Guangzhou 
Inst. ofGcochem .• Chinese Acad, of Sci .• P.O. Box I 131, Guangzhou 
S 10640. China: email (hnqiu@msgzb.ac.cn) 

The ore-forming ages of deposits arc lhe basic evidences to study the 
ore formation regularities in a region. In recent twcn~ years, gcochronolo­
gists made many attempts to .date the Fl by Rb-Sr or W 9 Ar methods and 
showed a new highlight way to access the ore-forming ages, 

In this paper we make further attempt 10 dctennine the Dongchuan 
copper deposits using -10 Ar/39 Ar technique on quartz samples by crushing in 
vacuo. The quartz sample OC-51-1 Q was selected from an ore hand­
specimen from the Luoxue Fonnation of the Kunyang Group in Tangdan. 
Dongchuan. YuMan Province, SW China The analysis data form a fal­
ling-down age spcclnlm from as old as 1949 MA at the first stage 10 as 
young as ~ 710 Ma at the last three stages. It yields a plateau with age of 
788±63 Ma (39Ar occupying ~86%) from s~ 13 to stage 24. The data 
yield an isochron line on the 40 Ar/36 Ar - 39 Ar/ Ar diagram corresponding 
to an isochron age of712:t33 Ma wilh initial __,Ar/36Ar ratio of935:i.62 (Fig 
2) [Fig. I?]. In consideration of the scatter. the isochron age may range 
from 640 Ma to 780 Ma (as shown by the two dotted lines in F,g. 1 ). The 
isochron age is concordant with its plateau age. They indicate that the 
mineralization took place just at the end of the Jinmng orogeny or the be· 
ginning of the Chengjiang orogcny. 

The falling-down age spectrum and the high imual "°Arl36AI ratio 
suggest that the Fl contain high conccntrat10n of excess "°Ar within the Fl 
especially within the larger ones. (Authors· abstract) 

See figure in the Illustrations appendix. 

QU, Xiaoming, WANG, H,nian and RAO, Bing, 1998, Laboratory study 
of KD of gold between ore-forming fluid and grannic melt: 61h National 
Meeting on Mineral Deposits. Nanjing.. China Nov. 2S-28. 1998: Mineral 
Deposits (Kuangchuang Dizhi). v. I 7 Supplement. p. 997-1002 (in Chi­
nese). 

RAFAILOVICH, M.S., 1998. Geological-genetic models of the major 
gold deposits of Kazakhstan (abst.): Second APIFIS Inn S}mp. Mineral 
Fonning Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbekistan, 
Abstracts volume, p. 98-100 (in Russian). 

R..\FIKOV. \ .. a.M. and YUSUPOV, R.G., 1998. The fluid composition. 
classification. and conditions of formation of accessory minerals (Middle 
Tien-Shan) (abst.): Second APIFIS lnt'I Symp. Mineral Forming Fluids 
and Ore Genesis. Oct. 28-30, 1998, Tashkent. Uzbekistan. Abstracts vol­
ume. p. 55-58 (in Russian). 

See Translations. 

RAGAN, V.M., COVENEY, Jr .• R.M. and BRANNON, J.C., 1996. 
Migration paths for fluids and northern limits of the Tri-State district from 
fluid mclusions and rad1ogenic isotopes: Society of Economic Gc:olog1sts. 
Special Pub. No 4. p. 419-431. First author at Dept. ofGeosci .. Umv of 
Missoun. Kansas City. MO 64110-2499. USA. 

Ore deposits are hosted chiefly by silicificd Mississippian carbonate 
beds but even 200 km northward lrom major mines overlying Pennsylva­
nian beds contain sphalcri1c-hos1ed aq Fl with Th ranging from -60 10 
l 30°C and equivalent sal between 22-26 wt.% NaCl eq -similar to those 
contained b} the ores High T ~ values correlate with proximity to major 
crosscuning slr\lcturcs and permeable stratigraphic horizons and together 
with variations in ratios of lead and strontium isotopes may help to locate 
pathways for h}drothcrmal Fin the region. (From authors· abstract by 
E.R.) 

RAGNARSDOTTIR. K. V. and OELKERS. E.H" 1998. Gcochemislr) 
of crustal fluids· A T}rolcan perspective: Chem. Geol.. v. 151. p. 1-9. 
First author at Dept of Earth Sci .. Univ. ofBristol. Bristol. BS8 IRJ. UK: 
email (vala.rag,iarsdottir@bris.ac.uk) 
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An introducuon to a series of papers stemming from a 1996 confer­
ence (E.R.). 

RAGNARSDOTTIR, K. V., OELKERS, E.H., SHERMAN, O.M. and 
COLLINS. C.R., 1998, Aqueous spcciation of yttrium at temperatures 
from 25 to 340°C at P . : An in situ EXAFS study: Chem. Gcol .• v I 5 I, p. 
29-39. 

RAMAMBAZAFY, Andrianasolo. MOINE, Bmlard, RAKOTON• 
DRAZAFY, Michel and CUNEY, Mkhel, 1998. Significance of carbonic 
fluids in the granulllcs and skams of southeast Madagascar: Sciences de la 
terrc ct des planctes (Earth and Planet. Sci.). v 327, p. 743-748 (in French, 
Engl. abst. and abridged version). First author al Laboratoire de mineralo­
gic. UMR 5563, CNRS/universitc Paul Sabaucr, 39 allccs Jules Guesdc. 
31000 Toulouse, France. 

In the granulites of southeast Madagascar, extensive skams arc the 
signature of intense F circulation coeval with regional metamorphism Fl 
in different minerals from gneisses and skams are CO1-rich (Xco1~0 8) 
Corresponding isochores arc in good agreement with mineral thermo­
baromctry. Such F, ~•th high Pc02 and Poi and low PH20. arc in equilib­
rium with the observed mineral assemblages_ Contrary to some assump­
tions that granulitc facies were produced through f•absent metamorphism, 
these results demonstrate equilibrium between granulite mineral paragenc­
sis and a CO2-nch F phase. (Authors· abstract) 

R4MSAY, W.R.H., BIERLEIN. F.P., ARNE, D.C. and VANDEN• 
BERG. A.H.M" 1998, Turbidite-hosted gold deposits of Central Victoria. 
Australia: Their regional setting. mineralising styles. and some genetic 
constraints: Ore Geol. Reviews. v. 13, p. 131-15 I. First author at Minerals 
Industry Research Inst., Univ. ofBallarat, PO. Box 663, Victoria 3353, 
Australia. 

Within the Ballarat mctallogenic province. mcsothcrmal mineralisatlOll 
is hosted by dilauonal-sitc ·s style, in Ordovician sediments which were 
subjected to upper prchnite-pumpellyite facies conditions to the west and 
zcolitc facics conditions to the cast adjacent to the Melbourne mctallogcnic 
province. Ore F were of the low sal C-0-H type with 1-10 wt.% NaCl cq. 
C01 and CH., contents of Fl tend to be low with variable CO2'CH.a ratios. 
Depth of deposition (based on evidence from Wattle Gully mine) was in 
order of 7 km and isotopic data suggest that ore F were derived either from 
an evolved igneous or from a devolatiliscd metamorphic source. Toward 
the eastern margin of the Ballarat mctallogcmc province and withm the 
adJoining Siluro-Dcvoman Melbourne mctallogenic province, cpithermal 
style Au mmerahsation is commonly cmplaced m structurally and 
strallgraphically higher rocks Tt arc lower than m deposits to the west and 
ore F arc of low sal C-0-H-N type with Nl>15 vol%. Gangue pyrite has 
elevated Sb contents and ore F were dominated by evolved metconc water. 
6 uc values from vcm carbonates suggest their derivation from oxidised 
organic carbon from within the S1luro-Dcvonian marine sediments. 

Alteration styles in gold deposits across central Victoria include scrici­
usation. carbonausauon, sulphidation, chloritisation. and (de-) silicifica­
tion. Owing to the P mineral assemblages and the physico-chemical char­
actcristtcs of the ore-beanng F. visible evidence for wall rock altcrat10n is 
commonly limited to 5-10 m wide zones of discolouration containing dis­
seminated arscnopynte and pyrite porphyroblasts and carbonate spotting. 
However. current petrograplucal and geochemical studies have demon­
strated that the effects of pervasive wall rock alteration arc mon: pro­
nounced and extensive than previously recogmsed. (From authors· abstract 
by E.R.) 

RAMSA'\', W.R.H. and GROVER. M., 1998. Central Victorian gold de­
posits and the crustal continuum concept (abs!.); Geological Society of 
Australia. Abstracts No, 49. 14th Australian Geological Convention. 
Townsville. July 1998, p. 368. First author at Earth Sci., School of Ecology 
and Environment. 

In contrast 10 most other hydrothermal mineral deposits. mcsothcrmal 
gold deposits arc characterised by a wide depos111onal depth range from 
near surface to subcrustal depths of 20 km. well below the 400°C brinle­
ducule thermal transition zone. To account for such a range in depos,uonal 
depths in the crust vanous workers have invoked the crustal conunuum 
concept Evidence is emerging from younger terrancs that mcsothermal 
deposits may likewise exhibit gold emplacement over a considerable vcni­
cal extent m the crust 

Within the Ballarat province host rocks were broadly subjected to up• 
per prehni1c-pumpclly11e facics cond111ons and mineralisauon sites were 
don11na1cd by brinlc-ductilc features including crack seal, spurs. breccias, 
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and fault-dominated locations. Ore F were oflow sal of the C-0-H type, 
with Tt in the west of 300±50°C and in the east 250±50°C. 

In the eastern portions of the Ballarat province. where the Ordovician 
sediments are characterised by diagcnic zcolitc facies. and in the Mel• 
boume province the Au-Sb-As deposits weie deposited from C-0-H-N 
fluid system with N2> 15% and Th and sal for aq and CO2-bearing Fl in Sb­
bearing veins range from 145-215°C and 2.9-5.9wt% NaCl eq. and. 180-
2600C and 1.9-5.5 wt"/4 NaCl eq. iespectively. (from authors' abstract by 
E.R.) 

RANDELL, R.N., HEROUX, Y., CHAGNON, A. and ANDERSON. 
G.M .. 1996. Organic matter and clay minerals at the Polaris Zn-Pb deposit, 
Canadian Arctic Archipelago: Society of Economic Geologists. Special 
Pub. no. 4. 1996. p. 320-329. First author al 126 Gough Avenue, Toronto, 
Ontario, Canada M4K 3N8. 

. Reflectanccs of 1.3% Ro in rocks exceed values expected from maxi­
mum estimated burial T of 60"C, and are consistent with observed oil gen­
eration and Fl T of I 05°C measured on ore sphalerite and gangue dolomite. 

lllitization of pre<xisting sedimentary diagenetic clays above the ore 
may be related to the influx of potassium in the highly saline evaporative 
brines identified in Fl in Polaris ore sphalerites. 

It is proposed that methane co-generated with hydrogen during hy­
drothennally-induced maturation of organic maner reduced brine sulfates 
to H2S, allowing precipitation of metal sulfide ores. Reactions inferred 
from observed clay mineral distributions can be accomplished at the T 
prevalent during ore precipitation. Brines were probably driven by the late 
Devonian Ellesmerian orogeny, but ore precipitation occurred while the 
host rocks were horizontal. 

Clay mineral analyses and organic matter alteration studies are both 
potentially useful exploration tools when integrated with available geologi­
cal data. (From authors· abstract by H.E.B.) 

RANKIN, A.H., BOHN, 8., HALLER. M. and RADTKE, M,, 1998, 
Quantitative analysis of Sr-REE-Ba-daughter minerals in fluid inclusions 
by combined synchrotron micro-XRF and SEM-EDX techniques (abst.). 
17th General Meeting lnt'I. Mineralogical Association. Aug 9-14.1998. 
Toronto, Canada, Abstracts and Programs, p. A 130. First author at King­
ston Univ., UK; email (a.rankin@kingston.ac.uk) 

This srudy focuses on the identification and comprehensive geochemi­
cal characterization of Sr, REE, Ba-daughter minerals m natural Fl in 
quartz related to carbonatite metasomatism. Namibia. Burbankite 
(Na.Ca)3{Sr.REE.Ba)3{C0,)5 is a rare mineral mostly confined to highly 
alkaline igneous rocks. The broad spectrum of clements (from Na over LIL 
elements 10 the heavy REE) present in the burbankites can be analysed by 
combining Synchrotron-XRF m1croprobc and SEM/EDX techniques 

Quantitative and semi-quantitative SEM/EDX analyses yield SrO 
between 5 and 26 wt%. LLREE between 8 and 17 wt% and BaO between 
2 and 5 5 wt"li, for burbankite dxl, For S)nchrotron-XRF analysis long­
time measurements were taken on the spots with the highest count rates for 
Sr, REE and Ba. The quantification via fundamental parameter analysis 
uses Ba as an internal standard. since it displays a narrow compos111onal 
range as indicated by EDX analyses. and because it is a close neighbour to 
the REE group of clements wnh respect to atomic weight The very similar 
results for the REE quantification by Synchrotron-XRF and EDX analyses. 
respective!), indicate that the quantification proceduies for both techniques 
yield reliable results. The Synchrotron-XRF-denved chondrite-nonnalized 
REE patterns display a negative slope of2-3 orders ofmagn11ude from La 
to Yb, reflecting a LREE ennchment typical of solid rock carbonatites. 
The Th/U ratios ofburbankites are berween 4 and 6 and Y/Ho ratios are 
very low j<S), The mere presence of REE-carbonates as large dm in these 
F shows the capability of such H20-C02-F-CI fluids in dissolving and 
transporting high field strength elements in large quantities. (Authors· 
abstract) 

RANKIN. A.H., CHRISTOU LA, M. and HALLS. C .. 1998. Fluid inclu­
sion evidence for the involvement of basinal brines and granitic tluids in 
the development of composite Comish Sn-lodes. SW England (absl.). Pro­
gram and Abstracts. PACROFI VII. Pan-American Conf. on Research on 
Fluid Inclusions. June 1-4, Univ of Nevada. p. 55. First author at ~chool 
of Geological Sci.. Kingston Univ .. Kingston Upon Thames KTI 2EE. UK 

The South Crotty tin mine was the last remaining metal producer in 
the classic mmingdistnct of SW England until Its closure m late 1997. 
Recent studies by Farmer et al. ( 1991. Mineral Mag .. 55:447-458) have 
identified two main parageneuc stages associated with cass1terite m ini:ral i­
zation in the mine: a tounnahne stage and a later chlorite stage in which 
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fluorite is a common gangue mineral. 
In this paper we report on the microthermometric and geochemical 

analysis of Fl in fluorite from the chlorite stage of mineralisation We dis• 
ungu1sh two separate F regimes with similar sal but quite different origins: 
a high temperature (ITT) and a low temperature (LT) F with variable sal. 
ICP-AES analysis of leachates shows that the ITT F are characterized by 
Na/K atomic ratios ofbetween 3.1 and 9.4 and Na/Li atomic ratios of be­
tween I 0.6 and 18. These values are significantly lower than the corre­
sponding ratios for LT F (Na/K 11.6 to 12.3; Na/Li 52.5 10 77), A similar 
trend is noted in the Ca/Na ratios inferied from microthennometric meas­
urements, However, the CVBr ratios (detennincd by INAA methods) for the 
HT F (860 to 1333) are much higher than for the LT F (303 to 586). 

The CVBr ratios for the ITT F are closely comparable with the ··mag­
maaic" ratio of between 1124 and 1234 reported b)' Bohlke and hwin 
( 1992. GCActa, 56:203-225) for F responsible for quartz-tounnalinc-topaz 
(greisen) assemblages in SW England. The alkali ratios are also character­
istic ofhigh-T granite-associated F from the region. By contrast, the alkali 
and halogen ratios and microthennomctric characteristics of the LT Fare 
very similar 10 those for the MVT fluorite deposits elsewhere in the UK 
where basinal brines are known 10 have been involved (Christoula, 1992. 
PhD Thesis, University of London, 262 pp.). 

The piesent result confinns the involvement of basinal brines and 
"magmatic" Fin the development of Sn-lodes in SW England, both of 
which have been modified by F-rock interactions and mixing with meteoric 
F. The study also shows the importance of careful paragenetic control when 
reporting on the geochemical characteristics of composite vein samples, 
especially from bulk Fl analysis. (from authors' abstract by E.R.) 

RANSOM, B., KASTNER. M. and SPIVACK. A.J., 1998, Chlorine/fluid 
cycling in subduction zones: Evidence from chloride concentrarions and 
chlorine stable isotopes (abst.): Mineralogical Magazine. v. 62A. V. M. 
Goldschmidt Con(, Toulouse 1998. Extended Abstracts, p. 1233. 

RAO, D.R., SHARMA, R1jtsll and GlJRURAJAN, N.S., 1998. G­
thennobarometry and fluid inclusion studies ofleucogneisses from Schir­
macher region. east Antarctica: J. Geological Society of India. v. 51. p. 
595-607. Authors at Wadia Inst. of Himalayan Geol .. 33. General Ma• 
hadeo Smgh Road. Dehradun - 248 00 I. India 

Fl in the leucocratic rocks show three stages of F entrapment. The 
monophaseC02 I. with densities m the range of0.996 to 0.811 g/cm3

• 

show P of about 5.1 ±0.6 kbars indicate peak metamorphism after crystalli­
zation. Early stage defonned aq I. however. represent initial crystallization 
Entrapment of these I was followed by carbonic aq I. whose CO2 densities 
range from 0.816 to 0.624 g/cm3 with increasing H20 F entrapment occur­
ring during 1he retrogressive stages. Their density and Th indicate a P of 
2±0.5 kbars. 

These P-T conditions of the leucogneisses suggest around 18 kb of 
crust to have been removed. indicating >50 km thick crust dunng the am­
phibolite facies metamorphism corresponding to geothennal gradients of 
around 37°C/km. A successive decrease in estimated P-T conditions along 
with density and compositional infonnauon suggests retrogression and 
compressional cooling path for these rocks. (From authors· abstract by 
E.R.) 

RASMUSSEN, M.G., EV..\NS, B.W. and KUEHNER. S.M .. 1998. Low­
temperature fayal ite. greenalite. and minnesotaite from the Overlook gold 
deposit. Washington: Phase relations in the system FeO-S10rH20: The 
Canadian Mineralogist. v. 36. p. 147-162. First author at Echo Bay Miner­
als Co .• 921 Fish Hatchery Road, Republic, Washington 99166. USA. 

At the Overlook gold mine in northeastern Washington. a fayalite­
bearing assemblge of iron silicates. magnetite, and pyrrhoute. plus quartz 
and calcite. fonned during alteration of a Pennian volcanogenic. carl>onate­
rich. massive magnetite-sulfide seafloor deposit. The T of Fl homogeniza­
tion. oxygen isotope ratios. and phase equilibrium calculations constrain 
the T of the fayalite-fonning environment 10 approximately 300°C. (From 
authors· abstract by E.R.} 

R.\WAT, R.S. and Kl1!\1ARI. Pnibha, 1998. Homogenil.Btion experi­
ments: An aid in mell temperature determination: A study from Amntpur 
Granite series. Kumaun Lesser Himalaya. India: N. Jb. Miner. Mh., 1998, 
no. 9. p. 411-425. Authors at Dehra Dun. India. 

Significance of homogenization (quenchingl expenmcnts on the alkali 
feldspars and perthitcs is demonstrated. Homogenization expenments 
include high T studies at normal P These studies have s1gn1ficance in de-. 
tennining the MT. Pure mineral separates ofalkal1 feldspars from Amnt-
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pur Granne Series (AGS) were obtained using conventional techniques. 
These separated alkali feldspars were homogeniz.cd at I OSOOC for 48 hours. 
then quenched and powdered. XRD studies were carried out on these sam• 
pies. T of 700+ 5O°C is concluded for the gram tic M of the AGS. 
(Authors· abstract) 

RA\', J.S., 1998, Trace element and isotope evolution during concu~t 
assimilation, fractional crystalli7.81ion. and liquid imm1scibility of a car• 
bonate magma: Gcochim. ct Cosmo. Acta. v 62, no. 19120. p. 3301-3306. 
Author at Physical Research Laboratory. Navrangpura. Ahmedabad 380-
009, India. 

Liquid immiscib1hty 1s an imponant magmatic process that causes 
unm1xing of magmas into L of contrasting compositions. Such magmas 
mar get modified by simultaneous wall rock assimilarion and fractional 
crystallization during the L immiscib1hty in a crustal magma chamber. The 
clement and isotope effects of such a process are likely to be reflected in the 
final products. To trcal these effects and to understand the evolution of the 
1mm1scible L. a model has been developed modifying the assimilation• 
fractional crystallization (AFC) model ofDePaolo ( 1981 ). I demonstralc 
the applicability of this model by an example usini Sr isotope systcmarics 
of silicate-carbonate M immiscibility. The initial Srl'6Sr ratio and Sr 
concentration vanauon in the silicate rocks of some alkaline-carbonali1e 
comple"es of Deccan Province arc found 10 be a result oflower crustal 
contamination (up lo 5%) of the parcnl carbona1cd silicacc magma. while 
the 17Srl"'Sr of the carbonate M separated Olll of the parcn1 remained unaf­
fected. Though the daaa on silicalc rocks could also be explained by the 
conventional AFC model. the processes 1reaccd by the model do 1101 inclode 
L imm1scibility. needed for explaining the evolution of the cogcnctic car­
bona1itcs. It appears from this study that the slightly higher initial 17Srl'6Sr 
(than that of the coexisting carbonatiaes) shown by the alkaline silica1e 
rocks could be due to crustal contamination of the carbonated silicate par­
ent magma during concurrent frac1ional crystallization of silicates and ex­
solution of carbonate M. Though the model has been applied to a very 
specific case-that of carbona1e-silicate M 1mmiscibility- i1 can be ap­
plied to any case in which bolh assimilation and immiscibility occur to­
gether. (Author's abstract) 

REN, Binchtn, 1998. Evolution model ofmanllc Fin Ba1yinchangcop­
per-polymetallic deposit 6th National Meeting on Mineral Deposits. Nan­
jing. China. Nov. 25-28. 1998: Mineral Deposits (Kuangchuang Dizlti). v. 
17 Supplement.. p. 993-996 (in Chinese). 

REYNOLDS. T .J., 1998. Ancient fluids at the Sweet Home mine: Min­
eralogical Record, v. 29, no 4, p. 127-132. Author at FLUID. Inc. P.O. 
Box 6873. Denver. CO 80206 USA 

The Fl attest to the fact that mineralization at the Sweet Home mine 
formed from a hydrothermal system that achieved T a1 leas! as high as 
37O°C. which then gradually dropped 10 as low as about I 1O°C No phase 
separations {bolling. etc.) occurred and no h1gh-sal F were present. The 
sequence of mineral precipitation probably occurred with cooling of the 
system.and significan1 dilution began at T below about 25O°C. These con• 
clusions are unequivocal from the Fl data alone. 

Contrasting these data with that from other types of deposns provides 
clues about the general environment of fonnation at the Sweet Home mine. 
The high T ( > 300°C) and lack of evidence of bo1hng eliminates shallow 
(<I.S km below the ground water table)ep1thennal environments The 
lack of V-nch and high-sal F common in and above porphyry-copper and 
porphyry-molybdenum deposits ehmina1cs these IWo deposit10nal envi­
ronments for the Sweet Home mine. The absence of visible L C01 within 
the I (common in mesothennal, grcenstone-hostcd. lode-gold deposits 
worldwide) argues against the high T being solely a result of great depths. 
Furthcnnorc. in 17 years of studying Fl in many types of ore deposits 
worldwide. I have never studied a local1tv wilh the same characteristics 
found at the Sweet Home mine: (I) only I type of Fl. (2) T as high as 
370-C. and (3) high enough COi contents for 1110 be delectable. but not so 
high for L CO2 to be visible. Thus. not only do the fantastic mineral 
specimens which come from lhe Sweet Home mme dictate that the envi­
ronment of mineral deposition and the ancient orc-fonning processes were 
unique. but so do the Fl daaa. (From 1he author's 1ex1 by H.E.B.) 

RICHARD, Laurent and HELGESON, H.C., 1998. Calculauon oflhe 
thermodynamic propenies at elevated T and P of saturated and aromatic 
high molecular weight solid and hquid hydrocarbons in kerogen. bi1umen. 
petroleum. and other organic matter of b1ogeochemical interest: Gcochim. 
ct Cosmo. Acla. v. 62. no. 23/24. p. 3591-3636 Authors at Dept. ofGeol. 
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And Gcophys .. Univ. of California, Berkeley. CA 94720, USA. 
To supplement the rcla!ivdy sparse set of calorimetric data available 

for the multitude of high molecular weight organic compounds of biogco­
chemical interest.. group additivity algorithms have been developed to esti­
mate heat capacity power function coefficients and the saandard molal 
thermodynamic properties at 25°C and I bar of high molecular weight 
compooods in hydrocarbon source rocks and reservoirs, including crystal­
line and L isoprcnoids. steroids. tricyclic ditcrpcnoids. hopano1ds. and 
polynuclcar aromatic hydrocarbons. Calculations of this kind permit com­
prehensive thcrmodynarmc description of the chemical cvolut,on of orgamc 
matter with increasing depth in sedimentary basins. (From authors' ab­
stract by E.R.) 

RICHARDS, D.A., BOTTRELL. S.H., CUFF, R.A •• STROH LE, 
Klau5 and ROWE, P .J •• 1998. U-Pb dating of a spclcothcm of Qua1cmary 
age: Gcochim. ct Cosmo. Acta. v. 62. no. 23124. p. 3683-3688 First 
author al School of Earth Sci .• Univ. ofl...ccds. Leeds LS2 9JT. UK: email 
(David.Richards@bris1ol.ac.uk) 

We demonstrate that U·Pb dating is a promising method for S carbon­
ace matcnals of Quaternary age and older byoblaining a 206Pb•t211U age 
for a speleothem with high U(>IO µg g·1

) and very low Pb (<10 ng g"1
) that 

is supponed by an independent 2»rii age. Thermal ionisation mass­
spectrometry was used 10 determine lhc U and Pb isolopic ratios and con­
centrations for subsamples of a stalactite from Winnats Head Cave. Peak 
District UK. We obtained 206pi,/2'MPb ralios up 10 SO. and detcnnincd a 
l06pb•t231U age of248± IO ka, which is within error of lhe 207Pb• r•~u age 
of333:79 ka and a-spcctromenic U-Th age of-255 ka. For samples of 
Tcniary and Quaternary age. the initial saa1e of U-scrics disequilibrium is 
an imponant consideration and. as with most radiometric daung tech­
niques, the mineral must have !ffllained closed 10 U. Th. Pb. and all inter­
mediate daughters. We show that dense calcite speleothems arc ideal in 
this respect and that no loss of Rn has occurred. Unlike U-sencs disequ1• 
librium methods, U-Pb daling has no upper limit and. hence. materials of 
Quaternary age older than 0.6 Ma can be analysed 10 investigate landscape 
development palcoclimate. hominid evolution or hydrogeochem1s1ry in 
carbonate terrains. (Aulhors' abstract) 

Pcninent to intcrpre1ation of spelcothem Fl (E.R.). 

RICHARDS, J.P. and LAUDRUM, D .• 1998, The Mt. Kare alkalic epi· 
thermal gold deposit Papua New Guinea (abst.): Geological Society of 
America Annual Meeting 1998. Abstracts. v. 30. no. 7. p. A-302 First 
author a1 Dept Earth & Atmospheric Sci .• Univ. Albcna. Edmon1on, AB 
T6G 2E3. Canada. email (Jcremy.RichardSIU'ualbena.ca) 

The Mt. Kare Au deposit is located 18 km SW of the giant Porgera 
gold mine. It is spa1ially and temporally associated with geochemically 
similar 6 Ma-old mafic. alkalic. inlrusive rocks 10 !hose found at Porgcra, 
and also displays similar styles of mineralization (early carbonate base­
me1al-sulfide · A' -veins with microscopic gold. and later quartz­
adularia/roscoelite-Au" · o· -veins: adularia has also recently been observed 
in some D-Yetns 81 Po,gera). New stable isotope and Fl data show that 
these similarities extend to isotopic and F compositions al the two deposits. 

Sulfur isotopic compositions of sulfide minerals arc as follows. wi1h 
the range observed at Porgera in square brackets: A-veins (pyrite and Fe­
rich sphalerite): 2.0-6.0. n= l 1 (2.4-5.4. n~34): D-veins (Fe-poor 
sphalcrile): I 2-2.4. n-4 (Fe-poorsphalerite: 8.6-2.7. n'"3, pyrilc. 14 0-
0.3. n=8). 

Carbon and oxygen isotopic compositions of Ca-Mg-Mn-Fe• 
carbonates from A-veins range from 4. 7 10 3.6. n=5 (6. 7-4 5. n~ I 7. at Por­
geral, and 16.9-19.4 (14.8-18.3]. 

Oxygen isotopic composi1ions of two samples of quanz from D-veins 
arc 16.3 and 16.5. compared with 16.6-18.9 (n=24) at Porgera. 

Fl microthcrmomelric data also bear close comparison A-vein quartz 
and sphaleritc: 250-343°( (Th). 6.1-11.2 eq. wt.% NaCl f21 l-365°C. 7.2· 
IS.2 eq. wt.% NaCl]: D-vein quartz with roscoelile: J 63-2O3°C, 7 0-8.4 
eq. wt.% NaCl (97•158°C. 3.7-9.9 eq. wt.% NaCl. aYcrage 7.8:0 7 eq. 
wt.% NaCl). The noticeable difference in Th range for D-typc veins at lhe 
two localities may be due to the requirement for a larger P corrccuon at 
Porgera. which is believed to be exposed at a deeper paleo-depth than Mt 
Kare. Ore deposition m A-veins may have been controlled pnmarily by 
cooling and neutralization. whereas the presence of CO2-bearing V-rich Im 
0-veins at Mt Kare provides strong support for phase-separation as the 
controlling mechanism m these later veins 

These da1a show remarkable similarities between the two deposits. 
wi1h observable differences serving mcrel~ to dis1inguish their separate 
idc:n1i11es rather than indicating fundamentally dilfcrenl processes or com-
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ponent sources. Thus. it is clear that the ore-fonning process at Porgera 1s 
not unique, but is repeatable with high fidelity at other localities. At Mt. 
Kare, exploration now seeks to find the equivalent of the fabulously rich 
Zone VII orcbody at Porgera. (Authors· absuact) 

RICHET, P. and POLIAN. A., 1998, Water as a dense icelikc component 
in silicate glasses: Science, v. 281, p. 396-398. First author at Laboratoire 
de Physique des Geomatcriaux. Unite de Recherche Associce CNRS 734, 
lnstitut de Physique du Globe, 4, Place Jussieu, 75252 Paris Cedex 05, 
France. 

Density and Brillouin-scattering measurements of hydrous andcsite 
glasses at ambient conditions showed that dissolved water has a concentra• 
tion-independcnt panial molar volume of 12±0.5 cubic centimeters per 
mole and a bulk modulus of 18:l:3 gigapascals. Dissolved as hydroxyl ions 
or as molecular water, water has volu111e propenies similar to those of ice 
VII, the densest form of ice. These properties point to hydrogen bonding as 
an imponant factor in water dissolution, and they indicate that changes of 
water speciation are driven by the entropy and not by the volume of the 
system. Water in a concentrauon greater than I¾ by weight also causes a 
marked decrease of the shear modulus of the glass. (Authors· abstract) 

RIDLEY, M.K., PALMER. D.A., WESOLOWSKI, D.J. and KET• 
TLER. R.M .• 1998, Potentiomctric and solubility studies of association 
quouents of aluminum malonate complexation in NaCl media to 75~C: 
Geochim. et Cosmo. Acla, v, 62, no. 13, p. 2279-2291. 

RIGHTER. Kevin, HERVIG. R,L, and KRING, D.A., 1998, Accretion 
and core formation on Mars: Molybdenum contents of melt inclusion 
glasses in three SNC meteorites: Geochim. et Cosmo, Acta. v. 62, no. 12, 
p. 2167-2177. Firstauthor at Lunar and Planetary Laboratory, Univ. of 
Arizona. Tucson, AZ 85721, USA. 

Molybdenum, cerium. barium, yttrium, and rubidium contents of 
glasses in Ml in three SNC meteorites ( LEW 88516. Govemador Valadares, 
and Chassigny) have been measured by ion microprobe. Ratios of Mo/Ba 
and Mo/Ce have been used to estimate the Mo content of the primitive 
Manian mantle, 120±60 ppb. Abundances offive moderately siderophile 
elements (Ni. Co, Mo, W and P) and Re in the Manian mantle are consis­
tent with metal-silicate equilibrium between S-bearing metalhc L (in a core 
22 wt% of the planet) and peridolite M at 75 kb. 1620°C. and oxygen fu. 
gacity 1.4 log/O2 units below the IW buffer. This homogeneous accretion 
scenario is different than many heterogeneous accretion models for the 
Earth, but similar to recent studies suggesting homogeneous accretion in 
the presence of a deep terrestnal magma ocean. (Authors· abstract) 

RILLER, Ulrich, SCHWERDTNER. W.M. and ROBIN, P. \'.F., 1998, 
Low-temperature deformation mechanisms at a lithotectonic interface near 
the Sudbury Basin. eastern Pcnokcan Orogen. Canada: Tectonophysics. v. 
287, no. 1-4. p. 59-75. 

Southwest of the Sudbury Basin. variations in macroscopic strain. 
microstructure and deformation mechanisms within Archaean g:ranitoid 
basement and overlying Proteroz.oic rocks suggest that rock strength was 
strongly influenced by large amounts ofF. Ductilcly deformed granitoids 
with strong shape fabrics are concentrated in a I 50-200-m wide zone par­
allel to the subvenical basement-cover interface. High F activity in this 
wne is mdicated by: (I) thickness and close spacing of foliation-parallel 
quanz vems: (2) abundant Fl trails in quanz: (3) quanz c•ax1s fabrics: and 
(4) transformation of feldspar into phyllosilicates under middle greenschist­
facies metamorphic conditions. Away from this zone. brittle-ductile de· 
formation in Archaean g:ranitoids caused gram size reduction of feldspar by 
fracturing and crystal-plastic deformation of quanz indicating largely --dry" 
cond111ons. (From authors· abstract by E.R.) 

RIOS, F., VIEIRA ALVES, J, FUZIKAWA, K., and SCHALAI\IUK, I., . 
1998. Fluid mclusions study in the epithermal auriferous district of Man• 
anual Espejo: !V Meeting of Mineralogy and Metallogeny. Sept. 23-25. 
1998, Bahia Blanca. Argentma. p. 219-226 (in Spanish. Engl. abst.). 

A comparison between the fluids detected and the low sulfidization 
model is presented. Fl studies in the Manantial Espejo area ( Macizo del 
Dcseado. Patagonia) showed low sal (0.3516.54 wt.% NaCl eq.) and Th 
between 200 and 30WC epilhermal aq F. They have precipitated banded 
and massive quanz which make the body of Veta Maria quanz vein. In !his 
stage Au>>Ag mineralization is related to sulfides. An inversion in this 
mineralization style. with Ag prevailing over Au occurred toward the final 
stage of sulfide precipitation (sphalerile). where an mcrease in sal 02.28 
wt.% NaCl eq.) coupled with decreasing Th (<200°C) is sho"TI- (Authors· 
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abstract) 

RIPLEY. E.M., SEVERSON, M.J. and HAUCK. S.A" 1998. Evidence 
for sulfide and Fe-Ti-P-rich liquid immiscibility in the Duluth complex. 
Minnesota: Econ. Geol., v. 93, no. 7, p. 1052-1062. First author at Dept, 
of Geological Sci., Indiana Univ., Bloomington, Indiana 47405; email (bio­
gco@indiana.edu) 

Apatite- and oxide (ilmenite+magnetite)-rich dunite, pyroxenite, peri­
dotite. melattoctolite, and gabbro occur as transgressive bodies in the 
Boulder Lake area of the southern Duluth complex. Nelsonite (apa­
tite+ilmenite) is locally found as vein or dikelike bodies whose geometric 
form resembles veinhke massive Cu-Ni sulfide mineralization in the Bab­
bitt deposit. Massive sulfide mineralization at Babbitt has been attributed 
to the separation of an immiscible sulfide magma from a tholeiitic parent. 
These data are thought to reflect the evolution of a Cl· and REE-bearing F 
from the magma that gave rise to the nelsonite and a later separatton of an 
Fe-Ti-P-rich immiscible L in comparison to the early separation of an im­
miscible-sulfide-rich L from a basaltic magma in the Babbitt area. 

Although an origin involving immisc1bility of an Fc-Ti-P-rich L is 
strongly indicated for the nelsonites. the origin of spatially associated apa­
tite~,dde-nch rock typcS is problematic. The oxide-apatite-rich rocks may 
themselves be products of L immiscibility, reflecting a continuum in com­
positions with nelsonitc as an end member. (From authors· abstract by 
E.R.) 

RIPMEESTER. J.A. and RATCLIFFE, C.I., 1998. The diverse nature of 
dodecahedral cages in clathrate hydrates as revealed by 129Xe and 13C 
NMR spectroscopy: CO;i as a small-cage guest" Energy & Fuels, v. 12. p. 
197-200. 

ROBERTS, S.J •• 1998, Prediction of pH in natural hydrothermal fluids at 
elevated P-T conditions: Chem. Geol., v. 146, p. 171-185. Author at Dept. 
ofGeol.. Bowling Green State Univ., Bowling Green. OH 43403. USA; 
email {sjrober@bgnet.bgsu.edu) 

The pH of F at elevated T •P conditions arc routinely calculated from F 
compositions measured in the laboratory. Numerical errors. uncertainties 
in thermodynamic data, and analytical errors can affect these computed 
values, An analysis of pH values computed at elevated T and P conditions 
for natural F reveals that the amount of error in computed pH values can 
be. but is not always. dependent on F composition. Not all reactions occur­
ring in a F affect computed pH values. Therefore. madequac1es in the 
thermodynamic properties of a species may affect computed pH values in 
some F compositions but not others. When a single reaction controls the 
production/consumption of H+. the amount by which the pH changes as a 
function ofT and Pis independent of the measured pH. However, when 
two or more reactions produce/consume sufficient H+ to change the pH. 
the amount by which the pH changes as a function ofT and P is dependent 
on the measured pH. Uncertainties m the measured pH are magnified as T 
and P increase for some F compositions. while the uncenainty decreases in 
others. When small uncenainties in the measured pH are magnified, the 
activities of aq species calculated at elevated T and P conditions cannot be 
used to predict F•mineral equilibria. (Author's abstract) 

ROCK. Lut, 1998, Differences between limestone and dolomite reservoir 
propenies of Swan Hills Ante Creek pools and Leduc Simonette Pool. west 
central Alhena. 1998: AAPG Bulletin. v. 82. no. 11. p. 2167. 

Indexed under Fl. 

ROEDDER, E. and WHELAN, J.f., 1998a. Ascending or descending 
water flow through Yucca Mountain tuffs?-Flu1d inclusion evidence (abst.): 
17th General Meeting Int'!. Mineralogical Association. Aug 9-14, 1998, 
Toronto. Canada. Abstracts and Programs, p. A3 I. First author at Dept. 
Eanh and Planetary Sci.. Harvard Umv.; email (roedder@shore.net) 

The potential site for a high-level nuclear waste repository at Yucca 
Mountain. Nevada. lies within a thick series of volcanic tuft's. more than 
300 m above the present water table. Recent repons (e.g. Hill et al .. 1995. 
Dublyansky et al .• 1996) claim that (I) ascending ground water. possibly at 
elevated T. has in the past risen through the thick unsaturated zone and 
discharged at the surface. and (2) should this recur in the future. it could 
flood the repository. with serious consequences. 

We have studied the Fl in vein and vug calcite from the tuffs and find 
that all unsaturated wne calcite contams abundant I that arc full of L. and 
lesser numbe~ of I that are full of G mixtures of atmosphere-like composi­
tion at about one atm. P These latter probably formed by the trapping of 
exsolved G bubbles sticking to the Cl)'Stals as they grew from a film of cool 
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water (probably S40°C). infiltrating from lhe surface and ckscending 
through the unsaturaied zone. Calcite also occurs well below lhe water• 
table, deep m the saturated zone; textural. stable isotope. and Fl evidence 
indicases lhat this calcite formed predominantly during a moderate-T hy· 
drothcnnal event at about 10.4 Ma. 

Our Fl slUdics of numerous samples from the underground worxings 
of the Exploratory Studies Facility and from Yucca Mountain boreholes 
have revealed no evidence of either hydrothermal activity or ascending F 
during formation of unsal\lrated-zone S minerals. but have confirmed our 
carher conclusions lhat these minerals formed from descending cool wa• 
tcrs. above the level of the water table. (Au~· abstract} 

ROEDDER. Edwin and WHELAN, J.F., 1998b. Ascending or descend­
ing water flow through Yucca Mountain ruffs'? - Fluid inclusion evidence 
(abst. )· Program and Abstracts. PACROFI VII. Pan-American Conf. on 
Research on Flu1d Inclusions. June 1-4. Univ. of Nevada. p. 56. First 
author at Dept. Earth and Planetary Sci .• Harvard Univ., Cambridge. MA, 
02138. 

Sec previous abstract (E.R.). 

ROHRLACH. B.D .. FU, 1\1. and CLARKE. J.D.A .. 1998. Geological 
setting, paragencsis and fluid history of the Walford Creek Zn-Pb-Cu-Ag 
prospect, Mt Isa Basin. Australia: Australian J. of Earth Sci.. v. 45. p. 63-
81. Authors at WMC Resources Ltd., P.O. Box 860K, Melbourne. Victoria 
300 I. Australia. 

The low-grade WalfOl"d Creek Zn-Pb-Cu-Ag deposit is located on the 
faulted northern margin of the Mt. Isa Basin. Four sulfide general ions arc 
recognised. Stage I consists of synscdimcntary pyrite and marcasite. Early 
diagcnetic straciform and stratabound sphalcrite, galena with or without 
pynte and quartz mmeralisation (Stage II) has overprinted Stage I sulfides. 
Fl dala arc consistent with metal transpon by> 180°C NaCl-rich F (6-7 
wt.% NaCl eq.). and with precipitation by mi,ting with cool. low•sal ( I 
wt%), dilute F (<S0°C). Mineralisation formed shonly after sediment 
deposition. Stage Ill sulfides consist of cavity-filling and vein sphalerite. 
galena and chalcopyrite. deposited by cooling and mixing of hypcrsaline 
( 150- t 70°C) MgCl1 brines (- 25 wt% eq. l with ambient (<700C) CaCh· 
MgCh brines. Sal range belWCen 18 to 25 \\t.o/o. Mineralisation post-dates 
stylolitisacion and probably formed at a depth of 1-2 km. Stage IV miner­
alisation comprises vein chalcopyritc, sphalerite and galena. which were 
deposited by conduct1ve cooling in association with reduction of hyper• 
saline (I 25°C) CaCl2 brines (-30 wt"/o eq.). The Walford Creek minerali• 
sation shows affinities with both early sediment-hosted stratifonn and late 
M1ss1ssippi Vallcy-l)'pC srylcs of mineralisation. (From authors" abstract by 
E.R) 

ROMER, R.L. and HEINRICH, W .. 1998. Transport of Pb. U. and Sr m 
leaky aquifers in a contact metamorphic aureole (abst. ): The Ninth lnt'I 
Conference on Geochronology. Cosmochronology and Isotope Geology. 
Abstracts. published in Chinese Sci. Bulletin. v. 43. Supp .. p. 109. Authors 
at GcoForschungsZentrum Potsdam. Telegrafcnberg. D-14473 Potsdam. 
Germany. 

Marbles with thin subhorizontal chen layers have been intruded and 
contact-metamorphically overprinted by the Buffa del Diente alkah-sycnue 
(NE Mexico). The chen has been infiltrated by high-sal aq F. whereas the 
marbles were aquitards. Fl and stable isotope studies demonstrate that COi 
generated from the F-driven reaction SiO1+CaCO)><CaSiO)+CO1 unmixed 
from the high-sal aq F and infiltrated into the marbles. 

Shifts in the isotopic composition of Sr and Pb can be traced along 
aquifers for >90 m from the intrusive contact. but <5 cm from the aquifer­
marble boundary. As isotope shifts in Sr and Pb are traceable to sm11lar 
distances as C and O isotope shifts. it is inferTCd that Sr and Pb were trans• 
poned by Frasher lhan diffusion. Anomalously radiogenic Ph and en• 
hanced concentrations of Rb. Sr and U in the residual mcta•argillite at the 
outer border of the reaction rim demonstrate: (I) Pb and Sr infiltration pro­
files show coherent shifts from the aquifer to the marble with exception of 
the residual rncta-argillite layeis. (2) Elements derived from the F that are 
now enriched in the mcta•argillite rim and Pb and Sr that show isotope 
shifts in the marbles must have fractionated between the unmixed F HiO 
and H.iO-CO2 as only the H.iO-COi F permeated the meta•argillite nm and 
the marble. (3) Sr in the mcta-argillite rim is dominantly residual from the 
carbonate dissolution. as is Rb in the outer pan of the meta•argillite nm In 
contrast. Rb in the inner pan of this rim is derived from the aq F. Mass 
balance indicates that about three limes more aq F had flowed at the upper 
aquifer-marble contact than at the lower one. (4) U transponed with the 
highly saline aq F partitioned into the H1O-CO1 F and was scavenged b) 
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the meta-argillitc band from that F. (Sl There 1s about 20--'0 times more 
uranium accumulated at the upper border of the aquifer than at the lower 
one. which implies that considerably the CO2-rich F had leaked preferably 
through the upper margin of the aquifer. 

The dispeision of clements transponed by aq F from the aquifer into 
the surrounding marbles is controlled by the degree to which an clement 
can be held by the HiO-CO2 F and lhe presence of scavcngmg layers This 
is most directly illuslraled by rad1oautographs for ura111um and alpha-track 
maps fOl"boron (1°a+n~7Li+~He). (Authors' abstract) 

RONGFU, Pei, ed., 1997, Proceedings of the 30th lnt'I Geological Con• 
gress, v. 9: Energy and mineral rcsoutccs for the 21" centul): Geology of 
mineral deposits mineral economic: at VSP Utrecht. The Netherlands. 

This volume contains many of the papers from the 30th IGC whose 
abstracts were fiist presented m FIR v. 29 (E.R.). 

ROSE, S.R.A. and SPENCER, R.J., 1998. Fluid mclusion and stable 
isotope analyses applied to M1ssissipp1 Valley-Type (J>b.Zn) mmeralizauon 
on Bathurst Island. N.W.T., Canada (abst.): Program and Abstracts. 
PACROFI VII. Pan-American Conf on Research on Fluid Inclusions. June 
1-4. Univ. of Nevada. p. 57. AuthOl"s at Dept. ofGcol. and Geophys .. The 
Univ. of Calgary. 

The new discovery in 1995 of a Pb-Zn showing occurs m younger 
rocks than any other eastern Arctic carbonate-hosted Pb-Zn occurrences. 

The lower Blue Fiord FormallOn (BF1) is the locus for metal sulfides 
deposited by fluids traveling upwards through a north-south trendmg fault 
system. This study addresses the microthcnnomctric and 1sotop1c charac• 
tcristics of BF I within the Pb-Zn showing. Fl in replacement dolomite. 
cuhedral dolospar, sphalerite, and late calcispar place constraints on the Tf 
and relative sal of F. 

The 6110 values of replacement dolomite show that regional dolom1ti• 
zation of BF I occurred dunng early burial, either a, low T. or from hy­
drothermal F with the same chemistry as the F that formed dolospar 
Sphalerite and galena have 63,IS values averaging - 1096.. similar to values 
from Polaris deposit sulfides. 

Late calcis~ar tills vurr and fractures after mineral1za11on and has a 
wide range of 6 10 and 61 C values (-20 to •99k and -23 to -1 '.11\o. respec· 
lively). The calcispar fonned from hot ( 130-160°C) rnctcor1' waler and/or 
seawater. The variation in the chemical and thennal data for the calcttc 
indicates multiple emplacement. The highly negative carbon isotope values 
point to the mfluence of organic matter as a source of cmbon for the calcis­
par. 

Fl. stable isotopes. and petrography indicate the mineralizing F oflhe 
showmg and Polaris were derived from the same source traveling upwards 
through the N•S trendmg regional faults. (From authors· abstract by E.R ) 

ROSELL. L., ORTI, F., KASPRZYK. A., PLA'VA, E. and PERYf, 
T.M .. 1998, Strontium geochemisll) of Miocene primary gypsum; 
Messm1&11 of southeastern Spain and Sicily and Badenian of Poland: J. of 
Sedimentary Research. Section A: Sedimenl&fY Petrol. And Processes. v. 
68. no. I. p. 63-79. 

The strontium contents of P marine gypsum facies were studied in 
Messmian (Upper Miocene) basms of SE Spain and Sicily. and in the 
Badcman (Middle Miocene) Carpathian foreland basin of Poland. The 
results obtained were mterpreted on the basis of the findings reponed for 
the gypsum fac1es of recent salinas m the western Mediterranean Coast. 
The strontium contents in both the Messinian and Badenian sclenitic sam­
plc:s are lower than those in the sclemtic crusts of the recent salinas. These 
lower contents may be a result of a lower sal of the mother brines at the 
steady state achieved during the precipitation oflhe !hick selcnitic sc• 
quences. ~ ith respect to the highly concentraeed (with no reflux) brines of 
the recent sahnas. Our findings highlight the relevance of studying stron• 
ti um contents in P gypsum facies of marine formations as a tool for mter• 
preung the paleogeograph~ and paleosaliml} of the evaporitic environ• 
ments and for correlating cyclic selenite formations. This method could be 
especially helpful wllen combmcd with other geochemical indicatois (i.e., 
1sotop1c and/Of" Fl composition). (From authors' abstract by E.R.) 

ROSl1'. S. \I. and JOHNS0:'11, E.L., 1998. A new method of measunng 
the A-axis m deformed quartz using Fl morpholog}~ Michigan Academi­
cian. v, 30. no. 3. p. 254. 

lndc:oted under Fl 

ROTHERHAM, J.F., BLAKE. K.L .. CARTWRIGHT, Ian and WIL• 
LL-\l\lS, P.J., 1998, Stabk isotope evidence for the ongm of the Meso-
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proterozo1c Stana Au-Cu deposit. Cloncurry District. nonhwcst Queen• 
sland: Econ. Geol., v. 93, p. 1435-1449. First author at National Key 
Centre in Economic Gcol., School of Earth Sci., James Cook Univ .. 
To~sville, Queensland 4811. Auslralia 

New stable isotope data are consistent with a metasomatic origin for 
the controversial Mesoproterozoic ironstone-hosted Au-Cu deposit at Starra 
m the Cloncurry district of nonhwest Queensland. This suppons textural 
and mineralogical evidence that the ore-bearing ironstones formed after the 
peak of metamorphism and were strongly controlled by brittle-ductile de• 
formation. Three dominant paragenetic stages are recognized. These are: 
(I) early. widespread Na-Ca metasomatism (quartz-albite-scapolite• 
actinolite), (2) localized K-Fe metasomatism (biotite-magnetite-hematitc• 
quartz-pyrite), and (3) mineralization tquartz-anhydrite-bante-hcmatite­
calcite-gold-p)Tite-chalcopyritc-bomite-chalcocite-chlorite-muscovite). 
Crosscunmg anhydrite veins associated with carbonate±hematite are rare in 
the upper pans of the system but more common at depths >700m. Stage 3 
minerals demonstrate that the ore F was highly oxidized 

A restricted range of Fe oxide 6110 implies isotopically similar F were 
responsible for the magnetite ironstones and later hematite alteration asso­
ciated with gold and sulfides (between --0.2 to 3.3\l6o except for one mag• 
netite at 5.4\l6o). Sulfur isotope compositions suggest that pyrite (-0,2 to 
3.9%..). chalcopyrite t-5.8 to--0.7 and - 14.6%o). bornile (-4.7%o). chalcocite 
(-0.1%o), and anhydrite (I. 1·2.4%o) all formed from the same sulfur source. 
Anhydnte OJ.IS falls within the sulfide range. suggesting that the sulfate 
inherited its aJ.15 through hrdrolytic processes similar to those of some 
porphyry environments. o I C of ore-stage carbonates range from -7 .3 to -
2.2 per mil. Temperatures based on stage 2 quartz-magnetite pairs imply 
400-S0O"C for ironstone formation and stage 3 calcite-hematite pairs indi­
cate I 80-330°C for mineralization. Stage 2 Fl have Th between 345 and 
615°C and sal of34 to 52 wt.% NaCl eq. Stage 3 Fl homogenized between 
225 and 360-C and have sa1 of 30 to 42 wt.% NaCl eq. Calculated a 110 F 
compositions for magnetite-quartz and hematite-calcite average 7.8 per mil 
and 9.5 per mil, respectively. F compositions (for stages 2 and 3) fall 
within the range for a magmatic or metamorphic F. However. combined 
stable isotope and Fl data and thermodynamic considerations suggest a 
magmatic-metasomatic origin for both the magnetite ironstones and the 
highly oxidized mineral assemblage associated with high-grade gold depo­
sition. (Authors' abstract) 

Stage 2 shows dm halite, magnetite. calcite and ferropyrosmalite•, and 
stage 3 contains halite, ferropyrosmahte, barite. anhydrite and MnCh (See 
fig. 4.). 

•((Fe,Mn)wS1O1~(OH,Cl)10) 
See figure in the Illustrations appendix. 

ROWAN, E.L., THIBIEROZ. Jacques, BETHKE, C.:\I. and dt ~IAR· 
SILY, Ghislain, 1996. Geochemical and hydrolog1c conditions for lluorite 
mineralization m regions of continental extension; An example from the 
Albigeois District. France; Society of Economic Geologists. Special Pub. 
No. 4, p. 448-464. First author at U.S. Geological Survey. 345 Middlefield 
Rd .. MS 969. Menlo Park. CA 94025. USA. 

. Many of the world's largest fluorite deposits occur m the footwalls of 
maJor nonnal faults. The absence of associated igneous rocks and the high 
sal of the Fl suggests that the mineralizing F originated m a sedimentary 
basin. The Permian St. Affiique basm adjacent to the deposits is proposed 
as a F source. 

Our data suggest that aluminum-lluoride complexes (mamly AIF3°l 
were predominantly responsible for lluorine transpon. and that lluorite 
precipitated as a result of cooling. Fl T place constraints on the thermal 
and F flow regimes during mineralization. Using simple ther­
mal/hydrologic modeling.. we examined the processes of advecuve heat 
transport by F ascending in a vertical fracture system. and conductive 
cooling of the F to the surrounding rocks. The results suggest that high 
initial T m the vicinity of 300°C are required in order to account for meas­
ured Fl T as high as 200°c. In addition. F fluxes of at least 1.0 X Io~ mis 
(>> 30 mlyr) are required to bring isotherms between I 00 and 200-C suffi­
ciently close to the surface and close together: 1 I to account for the Fl Th, 
and 2) to create the thermal gradient necessary to precipitate sigmticant 
quantities of fluorite within a relatively small vertical interval (From 
authors· abstract b) H.E.B.) 

ROWE, John, TURNER. Pcttr and Bl 1RLEY, Stuart. 1998. Palaeo 
magnetic daung of the west Cumbrian hematite deposns and imphcauons 
for their mode offorrnation: Proceedings of1he Yorkshire Go:ological Soci• 
ety. , •. S2. part I. p. 59-71. 

Indexed under Fl. 
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ROWLAND, M.G. and WILKINSON, J.J., 1998a, A fundamental role 
for mafic melt derived volatiles in porphyry-copper mineralisation: Evi• 
dence from Quebrada Blanca. nonhcm Chile (abst.): Mineral Deposits 
Study Group. Annual Meeting.. 5-6 January, 1998. Univ. Gru:nw1ch, UK 
(unpaginated). Authors at Imperial College, London. 

Onhomagmatic models for hypogenc mineralisation in porphyry sys­
tems in which a volatile phase exsolved from a crystallising felsic M scav• 
enges ore elements fits well porphyry-associated tin-tungsten and molybde­
num deposits. Both are associated with highly differentiated portions of M 
and display unidirectional solidification textures (USTS) consistent with 
second boiling. USTS are rare and the intrusives with which mineralisa­
tion is most closely associated exhibit low degrees of fractionation These 
relatively undifferentiated intrusives an: highly oxidised, contrasting with 
the reduced nature of those associated with tin-tungsten deposits. 

The porphyry copper deposit of Quebrada Blanca is typical of Chilean 
porphyry copper deposits. Mineralisation is located within an equigranular 
to scriate stock of quartz monzonite composition and is spatially associated 
with cross-cutting porphyritic dykes. Field and petrographic evidence sug­
gests that the quartz monzonite chamber was variably crystallised at the 
time of mineralisation and that the porphyritic magma was the product of 
interaction between M at the base of the chamber and an invasive mafic 
magma. 

This magma is seen as andesitic dykes associated with veins and dif• 
fuse potassium-copper-iron enrichments thought to have precipitated from 
a volatile phase introduced with the dykes. Mafic dykes rarely reach the 
upper levels of the system where the earliest evidence ofhypogene miner­
alisation are diffuse margined A-type quartz veins with cores of anhydntc. 
perthiuc feldspar and biotite. The F responsible for the prec1pi1a1ion of 
these veins was most probably introduced with the porphyry dykes. 

(Our studies] suggest that both the porphyritic and the mafic dykes 
underwent oxidation in the magmatic state, consistent with the interaction 
of the Fe1• -FeJ• rock buffer and the S02-H1S gas buffer. evidence in sup­
port of the coexistence of a volatile phase with the mafic magma. Analysis 
of Fl in these veins provides permissive evidence for this theory. A genetic 
model for the hypogene mineralisation at Quebrada Blanca is proposed. 
involving: I. Addition of metals and potassium to a small volume of M at 
the base oflhe partially crystallised felsic-magma chamber from an inva­
sive mafic magma by means of a volatile phase which initially coexisted 
with the mafic magma. 

2. Production of a volatile-rich, oxidised hybrid which ascended to the 
upper, fully-crystallised portion of the chamber, where II delivered its metal 
and potassium-rich volatile phase. 

3. Separation of this oxidised volatile phase mto an oxidised V. and a 
reduced brme capable of depositing the sulfides which constitute the hypo­
gene mmerahsation 

Such a model explains why the intrusives associated with mineralisa­
tion are relauvely unfractionated and oxidised, and lack USTS Significant 
fractionation within the felsic M is not required to concentrate copper into 
a residual M and second boiling. the process deemed responsible for USTS. 
does not occur since volatile saturation is not induced by crystalh7.lllion 
within the felsic M. (From authors· abstract by E.R.) 

ROWLAND, M.G. and WILKINSON, J.J., 1998b. A hybrid origin for 
porph)Tltic magmas sourcing mineralising flu ids: iD Water-Rock Interac­
tion. G.B. Arehart & J.R. Hulston (eds). Balkema. Rotterdam ISBN 90 
$410 942 4. p 569-573. Authors at Dept. ofGeol .. Imperial College. Lon­
don. UK. 

This contribution presents results of a study of the hypogene evolution 
of the porphyT}' copper depos11 of Quebrada Blanca. Chile. The hy• 
drothermal evolution of th ... deposit and the characteris11cs of the porphyri• 
tic lithology associated with mineralisation are used to show that Quebrada 
Blanca can be considered representative of Chilean porphyry copper de• 
posits. Evidence is presented suggesting that the porphyritic lithology is 
the product of interaction between a fclsic M and a volatile-saturated mafic 
M. The presence of a source of volatiles and metals other than the felsic 
magmas traditionally associated with porphyry deposits has important im• 
plications for the genetic models for this deposit type. (Authors· abstract) 
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RlFZICIU, A.~1., SN\'DER, G.A. and TA\'LOR, L.A., 1998. Equili• 
bration temperatures of large. sodium-poor melt inclusions in ordinary 
chondntes (abst): 61st Meteoritical Society Meeting July 27-31. 1998, 
Trinil) College, Dublin. Ireland, published in Meteoritics & Planetary Sci .. 
v. 33. no 4 Supple .. p. A 132-A 133. Authors at Planetary Geosci. Inst .. 
Dept. of Geological Sci, Umv. ofTennessee. Knoxville. TN 37996, USA 
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Ordinary chondri1es contain large (up to or >I cm across). igneous­
textured I that have chondrulc:like mineralogies. with the notable cxcepllon 
that many contain bytowni1ic plagioclase or glass f 1.2). Such Na-poor I 
often appear to have solidified as lrccly floating M droplets. and the) may 
have formed by processes similar to that which formed nonnal-siz.ed. fer­
romagncsian chondrules (1-3). However. the large siz.es of the I make them 
less suscepllblc to diffusion-dependent alteration effects. such as Na­
metasomausm, that appear to have affected nonnal-siz.ed chondrules (4-6}. 
Sodium-poor I show major-element chemical trends consistent with V­
dcpendent fractionation processes [2,3 ), but have relatively uniform Na/ Al 
and Mg# (+Mg/(+ Fe2 +)) ratios (Fig. I) The latter can be used to infer the 
cond111ons under which the I la.st equilibrated. Here. we model the cquih­
bration of these objects as having occurred in a system containing a low-P 
(Io·~ bar) G. representative of what could have existed in the solar nebula 
(7.8) 

In the models. we used the PHEQ program of Wood and Hashimoto 
(8} to determine the composition of stable residues/condensates at vanous 
T in a system of specified composition. As the appropriate system compo­
s111on for anhydrous componcntS in chondrites is uncertain 19). we vaned 
the system composition in a manner similar to that followed by Wood and 
Hashimoto (8). We used the presumed "cosmic" composition [I OJ as a 
baseline. but also took into account the possibility of higher 0/1-1 brought 
on by the vaporization of"dust" (which contains the rock-fanning clements 
rn Cl-chondntc-like abundances). There is some evidence that 0/1-1 may 
have been elevated in the fonnation of chondrites 19}, although to what 
extent is uncertain. Dust-enriched zones could c01TCSpond to the nebular 
m1dplane or to zones between turbulent eddies [8.11, 12). 

Figure I com~ the compositions of Na-poor Ml 10 the stable con• 
densed phases at various T and in systems with different 0/H ratios. in 
tenns of Na/ Al and Mg#. The first parameter is especially sensitive to T, 
the second to 0/H ratio. Lower Na/ Al ratios conespond to higher T. al­
though the precise T depends also on 011-1. and consequently vanes with 
Mg# (Fig. I) . . All but two I have compositions that cluster between the 
13 75 and 1450 K isothenns (Fig. I). The apparent 0/H ratios (not shown) 
are -0 4-6.6, a factor of --470-7800 enhancement compared to the cosmic 
case. Metasomatic influxes of Na and .. FcO," which affected the penphcr-
1es of some of the I (2), would tend to move the compositions of the I from 
the lower right to the upper left. roughly along isotherms. but across con­
tours of constant 0/1-1. Thus. such meta.somatic fluxes would not apprecia­
bly change the inferred equilibration T. although they could lead to an 
overestimate in the 0/H ratio. Consequently. the compositions oflarge, 
Na-poor I m ordinary chondrites an: conslSlent with a final equilibration T 
of~ 1375-14S0°K. in a possibly ox1d1zing "nebular·· system containing G 
with a P of 10-~ bar. Higher P would increase (and lower P would decrease) 
these inferred T The mferred equilibration Tare probably similar to the 
solidi of the I. suggesting that the obJCCts ceased to effectively equilibrate 
with their surroundings once they solidified. (Authors· abstract) 

See figure tn the 11/ustraflons appendix. 

RVABCHIKOV, I .. BROOKS. C.K.. KOGARKO. LN •• NIELSEN. T., 
SOLOVOVA, I.P. and TllRKOV, \'., 1998, Teniary picrites from Green­
land Modelling sources and petrogenesis from melt inclusion composi­
tions tabst ). Mineralogical Magazine. v. 62A. V. M. Goldschmidt Conf., 
Toulouse 1998. Extended Abstracts, p. 1306. First author at Inst. Geo!. of 
Ore Deposits. Starom0netny. 35. Moscow. Russian Federation 

P1crites rocks from Greenland are suggested to be related to the mantle 
plume responsible for the opening of Atlanuc Ocean (Brooks. 1973: Niel­
sen. 1975). We attempt to estimate compositions of P magmas. mantle T 
and source compositions through thermodynamic modelling of Ml compo­
s111on. 

Compositions of homogenised I in phenocrysts from p1cri1es from west 
and east Greenland (Table I) scatter along the common olivine control line. 
The trapped M, therefore. do not represent parental magmas. but evolved 
M (from authors' abstract by E.R.) 

See jig11re m the lllustraflons appendix. 

RYZHENKO, B.N .. KOVALENKO, N.I. and BARSliKO\; \ '.L., 1998. 
The model of fluid-forming tin-bearing greisens· Gcologiya Rudnykh 
Mestorozhdenii. v. 40. no. 2. p 114•123. in Russian. translated in Geology 
of Ore Deposits. v. 40. no. 2. p. 100-108 

SAAL A,E., HART. S.R., SHIMIZU, !'I .. HAllRI. E.H. and LAY~E. 
G.D .. 1998. Pb isotopic v31'1abilil} m melt inclusions li'om oceanic island 
basalts. Polynesia. Science. v. 282. p. !481-1484. First author at Dept. of 
Geol And Gcophys .. Woods Hole Oceanographic Inst.. Woods Hole. MA 
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02543. USA 
Previous srud1es have suggested that melting processes are responsible 

for the trace element variab1hty observed in olivine-hosted basaltic Ml Ml 
from three individual lava samples (two from Manga1a. Cook Islands. and 
one from Tahaa, Society Islands) have heterogeneous Pb 1sotopic compos1-
t100S. even though the erupted lavas are 1sotopically homogeneous. The 
range of Pb isotopic compositions from individual Ml spans 50% of the 
worldwide range observed for ocean island basallS. The Ml data can be 
explained by two-component mixing for each island. Our data imply that 
magmas with different 1sotop1c compos111ons existed in the volcanic 
plumbing system before or dunng M aggregation. (Authors' abstract) 

SAAL. A.E., HART, S.R.. SHIMIZU. N., LA VNE, G. and HAl lRI, 
E.H., 1998. In situ Pb isotope ratios in melt inclusions from oceanic island 
basalts: Manga1a.acasestudy{abst). Mineralogical Magazine. v. 62A. V 
M Goldschmidt Conf, Toulouse 1998. Extended Abstracts. p 1310 First 
author at Dept. ofGeol .. Woods Hole Oceanographic Inst .• Woods Hole. 
MA 02543 USA. 

Ml. in olivine and chnopyroxene phenocrysts from two pnm1tive lavas 
from Manga1a. are partially crystallized and ellipsoidal m shape {30 10 300 
µm). indicative of their P nature Partially resorbed chnop~oxene I in the 
olivine also occur. Some of the Ml contain FeCuNi sulphide and MgfeCa 
carbonate globules The (La/YblcN ratios in the I ~ge from -5 to --40. 

The Ml from one sample in 207Pbl206Pb - 209Pb/""'Pb space reproduce 
the trend defined by the HIMU islands. indicating that lavas from Manga1a 
do not denve from a single homogeneous mantle source and geochemical 
models should consider at least two mantle sources. The Pb isotopic com­
position of the carbonate globules in con Junction with their textures and 
composition provide direct evidence for a carbonated mantle source for the 
Austral Islands. (From authors· abstract by E.R.) 

SAIDYGi\NIEV, S., AKHUNDZHA.NOV, R., VORONICH, T.M., 
USM.4.NOV, A.I., i\SKAROV, F.A. and MAMARAZ\'KOV, U.D., 
1998. The isotope-geochemical association of magmatic and ore fonna­
tions in the Shavaz lithium deposit (abst.). Second APIFIS lnt'I. Symp. 
Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998, Tashkent. 
Uzbekistan. Abstracts volume. p. 72-75 (in Russian). 

SAKAGUCHI, A., 1998. Fluid distribution and thermal history in the 
Cretaceous Shnnanto accretlOllary complex. Shikoku. southwest Japan 
(abst.): Abstracts oft.he 105th Annual Meeting of the Geolog1cal Society of 
Japan. p. 252 (in Japanese). 

SAMSON. UI., CHEN, Z., FRYER. 8.J. and WALKER. R. T., 1998, 
High sensitiviiy in-situ analysis of cation/anion compositions of individual 
fluid inclusions by LAP-ICP-MS using a cold plasma ionization source 
(abst.): Geological Society of America Annual Meeting 1998. Abstracts. v. 
30. no. 7. p. A-81 . Authors at Earth Sci .. Univ. of Windsor. Windsor. On­
tario. N98 3P4: email (ims/uluwindsor.ca) 

In order to evaluate a new laser ablation microprobe (LAM-ICP-MS) 
facility al the Univ. of Windsor for the determination of the compos1110n of 
Fl. a suite of! from the Oregon 3 pegmatite. South Platte district. Colorado, 
was selected for analysis. The South Plane district is located in the north­
ern part oflhe Proterozoic Pikes Peak granite bathohth and comprises nu­
merous rare-element pegmatites. The quartz core of the Oregon 3 pegma­
lite contains several typesofaq Fl. two phase L-V I. L-V-anhydnte (LVS) 
in which the anhydrite 1s a trapped phase. and L-V-halite(LVH) I. Mi­
crothennome1ry indicates I sal ranging from O 10 30 wt.% and EDS­
decrepitate and Raman analysis indicate that the maJOr solutes arc 
Na>Ca>K. with Cl as the only important anion. These da!a also indicated 
variable Na/Ca ratios in the I. 

In this study. we utilize a cold plasma K>llization source (the V.G 
PlasmaScreen l with our LAM-ICP-MS, which largely eliminates mterfer­
c:nces between many of the major cauon/anion components of Fl and the 
molecular ions present under standard plasma conditions (e g . Ar40016 
on Fe56. Ar38H ! on K39. and Ar40Cl35 on As75. etc ). The LAM system 
consists of a Surchte 1-10 Q-swi1ch Nd YAG 185Cf operating at the funda­
mental wavelength of I 064 nm, frequency quadrupled to 266 nm using 
second and fourth harmonic generators with a repetition rate of 20 Hz.. 
allowing controlled energy absorption with 1he quartz host. A VG. Plas­
maQuad PQ3 ICP-MS with S-Optioo provides the ultra-high sensnivity 
analyser. 

Analvscs ofLV I from different S planes. which otherwise have similar 
MT characterisucs. separate into two chemically distinct groups Both 
groups are dominated b) Na. K and CL wilh less Mg. however only one 
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group contains measurable Ca The L VH I contain more Ca than the LV I 
and significant Fe. The chemistry of the LVS I ts very similar to that of the 
LVH I. (Authors' abstract) 

SANGSTER. D.F. and SA\'ARD, ~l.'.\-1., 1998. A special issue devoted to 
zmc-lead mineralization and basmal brine movement, Lower Windsor 
group (Visean). Nova Scotia. Canada: lntroducllon Econ. Geel.. v. 93, no. 
6. p. 699· 702, 

SANGSTER. D.F .. SAVARD, M.M. and KONTAK. D.J., 1998. Age• 
netic model for mineralization of Lower Windsor ( Vi scan) carbonate rocks 
of Nova Scoua Canada Econ, Geo!.. v 93. p. 932-952, First author at 
Geological Survey of Canada. 601 Booth Street. Onawa. Canada KIA 
0E8, email (dsangster@casyinteme1.ne1) 

This paper summarizes and integrates some of the results of a three• 
year research project on the source. path, and timing ofF movement within 
and between sub-basins in Nova Scotia. lower Carboniferous (Visean) car• 
bonates. and the relationship of these F to base metal minerahzatton Pre• 
ore burial T reached 70"C at Walton. 135°C at Gays River. and 65°C at 
Jubilee Timing of mineraliza11on has been determined by a variety of 
methods indicatmg that ore F entered the Gays River area at about 320-300 
Ma, the Walton area at 333 to 307 Ma. and the Jubilee area al 330 to 310 
Ma Given the uncenainty in the dating methods used, these data arc inter­
preted 10 indicate overlapping mineralization among the three areas, 
Evaporated seawater was the most likely original source of ore F, but these 
were modified dunng burial by halite dissolution and by reaction with un­
derlying s1hc1clas1tc aquifers. 

Temperatures of ore-stage deposition decrease from Walton (median 
- 200"C, range 100-J0O"C) to Gays River(median - 140°C, range 80-
220"C). and to Jubilee (median ~80°C. range 80-220"C). The h1gh-T, 
high-sal. ore-forming F 1s interpreted to have entered the host rocks and 
mixed with, and was cooled by. an ambient low-T, high-sal F Several pos­
sible sources of the extraordinary heat in the P F arc proposed and include 
an underlying basalt plate. high heat-production granites, an increase in 
geothermal gradient caused by coeval extension, or a combination of these. 

Ore F appear to have been primarily complex NaCI-CaCl:-KCI• 
MgC(i-FeCl2 aq solutions with lesser amounts ofhght G such as CO2 and 
CH4. Hydrocarbons were present m ore-stage F at both Walton and Jubilee 
and more than 99.9¾ofthe hydrocarbon occurs as L petroleum. Given the 
high T of these deposits. the presence of L petroleum indicates a shon-lived 
mineralizmg system probably on the order of a few hundred thousand 
years. 

A clear relauonship with underlying basement lithologies is indicated 
by the sub-basin-specific character of Pb and Sr isotopes m ore-stage min­
erals, suggesting that ore F leached metals directly from basement rocks. or 
more likely, from sediments derived from it. 

Isotopic data indicate that sulfur at Walton. Gays River. and Jubilee 
was derived from the same source, probably deeply circulating sulfate-rich 
bnnes. The data also suggest that sulfate reduction at Gays River must 
have taken place away from the deposit area whereas data from the Walton 
and Jubilee deposits suggest in situ thermochemical reducuon of sulfate by 
hydrocarbons. (From authors· abstract by E.R ) 

See also Chi et al .• Kontak. Kontak & Sangster. and Savard & Chi. this 
volume (E.R.). 

SANO, \'uji, NISHIO, \'oshiro. GAMO. Toshitaka, JAMBON. Albert 
and MART\', Bernard. 1998, Noble gas and carbon isotopes: Applied 
Geochemistry, v, 13, no. 4, p. 441-449. First author at Dept. ofEanh and 
Planetary Sci.. Hiroshima Univ .• Kagamiyama. Higashi Hiroshima 739. 
Japan. 

Noble G elemental and isotopic compositions have been measured as 
well as the abundance of C and its isotopic ratios in 11 glasses fyom sub­
marine pillow basalts collected from the Mariana Trough. The 'Hel'He 
rauos of 8.22 and 8.51 R... of samples dredged from the central Mariana 
Trough (- 18~N) agree well with that of the Mid-Ocean Ridge Basalt 
(MORB) glasses (8.4;1;0.3 R..,,). where a mean ratio of 8.06±0.35 R.,.. in 
samples from the northern Manana Trough (-20°N) is slightly lower than 
those ofMORB One sample shows apparent excess of~e and 21Ne 
relative to a11T1ospheric Ne. suggcsung mcorporation of solar-type Ne in the 
magma source. There is a pos111ve correlation between ;Hel'He and 
40 Ar/36 Ar ratios which may be explamed by mixing between MORB·type 
and atmospheric noble G. Excess 12~xe is observed in the sample which 
also shows !"Ne and 21Ne eKcesscs. Observed 611C values of -20°N sam­
ples vary from 3.7610 2.80%.. and appear higher than those of MORB. and 
the correspond mg CO2. ~He ratios arc higher than those of MARA samples 
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at - l 8°N, suggesting C contnbuuon from the subducted slab. (Authors· 
abstract) 

SANSONE, F.J., MOTIL, 1\1.J., OLSON, E.J .. WHEAT, C.G. and 
LILLE\', M.D .. 1998. C(}z-depleted fluids from mid-ocean ridge-flank 
hydrothermal springs: Geochim. ct Cosmo, Acta. v. 62. no. 13, p. 224 7 • 
2252. First author at Dept of Oceanography, Univ. ofHawan. Honolulu. 
Hawaii 96822, USA. 

The calculated carbon flux is only 2-5°/e of current estimates of 
subaerial and submarine volcanic COi emissions (- 50 x 1011 mol yr'1). 

indicating that hydrothermal alteration of oceanic crust on young mid­
ocean ndge flanks at T of a few tens of•c is on!)· a relatively minor sink 
for carbon on a global basis. It is still possible. however. that ridge-flank 
alteration at lower T (<25°C) is an important component of the global car­
bon budget. (From authors· abstract by E.R.) 

SARDI, G.F., MAS, G. and BENGOCHEA, L, 1998, Fluid inclusions 
from the "Faltriquera" veins, La Rioja, Argentina: IV Meeung of Mineral­
ogy and Metallogeny, Sept. 23-25, 1998, Bahia Blanca. Argentina. p. 251• 
257 (in Spanish, Engl. abst.). 

The petrographic and thermometric characteristics of the Fl of tung­
sten-bearing quartz vems of the Faltriquera region, La Rioja. arc studied. 
The vein mineralogy consists of wolfrarnite and scheclile. and chloritiza• 
tion. scricitizauon and hmonization arc the most 1mponant alteralion phe• 
nomenon. Silicitication is not very usual. low rank metamorphic rocks of 
Upper Precambrian-Lower Cambrian age surround the ore deposits. 

Fl in quartz veins have vanable size (max. 30 µm) . Four main types 
were recogn1z.ed· three-phase (essentially HzO liquid.CO2 Land V). two­
phase (Hi() Land V), single phase C0i and mulllphase (with a sohd­
phase). The first two arc very abundant in the ore deposits. The ductile 
and brittle deformation would have caused H2O loss of the I. (Authors' 
abstract) 

SASAKI, K., KANISAWA, S. and NAKAJIMA. K.. 1998. Behavtors of 
CH.i and COi in contact metamorphic aureole around the Cretaceous Kun­
hashi pluton. Kllakami Mountams (abst. ): Abstracts of 1998 Japan Eanh 
and Planetary Sci. Joint Meeting. Tok-yo. May 26-29. No. Mc-p0 11. p. 249 
(in Japanese). 

SASAKI, M., FUJIMOTO, K. and SAWAKJ, T., 1998. Charactenstics of 
a magma-related hydrothennal system in the Kakkonda granitic rocks 
I abst. ): Abstracts of the I 05th Annual Meeting of the Geological Society of 
Japan. p, 14 (in Japanese 1. 

Indexed under Fl (E.R. ). 

SASAKI, M .• FUJIMOTO, K., SAWAKI, T .. SASADA. M., KATO, 0., 
DOI, N. and MURAMATSU, \ · .• 1998, Study onevolullon of thermally 
metamorphic aureole and late-stage hydrothermal system in the Kakkonda 
geothermal field, northeast Japan tabst. ): Abstracts with Programs. 48th 
Annual Meeting of the Society of Resource Geology, Tokyo, June 17-19, 
No. 0-27 (in Japanese) 

Indexed under Fl (E.R.>. 

SASAKI, M .. FUJIMOTO, K.. SA\\'.-\KJ, T., TSUKAMOTO, T .. h'.ll­
ROSAWA, M .. \'AGI, M., MURAMATSli. Y .• KATO, 0. and DOI. N., 
1998. Geochemical features of anhydrite from the Kakkonda geothennal 
field. northeast Japan (abst.): Abstracts with Programs. 48th Annual Meet­
ing of the Society of Resource Geology, Toi..-yo. June 17-19. No.P-34 (in 
Japanese). Indexed under FI (E.R. ), 

SASAKI, M .. FUJIMOTO, K.,SAWAKI, T., TSUKAMOTO, H., 
!\tllR.\OKA. H .. SASADA, M .• OHTANI, T., YAGI, M .• KURO­
SAWA, 1\1., DOI, N .. KATO, O .. KASAI, K., KOMATSU, Rand MU­
RAMATSl:, \'., 1998. Characterization ofa magmauc/metcoric transition 
zone at the Kakkonda geothermal system. northeast Japan (abst.). ill Water­
Rocl,; lnterac11on. G.B. Arehan & J.R. Hulston (eds). Balkema Ronerdam 
ISBN 90 5410 942 4. p. 483-486. 

Petrological and geochemical features of a transition zone between 
magmatic and meteoric environments have been invesllgated at the Kak· 
konda geothermal system. Fl from hydrothermal veins suggest mixmg of 
saline brine (magmatic) with low sal F (meteoric I. The CL study reveals 
that deformation/fracturing mechanism might be different under low and 
high T conditions. Comparing the Pb-Zn-Cu ratios m the rocks. Pb and Zn 
are enriched in the shallow reservoir and Cu gradually increases with depth 
toward the granitic rocl,;s. I F from a quartz vein in a grannic rock contain 
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mew clements (Pb. Zn and Cu) as well as major clements (Na. K. Ca. Fe. 
Mn and Cl}. (Authors· abstract) 

Th values 300-400•c . and sal of0-35 wt% (E.R.). 

SASSANI, D.C. and SHOCK. E.L. 1998. Solubility and transpon of 
platinum-group clements in supcrcnucal fluids: Summary and estimates of 
thennodynam1c properties for ruthenium. rhodium. palladium. and plati­
num solids. aqueous ions, and complexes 10 I OOO"C and 5 kbar: Geochim. 
ct Cosmo. Acta, v. 62, no. 15, p. 2643-2671. 

SATISH-KUMAR. M. and SANTOSH, M., 1998, A petrological and 
fluid inclusion study of calc-silicate-chamockite associations from southern 
Kcrala. India Implications for C(h influx: Geological Mag, v 135. no. I, 
p 27-45. first author at Dept ofGeosci., Fae. of Sci., Osaka City Univ, 
Osaka 558. Japan 

Fl studies indicate that the earliest generation of F preserved in the 
calc-silicare assemblages arc aq (with sal -8 wt.o/• NaCl cq.). consistCIII 
with mineral phase equilibria defining low oCQz, The estimation of NaCl 
content in brines coexisting with scapolite, based on the Cl content of the 
scapolite. md1cates the presence of up to 20 wt"/4 NaCl during the forma­
tion of scapohte consistent with the saline P fl. Primary carbonic I occur 
within the retrogressed calcitc+quanz assemblage after wollastonite. and 
arc considered to represent the post-peak metamorphic carbonic F infiltra• 
uon event synchronous with the development of chamockites in the adJa• 
cent gneisses. These I have identical characteristics to those in the char­
nockites. We envisage that the Kerala Khondalite belt F regime was largely 
internally buffered during the progradc path, and that COz infi11ra11on post• 
dated peak metamorphism. Influx ofC(h was mostly structurally con­
trolled. and occurred along a near-isothermal uplift path. Graphite-bearing 
pcgmauuc dykes with abundant COz-rich I in these localities attest to the 
transfer of carbonic F through magmatic conduits. (From authors' abstract 
byE R.) 

SATJSH-KUMAR. M., YOSHIDA, M., WADA, H., NIITSUMA, N. 
and SANTOSH, M., 1998, Fluid flow along microfractures in calcite from 
a marble from cast Antarctica: Evidence from gigantic (21%o) oxygen 
isotopic zonation. Geology, v. 26, no. 3. p. 251-254. First author at Dept. 
ofGcosci .• Osaka Cuy Univ .. Sumiyoshi, Osaka-558, Japan 

Across a 1.2 mm-wide domain, a calcite crystal from a granuhte-facics 
marble from cast Antarctica exhibits microscale oxygen isotope hctcrogc• 
neity that has been enhanced by charmclizcd f flow. The oxygen isotope 
compositions range over 21 %a-a gigantic zonation. Calcite along a 
boundary with phlogopite has an average 6110 value of -5%o. along a pro­
file that extends about 700 µm into the grain. the oxygen isotope compos1-
uon remains constant, indicating equilibrium with source F of metconc 
ongin. Analyses of a transect away from the phlogopite show the 61•0 
values nsing to l 6%o. The corresponding carbon isotope vanation 1s only 
about 0.6%o. Isotope heterogeneity is observed mainly in a phlogop1te•nch 
zone where the 6110 values arc lower ( I 3%.tc5'6o) than those away from the 
zone ( I 7%o:t I '6o), We inferred that preferential microfractunng and hy­
drothermal F flow were the causes of the 110 distribution. The: constant 
values of both 6110 and 613C for the distance of700 µm from the grain 
boundary suggest a solution-rcprecipitated calcite and the original grain 
(core). Our results provide imponant evidence for the mechanism of iso­
tope exchange between F and minerals and have major imphcaiions for 
m1crofracturc-controlled F·flow processes in the Earth's crust. (Authors· 
abstract) 

SAtrss[. Judith, GENTER. Albert, LERO\', J.L. and LESPINASSE. 
J\latt, 1998. Description and quantification of vein alterations: palae­
opcnncabihtics in the Soultz-sous-Forcts granite (Bas-Rhin. France): Bull. 
Soc. geol. France. v. 169. no. 5. p. 655-664 (in French: Engl abst. and 
summary). First author at UMR G2R (7566). UHP Nancy I, BP 239, F· 
54506. Vandcruvre cedcx. 

Discusses the origin and distribution of healed fractures in granite 
(H.E B.) 

SAVARD. M.M. and CHI. Guoliang. 1998. Cation study offlu1d inclu­
sions dccrcp1tates in the Jubilee and Gays River (Canada) Zn-Pb depos­
its-Characterization of ore-forming brines: Econ. Geol.. v. 93. p. 920-
931 . Authors at Geological Survey of Canada-Quebec, Centre Geoscienu­
fique de Quebec. 2535 Laurier. P.O. Box 7500. Sainte-Foy. Quebec. Can­
ada GI V 4C7; email (msavard@nrcan.gc.ca) 

A SEM-EDS instrument sensitive to C and O is used to measure ca­
tion ratlOS in individual Fl dccrcpitates of main paragcneuc phases from 
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two Nova Scollan M1ss1ssippi Vallcy-1}-pc deposits The technique con­
finns that the analyses obtained for the carbonate hosts arc not contami­
nated by substrate and permits measurements of small amounts of dc:crepi­
tatcs. The technique has been used to investigate F compos111ons in I of 
presulfidc-stagc dolomite and calcite, sulfide-stage sphalcnte and calcites. 
and postsullide calcttc al the Gays River and Jubilee Zn-Pb deposits in 
Nova Scotia. The results indicalc that Na and Ca are the two maJor ca­
tions. Mmor amounts of K and Mg are also detected. NaCl and CaCh 
ranges for dccrcp1ta1es from the rwo deposits arc as broad as for modem 
mixed brines and thereby suggest that solution mixing partly controlled the 
paleobrine compositions. When compared to other Mississippi Valley-type 
deposits, the Gays River and Jubilee deposits are similar in NaCI-CaCl:­
KCI composition to a group of Mississippi Valle)•typc districts including 
deposits from the Ozark region that arc associated with large volume elastic 
sequences or palcoaquifc:rs. Higher proponions of KCI at Gays River and 
higher proponions ofCaCli at Jubilee md1cate that the mincral1zmg brines 
interacted with Horton Group clasuc aquifers of different mineral compo­
sitions. The brines in the two areas might have: onginatcd from evapora­
tion of seawater, but they were later modified by interaction with clasuc 
rocks of different compositions. (Authors' abstract) 

Sec also Chi Cl al., Kontak. and Kontak & Sangster. this volume 
(E.R.). 

SA\'CH(IK, \'11.S., MIRKAMALOV, R.Kh. and \<i\ 'IESYAN, G.A .. 
1998, The magma- and ore-generating role ofsubducuon z.oncs (as exem­
plified by the Southern Tien-Shan. Uzbekistan) (abs1 )· Second APIFIS 
lnt'I. Symp. Mineral Fonning Fluids and Ore Genesis. Oct. 28-30. 1998. 
Tashkent Uzbekistan. Abstracts volume. p. 64-69 (in Russian). 

SAVO\'E, Sebutien, ARANYOSSY, J •• f., BEAUCAIRE. Catherine, 
CATHELINEAU, Mitlld, LOUVAT. Didiu and MICHELOT, J.•L~ 
1998. Fluid inclusions m granites and their relationships with present-day 
groundwater chemistry: Eur. J. Mineral., 1998. no 10. p. 1215-1226. First 
author at CEA-SACLA Y. OCC/DESD/SESD, F-91191, Gif-sur-Yvene 
Ccdcx, France; email (savoye@cca.fr) 

Some granitic deep groundwaters have high chloride contents of 
which the origin is still unclear. Among the different poss1b1ht1es. leakage 
ofFI trapped in P minerals was proposed This hypothcs,s 1s examined by 
studying four granitic sites with various hydrogeological features: drill­
cores from AspO (Sweden); Bocttstein and Lcuggem (nonhem Switzer­
land): outcropping granites and drill-core samples from Cauterets and Lu­
chon in the Pyrenees (France); In Tounine granitic mass1f(Ccntral Ahag­
gar. Algeria), With the exception ofln Tounine. a pan of the gramte 
samples selected in each study site displays salt-rich Fl with sal ranging 
from 22 to 26 wt.% NaCl eq .• calcium contents and minimal T, typical of 
deep sedimentary bnnes. Most salt-rich Fl occur in S Fl planes in mag­
matic quartz. but were also found within fissure-in-filling calcite at Boct­
testcin and AspO. 

The wide ranges of CVBr ratios in single same rock samples. due to 
heterogeneities in Fl distribution in rock-forming minerals. and the vari­
ability of CVBr rauos m F reservoirs, render the use of CVBr ratios for F· 
source tracing maccurace. Only salt-nch I in the P)-TCnc:es samples show a 
relatively narrow range of CVBr ratios, similar to those of associated 
groundwaters. 

Mass-balance calcula1ions based on sal esumates from microthcr­
mometry. crush-leach analyses and I counting. coupled with the stud} of 
possible mechanisms for leakage. demonstrate that the relatively high sal of 
deep groundwaters (Bocttstein and Asp()) cannot only be accounted for by 
the leakage of Fl trapped in quanz. It cannot be totally excluded that Fl 
may be responsible for the major part of chloride in groundwaters with 
relatively low sal (l..cuggem 1647 m. Cauterets. Luchon. Ahaggar) 

The leakage ofS Fl trapped in P minerals cannot be considered as the 
main process responsible for the high sal of present-day deep groundwaters 
m the studied sites. However. the presence ofS salt-nch I indicates that 
sedimentary bnnes have already percolated the granites. a datum which is 
important for the evaluation of the hydrogcological history and for the un• 
derstanding of the modal itics of chlorine rntroduction in the crystalline 
basement. (Authors· abstract) 

SAWAKI. T., 1998, Occurrence and geochemisuy of fluid inclusions in 

granitic rocks in Japan. Newslcncr. Japanese Assoc. Geothermal fluid 
lnclus1omsts. no. 8. F(b 1998. p. 1-28 (in Japanese) Author at Geological 
Survey of Japan. 

An extensive review of the occurrence and phase composition of Fl 
from I 09 plutons, plus microthermometnc data for many of these, differ-
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entiatcd into magnetite- and ilmenite-series. and G contents. (E. R. I 

SAW..\KI, T~ SASADA, M. and SASAKI, M~ 1998a. Geochemical fea­
tures oftluid inclusions of granitic rocks in Japan (abst.): 17th General 
Meeting Intl Mineralogical Association. Aug 9-14, 1998, Toronto, Can­
ada. Abstracts and Programs. p. A33. Authors at Geothermal Research 
Dept, Geological Survey of Japan; email (sawak1@~j.go.jp) 

We have studied Fl in quartz mainly from granitic rocks (pegmatites} 
in Japan. additionally from metamorphic rocks, in order to elucidate geo­
chemical features of volatiles released from graniuc magma during crystal­
lization. Gases of the I wen: analyzed by a quadrupole mass spectrometer 
and a capacitance manometer. In granitic rocks in Japan, (II aq two-phase 
L-rich, (21 aq two-phase V-rich, (3) monophase L, (4) L COi-bcaring aq, 
and (5) dm (e.g. halite)-beanng multiphase I occur. Aq two-phase L-rich I 
occur in Cretaceous ones. Coexistence of dm-bearing and V-rich I are 
frequent in Tertiary granitic rocks, and indicates that these I trapped two­
phase F. Granitic rocks whose Fl trapped two-phase F wen: probably cm­
placed at shallower than 5 km in depth in the crust, based on a phase dia­
gram of NaCl solution and solidus of granitic rocks. 

Gas analyses show that H2O is the main component of all Fl (88 
molo/o<). and that COz is the main G for almost the samples ( 12 molo/o>) 
with subordinate amounts ofN2 ( 1.9 mol%>), CH. (2.8 mo!%>} and Ar 
(0.0004 mo1%>). except for I in pegrnatitic quartz from the Hidaka belt 
where granitic magma was probably produced by anatexis of metamorphic 
rocks. Fl from the Hidaka belt are characterized by relatively high CH. 
(0.16-9.6 molo/o} and N2 (0.03-1.8 mol¾)contcnts. compared to CO2 
{0.09-0.94 mo1%} Fl from S-type granitic rocks in the Outer Zone of 
southwestern Japan also have slightly high contents of CH.. The high CH. 
and N2 contents possibly related to the partial M of sediments. The varia­
tion ofCO.i!CH. ratios may reflect the difference of /Oz around the granitic 
rocks where the F flew. CO2/CH. ratios of.I from magnetite-series granitic 
rocks are slightly higher than those from ilmenite-series ones. Magnetitc­
senes granites are thought to be formed under higher /02 condition than 
ilmenite series. The G ratios are consistent with it and the analytical re• 
suits suggest that G compositions of Fl are probably controlled by source of 
granitic magma (Authors' abstract) 

SAWAKI, T .. SASADA, M. and SASAKI, M .. 1998b. Geochemistry of 
fluid inclusions in granites and pegmatites from Japan (Ill) (abst. ). Ab­
stracts of the I 05th Annual Meeting of the Geological Society of Japan. p. 
182 (in Japanese}. 

See previous abstract (E.R.). 

SAWAKI, T .. SASAKI, M., FUJIMOTO, K., TA KENO, N .. SANADA, 
K. and MAEDA, S .. 1998, Corundum and zincian spinet from the Kak­
konda geothermal system, Iwate Prefecture (abst.): 1998 Annual Meeting 
of the Mineralogical Society of Japan/Japan Association of Mineralogists, 
Petrologists and Economic Geologists. Kyushu University. Oct 8-10.1998. 
p. I ?3 ( in Japanese; Engl abst. courtesy ofT. Sawaki}. 

Corundum and zinc1an spine I were found in a drill core of thermally 
metamorphosed rock at 2843 m in depth of the deep research well. WD-1. 
which had been drilled m the Kakkonda geothemtal area G-rich Fl occur 
m corundum. and C01• H2S and Nz were detected in the I by a laser Raman 
microprobe. The analyses of Fl may indicate F compositions produced at 
the thermal metamorphism or the earliest stage of geothermal activity. 
(Authors· abstract) 

SAWAKI, Takayukl, SASAKJ, Munetake and SASADA, Masakatsu, 
l 998, Geochemical features of nuid inclusions from the Onikobc geother­
mal system. northeast Japan: J. Geol. Soc. Japan, v. 104. no. 12. p. 813-
824 (in Japanese, Engl abst ) 

First author at Geothermal Research Dept.. Geological Survey of Ja. 
pan, 1-1-3 Higashi. Tsukuba. lbaraki 305-8567, Japan. 

Gases ofFI in quartz and anhydrite from the Onikobe geothermal sys­
tem. nonheast Japan. were analyzed with a quadrupole mass spectrometer 
and a capacitance manometer. The geothermal wells of KR-series are lo­
cated in the Onikobe caldera when: Teniary-Quatemary volcanic rocks are 
underlain by Cretaceous granitic and metamorphic rocks. The quartz and 
anhydrite occur m hydrothermal veins in volcanic. granitic and metamor­
phic rocks recovered from the geothermal wcll.s 

Results of individual Fl analyses show that the Fl comprise mainly 
H2O and a variable but small amount of CO2. Nitrogen and CH. were not 
detected. but H2S was detected in samples at the bQnom of well KR -1 
Results of bulk analyses show that the I are mamly composed of H:O (98-
99 mol%) with small amounts of non-condensable G. mainly COi with 
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small amounts ofN2 and CH.. The proponion of Ni is about one order of 
magnitude lower than COi. CH. is generally two orders of magnitude lower 
than CO2. and Ar 1s quite small and just above the dctecllon limit of the 
mass spectrometer. The COi content ofFI in quartz from 1350.5 m in well 
KR-l is relatively high, compared with other 1 in this area and other geo­
thermal systems. The high Th and G content suggest that high-T and G­
rich geothermal F was trapped at the deep levels of well KR-I. The 
CO2/N2 and COi/CH. ratios of the Fl in quartz from well KR-5. which 
wen: formed at the early and high-T stage of the geothermal activity, are 
higher than those in anhydrite formed at the late stage. This shows that the 
chemical composition of the geothermal F has changed with time. The 
CO2 contents of Fl in quartz from wells KR-I and KR-5 an: inconsistent 
with G buffered by alteration minerals. These Fl probably trapped F which 
wen: not in equilibrium with the alteration mineral assemblages. On the 
other hand, the CO2 contents of Fl in anhydrite from well KR-5. which 
wen: formed at the late stage. an: consis1ent with the kaolinite-bearing min­
eral buffer system. This suggests thal the I may represent the geothermal F 
at the formation of kaolinite at well KR-5. (Authors· abstract) 

SCAMBELLURI, M., PENNACCHIONI, G. and PHILIPPOT, P., 
1998, Salt-rich aqueous fluids formed during eclogitization of mctabasites 
in the Alpine continental crust (Austtoalpine Mt Em1hus unit Italian west• 
em Alps): Lithos. v. 43. p. 151-167. Firstauthor at Dipartimento di 
Scienze della Terra. Universita d1 Genova. Corso Europa 26. 16132 Ge­
nova. Italy; email (msca@dister.unige.11) 

The mctabasite bodies of the western Italian Alps underwent eclogitic­
facies metamorphism ( 1.1-1.3 GPa and 450-550°C). The metabasites con• 
sist of two main rock types: eclogites and eclogitized granulites. In both 
eclogites and eclogitized granulites hydrated high-P foliations are cut by 
eclogitic metamorphic veins. The bulk rock chemistry of the metabasites 
influenced the compositions of both the vein- and rock-forming clinopy­
roxencs and the compositional correlation between the vein- and rock­
forming clinopyroxenes indicates that the syn-cclogitic F have re­
equilibrated with the metabas1te hosts. The predominant vein minerals 
(omphacite. cpidotc and garnet) contain P high-sal Fl. The F consist of 
two-phase (L+V) and of multiphase (L+V+salt+addiuonal quartz) salty aq I 
containing NaCl, CaClz and MgClz as the main chloride species. The vein 
I show a sal range from 17 to 45 wt.% NaCl eq.% salts in cclogites and 
ftom 20 to 50 wt.% salts in eclogitiud granulites. In contrast, Fl in matrix 
minerals of the eclogitized granul ites contain P two-phase I displaying a sat 
range between IO and 25 wt.°/4 salts. The marked difference rn F sal re­
corded by the I in the eclogitic veins and those in the partially re-cquili• 
brated eclogitized granulites is interpreted in terms ofprog,ess1ve hydration 
dunng eclog1ucation of granulite-facies rocks. which caused an increase in 
the salt content of the residual I F. (From authors' abstract by E.R.) 

SCHEDL, Andre"·• 1998. Log ratio methods for establishing a reference 
frame for chemical change: J. ofGeol .. v. 106. no. 2. p. 211-228. 

A long-standing but often ignored problem in geology is the fact that 
compositional data are closed. i.e .. data sum to a constant and. thus. are not 
amenable to standard statistical techniques. The undesirable properties of 
closure can be overcome by converting compositional data to log ratios; the 
transformed data can usually be analyzed with parametric statistics. Woro­
now and Love proposed tests for establishing immobile clement reference 
frames for measuring chemical change. These tests are independent of the 
usual assumption that Al. Ti. Zr and the rare earth elements are immobile, 
an assumpllon contradicted by field studies and lalx>ratory experiments 
suggesting that these elements are sometimes mobile. In this paper. Woro­
now and Love ·s tests are examined using an intuitive-geometric approach. 
Although their tests an: generally sound, modifica1ions an: proposed to 
make them more powerful. An additional test for immobility is proposed 
using variance ratios. These tests were applied to the alteration of the 
Bingham porphyry deposit. Results suggest that SiOi is a better reference 
frame for examining chemical changes than the presumably immobile ox­
ide. Al20; Immobility of SiO2 is consistent with low waterfrock ratios. 
acid leaching. and multidirectional F flow inferred from stable isotope and 
Fl data for the Bingham porphyry; thus SiO2 provides a geologically rea­
sonable reference frame at Bingham. Identification of SiOi as an immobile 
component shows that this method can lead to unexpected results, which 
transcend conventional assumptions about fixed components or constant 
rock values (Author's abstract) 

SOIi..\ "liO. Pierre. BOURDON, Bernard, CLOCCHIATTI, Robert. 
MASSARE. Dominique, VARELA, M.E. and BOTTINGA, Van, 1998. 
Low-degree partial melting trends recorded in upper mantle minerals: 
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Earth and Planet. Sci. Leners. v. 160. no. 3-4. p. 537-550. 
The study of glass I inside mantle minerals provides direct mfonna1ion 

about the chemistry of narurally occurring mantle-derived M and the fine­
scale complexity of the melting process responsible for their genesis. Min­
erals in a spincl lhcrzolite nodule from Grande Comore island contain glass 
I which. after homogenization by healing, exhibit a continuous suite of 
chemical compositions clearly distinct liom thal of the host basanitic lava 
The compositions range from sllicic. with ncphelinc-0livine normauvc, 64 
wi-1. SiO~ and 11 wie/4 alkali oxides, to almost basaltic. with quartz norma• 
t1ve. 50 wt% SiO1 and 1-2 wt% alkali oxides. Within a single mineral 
phase, ohvine. the infentd P M composition varies liom 54 10 64 wt% 
SiOz for MgO content ranging from 8 to 0.8 wt¾. An experimental study 
of the glass and Fl indicates tha& trapped M represent L that arc in equihb­
num with their host phases at moderate T and P {T ncarlr I 230"C and P 
nearly+ 1.0 GPa for M ttapped in olivine). Quan11ta1ivc modeling of the 
compositional trends defined in the suite shows that all of the glasses arc 
pan of a cogcnetic set of M formed by fractional melting of spine! lher-
1.0l11e. with F varying between 0.2 and 5o/o. The initial highly silicic. alkali• 
nch M preserved in Mg-rich olivine become richer in FeO. MgO, CaO and 
Cri◊J and poorer in SiOz, K2O, NazO. AhOJ and Cl with increasing M 
fractions. evolving toward the basaltic M found in clinopyroxcnc These 
results confirm the connection between glass I inside mantle minerals and 
panial mantle M. and indicate that P M with Si02>60 wie/4, alkah ox­
ides> 11 %. FeO< I wt% and MgO< I wi-1o arc generated during incipient 
melting of spincl peridotitc. The composition of the P M is inferred to be 
dependent on P. and to reflect bolh the speciation of dissolved CO2 and the 
effect of alkali oxides on the silica activity coefficient in the M. At P 
around I GPa. low-degree M arc characterized by alkali and silica-rich 
compositions, with a limited effected of dissolved CO1 and a decreased 
s1hca activity coefficient caused by the presence of alkali oxides. whereas 
at higher P alkali oxides form complexes with carbonates and. conse­
quently. alkali-rich silica-poor M will be generated. (Authors' abstract) 

SCHMIDT, B.C .• BEHRENS. H .. TAMIC, N .• HOLTZ. F. and PI­
CHAVANT, M., 1998, Water solubility in haplogranitic melts coexisting 
with H2O·H2 and H2O-CO2 fluids (abst.): Mincralog1cal Magazine. v 62A 
V M, Goldschmidt Conf., Toulouse 1998, Extended Abstraets, p. 1343. 

SCHMIDT, Christian and BODNAR. R.J" 1998, The system Hz0-NaCI­
CO2 al elevated temperatures, pressures, and salin1t1cs: Solvi. lines of equal 
homogenization temperature. and critical points {abst.): Program and Ab­
stracts. PACROFI VII. Pan-American Conf. on Research on Fluid Inclu­
sions. June l-4. Umv of Nevada. p. 58. First author at GeoForschung­
sZentrum Potsdam. Albert-Einstcin-Strassc (Tclegrafcnberg). 14473 
Potsdam, Germany; email {hokic@gfz-potsdarn.de; bubblcsqfvt.cdu) 

The interpretation of naturally occurring H20-NaCI-CO? Fl usually 
requires the availability of volumetric and phase equilibrium data over a 
large range of PTX cond1t1ons. However. linle is known about isochore 
locations al sal above about IO wi-1. NaCl and the critical points in this 
ternary system In this study. solvi and lines of equal Th in t~ system H20-
NaCI-CO? were determined experimentally for P between about I 10 6 kbar. 
T of300° to 800°C. and F compositions up to 40 wt% NaCl and 20 molo/o 
CO2• both relative to water Critical T were detennined for ternary compo­
sitions up 10 20 wt% NaCl and up to 20 molo/o C01 relative 10 water The 
dataset was obtained by using the synthetic Fl technique in con1unc1ion 
with convenuonal microthermometry and a hydrothermal diamond-anvil 
cell. 

At constant sal, the high-P portion of the solvus shows a very sign iii• 
cant shift 10 higher P and T with increasing CO2 concentration For a con­
stant Th. the dP/dT slopes of the lines of equal Th become steeper (higher) 
along pseudobinanes with addition of carbon dioxide and pan1cularly with 
the addition of NaCl Up to concentrations of 20 wt% NaCl and 20 molo/o 
CO2, a sharp rise in the critical T was observed with incrcasmg sal at a 
fixed Hi0/CO2 ratlO. Addition of carbon dioxide causes rapid migration of 
the critical point towards higher P. With increasing X(CO2). experimentally 
determined P-T locations of solvi. lines of constant Th/isochores. and cri1i­
cal points (Gehrig. 1980; this study) can deviate significant!} from those 
calculated using the equation of Duan el al. ( 1995) 

See figure m the 1/lustrallons appendix. 

SCHMIDT, Christian, CHOU.1.-M .. BODNAR, R.J. and BASSETT. 
W.A .. 1998. M1crothcrmomemc analysis of synthetic lluid inclusions in 
the hvdrothermal diamond-anvil cell: American Mineralogist ,·. 83, p. 
995-i 007. First author at GcoForschungsZentrum Potsdam. Tdegrafcn­
berg D329. Potsdam 14473. Gennany. 
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The hydrothermal diamond-anvil cell (HDAC) was employed as a 
pressurized Fl hcaung stage to determine T of phase transitions in s}nlhctic 
Fl in quartz. Using this technique. the common problem of decrepitation 
or stretching oft having high internal P "as eliminated. 

Th of pure H2O synthetic I determined in the HDAC arc inversely 
related to the confining P exerted on the sample. suggesting a decrease in I 
volume with increasing confining P. The very good reproducibility and 
reversibility of these experiments indicate thal volume changes dunng 
healing under confining P in the HDAC arc elastic in nature. However. 
results of microthermomcnic experiments in the HDAC mdicalc that the 
change in Th 1s significantly larger than would be predicted by the EOS for 
quartz and waler This d1ffcrcncc rellccts an addiuonal component of vol­
ume change relaled 10 stress within the quanz host causing displacement 
of the I walls into the I cavity. as predicted by theoretical models describing 
the behavior of I in minerals. 

L-V Th and halite dissolution T (Tm halite) were detcnnined for syn­
thetic Fl in the ternary H20-NaCI-COi. The measured Th were regressed · 
as a function of confining Pat Th(L•V) The intersection of the Th{L-V)• 
confining P curve with an independently obtained P-T curve for the solvus 
of the same ternary composition provides the "correct" Th. that is. the Th 
corresponding to a confining P equal to the Pon the sol\ us at that same T. 
This method for determining corrected Th(L-V) is based on the assumption 
that the effect of elastic stress on Th(L-V) approaches zero as the confining 
P approaches the mtcrnal Pin the I at homogcniza1ion. The Th{L-V) val­
ues at these intersection points were used to calculate Imes of constant Th 
{iso-Th lines) For a composition ofH10+40 "1"/o NaCl+ 10 molo/o CO2. 
the iso-Th slopes decrease from about SJ barl°C at Th{L-Vp500°C 10 8 5 
barl"C for Th(L-Vr'650°C. The halite dissolution T (in the p~nce of L 
and V) averages 342°C (rangc±6°C) without recognizable P dependence. 
The slopes of iso-Th lines for a composition of H20+ 20 wt% NaCl+ 20 
molo/o CO2 decrease liom approximately 23 barre at Th(L-V)'-4 75~c to 6 
barf"C forTh{L-V)=600°C, 

Using the HDAC technique. the high-P portion of the halite Jiquidus 
was redetermined for an H20-NaCl solution containing 40 wt% NaCl 
These new measurements confirm the data of Bodnar ( 1994 ). which were 
obtained using a G-now hcaung stage at I arm confining P This indicates 
that Bodnar's ()994) observation ofan essentially P independent liqu1dus 
al P>-2bar is real and not a result of I stretching. (Authors· abstract) 

SCHMIDT MUMM, A., OBERTHflR, T., VETTER, U. and BLEN­
KINSOP, T.G •• J 998. High COi content of fluid inclusions m gold miner• 
alisations in the Ashanti Belt. Ghana· A new category of ore forming flu­
ids'.' A reply: Mineralium Dcposua. v. 33. p, 320-322. First author at 
Institute fllr Geologische W1ssenschattcn und Gciseltalmuscum. Umvers1t1t 
Halle, Domstr. 5, D-06108 Halle/Saale. Germany; email (Schm1dt­
Mumm@gcologie.uni-halle.de) 

A reply to a comment by Klcmd (1998. this volume) of the 1997 paper 
{E.R.). 

SCHIMMRICH. S.H. and MARSHAK. Stephu. 1998. Veins in the 
Siluro-Devonian strata of the Hudson Valley. New York: lnvestigaung the 
plumbing system of a forcland fold-thrust belt (abst): The Geological Soci­
ety of America 33.i Annual Meeting. Northeastern Section, March 19-21. 
1998. Portland. Maine, v. 30. no. I, p. 73. ISSN 0016-7592. First author at 
Dept. of Physical Sci .. Kutztown Univ .. Kutztown. PA 19530: ematl 
(schimmri(u)kutztown.edu) 

The Hudson Vallcv Fold-Thrust Belt (HVB) consists of deformed Si­
luro-Dcvonian strala e~poscd in a nanow (2-3 km wide) belt west of the 
Hudson Rrvcr in eastern New York Excellent exposures permit determi­
nation of the rclaiionship among regional and mcsoscopic folds and faults. 
cleavage, and veins Calcite veining intensity is stratigraphically con• 
trolled. with most veins occumng in clay-poor litholog1c units. Whllc cal• 
cite veins occur in several distinct structural senings withm the HVB, most 
of the veins clearly fanned synchronously with the development of folds 
and faults. Petrographic. luminescent. and trace-clement examina11ons of 
the veins indicate thllt ind1v1dual vein sets are chemically homogeneous 
even where they appear to have grown during several increments, Stable­
isotope. trace-clement. and Fl results indicate vein formmg F reached T of 
at least 180 to 250°C, with vcl}' large water/rock ratios during vein forma­
tion. and that the F interacted with the crystalline basement. These data 
also show that vems from different segments of the HVB, along strike. 
formed from F wuh different initial T and geochemical signatures. Spec1fi• 
cally. Fin the northern por110n of the HVB. near Albany. were significantly 
honer and geochemically distinct from F in the southern ponion of the 
HVB near Kingston. 
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In sum. our daia indicate that calcite veins in the HVB fonned when 
large volumes of relauvely hot vem-fonnmg F passed through the H VB 
during defonnation. and that these F had interacted and equilibrated with 
lhe underlying Grenville basement rocks prior to entering the Paleozoic 
sequence. perhaps through pre-<:xisting faults. Once in the fold-thrust belt, 
ions in the F pree1p11ated to fonn veins along faults and withm thrust sheets 
during defonnation. In other words, the plumbing that carries vein-fonning 
F into a fold-thrust connects to underlying crystalline bascmenl. Heat ad­
vected into the thrust belt by nsmg F during defonnation also may have 
affected the style of defonnation in the belt. (Authors· abstract) 

SCHOFIELD, P.F., 1998, Gold complexation by chloride-bearing fluids 
(abst,); 17th General Meeting lnt'I. Mineralogical Associauon. Aug 9-14, 
1998. Toronto, Canada, Abstracts and Programs, p. A 131 . 

SCOTT, A.-M. and WATANABE, Y., 1998. "Extreme boiling" model for 
variable salinity of the Hokko low-sulfidation epithennal Au prospect, 
southwestern Hokkaido, Japan: Mineralium Depostta,, v, 33, p, 568-578. 
Authors at Geological Survey of Japan, Mineral and Fuel Resources Dept., 
1-1-3 H1gash1. Tsukuba, 305-8567, Japan: email (watanabe/a•gsj.go,jp.) 

The Hokko prospect shows gold-bearing quartz veins of Pliocene age 
exposed at the surface. The alteration mineral assemblage is typical of low­
sulfidauon epithennal systems, with the quartz veins associated with adu­
laria alteration overprinted on Late Miocene propylitic alteration. Fl stud• 
ies of the vein quartz reveal mean Th of approximately 220°C, and the co­
existence oflow-sal (<2 wt.% NaCl eq.) and moderate sal (2 to 12 wt.% 
NaCl eq.) Fl within the same veins. The moderate sal Fl (2-12 wt.% NaCl 
eq,) typically have relatively low Th between 15010 200°C. 6110 in quartz 
showed a gradual decrease with increasing depth. We interpret that low-sal 
I within the Holom system represent the compos111on of the L phase oflhe 
F. before boiling. and that the moderate-sal I are representative of the resid­
ual L phase, after extensive: non-adiabatic boiling and V loss in an open 
system. Deposition of ore minerals within the Hokko vein system also 
occurred at this time as a result of boiling and Gloss, (From authors· ab­
stract by E. R.) 

SECCOMBE, P.K., OFFLER. Robin, AYSHFORD, Shaun and 
DOWNES, P.1\1., 1998, Skam formation and metamorphism: The Palaeo­
zoic magne111e skam al Tallawang. NSW, Australia (abst,): GAC/MAC 
Meeting Quebec 1998. Abstract Volume 23. p. Al68-Al69. First aulhor at 
Dept. ofGeol.. The Umv. ofNewcastle. Callaghan, NSW 2308 Australia; 
email (psec@geology.newcastle.edu.au) 

Located near Gulgong. NSW and a source of high-grade magneute for 
coal bcneficiation. the Tallawang magnetite orebodies represent an eco­
nomic Fe-skam developed in the Palaeozoic Lachlan Fold Bell of eastern 
Australia. The deposit lies within units oflhe Hill End Trough. adjacent to 
the post-orogenic, Early Carboniferous Gulgong Granite, Mineralisation 
has developed within the Dungaree Volcanics. in a sequence of felsic and 
baste metavolcamcs and pelitic and calcareous mc:tasediments of Silurian 
age. at lhe margin of a dcfonned, silt-like microgranodiorite intrusion (Tal­
lawang Granite). Structurally disrupted and defonned. pod-like bodies of 
scm1-mass1ve magnellte and calc-silicates dip steeply W at the contact of 
the defonned granodiorite. 

Skam fonnation developed in two major stages. An anhydrous skam 
assemblage comprising magnetite, garnet (grossulante-andradllel and he­
denberguc: fonned by contact metamorphism at shallow levels in a conti­
nental arc environment (P~ 1 kb: T-600-650°C). Brecciation of the mag­
netite preceded a hydrous stage of skam formation involving deposition of 
funher magnetite. accompanied by Cl-rich hastingsite. hastmgs1te• 
hornblende. allanite, c:pidote, quanz. apatite and pyrite. 

Vems coniainmg a retrograde metamorphic assemblage of chlo­
rite+cpidote+calcitc:+quartz+(actinolite) were established under greenschist 
facies conditions. consistent with Fl Th data in the range 350-365~c for 
carbonic and aq Fl from vein quartz and epidote, Emplacement of the 
Early Carboniferous Gulgong Granite has had little effect on the skarn de­
posit and represents the onset of late brittle deformation and mmor sulfide 
mineralisation. (From authors' abstract by H.E.B.) 

SEE, Jran nrttr, 1994, The analysis of fluid inclusions and magmausm of 
gold deposits in the Lake Shortt region. Abitibi. Quebec: Thennod)'Tlamic 
interpretation and metallogeny of the role of mmeral1zmg F in the Arcttean: 
PhD dissertation. Univ. du Quebec at Chicoutimi. 240 pp (in French. Engl. 
abst). 

Microthennometric anah-se~ of Fl indicate four principal types ofFI 
based on the relative proportions of phases observed either at room Tor at 
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sub-zero T: Tjpe I : Aq I (H20-NaCl-low sal). L-rich, one• or two-phase 
(2-5% vol. of vapour). S ongin Type:!· Aq I. two-phase ( 10-20% vol. of 
vapourl. represencing lhe most abundant type in different generations of 
quanz and consisting of brine assemblages (Hi()-NaCI-MgClt~- -KCI'?. 
CaCli?). Type 3: Carbonic I (H10-CO2-NaCI) with vanable phase ratios. 
occurring either in planar clusters or isolated (P characteristics): 1j7Jt! -I: 
Carbonic I (C0i-Hi<)-CH,+Ni?, +H:S~) with variable phase ratios: G-nch 
(one-phase)or L-nch with CO2-CH. L+V 

The present Fl study indicates that the principal mechanism for the 
transpon and the precipitation of gold is by cxsolution of carbonic-vapor 
phases and aq saline phases that are responsible for the disseminated-style 
mineralization during the emplacement of the intrusions. P drops and den­
sity and fugacily vanat1ons induce the onset of intenn1nent unmixmg of F 
phases rich in COi-H20-NaCI predominant in mineralized quartz veins. 
This study shows that plutons of alkaline and non-alkahne compos1t10ns 
which are c:mplaced S)'Tlchronously with the mineralization can play an 
important role in detennining the localizallon and the different styles of 
gold mineralization m the Archean, (From authors· abstract by H,E,B,) 

SEIMBILLE, Fran~ois, ZUDDAS, Pirrpaolo and MICHARD. Gil. 
1998. Granite-hydrothermal interaction; A simultaneous estimation of the 
mineral dissolution rate based on the isotopic doping technique: Eanh and 
Planet. Sci, Letters, v. 157. no. 3-4. p. 183-191. 

Indexed under Fl. 

SEKINE, K., DANDO, M. and TSUCHIYA, N., 1998. Hvdrothennal 
activity and fluid inclusions m Takidani Granod1onte in the Japan Alps, 
Central Japan (abst,); AbstraclS oflhc 105th Annual Meeung of the Geo­
logical Society of Japan. p. 353 (in Japanese). 

SELBY, David, 1998, Geochemistry of porphyry Cu-Au-Mo potassic ore 
fluids: A case study from the Yukon. Canada: SEG Newsletter. No. 35, p. 
6. 1998: Author at Dept. of Earth and Atmospheric Sci., Univ. of Albena, 
Edmonton. Albena. Canada. 

Stable and radiogcnic isotopes are used co detennine the geochemistry 
and origins of potassic ore F at the Casino. Mount Nansen. and Cash. Late 
Cretaceous (70 Ma) porphyry Cu-Au-Mo deposits. The plutons mtrudc 
country rocks ofDevono-Mississippian metamorphic rocks and the mid­
Cretaceous Dawson Range Bathotith, Potassic quartz veins contam a 
dominant assemblage of coexisting saline and V-rich Fl. The I F possess 
6D values of -140 co -180%, whi;h deviate s1gni Ii cane Iv from values typi­
cally reponc:d for P porphyry F (-40 to-100%). The K1/•sr""70 (t=70 
means isotope ratios arc calculated for 70 Mal values of the Late Crcta• 
ceous plutons are 0.7055 (Casino). 0.7048 (Mount Nansen). and 0.7055 
(Cash). The •tf"'sr,.70 compositions ofhydrothennal K feldspar are 
0.70551 10 0.70834 (n=8: Casino). 0.7063 to 0.7070 (n=4: Mounc Nan• 
sen). and 0.7058 (n=I: Cash). Analysis ofF derived from crushed IF from 
quanz veins shows 111"'sr,,.,o compositions that are virtually identical to K 
feldspar compositions. The "'t•s.,.l'O values of K feldspar samples de­
scribe an increasing radiogenic Sr composition. which is also observed for 
identical samples for common Pb. The 17 f•sr .. 111 compositions of hy­
drothermal K feldspar and I F from quanz vems range from values similar 
10 the genetically rclaced plutons toward more radiogcnic composition. 
Hydrogen. Sr. and Pb isotope results indicate the presence of a low 6D, 
radiogenic Sr. and Pb component in the potassic ore F. Nd,.,o isotope val­
ues ofplutons are-0.1 (Casino), 1.6 (Mount Nansen). and-0.4 (Cash), 
which are distinctly more juvenile lhan those of neighboring country rocks; 
-4.8 to~.I (Dawson Range Batholith). and-{i.l to - 14 . .5 (Devono­
M1ss1ssippian metamorphic rocks). These data suggest chat assimilation of 
crustal material by the magma was not a major mechanism in generating 
the hydrogen. Sr. and common Pb isotope values seen in the ore F, The 
isotope data indicace that lhe origin of these potassic ore F is not purely 
magmatic. To generate the H. Sr. and Pb isotope composition. regional 
crustal F must be a component in the potassic ore F in porphyry minerali­
zation. (Author's abstract) 

SELB\'. D., NESBITT, B.E., CREASER. R.A. and MtlEHLEN­
BACHS. K., 1998, The geochemistry of porphYI)' Cu potassic hydrother­
mal nuids: Implications for replenishment of the magma chamber or in­
volvemenc of crustal fluids ( abst. ): Geological Society of Amenca Annual 
Meeting 1998. Abstracts. v. JO. no. 7. p. A-76. Authors at Earth and At• 
mospheric Sci,, Univ, of Albena, Edmonton, Albena, T6G 2E3; email 
(dselb}tagpu.srv.ualberta.ca) 

The Sr, Pb. and H isotope compositions have been detennined for 
porphyry Cu potassic stage F from hydrothermal K-feldspar and vem 
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quartz c5D values ofhypcrsaline (30-55 NaCl wt.o/o) IF from quanz veins 
are -140 to - 180%a. The Sr compositions of K -feldspar and quartz vein I F 
arc similar. wuh values trending away from magmatic values 1oward more 
radiogemc compositions The Pb iso1opic compositions of the K-feldspm 
also descnbe a trend toward more radiogenic values. The H. Sr and Pb 
isotopic data indicate the presence of D-dcpleted and radiogcnic Sr and Pb 
compositions m potassic stage hydrolhcnnal F. Evaluation of Sr and Pb 
diffi.ts1on m K-feldspar indicate that the isotopic compositions arc not a 
product of interaction with late stage hydrothermal F and we propose that 
the values reflect those of the potaSSic stage hydrothermal f. The possible 
processes to produce the H, Sr and Pb isotopic compositions arc: (I) re­
plenishmenl of the magma chamber by more radiogenic magma. (2) in­
volvement of crustal F The Sr and Pb isotopic dala can be interpreted to 
be generated from both processes I and 2. However, the depleted H iso­
tope ratios suggest the involvement of crustal F of meteoric origin. Though 
the radiogemc isotopic data correlated with the replenishment of a magma 
chamber of involvement of crustal F. thedec~ in sal (55 to33 wt."lo 
NaCl) and depicted H ISOlopc raJio suggest that crustal F of meteoric origin 
arc an imponant component in potassic hydrothermal F. (Authors· ab­
stract) 

SEWARD, T.M., 1998. SpcctroSCOpic studies of hydrothermal solutions 
(abst.): 17th General Meeting lnt'l. Mineralogical Association. Aug 9-14. 
1998. Toronto. Canada. Abstracts and Programs, p. Al35. 

SEWARD, T.M .. HENDERSON, C.M,B. and CHARNOCK. J.M., 
1998, X-ray absorpuon spectroscopic (EXAFS) m~urements on aqueous 
solutions to 350-C (abst): Mincralogi_cal Magazine. v. 62A. V. M. Gold­
schmidt Conf., Toulouse 1998, Eictendcd Abstracts. p. 1369. 

SHAil, R.K., STUART, F.M, and WILKINSON, J.J,. 1998. Manlle 
contributions to Permian granite magmatism and mineralization in SW 
England-a preliminary noble gas study (abst.): Mineral Deposits Study 
Group Annual Winter Meeting 14-16 Dec. 1998, St. Andrews. Scolland 
(unpaginated). First author at Cambomc School of Mines. Univ. of Exeter. 
Redruth, Cornwall TRIS 3SE. 

A mantle component within the Permian granites of SW England has 
been inferred on (various bases). Recognition of such a mantle component 
has significant implicauons for models of both granite generation and asso­
ciated magmatic-hydrothermal W-Sn-Cu mineralization. 

The purpose of this study was to test the mantle component hypothesis 
by analysing the 3Hcl'Hc ra1ios of Fl volatiles within mineral specimens 
sampled from early magmatic-hydrothermal veins across the region. 
Where Fl are trapped by U- and Th-poor. dense minerals. the outward dif­
fusion rate of He is low and the isotope ratios are essenllally unmodified 
from the umc of trapping. 

The Fl in wolframite/arsenopyrite sampled from earl} magmatic­
hydrothennal veins across the region have an unambiguous mantle He 
component. (From authors' abstract by E.R.) 

SHAMAEV, O.T •• 1998, Peculiarities of formation and the kinds of ores in 
the deposits of the Altyntopkan orefield (abst.): Second APIFIS lnt'I Symp. 
Mineral Forming Fluids and Ore Genesis. Oct. 28-30, 1998. Tashkent. 
Uzbel,.,istan. Abstracts volume, p. 86-88 (in RusslllJI). 

SHANINA, S.N., 1998. Pyrochromatography mclus1ons in salts 1abst. ): 
171h General Mcetmg lnt'I. Mineralogical Association. Aug 9-14. 1998. 
Toronto, Canada. Abstraets and Programs, p. A33. Author at Inst. ofGcol.. 
RAS, Ural Div .. Russia; email (comrnon@gco.komi.ru) 

Pyrochromatography ( i.e .. G chromatography) includes sample de­
struction and extraction of I content by heating. 

It 1s known that OlplliC I up to oil arc widespread in natural salts. Of 
special interest ,s study of organic I in minerals from the Komi Repubhc 
salt deposits (Seregovo. Kechmes) where such kind of mves11gat1ons have 
never been carried out. 

Chromatographic analyses of organic I were carried out on halite 
crystals from several salt deposits: Kechmcs (Kom1). Klodava (Poland). 
Karvakh (Yemen). The analyses were used to determine the presence and 
specify the nature. quantities and locauon of organic substance. ~From 
author's abstract b) E. R.) 

SHARA PO\', \'.N., PAVLOV, A.L. and AKIMTSE\'. V.A .. 1998. Phys-
1cochem1cal parameters offorma1ion of ore melts and fluid phase in 
magma chambers under the mid-oceanic ridges· Geolog1ya Rudnyl.h Mes­
torozhdenii. v. 40. no 3. p. 278-291. m Russian. translated in Geology of 

121 

Volume 31, 1998 

Ore Deposits. v 40. no. 3. p. 250-262 Authors at Joint Inst. of Geol .. Gco­
phys .. and Mincf111 .• Sibcnan Div., Russian Acad. of Sci .. Univcrsitetslci1 
pr. 3. Novosibirsk, 630090 Russia. 

Provides chemical data on "ore melts" and the volatile content of 
ba.saltic glasses (H.E B ) 

SHARMA, A., LENG, J. and BODNAR. R.J., 1998, Is the assumption of 
isochoric fluid inclusion behavior valid? A Raman spectroscopic study of 
P•T paths of Hz() fluid inclusions (abst.). Program and Abstracts. 
PACROFI VII. Pan-American Conf. on Research on Fluid lncluslO!ls, June 
1-4. Univ. of Nevada. p. 59. Authors al Fluids Research Laboralol'}'. Vir• 
ginia Tech, Blacksburg VA 24061 . 

One of the basic assumptions of Fl research is that I represcm an iso­
choric system. Followmg this assumption. 111s possible to approximate 1he 
formation T and P of a Fl by cxtrapola1ing the isochore liom the P· T con­
ditions at homogenization to some knoMI P or T to determine the p. T trap­
ping conditions. It 1s also well known that Fl arc not IJ'Uly isochonc sys­
tems. because the volume of the I changes as a result of thermal expansion 
and compressibility during hcaung from homogenization to higher T. The 
magnitude of this e.lastic volume change 1s small. and the error that results 
liom ignoring this change is small compared to errors associated with in­
completely known F composnions and slopes ofisochorcs. However. the 
assumption that lhe only elastic volume changes eKperienccd by Fl during 
heating are those predicted by the EOS for the hos1 phase. has not been 
tcsled. This is because previously there was no procedure for directly 
~uring pressures ms1dc Fl as they arc heated through the one-phase 
field. 

In this study the internal P of pure Hi<) Fl were determined along their 
p. T paths based on the shift in the Raman peak for water as a funcuon of P. 
For these expcnmcnts, synthetic pure Hi() Fl in quanz formed at 500-C 
and 1 kbar were used. Healing experiments were conducted using a 
Chaixmeca heating stage mounted on the Raman spectrometer. The I ho­
mogenized at J53°-355°C and were slowly heated to (Tf~ 500°C). This 
resulted in the dccrcptWIOll of some larger Fl: however. numerous smaller I 
were preserved Th of those I that did not dccrep1We were again deter­
mined and only the I showing unchanged Th were used in this study. 
Those Fl which showed no change m Th after being heated to 500"C were 
then healed again and the poslllon of the waccrpeak in the vicmil) ofJ.SOO 
cm·• was recorded usmg a DILOR XY Raman microprobc. The frequency 
of the maximum intensity for the water peak was used 10 determine the 
mtemal P in the I at that Tusing the previously dctennined calibration of 
Frantz ct al. ( 1993), The P-T path predicted by the Raman spectra was 
compared with the isochoric and with the non-isochoric path calculated 
assuming the only volume changes arc those associated with thermal ex­
pansion and compressibility of quanz (Figure). Surprisingly. the P-T path 
determined by this procedure indicates that the deviation of the P-T path 
from an 1sochoric path 1s significantly more than that predicted by the EOS 
for the host quartz. Implications of these results for determining the P-T 
formauon conditions of natural Fl will be discussed. (Authors· abstract) 

See figure m the /l{ustra11ons appendix. 

SHAR\'GIN, V.V., PANINA, L.I. and VLADYKIN, N.V., 1998. Melt 
inclusions m mmerals from lamproites of Smoky Butte. (Montana. USA): 
Russian Gcol. And Gc:ophys .. v 39. p. 38-54 (in Russian: Engl. abst.) 

Two main petrogniphic varieties of the Smoky Bunc rocks (olivinc­
armalcohte-phlogopite hyalolamprolle and phlogopite-sanidinc lampro11e) 
have been studied by thermobarogcochemical methods. Thermomctnc 
investigations have showed that P Ml in olivine arc homogenized at 
T>l250"C. apatlle-hosted I-at 1220-l230°C. diopsidc-hosted I- at I 160-
l2050C. and phlogop11e-hos1ed ones-at 1085-121 OOC. Trapping P of I 
during crystalhzauon of olivine-2 docs not exceed 2 kb. The phase compo­
sition of I 1n these minerals is glass-+<:i bubble+dxl. In some I. G bubble 1s 
panially or full) filled by salt phases (Ca-carbonate and others). According 
to microprobe data. high contents ofSiO2 (60-70 wt%). AhOJ (10-13 
wt"lo). alkalis (9-12 wt"/o). BaO (0 7-1.9 wt"la). ZTOi and F (up to O 5 wt%), 
and moderate contents ofTi02 (2.5-4.5 wt"/,) and Olhcr femic components 
( <6 wt%1 arc common of the residual glasses of silicate-M I in minerals. 
They composiuonally differ in the maJor clement contents from the rocks. 
In general, dunng crystallization of the Smoky Bune lamproites. pnm111ve 
mantlc-denved magma gradually evolved toward strong agpaitic composi­
tions rich in Sl()z. alkalis. FeO. BaO. T1O1. 2'°1 and poor in Alz()3. CaO. 
MgO. PiO, F (or salt M) was gradually enriched in CO2 and, possibly. m 
SO,. Such M evolution peculiariucs favored the appearance ofK-T1-
nchtente. K-magncsiorfvedsonite, davanite. carbonates. and banre at the 
latest stages. In add111on 10 silicate-M I. Al-spine(. fresh leucitc and sul-
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!ides (pcntlandite, probably. Ni-rich monosulfide soled solution. violarite, 
chalcopyrite. pyrite) were firstly found in the Smoky Butte lampro1tes. 
New data on geochemistry of the rocks and chemistry of main rock­
fonning mmerals arc also given for this lamproite locality. (Authors' ab­
strac1) 

SHEN. Baofcng, MAO, Dtbao and LI, Junjian, 1997, Type and geologi­
cal character of Chinese grccnstone belts gold deposits; Progress in Pre­
cambrian Research (Qianhanwuji Yanjiu Jinzhan), v. 20, no. 4 (tot. 80), p. 
1-12 (en Chinese: Engl. abst.). Authors at Tianjin Inst. ofGcol. and Mm­
eral Resources CAGS, Tianjin 300170, China. 

Reviews and presents summary Fl data for the deposits discussed. 
(H E.B.) 

SHEPHERD, T.J., A VORA, Carlos. CENDON. D.I., CHENERV, S.R. 
and MOISSETTE, Alain, 1998. Quantitative solute analysis of single 
fluid inclusions in halite by LA-ICP-MS and cryo-SEM-EDS: Comple­
mentary m1crobeam techniques: Eur. J. Mineral .• 1998, no. 10. p. 1097-
1108. First author at British Geological Survey, Keyworth. Nottingham, 
NGl25GG.U.K. 

An interlaboratory study was carried out to assess the complementan­
ness of LA-JCP-MS and cryo-SEM-EDS for the quantitative solute analysis 
of single I in halite. The halite samples were selected from diverse ancient 
and recent cvaporite environments to give a wide range of solute composi­
tions. and were characterized by abundant. homogeneous populations of 
large (1•100 µm diameter) Pbrine I. Homogeneity of the I was 1mponant 
because both techniques arc destructive and had to be earned out on differ­
ent individual I. Cryogenic SEM-EDS was chosen because it is one of the 
few well-established Fl techniques to provide absolute concenuations for 
the ma1or solutes (Na. K. Mg. Ca Cl. SO.), and could be used to convert 
the relative element concentration ratios determined by LA-ICP-MS (K, 
Mg, Ca. Cl, Br. Sr. Li, B) into true concentration umts. Nonnalization was 
achieved by referring lo chlorine. 

The results confirm that LA-ICP-MS and cryo-SEM-EDS arc perfectly 
complementary and yield values for Mg and K that agree within I a SD. 
Calcium concentrations were generally too low to be measured by cryo­
SEM-EDS, but values determined by LA-ICP-MS arc consistent with the 
hypothesis thai the bones arc saturated with respect to anhydrne. Overall 
analytical precision (relative SD) for the major solutes is 2-3 times better 
for cryo-SEM EDS than for LA-ICP-MS (5-15% vs. 10-35% respectively). 
Internal consistency of results was checked by charge mass balance esti• 
mates and halite saturation indices. Though the study utilized halite­
saturated I. cryo-SEM-EDS and LA·ICP-MS can be applied equally to 
lower sal F and, with care. to I that contain dm. (Authors· abstract) 

See also FIR 30, p. 179 (E.R.). 

SHEPHERD. T .J. and RANKIN. A.H .. 1998. Fluid inclusion techniques 
of analysis: Chapt 6 in Techniques in hydrothermal ore deposits geology 
Reviews in Economic Geol. (Society of Economic Geologists. Inc.) Ri­
chards. J.P. and Larson. P.B .. eds., v. 10. p. 125-149. First author at British 
Geological Survey. Keyworth. Nottingham.UK. NGl2 SGG. 

In this chapter we describe and critically evaluate. for the non­
specialist user or novice. the principal techniques currently employed for 
the quanlltallve and semi-quantitative analysis of Ft . Our aim is to provide 
dear guidelines for choosing the most appropriate technique based upon 
the type of I and analytical data required. together with advice on sample 
preparation. advantages and disadvantages of the methodology. and the 
time and cost of analysis. (From authors· abstract by H.E.B) 

SHEPPARD, S.M.F .. CHAREF. A. and BOl 'HLEL, S •• 1996. Diapirs 
and Zn-Pb mineralization: A general model based on Tunman (N. Africa) 
and Gulf Coast (USA) deposits: Society of Economic Geologisis. Special 
Pub. no, 4, 1996. p.230-243. First author at UMR 5570 ENRS. ENS Lyon 
and UCB Lyon I. Ecole Normale Superieure de Lyon. 69364 Lyon 07. 
France. 

From combined field. petrological and geochemical (Fl. H-. C-. 0-. S-. 
Sr•. Pb-isotopes) studies. mineralization 1s related to a complex combina­
tion of processes related to basin evolution. salt diapirism. cap rock forma­
tion. migration of hot saline brines and hydrocarbons. seatloor venting 
(exhalative deposits) and sulfate reducuon processes. (From authors· ab­
stract by H.E.B. l 

Extensive Fl data arc presented (H.E.B.) 

SHI, Lida and LI, Cunyou, 1998: The gold searching test ofminerahza­
uon solution electrical conductible degree (abst.}: Second APIFIS Int"!. 
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Symp. Mineral Forming Fluids and Ore Genesis, Oct. 28-30. 1998. Tash­
kent. Uzbekistan, Abstracts volume, p. 98 (in English}. Authors at Sheny­
ang Inst. ofGcol. and Mineral Resources, CASS. 

This paper proposes a new deposit or ore body searchng method by 
study of the the changes of mincraliz.ation solution clcctncal conductible 
degree. Depending on the fact that the areas of high concentration arc al­
ways the rich gold ore bodies, the method takes the following steps open­
ing I by thermal explosion, extracting the mineralization soluuon. rcpre• 
senting indirectly the concentration of mineralization solution by electrical 
conductible degree and establishing an electrical conductible degree quan­
titative model for ore body searching. This value has many applications in 
ore deposit prospecting and development. (sic) (From authors· abstract by 
E.R.) 

SHI. Zhunli and XIE, Guangdong, 1998. Study on fluid inclusions and 
genesis of Donghuofang gold deposit. Inner Mongolia: Gcoscience-J. of 
Graduate School, China Univ. ofGcoscience, v. 12, no. 4, p. 477-484. 
Authors at China Univ. ofGeosci., Beijing. 100083. • 

Boiling I arc first discovered in Donghuofang gold deposit. The dis­
tributions of boiling I and orebodies in vertical project indicate that abrupt 
decrease of ore-forming P is the most imponant factor. causing boiling of 
ascending ore F along the opening fault. Boiling of ore-fonnmg F and 
decrease of the T made Au precipitate in the gold veins. The study on the 
compositions ofFI shows that the transpon forms of gold in I and 11 miner­
ahzing stages were complex Au-S. but in Ill mineralizing stage complex 
Au-Cl is major form of transportation. Space-time relationship between 
orebodies and syenite stock.. and the mineralizing thermal field of gold 
veins around this stock show them having similar sources. Alkal 1-magma 
which formed the sycnitc stock was from mantle Bimodal magmatic asso­
ciation in Donghuofang gold deposit shows the extensional metallogemc 
geodynamic related to the mantle plume. so the Donglluofang gold deposit 
is hypo-mesothcrmal deposit. It is connected with alkali-magma, and 
formed at period oflndia-China (239.98 Ma). (Authors· abstract) 

SHIGEHIRO, Michiko, 1998, Genetic model of a Carlin-type gold sys­
tem: Mineral paragencsis and P-T constraints during mmeralization at the 
Turquoise Ridge gold deposit. Nevada: SEG Newslener. No. 35. 1998, p. 
8. Author at Univ. of Nevada Las Vegas. Nevada. 

Gold ore at the Turquoise Ridge gold deposit. Nevada is hosted by 
two typcS of vanably metamorphosed sedimen(lll)· rocks. Mineralization 
occurs m brown homfels at shallow levels and in black homfels at deeper 
levels. Ore-bearing brown homfels is clay-rich with altematmg bands of 
clay minerals and protolith. These clay bands arc absent in black homfels. 
a more competent graphitic rock. Gold is present in both types as sub­
micron I in ore-stage pyrite. Twenty-two samples from drill hole 94-172 
were selected for detailed paragenctic and Fl studies. Three types of pyrite 
are idenufied: (I) coarse subhedral to euhedral pyrite: (2) banded pyrite; 
and (3) fine-grained pyrite. Type I pyrite is present in non-ore quanz vems 
and believed to be associated with a granodiorite stock. Bands of type 2 
pynte imply a sense of bedding. suggesting the pyrite is of d1agenctic ori­
gin. Preliminary electron microprobe studies of type 3 pynle confirm that 
these grains contain gold. arsenic, and elevated trace-metal values. Gold­
bearing p)nte 1s consistently present both within jasperoid quanz. and 
concentrated alongJasperoid quartz grain boundaries. which suggests gold 
mineralizauon was introduced during jasperoid quartz deposition. Pet­
rographic studies suggest a successive depositional sequence of ( I ) pyrite 
with gold. (2) Jasperoid quartz, (3) orpiment. (4 ► realgar. and (5) calcue. Fl 
en pre•gold quartz arc abundant and approximately 5 µm in diameter. Most 
are two-phase and contain L and V. but V-rich and V-only I also arc pres­
ent. Daugllter crystals. possibly calcite. also are present in rare L-rich 1. 
Some I occur along fracture planes. indicating a S origin. I in jaspcroid arc 
small. usual!~ <2.5 µm in diameter. and are L-rich with a V bubble. Sparse 
L-V J along ore-pynte-bearingjasperoid quartz growth zones indicate a P 
origm. Fl arc sparse in orpiment and realgar, and are generally <2.5 µm. 
Other than the few I in growth zones. or healed fractures in pre-ore quanz, 
origins of most I are unknown. (Author's abstract) 

SHIGEHIRO. Michiko and CUNE, J.S., 1998. Mineral paragcnesis and 
pressure and temperature constraints during gold mineralizauon at the Tur­
quoise Ridge: Carlin-type gold deposit. Nevada (abst. ): Program and Ab­
stracts. PACROFJ VII. Pan-American Conf. on Research on Fluid lnclu­
s1ons. June 1-4. Univ. of Nevada p. 60. Authors at Umv. of Nevada Las 
Vegas. 4505 Maryland Parkway. Box 454010. Las Vegas. Nevada 89154• 
4010. · 

Yv'e are invesugating ore-stage: mineral assemblages and related Fl at 
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the deep. high-grade Turquoise Ridge deposit. a Carlin-iype gold deposit 
located in nonhem Nevada. Our research addresses three questions: (I) 
What is the ore mineral paragcnesis? (2) At what P and T did the deposit 
form? (3) Whal are the sources of the ore F'1 

Gold is present in both brown and black homfels host rocks as sub­
micron I in ore-stage pyrite. Three populations of pyrite have been identi­
fied. Type: 3 pyrite is present in high-grade samples. and occuis as finc­
gramed and framboidal pyrite. Preliminary electron microprobc studies of 
type: 3 pyrite show that these grams arc rich in trace metals, particularly 
arsenic. and contain gold. This gold-bearing pynte is consistently present 
both within jaspcroid quartz grains. and concentrated alongjaspcroid 
quartz grain boundaries. These observations suggest that gold mineraliza­
tion precipitated prior to, and continued dunng. jasperoid quartz deposi• 
lion Petrographic studies suggest a successive depositional sequence of 
(I) pyrite with gold. (2) jaspcroid quartz, (3) orpimcnt, (4) realgar. and (S) 
calcite. 

Fl in pre gold-<>re quartz are approximately S micrometers in diameter. 
Most I are two-phase and contain Land V. However, V-rich and V only I 
are also present. Daughter crystals. possibly calcite. arc also present in rare 
L-nch I. Sparse L-V I were trapped along quanz growth zones. indicating 
that they have a P origin: some I occur along planes indicating that they 
have a S origin. I in jasperoid are small. usually <2.S micrometers in di­
ameter. and are L-rich and contain Land V. Fl arc sparse in orpiment and 
realgar. and att generally <2.S micrometers Other than the few I in growth 
zones or healed fi'a(;tures in pre-ore quartz, I origins arc unknown. Mi­
crothermomctric data will be collected from samples from shallow and 
deep non-mineralized and mineralittd samples to determine F composiiion 
and minimum T and P of the system. The results of this research will be 
incorporated into a genetic model for the Carlin-type: gold systems. (From 
authors· abstract by E.R.) 

SHIMIZU, Nobumiehi, 1998. The geochemistry of olivine-hosted melt 
inclusions in a FAMOUS basalt ALVSl9-4-I . Physics of the Earth and 
Planetary Interiors. v. 107. no. 1-3. p. 183-201 

Some 22 Ml hosted by high-Mg olivines (Fo11.1J1) from a single basalt 
lava from the FAMOUS area of the Mid-Atlantic Ridge were analyud for 
major and trace elements. The results demonstrate that large chemical 
variabilities arc present in M that existed in close temporal and spatial 
proximity at the site of host olivine growth. Major clement compositions 
after corrections for growth of host olivine after entrapment show that they 
arc very primnive (MgO ranging from 9 to 14 wt%: Mground 0.73), and 
that variations ofCaO, FcO and SiO1 as a function ofMgO arc much 
greater than expected from fi'a(;tionation of olivine from the most magnc­
s•an M. Exactly 14 of the Ml are consistent with equilibration with mantle 
minerals at 8. 7±2 kbar and I 272t I 8°C. Abundance panems of rare earth 
elements (REE) show that light REE (LREE)-cnriched transitional mid­
ocean ridge basalts (MORB) and LREE~epleu:d N•typc: MORB existed in 
close temporal and spatial proximity. It is argued that co-varialions of trace 
element rauos, especially La/SmN and Ti/Zr can be modeled by critical 
melting of a depicted MORB source at depths where garnet is stable to 
fonn LREE-cnriched M. and at depths of spine! lherzolite residue to form 
LREE~eplcted M. Abundance panems of middle to heavy REE (M dif• 
fers from HREE) indicate. however. that imponant chemical modification 
has occurred by reactions between deep Mand shallow mantle in an AFC­
type mcchanism during upward migration of M. This mechanism also 
appears to explain some of the major element characteristics. and suggests 
general imponance of M/mantlc reaction during migration of MORB. 
(Author"s abstract) 

SHIMIZll, Nobumichi and GROVE, T.L., 1998. Geochemical studies of 
olivine-hosted melt inclusions from ridges and arcs (abst): EOS. Trans .. 
79 (45) Fall Meet Suppl.. p. FI002-F1003. First author al Woods Hole 
Oceanographic Inst., Woods Hole. MA 02543, lJS: email (nshi• 
miZU1@who1.edu) 

A review of the many advances in geochemistry and petrology based 
on studies of Ml in olivine. (E.R.) 

SH IMIZl '• Nobumid1i, SO BO LEV. A. V. and LA\ 'NE, G.D., 1998. In 
situ Pb isotope analyses of olivine-hosted melt inclusions from Mid-Ocean 
ndges (abst.)· EOS. Trans .• 79 (45) Fall Meet. Suppl.. p. F950. First 
author at Woods Hole Oceanographic Inst .• Woods Hole. MA 02543, US; 
email (nshim1zuta'whoi.edu) 

In-situ analy'sis of Pb isotopes in olivine-hosted Ml in mid-ocean ridge 
basalts show large variations. demonstrating that MORB source mantle is 
highly heterogeneous on small spatial scales. (From authors' abst. by E.R.) 
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SHIMIZU. To111, MATSl'EDA, Hirollaru, ISHl\'AMA, Daizo and 
l\tATSUBAYA, Osamu, 1998. Genesis of epithcrmal Au-Ag mineral1za­
tion of the Koryu Mine. Hokkaido. Japan Econ. Gcol .• v. 93. no. 7. p 
303-325. Fiist author at Dept.of Earth and Planetary Sci .. Fae. Of Sc,. 
Hokkaido Univ., Sapporo 060. Japan; email (shimizu@~j.go.Jpl 

Koryu is an epithermal gold-silver quanz vein deposit in southwestern 
Hokkaido. Japan Based on crosscuning relauonships and mineral par­
ageneses. the veins appear to have formed during two mineralization ep­
ochs. The earlier event is funher divided into three stages (E-1. -11. - 111) 
whereas seven stages can be distinguished in the later event (L-1. -II. -Ill. • 
IV, -V. • VI, • VII). The wide veins consJSt of multiple mineralization stages. 
Most gold-silver mincraliz.,tion is associated wtth the L-111 stage 

The presence of V-dommated Fl in several stages suggests that bolling 
occurred intcrmincntly throughout ore dcposttion. The Tf of the car her 
mineralization epoch (263-283°C') were slightly higher than those of the 
later mineralizallon epoch (246-260°C) except for stages E-111-b (223~C'l 
and L-VII (206°C). Sal range from O.S to 6.0 wt o/o NaCl eq .• although 
CO2 concentrations up to I .4 wt% in some later stages account for a por­
lion of the apparent sal. These data indicate that maximum P,.... of the ore 
F was 31 to 68 bars. equivalent to 430 to 850 m below the palcowater table. 

Quartz morphology combined with Fl studies suggests that bo1ltng of 
the F occurred repeatedly. leading 10 siltca-supcrsaturated cond11ions with 
respect to quartz and resulting in the formation of the various silica tex­
tures. Rccrystallizauon of silica to quanz occurred throughout vein forma­
tion. 

The stable isotope data combined with paragencses. quartz textures. 
and Fl studies suggest the following model for the Koryu gold-silver de• 
posits. The veins show two distinct mineralization epochs. an earlier and a 
later one. which were responsible for cypc I and 2 hydrothermal F. respec­
tively. Both types arc dominantly meteoric water in origin. The early F is 
charactcriud by relatively heavy 6110 values (-S.3 to -4. 7"o) and a T of 
~600C. The lmer Fis charactcriud by relatively low 6110 values (·9 3 to 
~ .0%o) and a T of~S0°C. Type: I F may have circulated deeply and 
leached Ca and Mn, which were precipitated as manganocalcite and jo­
hannsenite during the earlier mineralizallon epoch. Type: 2 F mixed with 
shallower water. ascended through new conduits. and apparently carried 
large amounts of gold and silver. although the source of the metals cannol 
be determined at present, When the hydro<ltcrmal F ascended Bl discrete 
time intervals to the boding zone ( <850 m) during the later epoch. gold and 
silver were precipitated at 2so•c. (From authors· abstract by ER.) 

The analytical procedures used to mcasllfC the CO2 concentration. 
hydrogen and carbon isotope ratios of Fl. carbon isotope ratios of man• 
ganocalcitc. oxygen isotope ratios of quartz, and sulfur isotope ratios of 
pyrite arc given in an appendix. (E.R.) 

SHMllLOVICH, K.1. and CHUR.\KOV, S.V., 1998. Natural fluid 
phases at high temperatures and low pressures: J. of Geochemical Explo­
ration. v. 62. p 183-I 91. Author at GcoForschungsZcntrum, Potsdam. 
Germany; email (kirill@glg.ed.ac.uk) 

Gas phases at low P and high (magmatic) T have certain peculiar 
propcnics. The F 1s mainly water V. which is usually observed during dis­
charging of crystal magmatic M (sicJ. At >700"C' and <100 bar these pe­
culiar propenies include: formation of near ·dry' salt Mas second F phase. 
very strong fracuonauon of hydrolysis products between V and M. subva­
lence state of metals during transpon processes. and high sens111v1ty of lhc 
G to conditions of subltmate precipitation. Phase diagram analysis as well 
as results of field and laboratory experiments arc presented in this article. 
The processes could be a model for induslrial technologies to clean wastes 
from toxic. rare and heavy metals. Transport forms of some elements in 
volcanic G arc very similar to the species which were formed first ,n the 
protosolar nebula (Authors' abstract) 

SHUMLYANSKIY, V.O. and IVANTYSHYNA, O.M .. 1998, Geological 
features. zonal,ty and ore forming solutions of the Nickitovka mercury ore 
field (Ukraine) (abst.): GAC/MAC Meeting Quebec 1998. Abstract 'kl• 
ume 23, p. A-172. Authors al Inst. ofFundamental Studies, P.O. Box 291. 
Kyiv-01. 252001 Ukramc: email (hod@metaldp.kiev.ua) 

The Nicknovka mercury ore ftcld discovered in 1879 is among the 
largest field of quartz~1ckitc-cinnabar type:. High-grade cinnabar ore was 
widespread in sandstones near the surface. and s1ibn11c-cinnabar ore w11h a 
mercury content of about I% was within disjunctive zones. To a depth of 
400-450 m Hg-average content decreases 10 0.1% and Sb-content grows. 
moreover vemlct-disseminated mineralization is relteved by a system of 
small veins. 

Ore-forming Twas changed from 320 to I0S°C. moreover the main 
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cinnabar mass was precipitated at a T of I 50-1 0S"C and P of 16-12 MPa. 
Value s;~s in cinnabar. s1ibmte and pyrite is changed in limits from 

+3,5 10 -1.4'Jbo. 
Ore-fonning soluuon composition is hydrocarbonate and chlonde­

hydrocarbonate {sometimes with so/·. F) Na-K-Mg {sometimes with Li). 
Solution concentration in hydrothennal process was decreased from 9.3 10 
4 0 wt%. G phase composition (in vol¾) is CO2 (85). Ni (6-12}. CH. (up 
to 5) and H2 (l-3}. In water from a Fl within quartz of the ore s1age 6D is 
from -80 10 -82'Jbo. and 6110 from 2. 7 to 0.1 'Jbo SMOW (Panov. 1990). 

By isotopic composition the ore-fanning solution resembles Salton 
Sea geothennal brines (Craig. I 966). (From authors' abstract by H.£.B.) 

SIBSON, R.H. and SCOTT, J., 1998. Stress/fault controls on the con• 
tainment and release of overpressured fluids: Examples from gold-quanz 
vein systems in Juneau, Alaska; Victoria. Australia and Otago. New Zea­
land Ore Geol. Reviews, v. 13, p. 293-306. Authors at Depl. ofGcol., 
Umv, ofOtago. P.O. Box 56. Dunedin. New Zealand; email 
(rick.sibsonq.ilslonebow oiago.ac.nz) 

The brittle carapace overlying a prograding metamorphic belt em­
braces the transition between a hydrostatically pressured near-surface F 
regime and the near-lithostatic F P characterising prograde metamorphism 
at depth. with the lower portion of the carapace acting as a low penneabil• 
ity barrier. During exhumation. the base of the carapace migrates down­
wards into the core of a cooling orogen. Mesozonal gold-quanz vein sys­
tems hosted in fault-fracture meshes (comprising low-displacement shears 
intcrhnkcd with hydraulic extension fractures) may develop towards the 
base of. or within, the brinle carapace.. Such mesh structures, "self­
generated" by the infiltration of overpressured F at P locally exceeding the 
least principal compressive stress (i.e. Pt>(J3}, form h1gh-penneab1lity con• 
duits for episodic large-volume F discharge by fault-valve action. These 
concepts are explored principally through comparison of gold-quartz vein 
systems hosted in fault-fracture meshes within the Bendigo-Ballarat zone 
of the Paleozoic Lachlan Fold Belt in Victoria. Australia. with those devel­
oped within the Mesozoic Otago Schists of southern New Zealand. (From 
authors' abstract by E,R.) 

SIDIANN, M.G., KLINGENBERG, lmke and PROHL, Hansjllrg, 
1998, Investigations on fluid inclusions from late Pennian {Zechstein) 
cvaporites in northern Gennany (abst.): Program and Abstracts, PACROFI 
VII. Pan-American Conf on Research on Flutd Inclusions. June 1-4. Univ. 
of Nevada, p 61. Authors at Fachgebiet Mineralogie. Geochemie. Salzlag• 
erstanen. Technische Univcrsitat Clausthal. Adolph-Roemer-Str. 2A. 38678 
Clausthal-Zellerfeld. Gennany: email (siemanni1iimmr.tu-clausthal,de) 

Several Fl in mostly S salts in late Penn1an evaporites from a salt dome 
were invesugated. The gaseous components were measured by l aser Ra­
man Spectroscopy. The brines were then cxtrac1ed using a micro drilling 
system. diluted and analysed by Ion Chromatography, Due to the exis1ence 
of dxl in the majority of the I different methods were tested to discover the 
Tt. Th obtained by heating-cooling stage are compared with T calculated 
from d1stnbution coefficients between dxl and brine. 

For the interpretation of brine in Fl. their chemical composiuons have 
to be compared with knovm solid-solution equilibrium data. This compan­
son yields infonnation on the quality of extraction and dilution. Due to the 
existence of different data bases the interpretation of brmes in I may some­
times be equivocal. The differences of some of these data bases are shown 
graphically with special considera1ion of the stability field of camall ite. 
because most of the extracted brines are saturated with carnallitc. Whereas 
some brines are ftec of MgSO4 and are thus only satura1ed w11h halite. car­
nallite and±anhydrite. other brines are also saturated with kieserite and/or 
kam1te. (From authors' abstract b} ER) 

SIEMANN, M.G. and SCHRAMM, :\I., 1998. Thermodvnamic model­
ling of Br partitioning in brines and marine evapontes (abst.): Mmeralog,­
cal Magazine. v. 62A. V. M. Goldschmidt Conf.. Toulouse 1998. Extended 
Abstracts. p. 1400. 

SIEWERT, T,. B0TTNER, H. and ROSENHAUER. M., 1998. Experi• 
mental investigation ofthennodynamic melting propenies in the system 
NaCI-KCI at pressures ofup to 7000 bar: N. Jb. Miner. Abh~ v. 172. no. 
213, p. 259-278. 

SILLITOE. R.H. and THOMPSON, J.F.H .. 1998. lntrusmn•related vem 
gold deposits: Types. 1ectono-magmatic settings and d1fticulties of disunc• 
tion from orogenic gold deposits: Resource Geol.. v. 48. no -1 , p, 237-250. 
First author at 27 West Hill Park. H1ghga1e Village. London N6 6ND. 
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England. 
Several features of vein gold deposits, including imprecise relation• 

ships to individual inb\lsive phases. poorly developed mineral and metal 
zomng. apparent time gaps between intrusion and mincral1zat1on and pres­
ence of low-sal. COz-rich Fl. arc commonly taken to indicate a non-igneous 
origin and to be more typical of orogenic (mcsothermal) gold deposits gen• 
crated dunng accretionary tectonic events. However. several or all of these 
features apply equally to some intrusion-related vein gold deposits and. 
therefore. do not constitute distinguishing criteria The currently popular 
assignment of most gold-rich veins to the orogenic catcgol)' requires cau­
tion. because of the geological convergence that they show with some in-
1rusion-related deposits. A proper distinction between intrusion-related and 
orogemc gold deposits is crucial for exploration planning. (From authors· 
abstract by H.E.B.) 

SILVA, W.L.,XAVIER. R.P. and LEGRAND,J.M., 1998, Fluid regime 
in lode-gold deposits of the Proterowic Serido Belt. Borborema Province. 
NE Brazil {abst.): Program and Abstracts. PACROFI Vil. Pan-Amcncan 
Conf. on Research on Fluid Inclusions, June 1-4. Univ. of Nevada. p. 62. 
First author a1 lnst11u10 de Gcocitncias e Citncias Exatas/UNESP. Rio 
Claro- SP, Brazil. 

Metamorphism to mid-upper amphibolite fac1cs. and the emplacement 
of numerous granites and pcgmatites. mobilized and/or generated F which 
altered the regional metamorphic assemblage in this belt and fanned high 
grade. low tonnage lode-gold deposits along NE-striking. regional-scale 
transcurrent shear zones. The Sao Francisco and the Sao Femando-Caic6 
arc among the most important of such deposits. 

Fl studies by microthennomeuy and Laser Raman m1crospectroscopy 
(LRM) in aunferous vein quartz in both deposits identified three Fl types: 
(type I} low-sal (3-5 wt"/o eq. NaCl) H20-CO2; (type 2) CO1-rich: (type 3) 
HiO with varying sal and solutes. The types I. 2 and 3 coexist in isolated 
groups and texturally appear to be P In these groups. the TmCO2 for types 
I and 2 I arc - 56.6°C 10 -59.0"C. and LRM reveals the presence ofN2 (up 
to 8 6 mol¾) and C~ (up to 2.4 molo/o). These Fl also show a large varia­
tion in the density of the carbonic phase. as indicated by ThCO2 (I) ranging 
from - 38"C to 31°C. The type 3 Fl in these groups are typically low sal 
(Tfooe up to - 8"C) and dominated by NaCl. Types 2 and 3 Fl also commonly 
delineate intra- and in1ergranular m1crofrac1ures. probably representing 
later F phases than those preserved in the isolated groups. Mmor H:O-COi 
Fl (type I) also occur along microfractures, Microfractures rarely host more 
than one Fl type. The composition of type 2 Fl along microfractures are 
similar to those m the isolated groups. although ThCOi (I} tends to be 
higher ( I 0&C 10 31 °C). particularly for those along mtergranular micro­
fractures Type 3 Fl along microfractures in auriferous quanz veins hosted 
by muscovite schists in both deposits show: (i} Sao Francisco - Te of -
75°C and Tfice between -51°C and - 20"C; and (ii) Sao Femando-Caic6 -
Te of -<i9"C to -36°C and Tfice between - 31 •c and -s•c. These aq F have 
variable sal and a complex mixture of chlorides of Na. K. Ca. Mg. and Li. 
In contrast. Fl in gold-bearing veins hosted by sheared metatonalites are 
low sal (<4 wt"/o eq. NaCl) and contain NaCl as the major solute. 

The study shows that HiO±COi F occurred ooevally during at least 
pan of1he peak metamorphism and lode-gold deposition. Although we 
highlight the low-sal H2O-CO1 F. it 1s also likely that multicomponent aq 
brines also played a role in the transport/deposition of lhe gold and base 
metals, Although further studies are necessarJ. loss of HiS during immisci­
bilicy. mixing. or cooling may have occurred (From authors' abstract by 
£.R.) 

Sl!\IAKOV. S.I< •• 1998, Redox state of Earth ·s upper mantle peridotites 
under the ancient cratons and its connec1ion with diamond genesis: Geo­
chim. et Cosmo. Acta. v. 62. no. 10. p. 1811-1820. Author at Geological 
Facull}, St. Petersburg Univ .. Universitetskaya emb. 7/9, St Petersburg. 
199034. Russia: email (simakov@vap.usr.pu.ru) 

P-T -/02 conditions and F composiuons were esumated from mineral 
paragenesis from I in diamonds. diamond-bearing. and diamond-free xeno­
liths using gamet-orthopyroxene barometers and ohvine-orthopyroxene­
garnet oxygen barometer. The data indicate that upper mantle is zoned, 
with relatively oxidized lithosphere and reduced astenosphere. The upper 
mantle becomes increasingly reduced with increasing depth I within dia­
monds could have formed in equilibnum with the methane-nitrogen-rich F 
which corresponded to the existence of metal-silica1e M. Diamond-bearing 
and d1amond-ftce peridotite xenohths cqu1hbrated w11h COi-HlO and CO2· 
nch F correspondingly. (Author·~ abstract) 

SIMEOlliE. Rossana, 1998. Precious metal mineraliz.ation at Os1lo 
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(Nonhem Sardinia): Summary of PhD research published in Plinius. no. 
19. p. 229-232 Author at Dipanimcn10 di Geoingegncria c Tecnologic 
Amb1entah, Umvcrs11a d1 Cagliari, Piazza d' Armi I. 1-09123 Cagliari. 

Fl studied were hosted by crystalline quartz from several stages. Two 
typcS of Fl were observed: twO phase l•rich I and two phase V-rich I. 
where the first type is dominant T~=198-270"C, with a general increase of 
T with depth. Ice melting (T.,,) range between 0.0 and •2.3°C indicating 
that F contain <4.1 wt.% NaCl eq. Melting point depression do\len -1.5°C 
could be caused by presence of small amount ofCOi<0.9 m COz in ab­
sence ofCOi clathrate fonnation. Coexisting L-rich and V-rich groups of 
Fl mdicale that boiling took place during their fonnation. T~ measured for 
stages I. II, and Ill were fined to boiling point for depth curves characteris­
tic of dilute F composition assuming that ascending hydrothcnnal solutions 
were governed by hydrostatic gradient. The position of the paleo-water 
table was estimated assuming that piezometric level coincides with the 
water table. The minimum paleo-water iable was between 200 and 300 m 
above the present day eroslOll surface. (From author's abstract by E.R.l 

SIMON. Grigore. KESLER, S.E .• HALL, C.1\1. and RUSSELL, Nor­
man, 1998, Jacinto. Cuba· An cpithennal gold deposit in an Old Island arc 
(abst.). Geological Society of America Annual Meeting 1998. Abstracts, v. 
30. no 7, p A-372. First author at Dept. of Geological Sci .• Univ. of 
Michigan. Ann Arbor. Ml 48109. 

The Jacinto deposit m the Camagiley district of central Cuba is a typi­
cal. low-sulfidation adulana-sericite epithcrmal gold deposit. It includes at 
least five veins that are up to I km in length. up to 2 m wide. and at least 
300 m deep, The veins consist almost entirely of quanz. with minor 
amounts of adularia. calcite (commonly bladed). pyrite and gold. Gold ore 
shoots are restncted venically (about SO m) but continuous horizontally 
and indicate that the system was tilted about 5° NE. Fl in vein quartz yield 
Th of200-320•C and sal of< I eq. wt.¾ NaCl. and confirm that the hy­
drothcnnal F boiled. Stable: isotope analyses of quartz. calci1c. and I waters 
indicate that mineralizing solutions evolved from isotopic compositions 
near those of magmauc water toward values typical of meteoric water. 
(from authors' abstrael by HEB.) 

SIMONOV, V.A~ LAPUKHOV, A.S., MILOSNO\', A.A .• KOVYAZIN, 
S. V. and MEL'NIKOVA, R.D., 1998. Ore-forming processes in the south 
Atlantic magmatic and hydrothennal systems (Bouvet Triple Junction): 
Russian Geo!. and Gcophys .• v. 38. no. 12. p. I 963-1970. Authors at 
United Inst ofGeol .• Gcophys. and Mineral .. Siherian Branch of the Rus­
sian Acad. of Sci .• Univcrsitetskii pr. 3. Novosibirsk. 630090. Russia. 

Investigation of a collection of rocks with ore and hydrothennal min• 
erals gathered during the 18th cruise of !he research vessel Akademik 
Nikolai Strakhov ( 1994) at the Bouve1 Triple Junction provided new data 
on composition of sulfides and charac1eris1ic distribution of gold in mag­
matic associations. Liquid CO2 I have firs! been found for the lithosphere 
of modem oceans: they indicate a considerable role ofCOz in hydrothermal 
systems near the Bouvct hotspot. According to data of analysis of CO: and 
aq solution I, parameters of H1O-CO2 F that fonncd quartz from sulfide ore 
have been determined (NaCl-+CaCh+H20+CO1: T•:?00•3 I o•c. P=900-
l 700 bars). II has been established thal aq solutions compositionally close 
to sea water (NaCl+MgCl:+HiOl with T of I 70-200°C arc predominant in 
hydrotherms with insignificant contents of ore components (Authors· 
abstract) 

SINGH, Jagmoh111, BLE~COE, J.G. and SEITZ. J.C .. 1998. E~pcri­
mentally determined excess molar volumes for HiO•N2 fluids ac )OO"C. 75-
1000 bars (abst.): Geological Society of Amenca Annual Meeting 1998. 
Abstracts. v. 30. no. 7. p, A-319. First author at Oak Ridge National Labo­
ratory. P.O. Box 2008. Bldg. 4500-S. Oak Ridge. TN 37831-61 l 0: email 
(smghJ@oml.gov) 

Compared to H20-COi Fat 300°C. 75-1000 bars. HiO-N2 mixtures 
have systemaiically larger excess molar volumes and a wider composiuonal 
range of 1mmiscibility. This indicates that. at these P-T conditions. H1O-N2 
Fare significantly more nonideal than Hi0-CO2 mixtures. (From authors· 
abstract by H E.B.) 

SINGO\'!. Blatlol·dl and KHIN Za"·• 1998. Fonnation ofmagnetite­
scheelitc skarn mineralization at Kara. nonhwcstem Tasmania: Constraints 
from mmcral paragencsis. fluid inclusion and oxygen isotope studies 
(abst. ): Program and Abstracts. PACROFI VII. Pan-American Conf. on 
Research on Fluid Inclusions. June l-4. Univ. of Nevada p. 63. Authors at 
CODES SRC. University ofTasmania GPO Box 252-79. Hobart. Tasma­
ma 7001. 
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Sec FIR.. v. 29, p, 195 (E.R.) 

SIRBESCU. Mona-Liza, and NABELEK. Peter. 1998. Inclusions in the 
Harney Peak gramte and its associated pegrnatiles (Black Hills. South Da­
kota): implications on geochemical C\·olution of magmatic fluids in a lcu­
cogranitic system (absl ): Program and Abstracts. PACROFI VII. Pan­
American Conf. on Research on Fluid Inclusions. June 1-4. Univ of Ne­
vada p. 64. Aulhors at Dept.of Geological Sci .. Umv. of Missouri. Co­
lumbia. MO 65211. 

We performed a comparative petrographic and m1crothermometnc 
study ofl within the texturally variable Proterozoic Hamey Peak leu­
cogranitc (HPG) and m several simple and zoned pegrnautes from its asso­
ciated pegrnatitc field. Mixed saline COi·H2O (type 1) F dominate P and 
PS I in quanz, tourmaline. and gamc1 of homogeneous. layered grani1es 
and pegrna1111c segregations within the HPG. Dis1inct saline aq (type II) 
and carbonic (type Ill) S F. which are present throughout all inves11ga1ed 
samples. are considered to have fonncd as a result of unmixing of the type· I 
fluid. The type I primary I from a large. zoned. rare clement Bob Ingersoll 
pegrnatite arc similar m composition (sal of aq phase around 52 wt% NaCl) 
and Thl-V=)OO± 7S°C to the type I fluids trapped in the HPG. In a narrow 
simple pegrna111e dike. the "Carol Creek" pegrna111e. the presence f1.e va­
lidity?] of PFI in large quartz and apatite crystals is quesuonablc as they 
were lmgely obliterated by inlcnse circulation of type II and Ill secondary F. 
Nonetheless. P F are ev1<fent in garnet. as well as in small quartz grams 
within the graph1c feldspar quartz intcrgrowths. 

EDS-SEM analyses were performed on solid-beanng Fl and fully 
crystalline polymmcral1c I within quartz. tounnaline and garnet Some of 
the observed sohds arc dm crystallized out of a cooling F or M rather than 
accidentally trapped crystals during host crystal growth or parttclcs me­
chanically transponed by S F. Mixed H20-C02 I w•thm Harney Peak 
Granite and its pegrnatites contain various aluminosihca1cs and simple or 
complex compounds of P. S. Cl. etc .. some bearing rare elements such as 
Cs. Pb and Sn In contrast, mixed I in quartz filling necks of boudinagcd 
granite sills. with 1dcn11cal thermometric propen1es. contain relatively sim­
ple Ca. Mg. Na and/or K chlorides. EDS-SEM analysis of dxl proves to be 
a relatively rapid and simple tool. giving a useful ind1ca11on of F chemistry 
in situations in which co-existence of distinct populations of Fl and/or m• 
soluble daughters make bulk chemical analyses of extracted F mappropn­
ate. Additional WDS-SEM microanalysis will provide mformallon on cle­
ments lighter than Na. This investigation provides a necessary base for 
more sophistica1ed m s11u microanalyses ofF and/or solid I chemistry by 
LA ICP-MS or Raman spectroscopy. (From authors· abstract by E.R.) 

SISSON. T.W., 1998. Evidence for melting processes in the sub-arc mantle 
from melt inclusions in phenocrysts (abst. ): EOS. Trans .. 79 (45) Fall 
Meet. Suppl.. p. FI002. Author at USGS. 34S Middlefield Rd .• Menlo 
Park. CA 94025. USA: email (tsisson@usgs.gov) 

Melting beneath arcs is generally thought to involve water released 
from 1he subdllCling slab that enters the mantle wedge and allows pendotite 
to melt. Because Ml in phenocrysts can trap magmatic volatiles that would 
otherwise cxsolve. they can provide decisive infonnauon on melting proc­
esses. High HiO contents (to 6 ~lo) analyzed in mafic Ml from arcs and 
somewhat lower values (to 2 wt%) measured m glassy pillow nnds from 
back-arc basins vcnf} that H2O is direclly involved in generating many arc­
related basaltic magmas. Ml from some prim111ve (lo 11 wt% MgO) arc 
basalts have surprisingly low H2O contents (0.2-0.4 wt%). similar to values 
in MORB. These dry magmas allow firm estimates ofT and flow paths in 
parts of the sub-arc mantle: wedge. Dry Mand high Tat shallow levels arc 
explained most simply 1fhot peridotile upwclls into the mantle wedge and 
undergoes P•relcasc melting The relative contributions ofHzO-fluxing 
versus upwdling-induced melting probably vary between arcs and over 
time in single arcs. but the relative significance of these melting processes 
has yet to be estimated anywhere. (From author's abstract by E.R.) 

SLOA~. E.D .. Jr,. 1998. Gas hydrates: Review of physical/chemical 
propenies: Energy & Fuels, v 12. p. 191-196. Author at Center for Hy­
drate Research. Colorado School of Mines. Golden. CJ 80401. USA. 

An overview 1s provided of time-independent physicaVchem1cal prop­
enies as related to crystal structures. The following two points are illus­
trated in this review. (I) Physical and chemical propenies of struc&ure I (sl) 
and structure II (s11) hydrates are well-defined: measurements have begun 
on sH. Propenies of sl and sll are determined by the molecular slructures. 
described b} three heuristics· (•) Mechanical propenies approximate those 
of ice. perhaps because hydrates are 85 mol¾ water, Yet each volume of 
hydrate may contain as much as 180 volumes 1STPI of the hydrate-forming 
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species. (ii) Phase equilibrium 1s set b) the size rauo of guest molecules 
within host cages. and three-phase (L..-H-V) equ1libnum P depends ex~ 
nenllally upon T. ( iii) Heats of formauon are set by the hydrogen-bonded 
crystals and are reasonably constant withm a range of guest sizes. (2) Fun­
damental research challenges arc (a) lo routinely measure the hydrate phase 
(via diffraction, NMR. Raman, etc,.), and (b) 10 formulate an acceptable 
model for hydrate formation kinetics. The reader ma}· wish to invesugate 
details of this review further, via references con1aincd in several recent 
monographs. (Author's abstn1et) 

SLOBODNIK. M., MUCHEZ. Pb., SINTUBN. M. and MELICHAR. 
R., 1997, Geometrical analysis of S}nkinematic calcite veins m the Varis­
can front complex: Examples from the Stattc-Flemalle Anticline (Bel­
gium); In; Belgian Symposium on Structural Geology and Tectomcs, 
Aardk.Mededel .. 1997, v. 8, p. 169-172, 

Includes discussion of use of Fl (E.R.) 

SLODKEVICH, V. V. and SHAFRANOVSKY, G.J .. 1998. The diamon­
diferous mineral association of gas-fluid origin in the Bel'tau stratified 
pluton {Uzbekistan) (absl.): Second APIFIS lnfl. S)mp. Mineral Forming 
Fluids and Ore Genesis, Oct. 28-30. 1998, Tashkent, Uzbekistan. Abstracts 
volume, p. 45-46 (in Russian), 

See Trans/a/ions. 

SMIRNOV, S.K. and KOZLOV, V.V., 1998b, Second APIFIS lnt'l Symp. 
Mineral Forming Fluids and Ore Genesis. Oct. 28-30, 1998, Tashkent. 
Uzbekistan. Abstracts \blume. 165 pp .. in Russian and Enghsh 

Individual abstracts are in this volume of FIR (E R ). 
See Transla1ions. 

SMIRNOV, S.Z., BAKUMENKO. I.T., TOMILENKO, A.A. and BU­
KIN. G. V., 1998. Inclusions of a mineral-forming medium as indicators of 
the origin of synthetic gemstones: Russian Geol. And Geophys .. v. 3 8, no. 
10, p. 1669-1678 (in Russian; Engl. trans. 1998 Allerton Press. Inc,) 
Authors at United Inst. ofGeol.. Geophys and Mineral .. Siberian Branch 
of the Russian Acad. of Sci .• Univcrs1te1Skii pr. 3. Novosibirsk. 630090. 
Russia. 

Inclusions of a mineral-formmg medium give important information 
on mineral origin. Applying methods commonly used in the study of natu• 
ral mineral fonnation conditions. the authors attempted to show the special 
features of Ml in synthetic ruby. sapphire. emerald. alexandrite. and spinet. 
Crystals grown from M and flux solutions have been studied, Morphologi­
cal features of the I as well as their phase composition and phase trans for• 
mation conditions arc under discussion. I in S}nthetic crystals have a num• 
ber of typomorph1c features, e.g., crystalline aggregate as vacuole infill. 
high T of phase transformation. and specific composition. These features 
arc not typical of I in natural gemstones, thus permitting one to distinguish 
between natural and synthetic gemstones. on the one hand. and to choose 
an appropriate method for gemstone synthesis, on the other. (Authors· 
abstract) 

SMIRNOVA, S.K. and KOZLOV, V. V .. 1998a. Mineral associauons and 
the origm of the ore-shows at Akcha-Talbulak: Uzbekistan (abst.): Second 
APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 
1998. Tashkent. Uzbekistan. Abstracts volume. p. 120-123 (in Russian). 

SMITH, Martin and HENDERSON, Paul, 1998a. Fluid evolution during 
formation oflhe Bayan Obo Fe-REE-Nb deposit China (abstl: Mineral 
Deposits Study Group Annual Winter Meeting 14-16 Dec. 1998. St. An­
drews. Scotland (unpaginated). Authors at Dept. of Mineral., The Natural 
History Museum. London. SW7 5BD: email (mars@nhm.ac.uk) 

The Bayan Obo Fe-REE-Nb deposit. Inner Mongolia. China. is the 
world ·s largest REE deposit. The deposit has been interpreted to be of 
hydrothermal origin, related 10 either carbonatite magmausm. or to F gen­
erated during subduction. However. vel} little is known about the P-T 
conditions of the deposit's formation. and the nature of the mineralising F. 
Here we report the results of a study of Fl in a range of minerals carried out 
in order to provide new constraints on f evolution in the deposit. 

Fl in the earliest stages of mineralisauon (disseminated monazite) arc 
aqueous-carbonic I (Lw+Lc+V). with bulk sal in the range 1.010 2.2 wt% 
NaCl eq., and estimated CO2 contents of 4 7 to 66 wt%. Fl from apatite 
and bastnasue from the mam stage banded ore mineralisation are both aq 
(Lw+V) and Lw+Lc+V. Sal ofLw+V I range from 610 10 wt% NaCl eq. 
Lw+Lc+V I show hulk sal from I to 3 wt% NaCl eq .• and estimated C01 
contents of 18 to 40 wt%. Th m these I range from 290 10 340°C for 
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Lw+Lc+V I. and from 240-290-C for Lw+V I No independent P•T infor­
mation is available, but minimum P for banded ore formation calculated 
from the Th data suggest mineralisation at P> 2 kbar. accompanied by 
cooling from m1mmum T of 450-300°C and by evolution of the F to more 
C(}z-rich compositions. 

Fl in aegirine from the banded ores and from aeginnc veins all contain 
an aq l. plus V, with no detectable CO2. Th ranges from 280 to 3 50°C. and 
sal from 5 to 15 wt% NaCl eq. Lw+Lc+V I occur in apatite and bastnasite 
from aeg1rine veins. and show Th ranging from 230 to 3oo•c. bulk sal 
from 0.3 to 3 wt% NaCl eq., and CO2 contents of 30 to 80 wt%. The final 
stage in vein and vug fill is fluorite. which shows both halite bearing aq I, 
and low sal Lw+Lc+V Im the same populations. Th in the Lw+Lc+V 1s 
typically around 240 to 270°C. This population is ind1ca11vc of immisci• 
bUity between aq and carbonic Fat P~ 1·1 .5 kbars. If this is assumed to be 
a representative P for the vein forma1ion it suggests cooling from around 
450-3SO"C during aegirine fonnation. through apatite and bastnasite d~ 
sit ion at around 340-280"C. to fluorite depos111on at around 240-270°C. 

Fluonte m banded ores and veins hosts II wide range of secondary 
Lw+V I with Th ranging from 240 to 150°C, The general trend ofsal in 
these I suggests dilution from around I 0-15 wt"lo NaCl eq, to 5 wt% NaCl 
cq. Halite-bearing I in lhcse populations may indicate episodes ofbo1hng. 
under P dropping 10 as low as a few tens of bars. Aq I in barite have very 
lowsal (<I wt"/o NaCl eq.) and homogenise from 130-200"C. 

All the Fl generations can be correlated with the different paragenellc 
stages of REE mineralisation al Bayan Obo, and indicate changes m F 
composition during a long history of F circulauon. ore deposition and 
remobilisation. Many of the features of the evolution in F composition at 
Bayan Obo arc comparable lo what is known about post-magmatic F evo­
lution in carbonatites. A re<Valuation of current models based on isotopic 
data is necessary to confirm this comparison, or 10 demonstrate that lhe 
similarities are purely a function of REE mmeralisation in a carbonate host 
rock. (Authors· abstract) 

SMITH, Martin and HENDERSON. Paul, 1998b. The textural and 
chemical characterisllcs of rare-eanh minerals from Bayan Obo. Chma· 
Constramts on the evolution of the world's largest REE resource and impli­
cations for the hydrothermal transport of the REE (abst.); Mineral Deposits 
Study Group. Annual Meeting. 5-6 January, 1998. Univ, Greenwich. UK 
(unpaginated). Authors at Dept. ofMmeral .• The Natural History Museum. 
London. SW7 SBD. 

A review. mcluding discussion of Fl evidence (E.R. I. 

SMITH. M.E.H .. LOVETT, D.R.. PRING, P.I. and SANDO, B.G .. 
1998. Dead Bullock Soak gold deposits; Australasian Inst of Mining and 
Metallurgy,v 22, p. 449-459. 

Indexed under Fl. 

SO, C.-S., ZHANG, D.-Q., YUN, S.~ T. and LI, D.-X., 1998. Alteration­
mineral iza11on zoning and fluid inclusions oflhe high su(fidation epither• 
mal Cu-Au mineralization at Zijmshan. Fujian Province. China: Econ, 
Geol., v, 93. no. 7, p. 961-980. First author at Dept. ofEanh and Environ• 
mental Sci .• Korea Univ .. Seoul I 36-70 I. Republ 1c of Korea. 

The Zijmshan mine in Fujian Province in the southeast ofChma is the 
firsl recogmzed example ofhtgh sulfidation epithermal Cu-Au mineraliza­
tion of Cretaceous age in mainland China .. The Cu-Au mineralization oc­
curs around a dacitic volcanic pipe which changes dm,\nward mto a potas­
s1c-altered granodiorite porphyry associated with porphyry copper-style 
mineralizallon. indicating a close spatial and temporal association between 
high sulficatlon Cu-Au and porphyry copper mineralization 

Zoning of hydrothermal alteration and ore mmeralization assemblages 
at Zijinshan is typically recognized from the deep and central zones toward 
shallower and outer portions wi1hin the epithermal system 

Geochemical. mineralogical, and Fl data arc consis1ent with progrcs• 
sive acid leaching toward shallower pon1ons of the hydrothermal system. 
accompanying the general decrease ofT from 300 to 380-C for the deeper 
phyllic assemblage and associated subeconom1c chalcopy• 
rite+tennanute+bomite mineralization. through 250 to 320"C for the al· 
unite alteration and high sulfidation copper mineralization. to I 00 to I 80°C 
for the shallow silicic alteration and gold deposition. Hypogene hy­
drothermal Fat Zijinshan were derived initially from a deep-level granodio­
ritc porphyry in lhe southeastern area of the mine. Followmg the fonnation 
of phyllic and dickite al1era1ion assemblages al 180 to 380"C through sim­
ple coohng and dilution of hydrothermal F. the V-rich magmatic F con• 
tainmg HCI and SOtwas probably formed by phase separation of a deep 
magmauc F and subsequently ascended northwestward. The upwelling 
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magmatic V condensed mto meteoric water at shallow levels (higher than 
1,700 m below the paleosurface). forming the high sulfidauon ep1thermal F 
( <320°C) responsible for the formation of the funnel-shaped. al unite and 
silicic al1en11ion zones. The Cu and Zu mineralization occurred after the 
acid leaching of rocks by the V condensates and the subsequent hy­
drothermal brccciation. Progressive mixing with meteoric water and the 
subsequent changes of the physicochc:mical environment (e.g➔ decreases of 
T and chloride: ion activity and increase of pH) could result m the succes­
sive precipitation of copper (within the alunite alterauon zone) and gold (in 
the shallow silicic alteration zone) at T<2S0°C. (From authors· abstract by 
E.R.) 

SOB0LEV, A., HOFMANN. A.W. and NIKOG0SIA:-,j, (,. 1998. 
Anomalous Sr in melt inclusions from Mauna Loa. Hawaii: Fmgerpnnt of 
recycled gabbro'? (abst.): EOS Trans. AGU. 79( 17). Spring Meet Suppl.. 
p. S34S. First author at Vemadsl..)' Inst. ofGeochem .. Russian Acad. of 
Sci., Kos1gin 19, Moscow. 1.17979, Moscow; email (aso­
bolev@glas.apc.organization) 

The composition of Hawaiian magmas conlllins several enigmatic 
features which rule out derivation of these magmas from ordinary depleted 
or primitive mantle rc:scrvoirs. Among these arc anomalously low Th/Ba 
and Th/La ratios. anomalously high Sr abundances (relative to REE). and 
low 110 abundances. features which arc found in many gabbros from 
ophiolites and arc caused by the presence of cumulus feldspar and seawater 
circulauon through the lower occ:amc crust (e.g. Hofman et al .. 1996 a,b; 
Eiler et al. 1996). However. it has not been clear whether the magmas ac­
quire this signature by recycling such crust through the plume source, or by 
interacuon of the plume: magmas with the prc:scnt°"ay lower oceanic crust. 

We have studied (by EPMA and SIMS) 88 Ml trapped m ohvine phe­
nocrysts (Fo84 to Fo90) from 3 picritic Mauna Loa basalts. Most show 
moderate Sr excess (up to I 00%) relative to Sm (or Nd). which is com­
lated w1th La/Sm. Five: I have exm:me Sr excesses between I SO and 300% 
and strong positive comlations between Sr and Ba/(Th. Nb). The results 
are consistent with a model in which recycled (originally) feldspar­
cumulus-bearing material is present in the Hawaiian plume source in the 
eclogitic facies. We therefore envision the plume source as a mixture of 
normal pcridotite and pc:ridotite enriched in recycled oceanic gabbro. 
(From authors' abstract by E.R.) 

See also Jochum, this volume (E.R.) 

SOBOLEV, N. V., SNYDER, G.A., TAYLOR, L.A., KELLER. R.A .• 
YEFIM0VA, E.S .• SOB0LE\-~ V.N. and SHIMIZl 1• Nobumkhi, 1998, 
Extreme chemical diversity in the mantle during eclogitic diamond forma­
tion: Evidence from 35 garnet and S pyroxene inclusions in a single dia­
mond: lntemat'I. Geol Review. v. 40. p. 567-578. First author at United 
Inst. ofGcol., Geophys. and Mineral .. Siberian Branch. Russian Acad. of 
Sci .. Univcrsitetskiy Prospekt 3. Novosibirsk 90. 630090 Russia. 

We report major• and trace-element variations in 35 garnet J extracted 
from a single eclog111c diamond from the Mir kimberlite pipe:. Yakutia. 
The variabilit)· in garnet composition is anributc:d to changing F chemistry 
in successive metasomauc fronts moving through a subducted oceanic slab 
in the mantle. These meta.somatic F also could have been the carlxm 
source for the diamond. (From authors' abstract by E.R.) 

S0B0LEV, N.\-:, YEFIM0VA, E.S .• CHANNER. D.1\1.DeR .. AN­
DERSON, P.F.N. and BARR0!'I;, K.1\1 .. 1998. Unusual upper mantle 
beneath Guaniamo, Guyana shield. Venezuela: Evidence from diamond 
inclusions: Geology, v. 26. no. 11. p. 971-974. First author at Inst. of Min­
eral. and Petrog .. Sibenan Div. of the: Russian Acad. of Sci .. Novosibirsk 
630090. Russia 

The geochemistry of mineral I in diamond is an imponant source of 
infonnation about the compos11ion of the continental lithospheric mantle at 
depths exceeding 120-150 km. At these depths. two main 1)-pes of geo­
chemical environment suppon diamond formation: they are ultramafic (or 
peridotitic) (U-typc) and eclogitic (E-typc) environments as shown by min­
erals that occur as I m diamonds. In P diamond-bearing kimbc:rlite or lam­
proitc rock the ratio of diamonds from these two geochemical environ­
ments varies widely between localities. The U-typc environment dominates 
for a very limited number of localities in South Africa Nonh America and 
Australia. The present study shows that an uncommonly high percentage 
(99.4%) of E-1)-pe diamonds with extremely variable I assemblages is 
found in kimbc:rlitcs in the northwestern pan of the Guyana shield at Gua­
niamo. Venezuela. These variations range from previously unkno\\n silica­
undersaturated corundum eclogite to abundant silica-rich coesite eclogite 
assemblages representing 22% of all E•typc diamonds. some of which 
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contain syngc:ncuc ilmenite and magnetite. The composiuonal variauons 
of garnet and omphacitc I arc extremely broad. The w1de vanabihty of the 
cclogitic source in which diamonds formed beneath the Guyana shield 
indicates a broadly basaltic chemistry in this environment. which may rep­
resent ancient subducted oceanic crust. Such specific features have not 
been reported for any other diamond occurrence and renect an unusual 
composition of the deep lithospheric mantle in this area (Authors· ab­
stract) 

SOCKJ. R.A •• ROMANEK. C.S. and GIBSON, E.K.. Jr., 1998. An on­
line technique for the measurement of oxygen and hydrogen isotopes from 
m1croli1er quantities of water (abst. )· Geological Sociel) of Amenca An­
nual Meetmg 1998. Abstracts. v. 30. no. 7. p. A-80. First author at C-23 
Lockheed Manin. 2400 NASA Road, Houston, TX 77058; email 
(rsocki/i?ems.jsc.nasa.gov) 

We repon here a technique for the extraction of oxygen and hydrogen 
isotopes from small (IO microliter) water samples. The need exists for a 
routine oxygen isotope extracllon method of micro-quantities of water from 
Fl, structural water within hydrous minerals, and for use in doubly-labeled 
water studies in the medical and the veterimuy sciences. Furthermore. our 
technique eliminates the nc:cd for po1entially dangerous. expensive: and 
messy reagents (e.g. bromine pcntanuoride and guanadine-HCI) associated 
with other micro-analytical extraction techniques. Our method 1s a modifi­
cation of the traditional Epstein and Mayeda 1953 CO1-H2O equilibration 
technique:. The method described here involves a reaction earned out ex­
clusively m 6 mm pyrex tubes which, after CO2-H2O exchange 1s complete 
(~28 hours), arc attached via a stainless steel tube cracker directly to the 
inlet pomon of an isotope rauo mass spccrrometer for analysis. Carbon 
dioxide 1s cryogen•cally separated from the water and frozen into a cold 
trap connected to the m1crofinger inlet of a Finnigan Delta S mass spec­
trometer. Because the water sample is not destroyed it can be frozen into a 
separate zinc-filled 6 mm pyrex rube anached to the tube cracker. After the 
water 1s transfc:ITCd. the tube is flame-scaled and stored for later reduction 
of water to hydrogen for D/H isotope: analysis. Because the molar rauo of 
oxygen in water to that m COi is lower than with conventional analyses. 
applicauon of the Craig. 1957 comction factor becomes critical. Provided 
this correction is applied. the accuracy and precision of this method arc 
comparable to other techniques using much larger samples On the basts of 
the number of analyses. oxygen isotope reproducibilit)· of three mtema­
llonal standards ( V-SMOW. GISP. and SLAP), and one laboratorv standard 
is bener than ±0.09 permil. Furthermore. hydrogen isotope reproducibility 
is comparable to that using the standard zinc reduction technique. 
(Authors· abstract) 

S0KERINA, N.V. and SHi\NINA. S.N. 1998, Peculiarities of the forma­
tion quanz veins m the area of the Sinirga prospect (abst. ): Second APlFIS 
lnfl. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998, 
Tashkent. Uzbek1stan. Abstracts volume. p. 111-112 (in Russian). 

See Trans/a/Ions. 

S0L0I\I0N, l\like and IOIIN Zaw, 1998. ·'In praise of understanding 
ore-forming processes''-A reply: SEG Newsletter No. 34. p. 40. 

S0L0\'0\'.-\, I.P., R\'ABCHIK0V, l,D .. KOGARK0, L.N. and KO­
N0NK0VA, /'i.N .• 1998. Inclusions in minerals of the Palaborwa car­
bonallte complex. South Africa: Geokhimiya 1998. no. S. p. 435-447 (in 
Russian. translated in Gc:ochm. lntemat'I .• v. 36. no. 5, p. 377-388.) First 
author at Inst. of Geol. of Ore Deposits. Petrog., Mineral. and Geochem. 
(IGEM). Russian Acad of Sci., S1aromone111yi per. 35. Moscow, 109017, 
Russia. 

I were studied in apatite from phoscorite and pyroxene from the pyrox­
enite of the southern core of the Palaborwa Complex. South Africa. It was 
detemnned that the rocks formed in the presence of salt M at T of 850-
8700C and P of 4-4.5 kbar. The calcic carbonatite M contained up to 7 
wt% S1O2 and 11 .5 wt% P2Oi. The crystalline and M jsalt) I bear ponlan­
dite. sulfates. and nuorite. whose action as nuxing components explains the 
origin ol' the low-T carbonatite magmas. even at moderate contents of alka­
lis. The 1mponant role of water in this process is highlighted by the occur­
rence ofzeolitcs in the crystalline I. (Authors· abstract) 

An analysts 1s given of a carbonate Ml ( from during apatite crystalli­
zation 1. based on volume percentages of dm calcite. pyroxene, phlogop1te. 
apatite. and nuonte (Table 6). In addition to Ca and CO.,. it shows in% 
SiO1-7. MgO•3. f·3 .4. and PiO~-11.5 (E.R.). 

SOMARI~. A.I\. and ASH LE\', P.1\1., 1998, The Glen Eden Mo-Sn-W 
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deposit. New England orogcn. NSW tabsl.): Geological Soc. of Ausuaha. 
Abstracts No 49, 14th Australian Geological Convention. To~11sv1lle. July 
1998. p. 232. Authors at Div. of Earth Sci .. Univ. ofNew England. Anni• 
dale, NSW. 

The Glen Eden Mo-Sn-W deposit in NE NSW is an example of a leu­
cogranitc•rela1ed, low-grade. large toMage hydrothennal system. The de­
posit 1s hosted within a p1pe-hkc quartt-rich grciscn brcccia body over 200 
m in diamtcr. surrounded by a grciscn zone several hundred metres across. 
The dominant ore minerals. largely hosted as open space filhngs and dis­
scminillions in quartz and quartz-rich grcisen, are molybdenite. wolframite 
and cassitcrite. 

Brcccia fonnation and associated hydrothcnnal alteration are mter• 
pJCted to be rcla1ed to dcvolatilisation of the crystallising. highly fraction­
ated Glen Eden Granite The bm:c1a pipe c.ould have fonncd in pan by 
rock dissoluuon and collapse. as well as be explosve degassing of bo1hng F. 
Fl evidence is consistent with boiling, with breccia pipe formation and • 
mmerahsation having largely occurred at 300-350°C from F with sal of0.4 
10 7 wt.% NaCl cq. in the dilute type and 3047 wt.o/o NaCl eq. in the hy­
persaline F and metals. The 6S~ values of various ore minerals vary in the 
narrow range from 0.6 to 4.4CJ. indicating a homogeneous sulfur source 
The 6Cn values of sidente he in the nanow range of -1.56 to -5 25%. sug­
gestin~ a mantle or deep-seated source for carbon. The calculated 6DH20 
and 61 OH20 values of water m equilibrium wnh muscovite show mag­
matic character The 6110 values of quartz decrease outward the brcccia 
pipe indicating that there has been mixing with 1sotopically light (high 
latnudc) mcteonc F. mainly after brccciation and fonnallon ofbreccia pipe. 
The main mechanism of mineral precipitation were boiling of the F. inter• 
action with wall rock. mixing with meteoric water and coohng. The Glen 
Eden hydrothermal system has analogies with Chmax-type porphyry Mo 
deposits. (From authors' abstract by E.R.) 

SOUISSI, P.F., FORTIJNE, J.-P and SASSI, R1dhia, 1998, The M1ss1s• 
sippi Valley-type fluospar deposit of Jcbel Stah CaF2 (northeastern Tuni­
sia); Bull. Soc. Geo!. France. v. 169. no. 2, p. 163-175 (in French; Engl. 
abst. and abridged version) First author at Laboratoire de Gcochim1e, 
URNE-INRST, BP 95. 2050 Hammarn-Lif-Tunisic. 

The mineralization of Jcbel Stah consists almost exclusively of fluo­
nte It is associated to the unconformity surface which separates the pa• 
laeorelicf of the Lower Liass1c limestones (Oust Formation) from the con· 
densed layers of the Carman phosphatic limestones and the Middle-Upper 
Domcrian marls-limestones altcrnancc. Evidences of emergence arc visible 
at the top of the infra-L1ass1c and the Carman carbonates. These two for­
mations have. funhcrmore, undergone a strong epigenetic dolomitization. 

The mmeralization is hosted in the Carix1an layers essentially. We 
observed that the mmcralization has been deposited during an epigenetic 
stage both replacing the dolomitic rocks and within veins and geodes. 

The microthcrmometnc study of Fl in fluorite and quanz (two-phase 
aq I. aq I enclosing a fine L hydrocarbon drop. and gaseous CO2-rich I) 
shows that the mineralizing F arc hydrothennal bnnes. Two stages of 
crystallization of the fluorite arc 1dcnufied The ore s.s. tf\uorite I) has 
deposited from a highly saline (20±1 wt.% NaCl cq.) under l3S½20°C T 
conditions. Fluontc 11 and silica crystalhzea in later stages owing to the 
circulation ofless saline (10±1 and S 5±1 wt.% NaCl cq .. respectively). but 
wanner F ( I 8S±20"C and 225±200C. respectively). occurring \\ilhin ge­
odes and fractures. This late heating 1s generated by the opening of frac­
tures within an extensional context characterized by a high geothermal 
gradient. This gradient prevailed over a long period as evidence b> the 
multitude of the crystallii.ation phases 

The assoc1auon of the mineralization with the unconfonnity surface 
within carbonate host rocks that underwent a strong epigenetic dolomitiza· 
uon. the T and sal of the F which deposited the fluorite ore. and the pres• 
cncc of L hydrocarbons in the la1c mineral phases allow to compare the 
Jebel Stall fluorite deposit to those of the M1ss1ss1ppi Valley-type group 
where fluorite dommaces. (Authors· abstract) 

SOURS-PAGE. R. and NIELSEN, R.L .. 1998. Constraints on the diver­
sity of mantle melts using rchomogemzcd melt inclusions (abst.): Minera• 
logical Magazine. v. 62A. V. M. Goldschmidt Conf.. Toulouse 1998. Ex­
tended Abstracts, p. 1430-1431. Authors al College of Oceanography and 
Atmospheric Sci . 104 Ocean Administration Bldg .. Oregon St Univ .. 
Corvalhs. OR 97331-5503. USA 

Our work has focused on plagioclasc-hos1cd Ml from th<: Gorda 
Ridge. the Galapagos Platfonn and the Endeavour Segment of the Juan de 
Fuca Ridge. In all areas we found that 1hcre was a corrclatton between the 
mean Ml composition and the host. The major clemcn1 composnion of the 
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I arc more primitive than the host lava suite. but can be linked to that suite 
by fractional crystalhzation. In contrast the minor and trace clement char­
acteristics of populations of Ml exhibit extreme diversity even within a 
single sample. (From authors' abstract by E.R.) 

SPANDLER. Carl, MAVROGENES, John, EGGINS, Steve and AR­
CULUS, Rickard, 1998. The petrology and PGE mineralisauon of the 
Greenhills Complex. Soudlland. New Zealand (abst.): Geological Soc. of 
Australia. Abstracts No. 49. 14th Australian Geological Convention. 
Townsville. July 1998, p. 421. Firslauthor at GEMOC. Dept. ofGeol.. 
Australian Nat'I. Univ. Canberra ACT 0200. 

The: Greenhills Complex is a relatively small ( 14 kni2) ultramafic- to 
mafic-lay~d intrusion. On the basis of whole-rock and mineral chemistry, 
together with calculated hi&h oxygcn.fugacitics (FMQ O lo FMQ + 3 ). we 
suggest the layered series was fonncd by fractional crystallization of a wet. 
primitive magma in an island-arc setting. Ml trapped within cumulus 
chrome spinel grains wm: analysed for trace elements by LA ICP-MS. 
Multi-clement trends constructed from both the dyke and Ml data closely 
compare to the trend of typical low-K island arc tholeiites and it 1s sug­
gested that the parent magmas to the: Greenhills Complex were also low-K 
island arc tholciites, derived from an mcompatiblc elcmcnt-dcplctcd mantle 
source. (from authors' abstract by E.R.) 

SPR\', P.G. and THIEB[N, S.E .. 1998. The origin of gold-silver telluridc 
deposits of the Central Montana alkalic belt (abst.): Geological Society of 
America Annual Meeting 1998, Abstracts. v. 30, no. 7. p. A-301. Authors 
at Dept of Geological and Atmospheric Sci.. Iowa Stale Univ .• Ames. IA 
50011-3212; email (pg.spry@iastatc. cdu) 

The ore mineralogy is complex and consists of Au-Ag tcllurides. and 
in some deposits, molybdenite. Bi-tcllundcs. and/or various Bi-. Au-. and 
Ag- sulfosalts. A11era1ion related to ore-stage F is localized primarily adja­
cent to veins and is characterized by 
quartz%fluoritc:t:adularia±scricite/roscoclitc:t:illite+kaolinite. Fl studies 
suggest that gold mmc:ralization was deposited from low-T ( I 30-270°C). 
moderately saline ( 1-12 eq. wt.% NaCl), non-boiling. CO2-poor. near neu­
tral pH. relatively oxidizing F. Oxygen and hydrogen isotopes indicate that 
gold-silver telluridc mineralization was deposited from mcteonc water 
(Zortman/Landusky) or by mixing of magmatic and meteoric walcrs (Gies. 
Golden Sunlight. Spotted Horse-Kentuckt Favorite). Lead isotope compo­
sitions of galena from Golden Sunlit,1 <2 Pbtl°"Pb= 18. 020-19.105. 
ZIJIPbl""Pb=l 5.574-1 S. 759. 2',-pb/2 PIF38.002-39. I 5 I) and nine deposits 
in the Judith Mountains (206Phl°4Pb-l 7.990-19 946, m Pb/200Pb-1 S.S87-
l 5.823. lOlpbfl°'Pb-38. 764-41 007). as well as sulfur isotope compositions 
from sixteen deposits for a variety of sulfides (pyrite, sphalcritc, galena. 
chalcop)Tite. marcasite). suggest a genetic relationship bctwccn alkaline 
magmatism and gold mineralization as well as contributions of orc:-fonning 
components from Paleozoic and Pmterozo1c sedimentary sources. These 
alkahnc igneous-related gold-silver tclluridc deposits occur ar the mag­
matic-cpithcrmal transition and arc: affiliated with porphyry molybdenum 
-mmeralization. (From authors· abstract by H.E B.) 

St.-AMAND, Katie, STIX, J., DELMELLE, P .. GAONAC'H, H .. 
LO\'EJO\', S. and WILLIAMS-JONES, G., 1998. COSPEC measure• 
mcnts at Masaya Volcano. Nicaragua: Pan 1- SO2 fluxes. petrology of melt 
mclusions. and multifractal analysis ofCOSPEC signals (abst.): EOS. 
Trans .. 79 (45) Fall Meet Suppl.. p. F977 First author at Dept. de Gcolo­
g1e. Univcrsitc: de Montreal. Montreal. Quebec. HJC 3J7. Canada; email 
(stamandk@--crc.umontrcal ca) 

COSPEC measurements were conducted along three roads at distances 
of S.S. I 5 and 30 km from Masaya Volcano. Nicaragua. and pctrologic 
analyses were also performed on glass samples. The sulfur contents in 
glass I do not exceed 400 ppm and are generally lower than 300 ppm. S/CI 
ratios in glass I average 0.32 with a range from O 17 to 0. 71. This suggests 
that the magma at a shallow level may be degassed or partially degassed 
with the majoril) of S01 coming from another level in the conduit or the 
magma chamber. {l'rom authors· abstract by E.R.) 

STACHOWIAK. Anja and SCHREYER. WtrMr, 1998. Synthesis, 
stabilil)· and breakdown products oflhe hydroxyl end member of jcrcmc:­
jevitc in the system AliOr B2O1-H2O. Eur. J Mineral .. v I 0. no. S, p. 875-
888. 

Indexed under Fl. 

STALDER. R.. FOLH, S.F .. BRE\', G.P. and HOR!'i, I., 1998. Min• 
eral-aqucous fluid pan11ioning of trace clements at 900-1200"C and 3.0-5. 7 
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GPa: New cxpenmental data for garnet clinop)roxcnc. and rullle. and 1m­
plica11ons for man1lc metasomausm: Geochim. c1 Cosmo. Ac1a. v. 62. no 
20, p, I 781-1801 . Fn-s1 author al lnstitut filr Mincralogic, Univers11a1 
Frankfurt. Scncli:enberganlagc 28. 60054 Frankfurt/Mam. Germany 

In order 10 constrain the role ofF phases during metasoma1ic proccs5CS 
in lhc upper mantle. trace elcmcnl partition coefficients for Ba. Sr. Pb. Nb, 
Ta. Zr. Hf, Ti. La. Cc. Sm, Tb. and Yb between aq F and cclog11c assem­
blage minerals (garnet clinop)roxcnc. and rutilc) have been determined 
experimentally at 900-1200-C and 3.0-5. 7 GPa. Using a new expenmcntal 
technique in which diamond aggrega1es are added to lhe cxpenmcntal cap­
sule set-up. the F was separated from the solid residue so that both 
quenched solute and residual minerals could be analysed directly Trace 
clement concenuauons were determined in situ by laser ablation m1c~ 
probe (LAM). 

The partitioning behaviour is controlled by T. P. and crystal chcmisuy; 
"hereas F composition 1s not as crucial. Neither addition of hydrochloric 
aced nor high silica concentrations in the F have strong effects on uace 
clement partitioning. Results mdica1c that in the presence of garnet or cli­
nopyroxenc, Nb and Ta arc highly soluble in aq F. whereas Zr and Hf show 
variable solubilities Low field strength elements <LFSE) and light rare 
earth clements (LREE) are always enriched in the F (D181UG'M"''> I). Gener­
ally. D(IM<KP') is positively corrcla1cd with T only for high field strength 
clements (HFSE). but posnivcly correlated with P for all other clements. 
Therefore. the lowest Nb/La is achieved at ihgh P and low T. However, 
even the highest P and lowest T examined did not exhibit strong negative 
HFSE anomalies in the F Gamtl retains compatible trace elcmcnts 81 3 
GPa and I000°C much more cffec1ively (D1n...1'•1Yb=0.002) than at 5. 7 
GPa at lhc same T (Dilluodl$1'Yb--()_04). Decreasing T results in a lowered 
[)<lluodl•1 panicularly for Zr, Hf and heavy REE. At 5 GPa and 900°C a 
strong inn-REE fracuonation is observed (D1llodlal'SmfYb around I 00) 
and s1gnifican1ly negative anomalies for Hf and Zr. bu! no1 for Nb and Ta. 
arc developed. Only residual rutile fractionatcs all HFSE from all other 
traee clements. Tantalum and niobium arc retained most effectively by 
rutllc. as is !he case for rulilc/M panitioning. 

F/mincral trace clcmcnl panitioning has important implications for 
mantle mecasomatism in subarc regions. A model is proposed in which 
HFSE depictions, as observed in island arc volcanic rocks, could onginate 
from a selective ennchmcnt of the mantle wedge in LFSE and LREE by aq 
F derived from a rutilc-bearing subducted slab. It is shown that mclung of 
the ennched mantle wedge. which had previously been depicted by M ex­
traction \depleted MORB mantle) can produce magmas with trace clement 
patterns s1m1lar to those of subduction-related volcanic rocks (Authors· 
abstract) 

STALDER, R., ULMER, P., THOMPSON, A.B. and G( NTHER, D •• 
1998. Experimental dctcrrmna11on of second criucal endpoints in fluid/melt 
sys1crns (abst.). Mineralogical Magazine, v. 62A. V M Goldschmidt 
Conf. Toulouse 1998. Extended Abstracts. p. 1441-1442 

STEINMANN. Marc and STILLE. Ptter. 1998. Strongly fractionated 
REE patterns in salts and their implications for REE migration m chloride­
rich bnnes at elevated temperatures and pressures: Sciences de la tcrre ct 
des planctcs/Earlh and Plance Sci., v. 327. p. 173-180. Aulhors at ULP· 
EOST .CNRS, CcnllC de gcoch1mie de la surface. UMR 7517. I. rue Bles­
s1g. 670S4 Strasbourg cedcx. France: email (m~ilhtc.u-strasbg.fr) 

Rare earth element (REE) distribution patterns have been dc1crmincd 
ma salt profile adjacent 10 a basaltic intrusion. The REE concentrations in 
lhc salts are m the ppb range. which required an enrichment pnor to 1eP­
MS analysis. The results document a strong REE ftacuonauon with in­
creasing distance from the basalt contact which could be due to REE­
chloride solution complexation The observed fractionation occu11ed at 
elevated 1empcratures and pressures and indicates a higher mob1hl) ofec, 
Pr. Nd, Sm and Eu. This finding is of interest for basic research and for the 
disposal of nuclear waste in salt formations. (Authors· abstract) 

The analyses are of bulk salt samples. but the REE might be m Fl m 
the salt? (E.R.) 

STERN, L.A., KIRBY, S.H. and DURHAI\I, W.B., 1998. Polycrystalline 
methane hydrate Synthesis from superheated ice. and low-temperature 
mechanical propenics. Energy& Fuels. v. 12, p. 201-211. 

STIPP, S.L.S .. I 998. Spontaneous movement of ions m calcite at room 
temperature and pressure· Arc !here implications for fluid inclusion com­
position. iso1ope rallos and relative trace metal distnbution" 1abs1 ): 17th 
General Meeting lnfl. Mineralogical Association. Aug 9-14. 1998, To-
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ronto. Canada. Abstracts and Programs. p. A90 Author at Interface Gco­
chcm~ Geological Inst.. Copenhagen Umv. Denmark. email 
(stipp'!?goo geotku dk) 

Atomic Force Microscopy (AFM) proves that freshly-<:lcavcd. single 
crystals oflceland spar calcite att atomically flal over hundreds of nano­
mc1crs: chemical maps from Time-of-Flight Secondary Ion Mass Spcc­
bomeuy (TOF-SIMS) dcrnonstra1c that initially, the topmost alomic layers 
are homogeneous, composed only ofeaCOi. 

However. during exposure only to air. surface morphology and compo­
sition change. Over several months. crystallites fonn on some of the sur­
faces: they are composed mostly of Na· , K • and er and range in size from 
a few to hundreds of nanometers wide and tall. 

Stringcnl precautions preclude the possibility of external contamina­
tion. The shape and distnbution of the crystallites are remm1sccnt of Fl. 
and indeed. samples containing abundant I of a size v1s1blc by optical mi­
croscopy yield aged surfaces with abundanl submicromcter scale Cl)-stal­
lites. whereas samples without visible I resull in aged surfaces where crys­
talhtes arc absent. in spite of identical prcparauon and storage. These 
observations. togclhcr with evidence showing movement of divalent ions. 
Cd2' and znt· inlo the bulk. leads us to question what other ions might also 
move in calc11c or in other ionic solids such as the halides or phosphates 
Ionic mobility may help to explain some data tiom Fl. isotope ratios and 
trace element d1stnbut10n for calcite samples that is apparen1ly incongruent 
with general geological relationships. If calcite docs not bc:havc as a closed 
system. caution muse be used in selecting samples for s1udies of petrogenc• 
sis. geochronology, palcoclimatc or palcogeograph1c cond1t1ons. In envi­
ronmental systems. movement of ions from or toward calcite surfaces may 
increase uptake and release capacity for contaminants. (From author's 
abstract by E. R ) 

See also next two abstracts (E.R.). 

STIPP, S.LS. and KONNERUP-MADSEN, J., I 998, Movement of 
monovalen1 ions through calcite at room temperature and pressure (abst ): 
23rd Nordic Geological Winier Mecling. I 3-16 Janllllf), 1998. Abstract 
\.blumc, p. 283 Authors at Interface Geochcm. Laboratory, Geological 
Inst., Copenhagen Umv., 0ster \.bldgade 10, DK-1350Copcnhagen K .. 
Denmark. 

Fl. isotope ratios and relative trace clement composition from minerals 
give valuable information about the fonna1ion cond111ons and evolution of 
rocks. bu1 the use of these data is valid only if bull.. composition has re­
mained unchanged throughout geologic time. Unul now. submicrometcr• 
scale movement al Earlh's surface T arid P has escaped ohservation, partly 
because of detccuon limitations of our tradi1ional rnclhods. In this study. 
high resolution observations from a combinauon of two relatively new 
surface-sensitive techniques complement classical geochemical data. 
Scanmng force microscopy (SFM). which provides images of1opography 
with resolution laterally of about 2 A and venically of about O I A. is ex­
cellent at providing intormauon aboul the ph)Sical nature of the surface. m­
suu. without carbon-coating or high vacuum. Time-of-flight S ion mass 
spectrometry (TOF-SIMS) gives chemical maps of the topmost atomic 
layer of a solid. "11h lateral rcsoluuon of less than a micrometer. Both of 
these techniques were used in this work. to complement data collected 
using classical geochemical mc1hods. 

Cleavage surfaces of single crystals of Iceland spar. that con1ained sub­
millimeter scale Fl. were examined immediately following cltavagc and 
then again after storage for several months. Wet chemical analysis showed 
the crystals to be essentially pure CaCOi. wilh < I o/o substitution of other 
cations. SFM showed tha! fresh surfaces were a1omically flat over a range 
of hundreds of nanometers and TOF-SIMS chemical maps proved !hat after 
cleavage the surface was composed only of the e,cpected components of 
calcne After storage of several months m air. discrete cubic crystalliles 
were observed with both techniques. They were a few to several hundred 
nanometers m height and were composed of Na·. K+. er and F-. Stnngent 
storage: and handling conditions precluded the possibility of contamination. 
The panem and distribution of these crystallites. although at a much 
smaller scale. was rcmm1sccnt of the panern and d1s1nbut10n of the Fl 
Heating stage expenments showed that !he F were composed of Na· , K+, 
ci•. and er [sic). The development of salt crystalli1cs on these smglc 
calcite Cl)"Stals suggests movement of monovalent ions from mtcmal posi­
tions in the bulk to the surface. · 

The similar pattern of linear defects m the bulk and lhe absence of 
micro- or nanoscalc holes or fractures imply diffusion along lines of crystal 
defects These results prove that in some samples of calcite. composition 
changes with time. even at ambient conditions. They suggest that coarsely• 
crystalhnc calcite may not necessarily provide samples that represent ong1-
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naJ fonnation cond111ons. Combined with other mdicauons for sohd-statc 
diffusion of cations in calcite (Stipp ct al. 1992. 1994). these results have 
senous imphcauons for our uust in the integnty of Fl composition. and 
also m the isotope ratios and trace clement distribution in some calcite 
samples. (Au~· abstract) 

Sec also previous and next abstracts (E.R.). 

STIPP, S.L.S., KONNERUP-MADSEN, J .. FRANZREB, K., Kl!LIK. 
A. and MATHIEU, H.J., 1998, Spontaneous movement of10ns through 
calc11c al standard tempcrarurc and pressure: Narurc. v. 396. p. 356-3S9. 
First author at Geolog1sk lnsmut. Kebenhavns Umvers1tct. 0ster \bldgade 
10, DK-1350 Kebenhavn K., Denmark. 

At the resolution limits of traditional geochemical techniques. there is 
hnlc evidence 10 challenge the convnon assumptions that, under the Eanh ·s 
ambient surface conditions. dry calci1.c is static and that the bulk mineral 
behaves as a closed system. Solid-state diffusion has been recognized at 
elcvaied tempcrarures. but 11 has always been assumed that diffusion in 
carbonate minerals 1s negligible under standard conditions. There 1s. how­
ever. some evidence to the contrary. More than 30 years ago. the 45Ca dif­
fusion coefficient was estimated to be - Bx I 0·20cm1 and. more recently, we 
have demonstrated movement of adsorbed Cd1• and Zn2' mto bulk calcite 
at rates of tens of nanometres over weeks to months. Here we prescnl evi­
dence that monovalent ions. Na._ K+ and er. originating from Fl, accu• 
mulate in crystalhtes on the surface of calcne. This process is spontaneous 
at the Eanh 'standard surface conditions. in air. The results show that cal­
cite under standard conditions docs not always behave as a closed system. 
which is a critical assumptton in the use of isotope ratios. tracc~lement 
distribuuon and Fl composition for interpretations of palaeochmate geo­
chronology or petrogcnes1s Moreover, calcite ·s uplllke capacity for con­
taminants m environmental systems 1s probably higher than current models 
predict. because surface sites arc constantly renewed by ionic mobility. 
(Authors' abstract) 

See also previous abstracts (E.R. ). 

STUART, F.M .. HARROP, P.J .. KNOTT, R., FALLICK. A.E., 
TURNER. G., FOUQUET, Y. and RICKARD, D .. 1995. Noble gas iso­
topes in 25.000 years of hydrothermal fluids from 13°N on the East Pacific 
Rise: i!! Parson. LM .• Walker. C.L. and Dixon. D.R. (eds.). 1995. Hy• 
drothcrmal Vents and Processes· Geological Soc. Special Pub. #8 7. p. I 33-
143. First author at Dept. ofGeol.. Univ. of Manchester. Manchester. Ml3 
9PL. UK. 

Noble G isotopes have been measured in Fl m sulphides spanning 
25.000 years of hydrothermal activil} at 13°N on the East Pacific Rise. 
The ' Hcl'Hc ratios are l}pical ofm1d-OCCan ridge hydrothermal F. albeit 
slightly higher than contemporary vent waters. and reveal no temporal 
variation or correlation with the aJ<s of the host sulphide. The absence of 
rad1ogcnic He m F from the 25.000 year-old mineralization on the SE 
Seamount suggests tha1 the hydrothermal circulation occurred within an 
active magmatic system and not within the underlying 130 ka oceanic 
crust llus implies that seamount volcanism and hydrothermal activity 
occurred simuliancously off-ndgc:. and that magmatic acUvllJI shifted ap• 
proximately 5 km olf-ndgc at this time. Hehum concentrations in Fl from 
three samples arc significantly greater than the end-member hydrothermal F 
at mid-OCCan ridges Small execs.= of"'Ar m the included F demonstralc 
that mantle-denved ..,_ Ar has been degassed alontz "1th pnmord1al helium. 
Both are consistent ~uh the direct addition ofmagmauc volatiles into the 
hydrothermal system at times during the h1stOI)' of hydrothermal activity at 
the SIIC (Authors. abstract) 

STl'ART, F.M. and Tl 'R'IER, Grtnville, I 998. Mantlc-denved ~Arin 
mid-ocean ndge hydrothermal fluids: Implications for the source of vola­
tiles and mantle degassintz rates. Chern Geol . v. 147, p. 77-88. Authors at 
Dept. ofGeol .. Univ, of Manchester. Manchester Ml3 9PL. UK: email · 
(stuart@surrc.gla.ac.uk) 

"°Ar excesses ofup to 2.6% relative to ai:mosphcric Ar are present in F 
in hydrothcnnal sulfides from l3"N. East Pacific Rise. Fl 'He fHe arc 
typical of mid-oc:ean ridge vent F implying a mantle ongin for the "'Ar. 
Hehum concentrations calculated from 4Hct36 Ar. are similar to high T vent 
F and cannot be denved by leaching the oceanic crust dunng hydrothermal 
seawater convection It 1s proposed that volatiles arc acquired during. F 
flow through a narrow. highly permeable zone close to the crystallising 
magma chamber. The ratio of mantlc-dcnved 'He to "''Ar m the F. denoted 
('Hcf(' Arlmar.J,. range from 3.4 to 36.4. The data d1splavs a bimodality 
similar to m1d-OCCan ndge basalt ratios The low ('Her" Ar)......, volatiles 
arc similar to bulk mantle M and probably represent volatiles cxsolvcd 
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during an early stage of degassing. The high (4Hcl'° Ar>.-i, volalllcs arc 
denved from an already degassed magma. The mantle "'J Ar flux calculated 
from 40Ar..,... in the hydrothermal F ranges from I to 2.4 x JO' mot a1. 
This is at least twice the previous estimates and overlaps the flux calculated 
from highly vesiculated mid-ocean ndgc basal1 ( 1.6-4.2 x 107 mol a'1). 
This cannot be denved from the decay of'°!< in an upper mantle above 6 70 
km which produces <I x 107 mol a·1i. If the measured 40Ar flux reflects 
steady•state degassing of the upper mantle. then a significant proponion of 
the rare G must be transferred from a deeper reservoir. (Authors· abstract) 

STUCKLESS. J.S .. MARSHALL. B.D., VANIMAN, D.T., DUDLEY, 
W.W .. PETERMAN, l..E., PACES.J.B., WHELAN,J.F., TA\'LOR. 
E.M., FORESTER. R.M. and O'LEARY, D.W .. 1998. Hill.CA .• Dubly­
ansl..;, Y.V .• Harmon. R.S .. Schluter. C.M .• Comments on ·'Overview of 
calcite/opal deposits at or near the proposed high-level nuclear waste site. 
Yucca Mountain. Nevada. USA: Pcdogenic. hypogene. or both": Envi• 
ronmental Geol., v. 34. no. I. p 70-78. Authors at U.S. Geological Survey. 
Box 25046, MS 425. Denver Federal Center, Denver. CO 80225, USA. 

A critical review of the Fl evidence provided by the proponents of 
rising hydrothermal waicrs at Yucca Mountain, NV (E.R.). 

STURKELL. E.F.F., BROMAN, Curt, FORSBERG. Pu and TORS­
SANDER. Peter, 1998. Impact-related h)drothcrmal activil} in the Lockne 
impact structure. Jamtland.. Sweden; Eur. J. Mineral .• v. 10. p 589-606. 
Authors at Dcpl of Gcol. and Gcochem., Stockholm Umv .. S-106 91 
Stockholm Sweden. email (Erik.Stud.cll@gco.su.se) 

F trapped as Fl m mmcrals from cavities in the impact breccia arc 
mainly composed of hydrocarbons and/or a brine. The: earliest F. that con• 
sists of methane. ethane and possibly aromatic hydrocarbons. was probably 
denved from an organic-rich dark Cambrian clay flowing into the crater 
during the resurge phase. and thermally altered by the residual heat of the 
impact. The heat also generated a hydrothennal convection system. 6'•s 
values of l to 5.S!llo (CDT) for chalcopyrite and pynte suggest that sulfur 
was leached from the shanercd basement rocks below the impact brcccia. 
Calcite and sulfides were deposited m cavities between the breccia clasts 
from a brine with a sal around 20 wt% eq. CaCli at a T tha1 reached 210°C. 
613C for calcite 1s between -2 and -14%.. (PDB), which indicates mixing 
wilh carbon from a mannc and an organic source. 61"0 for calcite is ho­
mogeneous. varying from 10 to 14%o (SMOW). The oxygen composition 
may indicate a meteoric or seawater source. (From authors· abstract by 
E.R.) 

SU, Wenchao, QI, Liang, HU, Ruizhong and ZHANG, Guoping, 1998, 
Analysis of rare-canh elements in fluid inclusions by inductively coupled 
plasma-mass spectrometry (ICP-MS): Chinese Sci. Bulletin (Kexue tong• 
bao). v. 43. no. 22. p. 1922-1927 (in English). Authors at Open Laboratory 
of Ore Deposit. Inst ofGeochem .. Chinese Acad of Sci .. Guiyang 550002. 
China. 

Inductively coupled plasma-mass spectrometry (ICP-MS) is used to 
determine rare-earth clements abundances in Fl. Quartz scparaccs from the 
Lanmgoug. and Yata Carlin-type gold deposits, southwestern China. were 
prepared by the dccrep1tation-lcach method. Lcachates were analyud by 
ICP-MS. using conventional sample introduction. The results demonstrate 
that the dccrepitatton-lcach method. in combination with ICP•MS analysis 
oflcachates. is effective for REE dctennination. The chondrite-normalizcd 
REE panems of IF for the Lanmgou and Yata samples associated with gold 
mineralization arc characterized by hght REE enrichment, with a weak 
negative Ce anomaly and a positive or negative Eu anomaly. whereas the 
pactcm for the Lannigou sample associated with late gold mineralization 
(quartz-calcite stage) is charactcnzed by LREE enrichment relative to 
HREE. with negative Ce and Eu anomalies. (Authors' abstract) 

SU, Wenthao, \ 'ANG. Keyou, HU, Ruizhong and CHEN, F~ni. 1998, 
Fluid inclusion chronological study of the Carlin-type gold deposits in 
southwestern China: As exemplified by the Lannigou gold deposit, Guiz­
hou Province: Acta Mmeralogica Simca. v. 18. no. 3. p. 359-362 (in Chi• 
nese: Engl. abst.) Authors at Inst. ofGcochem .. Chinese Acad. of Sci .. 
Guiyang. 550002. 

Rb and Sr isotopes were analyud in Fl extracted from quartz and cal• 
cite gangue minerals of the Lannigou Carhn•type gold deposit. Guimou 
Province. The results demonstrate that Rb and Sr isotopes in Fl arc useful 
tools for dating mineralization events when applied to the Carlin-type gold 
deposits. 

Rb-Sr isotope data of Fl indicate that the mincraliz.ation age of the 
Lannigou Carlin-type gold deposit may be at 82-105.6 Ma. and is in con• 
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sistence with the geological events of these areas. (Authors· abstract) 

SllLEIMENOV, O.M. and SEWARD, T.M .. 1998, UV-vmble spectro­
photometric measurements of metal complex formalion at h•gh tempera­
tures: The stability of Mn (II) chloride species (abst.): Mineralogical Maga• 
zine, v. 62A, V M. Goldschmidt Conf,, Toulouse 1998. Extended 
Abstracts. p 1477-1478. 

SUM. Vumci and GUO, NaiyH, 1998 The application and implication of 
fluid inclusion to o,Ugas exploration in Yinggchai Basin. South China Sea 
(abst.). Second APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Gene• 
sis, Oct. 28-30. 1998. Tashkent. Uzbekistan. AbstraclS volume. p. 149-150 
(in English). AuthOIS at China Offshore Exploration & Development Re• 
search Center (EDRC). 22 East Street. Gaobcidian. Hcbei. 

Fl microscopy Th, sal and Laser Raman Microprobe (LRM) analysis 
of [ mclus1ons in) quartz m siltstone. mudstone and fine sandstone of Mio­
cene-Pliocene in Yinggdta1 Basin. South China Sea, indicate that hydro­
carbon Fl exist mainly m fractures m quanz. and arc mainly gaseous 
Three m3Jor stages of I Th were recognized m the center d•apir structure 
zone. The first stage is mainly of gaseous-L phase I. and the Th ranges 
between 130• l 50°C. The second stage is mainly of gaseous phase I. and 
the Th [sic) is about 170-190-C. The third stage is mainly of gaseous 
phase and gaseous-L mixture I. and the Th is above 200°C Comparison of 
hght hydrocarbon characteristic of oil-gas m Fl with G m current reservoirs 
suggests the drying factor of G trapped in I is less than thal in the curTent 
reservoirs. and the alkenc content in I is higher than that in the current res­
ervoirs. The result also suggests that oil-0 in I is less mature than that in 
the current reservoir. I fluorescence microscopy indicates a range in ma• 
turity of trapped 011/G. Microscopy examination have shown that some G 
"bubble" or gaseous•L two phase mixtwc drops clwge bclwccn the grams, 
which suggests that the reservoir was still charged with larger volumes of 
more mature oiUG m late stage. (From authors' abstract by ER.) 

SUN, Qing, WENG, Sbiru and ZHANG, Xu, 1998, µFTIR microanalysis 
hm•ts of hydrocarbon fluid inclusions: Matrix minerals absorption: Earth 
Science-I. ofChma University ofGcosci (Diqiu Kexue. Zhongguo Dizhi 
Daxue Xuebao), v. 23. no. 3, p 248-252 (in Chinese: Engl. abst). Authors 
at Dept. ofGcolog}; Peking Univ~ BciJmg 100871. 

It's an interesting and troublesome problem that mmeral matrices will 
strongl) absorb mid-lR radiation over wide spectral ranges. even for very 
thin rock wafers. Even m those regions of the IR spccllllm where no foun• 
dational (fundamental?) vibration absorption appears, overtone and comb1-
nat1on tone vibrations of the matriK may still be present. These vibrations 
may cause m1s1dentilication of the bands. If the matrix mineral is carbon• 
ate. the problem becomes imponant. The cause ofmatriK absorption. the 
absorption ranges of quartz and calcite. and the ways of reducing matnx 
absorption are presented.. It is also pointed out that the absorption band 
near 1750 cm·1 can be used for identifying carbonyl. and emphasized that 
the matnx absorption should be given more attention in the analysis of IR 
spcClrum. (Authors' abstract) 

SUN, Qing and ZENG. Vl5h1n, 1998. Carboxylate compos111on of0u1d 
inclusion leachate in the Linlong gold deposit. Shandong Province: Gco­
chimica. v 2. no. 6, p. 579-584 (in Chinese with Engl. abst.) 

Carboxylate composition of Fl lcachates from quanz and other miner­
als in the Linlong gold deposit were detected by ion chromatography. The 
resullS show that the content of shonchain carboxylates (the dominant spe­
cies (oxalate) is low. The carboKyl8le concentration is higher in the 
leachates from pyrite and chalcopyritc than that from quartz. The mono­
functional carboxylate concentration is higher in early ore-forming F than 
that in middle 10 late ones. (Authors· abstract) 

SllN. Xiaoming, NORMAN. D.I .. SUN, Kai and CHEN. Binghui. 1998, 
The Changkeng Au-Ag ·Carlin-type' deposit. central Guangdong. China 
(abst. I Geological Society of America Annual Meeting 1998. Abstracts, v. 
30. no 7. p. Al26-Al27. First author at Dept ofEanh Sci .• Zhongshan 
Univ .• Guangzhou. 510275. P.R. China: email (eessxm'@zsu.edu.cn) 

The Changkeng deposit is sediment hosted. hence is called a Carlin­
type deposit. It is comprised of two typcS of ore that occupy a gently dip­
ping fault separating Triassic terrigenous sediments and Carbonaceous 
hmestones. The gold deposit with >40 tons Au is compnscd of black 
crystalline quanz with finely disseminated pyrite and minor realgar Gold 
occurs in quartz. pyrite. and mixed with cla) alteration minerals. The silver 
ore containing > 3000 tons Ag arc associated with white crystalline: quartz. 
and calcite. with a few percent sphalerite. I m both typcS of ore have Th 
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values mostly between 200 and 2SO"C and sal are about 5-10 eq wt % 
NaCl; 0111s common m auriferous quartz. Calculated 1sotop1c composition 
of ore Fis 6D 30 to - 59 per mil. and 6"0-7.8 to 9.8 per mil: 3Hcl'He 
arc 0.0054 to 0.84 Ra (n• S). Fl G analyses indicate N1/Ar 30-2000; most 
values are >air saturated water Inclusion H1S correlates with N1/Ar Fl G 
analyses indicates Au ores were deposited by a F with an order of magni­
tude more H1S and lower C01ICH. than silver depositing solutions Cal­
culated metal solubihty in ore solutions based on I analyses md1cates the 
Au ore soluoons could transpolt Au but little Ag and Zn. and vice versa for 
Ag ore F 

The data arc cons1s1ent with ore F mixtures of meteoric, evolved. and 
magmatic F. Different F pathways for Au and Ag mineralizauon are sug­
gested by the differences in Fl chemistry (Authors· abstract) 

SUNAGAWA, I~ 1998. Growth. morphology and perfection of diamonds 
(abst.) 17th General Mee1ing lnrt. Mineralogical Assoc1a11on. Aug 9-14, 
1998, Toronto, Canada. Abstracts and Programs, p. Al I Author at Yama•· 
nashi Inst. Gemmology and kwcllery Arts. 

Natural diamond crystals grew in a silica1e solution phase (magma). 
Eclogitic and ultramafic suites are assumed to be two different chemical 
environments. (From author's abstract by E.R.) 

SUTHERLAND, F.L, 1998. Gem corundum origins from eruptive 
sources (abst,) I 7th General Meetmg tnrt. Mincralog1cal Assoc•auon. Aug 
9-14. 1998, Toronto, Canada. Abstracts and Programs. p. Al3. Author at 
Australian Museum: email (fin~amsg.ausanus.gov au) 

Sapphires and rubies of many colours come from alkali basaltic erup­
tives in various localn1es (Australia, SE Asia. Chma. Africa. Madagascar. 
Europe). Fl ofC01 and CO2 with saline aq F and dm indicate corundum 
crystallizalion above 680~. Secondary exsolutions of Fe and Ti oxides m 
corundum-beanng xenohths indicate original crystallization around 900°C. 
(From author's abstract by E.R.) 

SVARA, P., In POLI, A~ LEISCHNER. K.. MOSCA, F. and TUR· 
RINI, C .. 1998. Modelling in thrusted areas: sens111v1ty analysis and appli· 
cation: First Break. v I 6, no I. p. 9-20. 

Indexed under Fl 

S\/ENSEN, H .• JAMTVEIT, B .. YARDLEY, B. and AUSTRHEIM, H., 
1998. Eclog1te facies fluids from the Caledonides of western Norway; 
compositions and implications for fluid-rock interactions (abst.): Minera­
logical Magazine. v. 62A. V. M. Goldschmidt Conf.. Toulouse 1998, Ex­
tended Abstracts. p. 1481-1482. First author at Dept. ofGeol.. Univ. of 
Oslo. PO. Box 1047 Bhndem, N-0316. Oslo. Norway. 

Both matnx omphacites and omphacites from eclogite facies veins 
have a 111,1de range of dms (or, in part possibly "step-daughters.• from retro­
grade F-mineral reactions). Phases identified include calcite. hahte. gyp­
sum. K-feldspar. amphibole. quartz. albite, Fe-oxide, rutile, various sulfides 
with CuFc-NiZnAsPb, and halides w•th NaKCaPb plus Cl or Br. Pb con­
centrat10ns of I 0.000 to 200.000 Pb arc found. CVBr ranged from - SO to 
850. and ppm Br from ~100 lo 3SOO. (E.R.) 

SZABO, Cs. and BODNAR, R.J., 1998. Fluid inclusion evidence for an 
upper-mantle origm for green clmopyroxencs in Late Cenozoic basamtes 
from the N6grad-Gomor volcanic field. northern Hungary/southern Slova• 
k1a: Intl Geol. Review. v. 40, p 765• 773. Authors al Fluids Research 
Laboratory. Dept. of Geological Sc1., Virginia Pol)technic Inst. and State 
Univ .. Blacksburg. VA 24061-0420. 

Green clinopyroxencs with elevated Fe and Na contents coexist with 
--normal" chnopyroKenc phenocrysts m alkali basalts from the N6gnld­
Gomor volcanic field (NGVF) of northern Hungary and southern Slovakia 
The coexistence of these clinopyroxenes with incompatible compositions m 
the same sample is often used as evidence for mixing between a matic and 
a more evolved M. However, results of Fl. textural. and geochemical stud• 
1es of samples from Teniarybasan1tes from the NGVF suggest that the 
maJOfity of the green chnopyroxencs could not have formed from magma 
mixing but rather. arc products oflithosphcnc processes such as rnctaso­
matism or d)namic M flow. 

Two distmct types of green clinopyroxenes have been identified. 
Group I green clinopyroxencs are Al nch and contain CO2 I: Group 2 g,een 
clinopyroxenc:s arc Al poor and lack C01 I. On the basis of analysis of CO2 
I. the Group I clinopyroxenes. observed as xenocrysts and major constllu• 
ents of clinop)Toxemte xenohths. were entrained into the host basanitic 
magmas in the uppermost mantle. These clinopyroxcncs originally formed 
during a mctasomatic event or as a result of dynamic M flow in the mantle 
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Group 2 clinop)'Toxcnes hkel) represent xenocr)'sts from disaggregated 
d1oritic cumulates produced from M rela1ed 10 the host basamtic magmas. 
(Authors· abstract) 

TAGIROV, B.R. and KORZHINSKJY, M.A .. 1998. Solubility of iron• 
beanng minerals m supercnucal NaCl (KCl)•rich acid solutions (abst.): 
Mmeralog1cal Magazine. v. 62A. V, M. Goldschmidt Con(. Toulouse 1998. 
Extended Abstracts. p, 1488-1489. 

TAGUCHI, S., TAKAGI, H .. MAEDA, H., SANADA. K.. HAYASHI, 
M., SASADA, M., SAWAKJ. T., UCHIDA. T. and FUJINO, T., 1998. 
Gas behavior at some geothermal fields in Japan, revealed by Laser Raman 
Microprobc analysis offluid inclusions: in Water-Rock Interaction. G.B. 
Arehart & J.R. Hulston (eds). Balkema. Rotterdam ISBN 90 5410 942 4, p 
695-696. First author at Fukuoka Univ .• Japan. 

Laser Raman microprobe (LRM) was applied to Fl analysis during a 
development of prospective technology to explore fractured-type geother• 
mal reservoirs, which was promoted by NEOO. LRM is a powerful tool to 
get useful information on dynamic F behavior and geothermal structures 
even m a geothermal system with very dilute G contents such as Japanese: 
one, (Authors· abstract) 

TAKAHASHI, Miwa, MIZUTA, Toshio, ISHIYAMA, Daizo, MA· 
TSUBAYA, Osamu and KIMURA. J.-1., 1998, LA-ICP-Mass spectrome­
try of rare earth elements in quartz of vanous mineralization stages from 
the Hishikari epithermal gold-quartz vein deposit. Japan (abst.): Geologi­
cal Society of America Annual Meeting 1998, Abstracts, v. 30. no. 7, p. A· 
369 First author at Inst. of Applied Earth Sci .• Akita Univ .. Akita O I 0-
8S02. Japan; email (miwau@galenamme.akita-u.acjp) 

The Hishikari deposit is one of the most representative of ep1thermal 
gold-silver vein deposits in Japan, Main focus of this study is to clarify the 
time-spatial relat1onsh1ps of Au-quartz mineralil.allon from the analytical 
data of rare earth elements usmg a LA-ICP-MS and oxygen 1sotop1c ratios 
of quartz. REE concentration in quartz crystals in very early mineralization 
stage with high Au grade. and successive later stage quartz at shallower 
levels and quartz bands of various stages are examined gram by grain. 
XRD da1a show that the contamination of clay minerals such as kaolinite 
and montmorillonite are negligible. 

The studied veins are the highly Au-rich Ryosen No. I vein (2.130 git 
Au) and the Ryosen No. 5 vem (3,700 g/t Au), especially m c:arher stages. 
and the Hosen No. 5 vein with average Au grade (200 git) and continuing 
their mineralization stages at I 00 m deeper level in the Hishikan deposit. 
The fluctuation of filhng T measured for P Fl in quartz are not detected and 
are around 200-C with very low sal of0.0--0.S wt.% NaCl eq REEs in 
quartz with various types of textures such as mosaic, comb and micrOCl)'S• 
talline are analyzed. REEs JR the earlier mineralizallon stage of high Au 
grade vem are considerably high. however, REEs m quartz of inner and 
later stage quartz bands with average Au gnide (200 git) are clearly low 
even in the: same vein. Calculated 6110 values of ore Fin the Ryosen No. I 
vein. Ryosen No. S vein and Hosen No. 5 vein are from - 2.6 to -1 . 7. -3.3 
a11d from -4. 7 to - 3.2 per mil. respectively. Those isotopic and REE data 
with Au gnides show that ore-forming F in earlier stage of mmerahzation 
could be fonned by a sufficient reaction with underlying host rocks. There 
are some possibilities such as mixing between magmatic hydrothermal 
solutions and meteoric water sufficiently equilibrated with wall rocks and 
contaminated with various kinds of cations such as Au, RE Es and 1 •o. On 
the contrary, F oflater stages with common or lower Au grade bands within 
the same veins have low REE contents and slightly lighter 110 . Isotopic 
values ploued on 60 vs 6D diagram along the line between isotope data of 
earlier stage F and local meteoric water. 

New fractunn~ system could be responsible 10 be a new F path of lhe 
high REE. heavier 10 and high Au mineralization with low water/rock 
ratio. and later F should be mixed with large amounlS of meteoric water 
during the successive mineralization stages and filled the inner parts of old 
fissures. (Authors· abstract) 

TANER. H., WILLIAMS-JONES. A.E. and WOOD, S.A., 1998. The 
nature:. ongm and physicochemical controls of hydrothermal Mo-Bi miner• 
alization 1n the Cadillac deposit, Quebec. Canada: Mineralium Deposita. v. 
33, p. 579-590 First author at 1107 Gablefields Pnvate, Gloucester. On-
tario. Canada. KIJ IEJ. . 

Mo-Bi mineralization occurs in subvenical and subhorizontal quartz­
muscov11e±K-feldspar veins surrounded by early alb111c and later K­
feldspathic alteration halos in monzogranite of the Archean Prc:1ssac pluton. 
Abitibi region. Quebec. Canada. Mineralized veins contain five main rypes 
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ofFI· aq Land L-V I. aq carbonic L·L•V I. carbonic Land VI. halite­
bearing aq L and L-V I. trapped mineral-bearing aq L and L-V I. The car­
bonic sohd in frozen carbonic and aq-carbonic I melts in most cases at -
56.7±0. I 0 C. indicating that the carbonic F consists largely ofCC>i. All aq I 
types and the aq phase in carbonic I have low initial melting T (2:70°C), 
requiring the presence of salts other than NaCl. Leachate analyses show 
that the bulk F contains variable proponions of Na. K. Ca. Cl and traces of 
Mg and Li. The following solids were: identifed in the Fl by SEM-EDS 
analysis: halite. calcite. muscovite, millerite (NiS), bantc and antarct1c11e 
(CaCh • 6H2O). All are interpreted to be trapped phases except halite 
which is a dm. and antarcticite which fanned during sample preparation 
(freezing). Aq I homogenize to Lat T between 75 and 400°C. the mode 1s 
3 7S~c. Ag-carbonic I homogenize to L or V between 210 and 400°C. 
Hlllite-bearing aq I homogenize by halite dissoluuon at approximately 
I 70°C. Aq I containing trapped solids exhibit L-V homogenization at T 
similar to those of halite-bearing aq I. T ofvc:in fonnation. based on OX)• 

gen isotopic fractionation between quartz and muscovite. range from 342 
and 584°C. The corresponding oxygen isolope composition of the aq F 
suggests that the L had a significant meteoric component. lsochores for aq 
Fl intersect the modal isotopic isothenn of 42S°C al P between S90 and 
I 900 bar. A model is proposed in which molybdenite was deposited owmg 
to decreasing T and/or P from COz-bearing. moderate to high sal F of 
mixed magmatic-meteoric origin that were in equihbnum with K-feldspar 
and muscovite. (From autho1S' abstract by E.R.l 

TARNAI, T., 1998. Mincralogical-petr0logical study on ore vein pene­
trated by the key-borehole Baksa No. 2 SE Transdanubia. Hungary: Acta 
Mineralogica-Petrographica. v. 39. p. 21-34. Author at Dept. of Mineral .. 
Geochem. and Petr0I.. Attila J615ef Univ., Szeged. Hung81)·, 

In 1995/96 a complex study on ore minerals occurring in a 7 cm thick 
massive sulfide vein traversed in the drilling Baksa 2 al 186.4 m depth was 
made. 

Possibly. the: vem was formed in closed system at low P in a T interval 
ranging li'om 2S0 to 310°C. A two-phase formation can be supposed. It is 
most likely that F forming the ore vein are diffcrenuates of a real magmatic 
M. ldentificauon of the regional connection is quite difficult. however. it 
can be brought into connection with either the Pennian volcanism in lhe 
Vilhiny Mountains or an unknown independent volcanic activity. (From 
autholS' abstract by H.E.B.) 

TAYLOR, L.A .. MILLEDGE. H.J .. BULA.NOVA, G.P., SNYDER. 
G.A. and KELLER. R.A., 1998. Metas0matic eclogitic diamond growth: 
Evidence from multiple diamond inclusions: lntemat"I. Geol. Review. v 
40. p. 663-6 76. Fi1St author at Planetary Geosci. Inst.. Umv. ofTennessee, 
Knoxville. Tennessee: 37996. 

Diamond formation from metasomatic F. rather than from igneous M. 
remains controversial but 1s paramount to our understanding of diamonds' 
mantle origins. Physical and chemical propenies of diamonds. their I. and 
host eclogites li'om the Mir kimberlite. Yakutia. Russia. form the basis for 
our evaluation of diamond origin. Mir eclogitic diamonds and their multi• 
ple I show a definite break m time and T between the formation of the: core: 
zones and the nms of the diamonds. Extreme changes in chemistry for 
multiple diamond I ( Dis) between the cores and the rims cannot be ac­
counted for by magmatic fractional crystallization. Evidence also e1<ists for 
large T decreases ( 40-140°C) from the cores 10 the rims of some diamonds. 
The distinct changes in nitrogen contents and aggregation states from cores 
to rims of diamonds would appear to reflect different residence times for 
these ponions of the diamonds in the mantle-i.c: .. formation of cores and 
rims at vastly different umes (e.g .. 2 Gy). Many of the mineral-chemical 
characteristics. including C and N isotopes and N aggregation states of the 
diamond. can best be explained by crystallization of the diamonds after 
formation of the eclog11e host. This suggests that the formation of the ec• 
logite and the nucleation and growth of some diamonds are not coeval and 
possibly not cogenetic. 

Most diamondi ferous eclogite 1<enoliths probably have never experi­
enced analysis major magrnauc episode (i.e .. complete M stage) after sub­
duction of their crustal protoliths into the: mantle Carbon isotopes JR dia­
mond. sulfur isotopes from sulfide Dis. and oxygen isotopes from eclog1te 
minerals all point to crustal protoliths for many eclogites. 

All of the factors above, taken as a whole. indicate that many eclogitic 
diamonds are the: result of petrogenesis by metasomatism over a prolonged 
period of time. Introduction of metasomatic F facilitates the precipitation 
of the diamonds. either ,n 1010 or as rims on previously formed diamonds. 
Inasmuch as some eclogites are considered 10 be igneous in origin--e.g .. 
Group-A eclogi1es ofTaylor and Neal ( 1989)-il is entirely possible that 
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these eclogues may contain ttuly igneous diamonds. However. even some 
of these diamonds may have later metasomacic overgrowths. (Authors· 
abstract) 

TAYLOR. LG. and BORNHORST. T.J., 1998, A boiling model for thc 
fonnauon of enarg1te-beanng veins in the Central City district Colorado. 
The Mountain Geologist, v. 35. no I, p, 15-22. First author at Dept. of 
Geological Engineering and Sci .. Michigan Technological Univ .• Hough­
ton. Ml 49931 

The Togo Mme is within the Central City mmmg district in the Colo­
rado Front Range. a d1stnc1 which has produced over $100 million in Au. 
Ag, Cu. Pb. Zn and U since 1859 The mine 1s one of several enargite• 
beanng deposits along a northeast-southwest trend in the eastern pan of the 
district. Veins and fractures hosted by Prccambnan gneiss contain an early 
pyrite-quartz stage of minerals followed by a base-metal sulfide stage. Fl 
studies and mineral assemblages suggest that hydrothennal F were at about 
250"C with about IO wt% NaCl eq • pH of 4.5 10 5.8. logfO! of -34. and 
log/S2 of- 10. Highly vanable L-V ratios in Fl. abundant sericite altera­
tion. brecciated minerals. and repet111vely banded veins indicate boiling of 
the hydrothennal Fat thc Togo Mme. Mineral deposition at the Togo Mine 
is annbuted to the dechne in mineral solubilities resulting from a rise in pH 
dunng boiling. We suggest that boiling played an important role in the 
formation of other cnargue-bcaring deposits within the Central City mming 
distnct. (Authors· abstract) 

TEDESCO, Dario, NAGAO, Keisuke and SCARS!, Paolo, 1998. Noble 
gas isotopic ratios from historical lavas and fumaroles at Mount Vesuvius 
(southern Italy): Constraints for current and future volcanic activity: Earth 
and Planet. Sci Leners, v. 164. p. 61-78. First author a1 Inst. for Studies of 
Earth's lntenor. Okayama Um\., Misasa. 682-01 Tonori-ken. Japan: email 
(danocjing@aol.com) 

Helium. neon and argon isotope ratios have been analysed from phe­
nocrysts of eleven lava samples belongmg to the last eruptive cycle of 
Mount Vesuvius ( 1631 until 1944 ). The phenocrysts separates include 
pyroxene (N• I 0) and ohvme (N• I). All rhenocrysts samples show simi­
larly low G contents (He. Ne and Ar- Io·' cmi/g). JHer'He ratios. 5.3-2.11 
R.. are general!} lo>' if compared to those typical of the MORB and those 
of the European Subcontmental Mantle (ESCM). respectively RIR. 8.5:t I 
and 6.0-6 5 A decreasing trend is found from 1631 to 1796. while a more 
homogeneous set of data is oblained for mor recent eruptions. as evidenced 
by an average R/R. value of2.8S. Neon ratios 21Ne/n Ne and ~e/11Nc) 
strongly differ from those typically found on volcanoes and suggest that a 
crustal component has been added in the source region 10 Mt. Vesuvius 
magmas. Argon ratios (40 Ar/36 Ar and 31 Arl16 Ari have values similar to the 
atmosphere and are well correlated. The low •~Arl16Ar ratio (max. 302) is. 
however. in the range of the "° Ari"' Ar ratios obtained from several lava 
samples at other Italian volcanoes and might be considered to have a deep 
on gin. Two hypotheses have been discussed: l I) a deep argon-hke-air 
source. due to subduction of air-rich sediments and/or (2) a preferential loss 
of Ar. m comparison to lighter noble G. from silicic M. Helium isotopic 
analvs1s of G samples recently collected from crater and submarine fuma­
roles are similar to those of lavas belonging to the final pan of this eruptive 
cycle. This result supports the idea that no new Juvenile F from the source 
origin have been IRJeCted into the magmatic reservoir dunng the 1631-
1944 eruptive cycle and. more importantly. unul 1993, Both sets of data 
help to understand the genesis of these F and to constn1in the current activ­
ity of the volcano (Authors· abstract) 

THIEB[N, S.E .. 1998. Geology and geochem1SII') ofepilhermal gold­
silver telluride deposits of Montana. USA SEG Newsletter. No. 35. p 8. 
Author at Dept. of Geological and Atmosphenc Sc• . Iowa ~late. Un"·. 
Ames. Iowa. 

Ep1thennal Au-Ag tellunde deposits m central Montana are spatial!) 
and genetically related to alkaline igneous in1rus10ns ofCretaccous-Tenwy 
age and to the Great Falls Tectonic Zone. Mineralization styles include 
bonanza vems. carbonate replacement at igneous/carbonate contacts. brec­
cia pipe-hosted. fault-controlled and sediment-hosted More than one min­
erahz.atlon style may be present in a given deposit however. all exhibit 
some structural control Ore mineralogy is complex and consists of Au-Ag 
tellurides. native Au. and in some instances. 81-tellundcs and 81. Au-. and 
Ag-sulfosalts. Alteration related to ore-stage F adJacent to vems 1s charac­
tenzcd b), s1hca±fluorite:t:adulariatsericite±llhte±laohnite A regional 
alteration halo 1s present in at least one local11) and roscoelitc is associated 
with tellurides at several deposits Several hundred Fl measurements sug• 
gest the gold tellunde mincral1zauon was dcposned from lo"• T ( 130-
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270-C). moderately saline ( 1-12 wt o/o NaCl eq.). non-bo1hng. CO!•poor. 
o,cidizing F with near-neutral pH. Oxygen and hydrogen isotope measure­
ments indicate Au-Ag telluride mineralization was deposited by F with a 
meteoric or a mixed mctconc-magmatic source. Sulfur isotope data sug­
gest a variety ofmagmat•c and/or sedimentary sulfur sources. Some of 
these Au-Ag tellundc deposits either contain molybdenite or have elevated 
Mo e-0ntcnts and may represent one end member of a e-0nunuum with por­
phyry molybdeoom deposits. (Author's abstract) 

THltRV, Rfgis and DU BESSY, Jean, 1998, Dcscnptron of vapour-liquid 
phase cqu1hbna of thc Hz()-NaCI system between I 00 and 900°C with a 
thennodynamic model based on the Mean Spherical Appro,cimallon Eur 
J. Mineral .• 1998. no. 10. p II SI •116S. Authors at CREGU. Centre de 
Rechcrchc sur la Geologic des Maticres. Mincralcs et Energctiques. BP 23. 
F"S4501 Vandiruvre-tes-Nancy Cedex. France. 

The Mean Spherical Approximation (MSA) of the ion-dipole mi,cturc: 
is used to dcscnbe the V-L equilibria of the Hz()-NaCI system. Compan­
son with experimental data reveals that the: Hz()-NaCI mixture cannot be 
solely modelled by the MSA ion-dipole model. Discrepancies have been 
significantly reduced by taking into account NaCl ion pair formation in V 
at all T and in h1gh-T L (T>387°C). A van dc:r Waals interaction term must 
be included at lower T (T<387°C) and is believed to descnbe effects of the 
solvat1on of JOils by water molecules or short-range m1eract1011s between 
anions and cations The model has been fined in the I 00-850°C T range. 
and represents e,cpcrimental data with a good accuracy from dilute aq solu­
tions to fused salts. This model provides insights on the effects of electro­
static interactions (1on-1on. ion-dipole. dipole-dipole) and stresses the im­
portance of NaCl ion pair fonnatron and other effects on the V-L equihbna 
of the HP.NaCl system (Authors' abstract) 

See also FIR 30. p. 192-193 (ER.). 

THOMAS. R, 1998. What can we leam from melt inclusions in gramte 
pegmatites1 (abst.); 17th General Meeting lnt'I. Mineralogical Association. 
Aug 9-14, 1998. Toronto. Canada. Abstracts and Programs. p Al46. 
Author at GcoForschungsZentnlm Potsdam. Gcnnany D-14473; email 
(thomas@gh-potsdam.de) 

A review of Fl studies of Ml from pegma1i1es. (E R.) 

THOMAS. Rainer, WEBSTER,J.D. and RHEDE, Dieter. 1998. Strong 
phosphorus enrichment in a pegmatite-fonning melt Acta Umversitatis 
Carolinac-Gcolog1ca. v. 42. no. I, p. 150-164. First authoratGeoFor­
schungsZcntrum Potsdam. Alben-Einstein-Strallc-Telcgrafenbcrg. D-
14473 Potsdam. Germany. 

Ml trapped m pristine igneous minerals arc potentially the best source 
of data on the real element contents of silicic M. particularly the volautcs 
and semi-volatiles in the magma. We report here some bulk and trace­
element data for Ml trapped within quartz from peralummous pegmatites 
associated with the famous tin deposit ofEhrenfriedersdorf The remark­
able feature of these Ml 1s the e,ctremely high abundance of some volatiles 
and semi-volatiles as well as some ore-forming clements lSn. Zn. Cu. W) 
when compared to the granitic host rock. 

The Ml composition implies that the pegmatite L achieved extreme 
levels of chemical differentiation. Fractions of the pegmatite-fonnmg L 
were extremely enriched in P~O)+F+A)iO3. and they contained a high 
abundance <'f Sn. Zn. Li. Rb. Cs, Nb. Ta. and Be. 

We have also found textural evidence for L imm1scibility in the 
reheated and quenched silicate Ml-4WO coexisting and differently col­
oured glasses separated by a sharp meniscus or phase bounda,y m the I. 
Accord mg to microprobc and RAMAN studies the second M consists of P­
rich. Si-poor M droplets in a f•rich silicate M. The proof ofberlin11e and 
bcrhnne-hk( molecules m the studied Ml demonstrates the strong e-0m­
plexing of P and Al in F•rich pegmatite M. (Authors· abstract) 

Includes three complete analyses. plus trace elements. of Ml. as well as 
as maJor Raman modes for possible dms: berlinite. variscitc. angehtc:. 
trolleite. lazulite. tnplite, isokite. apatite. amblygonite. buranga•te, and an 
unlnown IE R ) 

THO\IPS0'1, T.B .. Cripple Creek- A world-class gold-bearing, 
d1a1rcme-Alkalic intrusive complex. Colorado. USA (abs!.): Geological 
Society of America Annual Meeting 1998. Abstracts. v 30. no 7. p. A· 
30 I. Author at Center for Research in Economic Geol . Mackay School of 
Mincs/169. Unrv of Nevada-Reno. Reno. NV 89557: email (tom-
mwu' mmes. unr.edu) 

· The Cripple Creek distnct 1s localized within a mid-Tcnrat) diatreme­
alkaline m1rus1vc complex. focused on a Proterozoic fabric trendmg nonh-
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westerly and crosscut by nonheasterly-trcnding structures. Igneous rocks 
range from phonolite to youngest lamprophyric dikes and diatrcmcs. 

Orcbodies in the district are two general types· ( I l high-grade. sheeted 
veins (0 2-2.5 m) having great venical extent (>1.000 m) and adularia­
scric11e charactenstics: and (2) bulk-tonnage. low-grade deposits in 

diatrcme and hydrothermal breccias Wallrock alteration is restricted to 
narrow widths adjacent to veins but 1s more extensive in the bulk-tonnage 
deposits. The bulk-tonnage deposits have alteration assemblages consist­
ing of adularia:tbiotite, scricite•smecllte. Fe-Mn oxides. sulfates (Ca. Ba. 
Sr). and carbonaaes. anesting to oxidaaion as hydrothcnnal F approached 
the palcosurfacc. Hydrothermal products include sulfides ( <3 vol.'lo). tellu­
ndes (Au. Ag, Pb, and Hg). quartz. adularia, roscoclite. sulfates. and car­
bonates 

Five vein stages arc rccogmzcd. stage I boiling, alkaline. low-total 
sulfide F (T*320-200°C. 47.8 to 28.1 eq. wt.% NaCl) became progres­
sivdy cooler and more dilute through stage IV (T<200°C; 9 to 7 eq. wt% 
NaCl). The bulk-toooage deposits have 3 recogmz.able stages; stage I flu­
ids (T 262-152°C;-9 eq. ~1 % NaCl) were boihng and exhibit dilution and 
cooling 10 stage Ill (T<200°C. 8-4 eq. wt.% Nacl) All F contained sig­
nificant CO2. 

Fl. stable isotope. and trace element data along with the spatial rela• 
tionsh1ps between ores and igneous rocks indicate that the ore F were 
magmatically-derived. Sulfur isotope data reflect the effects of oxidation 
on the ore F and the proponions of H2S:SO4. The Au-Ag ratios of dore 
produced over the I 00+ year history of the district indicate that subtle 
zomng of precious metals is pment with deeper level Au:Ag> IO and shal­
low level ores having ratios <5 The high-level deposits exhibit strong 
coJTClation of gold with K20. As. Te, and F but no correlation with Ag and 
S. (Author's abstrael) 

THORDARSON, T •• WOOD, C.P. and HOUGHTON, B.F .• 1998. 
Magmatic sulfur content of the 1995-1997 Ruapehu eruptions, New Zea­
land I!! Water-Rock lnteracuon. G.B Arehart & J R. Hulston (eds). 
Balkema Rotterdam ISBN 90 5410942 4. p 499-502. First author at Inst. 
ofGcolog1cal and Nuclear Sci.. Wa1rakei Research Cen(re, New Zealand & 
CSIRO. Magmatic Ore Deposit Group. Div. of Exploration and Mining. 
Australia. 

Two significant eruption episodes occurred at the Ruapehu volcano in 
New l.ealand between September 1995 and July 1996 during a penod 
charactensed by intennittent small explosive eruptions Juvenile ejecta are 
porphyritic (25-42 vol.%) rnedium-K calc-alkaline andesite with ~58 wt% 
SiO2. Dacitic glass compositions. represented by microlite-ftcc ground­
mass phase and I in phenocrysts. indicate a complcK M evolution. where 
processes of crystal fractionation and magma mixing were important. The 
degassed groundmass contains -65 to -225 ppm S, whereas the S-content 
of1he I ranges from - 250 ppm to -865 ppm. The total atmospheric so~ 
venting by the activity at Ruapehu is estimated as 266.000 tons. (Authors· 
abstract) 

THROWER, C.D., BURNARD. P.G., TURNER, G. and PATTRICK. 
R.A,D., 1998a. Mantle input into the mineralizing fluids of the Colorado 
mineral belt· The noble gas story (abst. ): Program and Abstracts. PACROFI 
Vil. Pan-American Conf. on Research on Fluid Inclusions. June 1-4. Univ. 
of Nevada. p. 65. Authors at Eanh Sci. Dept Univ. of Manchester. Man­
chester. England. M 13 9PL. 

Note-At the time of the meeting when this paper was presented. the 
first author indicaaed that some revisions were needed in the abstract as 
printed. The following is the revised abstract (E.R.). 

Smnples from a selection of mineral deposits of the Colorado Mineral 
Belt have been crushed under vacuum in order to analyse the noble G iso­
topic compositions ofthc1r I-trapped F. The noble G budget ofFI can come 
from three P reservoirs namely a) the atmosphere. by way of air saturated 
ground waters (ASW). b) the crust. and c) the mantle 

The noble G analyses carried out on these samples clearly show a very 
large input of mantle derived 3He into the mineralizing F of the Colorado 
Mineral Belt. These data fit mixing curves. indicating that the ore forming 
F in the deposits studied are the result of mixing between a crustal F and 
modified magmatic end members. 

Distinguishable isotopes are created by the produc11on of radiogenic 
noble G in the crust. the retention of pnmordial ' He b~ the mantle and the 
loss of He from the atmosphere. The isotopic rauos of inierest for 1he at­
mospheric (ASW) noble G reservoir include: a "°Ar/,.,Ar value of295.5 
and a 3Hcr'He value of I 39 x I 0.,.=the a1mospheric ' Hcr'He value or IR. 
(all other hehum ratios aic quoted relative to this value I In comparison. the 
1sotop1c ratios of crustal F rellcct the production of rachogemc elements: 

Volume 31, 1998 
.., Ar/ioAr value of >295.5 (up to 30.000) and a 3HefHe value of between 
0.01 and 0.05 R/Ro, while mantle F exhibit a .,oAr/36Ar value of up to 
40.000 and a 3Hcr'He value ofberwccn 6 RIR. for depicted mantle and 
30R/Ro for undepicted mantle. For the Colorado Mineral Belt area the 
range will be around 6 to 8 RJR.. 

The study has highlighted the distinct input of mantle derived 3He 
(and therefore mantle heat) into the ore forming F of the London deposit. as 
well as the ·Leadville' and 'Shennan'•type mineralisation styles. which 
have been the focus of ongoing debate As the mantle has an RIRo value of 
8 however, all deposits show evidence of mantle F mixing with crustal F 
with a low RIR. value. 

The noble G data from the Sherman ( 'Sherman-type 'J deposit shows 
no similarity to typical MVT deposits. ruling out such a genetic model. In 
contrast. Sherman and Black Cloud ("Leadville-type·) data fit a distinct 
plane on a 4-isotope plot. indicating that they share the same noble G end­
member components and are therefore genetically rclaaed. 

"Sherman-type· F appear to differ ftom 'Leadville-type' F due to the 
addition of a deep crustal F component, decreasing the 1Hcr'Hc value 
whilst increasing the "° Ar/36 Ar value. This may have occurred with the 
Sherman-type deposits forming as part of the periphery to the Leadville 
mineralising system. or having formed slightly later. once some crustal F 
had bccome entrained illf-0 the magmatic system at depth. 

Not all of the London deposit data plots on the Sherman- and Lead­
ville-type plane This could either preclude a geneuc link to these deposit 
types, or be the result of a process during ore formation, which caused a 
degree of noble G isotopic lractionauon (Authors· abstract) 

See also next two items (E.R.) 
See figure in the Illustrations appendix. 

THROWER., C.D., BURNARD, P.G., TURNER, G. and PATTRICK. 
R.A.D~ 1998b, Mantle input into the mineralising fluids of the Colorado 
Mineral belt The noble gas story (absl. ): Mineral Deposits Study Group 
Annual Winter Meeting 14-16 Dec. 1998. St Andrews, Scotland (unpagi­
nated). Authors at Earth Sci. Dept., Univ of Manchester. Manchester. 
England M 13 9PL. 

Samples from a selection of mineral deposits of the Colorado Mineral 
Belt have been crushed under vacuum in order to analvsc the noble G iso­
topic compositions of their inclusion-trapped F. The noble G budget ofFI 
can come from three P reservoirs namely: I) the atmosphere. by way of air 
saturated ground waters (ASW). b) the crust, and c) the mantle. 

The noble G analyses carried out on these samples clearly shows a 
very large input of mantle-derived ' He into the mineralising F of the Colo­
rado Mineral Bell These data fit mixing curves. which indicate that the 
ore forming F in the deposits studied are the result of mixing between a 
crustal F and modified magmatic end members. 

The study has highlighted the distinct input of man1le-denved 1He 
(and therefore mantle heat) into the ore-forming F of the ·Leadville· and 
'Sherman· -type mineralisation styles. which have been the focus of ongo­
ing debate. As the mantle has an R/Ra value of 8 however. all data show 
evidence of mantle F mixing with crustal F with a low R/Ra value. 

The nobleG data from the Sherman (·Sherman-type') deposit shows 
no similarity to typical MVT deposits (a suggested genetic scenario for 
these deposits). ruling out such a genetic model. In contrast. Sherman and 
Black Clood rLeadville-type·) data fit a distinct plane on a 4-isotopc plot 
indicating that they shaic the same noble G end-member components and 
arc therefore genetically related. (From authors· abstract by E.R.) 

THROWER., C.D., BURNARD, P.G .• TURNER, G. and PATTRICK. 
R.A.D .. 1998c. Mantle input into the mineralising fluids of the Colorado 
mineral belt The noble gas story (abst.): Mineralogical Magazine. v 62A. 
V M. Goldschmidt Conf., Toulouse 1998. Extended Abstracts, p. I 515-
1516 Authors at Earth Sci. Dept.. Univ. of Manchester. Manchester. Eng• 
land. M 13 9PL. UK 

This work rcpons a study for selected ore deposits of the Colorado 
Mineral Bell The noble G budget ofl trapped F can come ftom three pri­
mary sources: the atmosphere. by way of air saturated ground waters 
(ASW1: the crust and the mantle. These sources contain very distinct noble 
G isotopic compositions. especially with respect to He and Ar. (From 
authors· abstract by E.R.) 

See also prcvlOUs two abtracts and Turner et al • this volume (E R ). 

TIAN, \"unhua, 1997. Geology-geochemistry and ore genesis ofL1udou 
gold dcpos11s m Yunxi County. Hubei province: Progress in Precambrian 
Research (Q1anhanwuji Yanjiu J1nzhan). v. 20. no. 3 (tot. 79), pp. 11-20 (in 
Chinese: Engl. abst. ). Author at Northwestern Hubei Survey of Geo!. and 
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Mineral Resources Hubei Province 
In recent years a new type of gold-bearing quartz vein and altered rock 

has been discovered in Liudou district Yunx1 countv. 
Based on geological environment controlling ~re deposits develop• 

ments, rock al1cra11on, ore mineral, physical-chemical features, Fl. and F 
1so1opic chcmislJy. the author suggests thal these gold deposits belong 10 
hydrothermal gold bcanng solutions of middle-lower T which occurred 
along ductile-scar deformation zones (From author's abstract by E.R.) 

TIMOFEEFF, M.N., LOWENSTEIN. T.K. and BLACKBURN, W.H~ 
1998a, Secular varia1ions m seawater chemis11y: Results from fluid inclu­
sions in Permian and Cretaceous halites (abst ); Geological Society of 
Amenca Annual Meeting 1998, Abstracts. v. 30. no. 7, p. A-221. Authors 
at Dept ofGeol. Sci., State Univ. of New York. Binghamton. NY 13902; 
email (BF2 I 297@bingharnton.edu) 

ESEM X-ray EDS is a new technique developed for chemical analysis 
of ind1v1dual Fl using an environmental scanning elecron microscope 
(ESEM) with an anached EDS The ESEM X-ray EDS technique is being 
used to analyze Fl in Phanerozoic hahtes to address the unresolved question 
of whether seawater has changed chemical composition over time. Depos­
its of similar age from geographically separated areas arc analyzed to ob­
tam a ·global' seawater signal. Halites with P Fl bands. formed in peren­
nial subaqueous environments, provide samples of parent surface brines. 
To bad.-uack from the bnne analysis obtained via the ESEM to the required 
parent seawater composition, the water evaporation computer program of 
Harvie and Weare ( 1980) is used as a forward modeling tool. ESEM X-ray 
EDS involves analysis for major cations and anions in frozen Fl from · 
cleaved halite crystals compared to frozen aq standard solutions of similar 
chemical compos111on. Accuracies (mean-expected/expected) of 6-12% are 
obtained for Ca, Mg. K and sulfate from ESEM X-ray EDS analysis offl. 
Penman halites (Salado Fonnauon, New Mexico) formed from parent wa­
ters close 10 modem seawater in major element composition but with 
somewhat higher calcium and lower sulfate. as reported by Horita et al. 
( 1991 ). Cretaceous (Aptian) halites from the Congo Basin. west Africa and 
from the lbura Member of the Muribeca Formation. Brazil. contain sylvite 
(KCll. the unusual Ca-Mg chlonde mineral tachyhydrite. and no Mg• 
sulfate sallS. Fl in halite contain high calcium molalities (2.9 to 3.2 m). 
mMg,-2.8-3 .S, mK-0, 15-0.18. and no detectable sulfate. all of which indi­
cate a parent water quite different in composition from modem seawater. 
Fl in halites from the late Cretaceous Maha Sarakharn Formation. Khorat 
Plateau. Thailand. also contain similar Ca-nch. sulfate-poor brines. which 
suggests that Cretaceous seawater differed significantly from modem sea­
water. (Authors· abs era cl) 

TIMOFEEFF, M.N., LO\\'ENSTEl:'.11, T.K. and BLACKBlilt'li, W.H .. 
1998b, ESEM X-ray EDS: A new technique for major element chemical 
analysis of frozen fluid inclusions using an environmental scanning dee• 
tron microscope with attached c:nerg} dispersive system (abst.): Program 
and Abstracts. PACROFI VII. Pan-American Conr on Research on Fluid 
Inclusions. June 1-4, Univ of Nevada. p 66 Authors at Dept. of Geologi­
cal Sci, and Environmental Studies. Binghamton Univ.-Statc: Univ. ofNcw 
York. Binghamton. NY. 13902-6000. 

The ESEM•EDS has advantages over other methods including: I) 
direct measurement ofmaJor clements in Fl. 2) Fl in opaque: minerals can 
be analyzed. 3) a conductive coating 1s not necessary. allowing direct ob­
servation of the Fl surface to be analyzed, 4} dozens of Fl and hundreds of 
spectra can be analyzed m one session on the ESEM. 

Method - Water is removed from the ESEM 10 eliminate: frost buildup 
on the sample, The chamber 1s set to hold a dry ambient atmosphere of 
nitrogen: the ESEM and attached Ol(ford cryostage are cooled with L ni­
trogen to -ISO"C. Operating conditions are 1.2 Torr. 20 kV beam energy. 
I. 71 A filament current and a 50% condenser setting. The "skirt effect", 
whereby electrons from the beam arc scattered by collisions with G mole­
cules between the emitter/detector and the sample. is minimized by keeping 
the distance between the last aperture in the electron path and the sample as 
short as possible. and the environmental chamber P low. 

Analyses ofaq standards (brines in the Na-Mg-K-Ca-CI and Na-Mg­
K-SO,-CI systems) yield an accuracy (analyzed mean minus expected 
value over expected value) of 3 percent with the ESEM-EDS technique. 
Preliminary results from Fl m laboratory grown halite crystals give accura• 
c1es of 6% for elements with atomic numbers greater than magnesium 
(Ca,K,SO,.CI). Analyses for magnesium and sodium in Fl in laboratory 
grown halite crystals arc accurate to 18%. 

[The detailed steps in sample preparation and calibration arc de• 
scribed I (From authors· abstract by E .R.) 
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See also adjacent entry (E.R.). 

TIMOFEEFF, M.N., LOWENSTEIN, T.K., BLACKBURN. W.H. and 
HARDIE, LA .. 1998. Environmental SEM (ESEM) X-ray EDS chemical 
analysis of frozen fluid inclusions: Preliminary results from aqueous stan• 
dards, fluid inclusions in laboratory-grown halite crystals. and Phanerozoic 
halites (absl. ): Program and Abstracts. PACROFI Vil. Pan-American Conf. 
on Research on Fluid lnclus1ons. June 1-t. Univ. of Nevada, p. 67. First 
author at Dept. Geol, Sci. & Envir. Stud .. Binghamton-SUNY. 
Binghamton. NY, \3902~ 

The ESEM·X-Ray•EDS technique is being used to analyze Fl in 
Phanerozoic halites to address the unresolved question of whether seawater 
has changed chemical compos111on over geologic time. Recently. Hardie 
( 1996) suggested that secular changes in the P mineralogy of potash 
evaporites. which occur m phase with mineralogical cycles in manne 
limestones ("aragonite seas" versus "calcite seas"). could be explained b) 
secular changes m the major ion chemislJy of seawater. 

Fl in crystals of P halite from geographically separated deposits of the 
same age are bemg analyzed in order lo obtain a "global" seawater signal 
To backtrack from the brine analysis obtained via ESEM X-Ray EDS to the 
required parent seawater compositions. the water evaporation computer 
program of Harvie and Weare ( 1980) is used as a foiward modelling tool, 

Preliminary results show that Permian cvaporites (Salado Formation, 
New Mexico and Hutchinson salts. Kansas). fonned from parent waters 
close to modem seawater in major element composition. bul with some­
what higher Ca and lower SO, as reported by Honta et al ◄ 1991 ). Creta• 
ccous evapomes from the Congo Basin. west Anica, contain sylvite (KCI), 
the unusual Ca-Mg chloride mineral tachyhydrite. and no MgSO, salts, Fl 
in crystals of P halite contain high calcium (mc,=2.9 to 3 2). m'°41• 2.8 10 
3.5. and mi,;=0.15 to 0.18. all of which indicate a parent water quite differ­
ent in composition from modem seawater. If Fl in halite from other geo­
graphically separated deposits of Cretaceous age show similar chemical 
compositions, then the case may be made that Cretaceous seawater differed 
from modem seawater. (From authors· abstract by E.R.) 

See also adjacent entry (E,R.). 

TITOV, A.\',, KRUK. N.N., POSPELOVA, L.N., ZHURAVLEV, D.Z. 
and PALESSKII, S.V" 1998, Crystallization conditions and origin of 
magmas of the Rybalka gabbrodiorile•tonalite intrusion (Gorny Altai): 
Russian Geol. and Geophys .• v. 38. no. 12. p, I 950-1962. Authors at 
United Inst. of Geol.. Geophys. and Mineral., Siberian Branch of the Rus­
sian Acad. of Sci .. Universitetskii pr. 3. Novosibirsk. 630090, Russia 

This paper presents resullS of complex geological. mmeralogical. iso­
topic. and Ml studies of granitoid rocks from the Rybalka Mass1f(Gomy 
Altai). The geological study of the massif has revealed numerous signs of 
viscoplastic interaction of magmas. with abundant schhcren and I. The 
detailed mineralogical studies of the rocks have shown a complex structure 
of plagioclase phenocrysts. often with resorbcd cores of labradorite· 
byto\\1lite. High Tofcrystallization (1030-1180°C) for basic rocks and 
rather low T for 1onalites and granodiorites (680-720°C for middle and late 
stages) have been dis1ing1nshcd in Ml studies. According to Rb-Sr isotopic 
data. the massif is of late Devonian age; the values of parameters &Nd(· 
0.6 ... -1.2) and Es,(+17.. .+23) and the pattern of REE distribution spectra 
testify 10 the magma generauon by melting of the lower• and middle-crust 
material. Analysis of the data obtained suggests that the melting events 
and magma-magma "mixing" and "minghng" mteracuon arc the mam pct· 
rogenetic mechanisms; crystal fractionauon processes were suppressed. 
(Authors· abstract) 

TOJO,S., MIZUNO, K., HISADA, K. and Ml\'ANO, T •• 1998, T1mmg 
and significance of the hornblende dehydration reaction m quanzofeld­
spathic gneisses from the Limpopo Northern Marginal Zone, Zimbabwe 
(abst. ): Abstracts of the I 05th Annual Meeung of the Geological Soc1eiy of 
Japan. p, 354 (in Japanese). 

Indexed under Fl (E.R.) 

TOMILENKO, A.A .. CHEPUROV, A.I .• PAL'YANOV, Y.N., SHE­
BANIN, A.P. and SOBOLEV, N.V., 1998. Hydrocarbon inclusions m 
synthetic diamonds: Eur. J, Mineral., 1998. no. 10. p. 1135-1141 Authors 
at United Inst. ofGeol.. Geophys. and Mineral., SB Russian Acad. of Sci, 
Novosibirsk. 630090. Russia: email (tom1len'1fuiggm.nsc.ru) 

Primary (syn-growth) Fl in S}1lthctic diamonds, produced within the 
field of their thennodynamic stability in a high-P split-sphere apparatus 
using the T gradient method. have been studied by optical microscopy and 
Raman spectroscop}. I in 1abular diamond Cl)-stals contain CH~ and other 
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higher•molecular hydrocarbons. whereas I m octahedral and dodecahedral 
diamonds contain only C~. All I in octahedral and dodecahedral d1a• 
monds contain graphite. which covers the walls of vacuoles as an opaque 
film The fo11T1ation of this film is most hkely associated with prec1p1tat1on 
of carbon from F on cooling. The obtained results emphasiz.e the possible 
role of hydrocarbons in the process of diamond crystallization. (Authors' 
abstract) 

See also FIR 30. p. 196 (E.R.). 

TONARINI, Soni■, DlNI, Andtt■, PEZZOTTA, Federico and 
LEEMAN, W.P., 1998. Boron isotopic composition ofz.oncd (schorl· 
clbaite) tourmalines. Mt. Capanne Li-Cs pegmatites. Elba (Italy): Eur. J. 
Mineral .. v. I 0. no. 5. p. 941 .95 I. 

Indexed under FL 

TOR.1\/OS, F., RIBERA, F .. ARIAS: D., LOREDO, J. and GALINDO, 
C., 1996. The carbonate-hosted Zn•Pb deposits of NW Spain; Sttatabound 
and discordant deposits related to the Vanscan deformation: Sociel)· of 
Economic Geologists. Special Pub no 4. 1996. p. 195-203. First author at 
lnstituto Tecnologico Geominerao de Espm\a c/Rios Rosas 23. 28003 Ma• 
drid, Spa1n 

The mineralization seems to be formed by reaction of the hosting car• 
bonates with low•salinc (<7 wt.% NaCl eq.) water•rich F [Fl data pre­
sented] that circulated along major Jithologic contacts or extensional faults. 
Isotopic composition of the hydrothermal F falls within the field oflow­
grade metamorphic or basmal waters (6110 = •I Oto +6,3%o: 6D • -43 to• 
3 I '6o) The ore-forming process occurred at T between 150 and 25o~c and 
al low F P (<500 b) (From authors' abstract by E.R.) 

TOROK., IUlm!n, 1998, Fe-rich hypcrsalinc aqueous and CO2 inclu­
sions. associated with rc1rograde metamorphism of the chlorite-muscovite• 
quanz schist from the Sopron-area (eastern Alps, W-Hungary) (abst.): Pro­
gram and Abstracts. PACROFI VII. Pan•Amcncan Conf. on Research on 
Fluid Inclusions, June 1-4. Univ. of Nevada. p, 68, Author at Dept of 
Gcophys .• E0tvOS L. Univ. H-I082 Budapest Ludovika ter 2 .. Hungaiy: 
email (torokklm@ludens.elte.hu) 

S aq Fl with soluble dm and CO2 I were studied from quartz veins of 
gamet-beanng chlorite•muscovite-quanz schist of the Sopron area. All of 
the Fl are S and were found in quanz veins. which may contain tourmaline 
and rutile as well, Most of the I contain a supersaturated aq F with one or 
more dm and variable amounts of CO2. 

Several low T phase transitions can be observed in the I. During 
freezing, three new solid phases appear. The first phase appears durmg 
cooling between -9 and -Jo•c and dissolves between 23 and 92°C. The 
s~ond phase appears during wanning at about -85°C and disappears be­
tween -58.2 and -47.3°C (CaC!i-hydrate or FeCh-hydrate?). The third 
phase fonns by reaction of the soluble dm with water and disappears me­
tastably between 7 ,8 and l 2.5°C (NaCl-hydrate?). First melting of the ice 
occurs between -56 and -59.4°C and ice melts berwcen -38.1 and -18"C. 
During heating. the solid phase dissolves between 193.S and 250.3°C. All 
of the I decrepitatcd prior to homogenization. between 265 and 3 70"C. 

Md ting of the solid CO2 phase in the CO2-bearing I occurred between 
-56.6 and -58.2"C. which indicates minor N1 or CH~. The CO2-hydrate 
disappeared between -17.8 and -19.3°C. Homogenization of CO2 phases 
occurred between -8.0 and +24. l °C. EDS analyses of precipitated salts 
showed Fe, Ca. Na with minor Zn. K. and Mn as cations and Cl and so~ as 
anions. 

lsochores of CO2 I show that infiltration of the COi-bearing. hyper· 
saline F infiltrated the rocks during retrograde metamorphism. ( From 
author's abstract by E.R.) 

TOURET, J.L.R .. 1998. Melt/fluid inclusions m granulites: Carbonic 
metamorphism and "vapor-absent" melting (abst.): 17th General Meeting 
lnfl. Mineralogical Association. Aug 9-14. 1998. Toronto. Canada. Ab­
stracts and Programs. p. A30. Author at Dept of Petrology and Isotope 
Geol. Free Univ. Amsterdam. The Netherlands: email (touj1fgeo.vu.n11 

A review. showing that .. vapor-absent" melting in the lower crust can 
in fact happen in the presence of free, low HiO-activity F. either locally 
derived or introduced from an external source. F-assisted and ··vapor­
absenC metamorphism are cwo complementary facets of the various proc­
esses occumng in the lower crust. involving complicated interaction be· 
tween rocks, F and M. (From author·s abstract by E.R.) 

TRA.XEL, K., AR.'1DT, P .. FRIEDEL, C .• MAETZ. \I,, PO\"H, B., 
SCHELOSKE, S .. SCHlliEIDER, T .. SCHWAL!\t, D .. WALI.IA:'liOS, 
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A. and WIES, C., 1998. Trace-clement analyses of melt inclusions as 
probes for the evolution of Bolivian tin porphyry deposits. Max Planck 
Inst. fur Kcmphysik Heidelberg. Tatigkeitsbericht 1997/1998. p. 280-282 
(m Engl.) 

Micron-sized M I were analyzed by PIX£ and µNRA {i.e., PIGE]. The 
necessary technical requirements for high-precision PIX£ measurements 
including a precise determination of the beam current. an analysis of dead­
time losses due to electronic pulse processing and the calibration of the 
whole PIX£ setup were built up to reach an overall accuracy for absolute 
quanttfication of 5%. For multi-clement spectra. the modelling of the de­
tector response is of gR8I imponant. In this context a new fining program 
for determining the detector response was written and employed. The bo­
ron and lithium NRA analysis was done at the Saclay nuclear microprobe 
and checked by SIMS using the Cameca IMS 4f ion microprobe at Woods 
Hole. Major elements were also analyzed by a Cameca SX I 00 electron 
microprobe at TIJ Clausthal. 

lmmobile-elemenl data (Ti. Zr, Ta) of bulk rock samples display a 
rhyodactic to dacitic composiuon with only a moderate degree of frac­
tionation. Conttary to this. the PIXE analyses of Mis revealed their highly 
fractionated character similar to lin granites. From 12 measured quanz• 
hosted Ml a geometric mean of 225 ppm boron can be derived. 

The highly evolved nature of the Ml with respect to bulk rock compo­
sition cannot be explained by equilibrium crystal-L fractionation alone. 

We suggest hydrothe11T1al F to be supplied by unexposed. highly 
evolved gram11c portions. represented by Ml. The high B. As. Cs.and Li 
contents in Ml point to an involvement of pclitic source litholog1es not 
depleted in these F-mobile elements. i.e .• first-cycle metamorphic rocks. 
Magma11c fractionation enriched (depleted) the trace-clement abundances 
within one log-unit range. (From authors· abstract by E.R.) 

TSOI, V.D., 1998. The nature of the quartz-carbonate veins in the gold• 
silver deposits of the Kuniminsk subzone (abst.): Second APIFIS lnt'I. 
Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998. Tash­
kent. Uzbekistan. Abstracts volume. p. 123-125 (in Russian). 

See Translations. 

TSOI, L.A., DlJNIN•BARKOVSKAYA, E.A. and LEBEDEVA, S,E., 
1998, Conditions of formation of the fluorite mineralization in the Chilten 
Depression (eastem Uzbekistan) based on a study of flmd inclusions 
(abst.): Second APIFIS Inn, Symp. Mineral Forming Fluids and Ore Gene­
sis, Oct. 28-30. 1998. Tashkent. Uzbekistan. Abstracts volume, p. 139-143. 
(in Russian). 

See Trans/a11ons. 

TUNKS, A.J. and COOKE. D.R., 1998. Structural and geochemical con­
trols on gold deposnion at the Tanami gold mine. Northern Territory (abst.); 
Geological Soc. of Australia. Abstracts No. 49. 14th Australian Geological 
Convention. To\\nsville. July 1998. p. 444. First author at Centre for Ore 
Deposit Research (CODES). Univ, ofTasmania. GPO Box 252-79. Hobart. 
7001. 

The Tanami Gold Mine (TGM) is one of several significant Au depos­
its in the Palaeoproterozoic Gran1tes-Tanami Inlier of the Northern Terri­
tory. Gold mineralisation at the TGM 1s hosted in brittle shear zones and 
veins, Auriferous quanz±seric1te±chlontc:tpyrite±ankerite±chalcopyrite 
veins and breccias were deposited from high-T ()00&C), low-sal (5 wt.% 
NaCl eq, ). low-COl F (0.5 m) with 11),S values around I 2'6o and calculated 
618O"..,r values berwcen 9,0 and I I .4'6o. Mineralogical. isotopic and Fl 
data are consistent with a weakly acidic (pH-5). reduced (mH2s>mso{l. 
H2S•rich ("'0.006 ml hybnd magmatic/metarnorph1c F generated dunng 
granite emplacement and associated contact metamorphic devolatilisation, 
Cyclic rupturing and scaling of the fault zones due to vanahons in the F P 
and shear stress coupled with subsequent hydrothermal self-scaling created 
conditions favourable for F-wall rock interaction and the formation of 
sericitc-pyrite-carbonate alteration halos, Pyritisation of magnetite and 
chlorite in the basalts. and hematite in the sedimentary rocks destabilised 
AuHS and AutHSll·. causing gold deposition in the veins and country 
rocks. (From authors· absttact by E.R.) 

TllRESEBEKO\-: A.Kh., 1998. A geological-genetic model for the fun­
damental porphyry-copper association and its relationship with other ore 
deposits of the Kuranunsk subzone (abst.l. Second APIFIS lnt'I Symp. 
Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998, Tashkent. 
UzbekiStan. Abstracts volume. p, 82-85 (in Russian), 

Tl'RKO\: V.A., KOGARKO, L.N .. BROOKS, C.K. and NIELSE!li, 
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T.F.D .. 1998. Comparison of the picntc evolution from East and \\est 
Greenland (melt inclusion data) (abst.): Mineralogical Magazine. v 62A. V. 
M Goldschmidt Conf. Toulouse 1998. E,ctended Abstracts. p. l 549-1550 
First author at Vemadsk) Inst. ofGeochem. and Anal)1ical Chem .• Mos­
cow. Russia. 

Ml in phenocrysts (olivine. sp1nel and clinopyroxenc) from IJ picntc 
samples arc mostl) partly crystallized. They contain glass. spinel. orthopy­
roxene. plagioclase. albite. titanomagnetitc. amphibole. ilmenite. potaSsnun 
feldspar. apatite and sornetunes F 

The comparison of compositions of homogenised I has shown that the 
picritcs of West Greenland wen: gCncralcd under much higher T compared 
wnh p1cntcs from East GrecnllWld. The East Gretnland M arc much more 
Ti. Ca and K-nch and have lower contents of Al and Fe. (From authors· 
abstract by E. R ) 

TURNER, G .• BllRlljARD. P., PA TTRICK. R, CALIGARI. A. and 
HU, Ruizhong., 1998. Helium and argon in ore fluids: so whal? (abst. ); 
Mineralogical Magazine. v. 62A. V.M. Goldschmidt Conf.. Toulouse 1998, 
Extended Abstrac:ts. p, I 55 I• IS 52. Authors at Dept. of Earth Sci., Univ of 
Manchester. M 13 9PL, UK. 

The isotopic composition of He and Ar trapped in crustal F and Fl 
camcs a signature of the source of the F and the processes which have af­
fected them There are three distinct sources of the noble G: aunospherc. 
crust and mantle. Atmosphenc G earned in groundwaters arc characterised 
by the presence of 36 Ar and 40 Ar and minor amounts of helium. The crust 
is a source of rad1ogcnic 40 Ar and ~He. very low levels of 3He. and no 36 Ar. 
The prime S!f.aturc of the mantle is helium with a high 3He content. to­
gether with Ar and. in most s1tua11ons. negligible 36Ar. F trapped in ore 
minerals frequently carry all three components. 

We have investigated He and Ar isotopes. sometimes in combination 
with halogens. trapped m ore F from sulfides from the Machangqing por­
phyry Cu ( West Yunnan province. PRC). and the Sun gun porphyry Cu 
(NW Iran). and from fluorite from the North Pennine Pb-Zn Mississippi 
Valley-type (UK). (from authors" abstract by E.R.) 

Sec also Thrower ct al. this volume (E.R.) 

Tl IRS(l~OV, K. T., 1998. The origm and facics nature of the gabbro­
d1abase dyke-complex ofWes1em Uzbckis1an (abst): Second APIFIS lnrl. 
Symp. Mmcral Fonning Fluids and Ore Genesis. Oct. 28-30. 1998. Tash• 
kcnt. Uzbekistan. Abstracts volume, p 52-55 (in Russian). 

UCHIDA, E •• 1993. Estimation of relative concentrations of cations in the 
skam-formmg solutions based on experimental data of ion exchange equi• 
libria· Resource Geol . v. 43. p. 301-310 (in Japanese with Engl. abs1. ). 

Relative concentrations ofCaCl1.aq. MgCl2aQ. FcClz.,q. MnClz.q. ZnClz.,q 
and CdCl2aq m the skam•formmg solu1ions were es1imated from expcri• 
mental da1a of ion exchange equilibria between aq chloride solution and 
garnet. clinopyroxcnc. carbonates (calcite. dolomite and magnesite). tung­
states (schcehte and wolframitc) and sphalcrite. The equilibrium Tis as­
sumed to be 400 to 600ec, and the PI kbar. The chemical compositions 
of clinop)Toxene and garnet m e~oskams indicate that the concentration of 
CaCl2.aq •s extremely high and that ofMgCl1.aq is very low in the skam­
forrmng soluuon. The FcClbql'MnCI~ ratio is nearly equal to the Fe/Mn 
ratio in garnet Schcclite is more stable in the solution than wolframitc. 
The average sphaleritc composition of skam deposits in Japan suggests that 
relalive concentrations arc m the order of 
FcCh"'+MnCl2aq>ZnCl2aq>>CdCl2aq (Author"s abstract) 

l 'CHIDA, Elsuo, INOUE, Ryo and OGISO, Koichi, 1998. Aqueous 
speciat1on of cadmium chlonde in supcrcri1ical hydrothennal solu1ions at 
500 and 600°C under 0,5 and I kbar Geochemical Journal. v. 32. p. 339-
344 

l 'CHIDA, Etsuo, NAITO, Masahiro and UEDA. Shumiosukt, 1998. 
Aqueous speciation of zinc chloride in supercri1ical hydrothermal solutions 
from 500 to 700°C and 0.5 to 1.0 kb Geochemical Journal. \'. 32. p. 1-9. 

ULLRICH, T.D. and CLARK, A.H .. 1998. Evolution of the Candelaria 
Cu-Au deposit. Ill region. Chile (abst )· Geological Sociely of America 
Annual Meeting 1998. Abstracts. v 30. no. 7. p. A-75. First author at 
Dept of Geological Sci .. Queen·s Umv . Kingston ON Canada K7L 3N6: 
email (3tdu'q'qlink.quccnsu ca) 

Cu-Au minerahza1ion Y.as associated with Ca-Na metasomalism su­
perimposed on the barren K- and Fe-mc:tasomatised andesitic and tutr 
Calc1c amphibole (~ I 9"/o Cl). chalcopyrite. magnetite. hematite (pseudo-
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morphed b) magnelllC). P}Tlle. albite and quarw:p}TOXC:~. pyrrhotite. 
sphalcrite. clectrum and molybdcnnc. were depos11ed m veins and as mas­
sive-to-disseminated replacements with local haloes of K -feldspar Barren 
scapohtc-pyroxcnc-amphibolc- and calcic garnet skams in the upper ande­
sitc arc probably cogenetic with this event. Hydrothennal amph1bole gave 
a plateau age of 111.7±0 8 Ma (2<J. 61¾ ofG released). Fl IJl quartz arc 
hypcrsaline and CO:-rich. defining a retrograde thermal cvoluuon from 
>396~c (Th) 10 ~02•c Amphibolc was replaced b} cp•dotet:allanne 
pnor 10 the fonnatlOII of dilat1onal veins of. succcss1vel,. hemat1tc-calc11e­
chalcopyritc-<1uartz-chlontet:pyri1e±tourmaline. anhydrite. and calc11e-clay. 

Although rcsembhng both porphyry and skarn deposits. the Candclana 
orcbody proper differs from the former in the assoc1at1on of Cu mineraliza­
tion with late-stage amphibolc, cpidote and calcite. and from tht latter in 
the vein style and associated Ca cnnchmcnt. ( From au1hors · abstracl by 
HE.B.) 

URBANO, R., 1998, lntragranitic gold deposits in the NW Iberian massif. 
Bolet1n Geol6gico y Minero. v. 109-5. no. 6. p. 469-478 (in Spanish. Engl 
abst.). Author at ITGE. Direcc16n de Rccursos Mincralcs. Rios rosas. 23. 
28003 Madrid. 

This article describes the intragranitic gold deposits ofCorcocsto 
(Corul\a), Tomillo, (Pontevedra), Penedono (north of Portugal l and Pino 
(Zamora). All of them show s1m1lar characteristics regarding htholog1cal 
and structural conlrol of the mineralizations and the gold enrichrncnl proc­
ess. (From authors"abstracl by H E,B,) 

Fl data presented (H.E.B.). 

USDOWSKI, E. and DIETZEL, l\t., 1998. Atlas and data ofsohd­
solut1on equilibria ofmarme evapontes. published b~ Spnnger.316 pp. 

The present volume on the phase equilibria of marine evaponlcs 1s a 
new and revised cd1t10n of the solubilicy data of the quinar) seawater S}S· 

1cm NaiCli·KiCli-MgC)z-Na2SO~-K2SO~-MgSO~-H~ (also denoted 
NaCI-KCI-MgC'2-Na2SO4·H2O) and its peninent five quatemary. nine 
ternary. and six binary systems. The purpose of the volume 1s to provide an 
easy and fasl access to reliable data and an understanding of the interrela­
tion of the vanous syslcms. It has been organized into the sections 

Derivation of Phase Diagrams from Solubilil} Data. 
Data and Diagrams for Solid-Solution Equilibria. and 
The Computer Program SALSYS. 
(from authors· text by H E.B.) 

USMAr,.m•. F.A., ed. 1998. Second APIFIS lnt'I Symp .. Mineral Forming 
Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbekistan. Abstracts 
\bl .. 165 pp (Russian and/or English). 

Absuacts or utlcs arc given in this volume ofFIR. for further de1ails. 
sec ··Meetings·· section 

The contents arc listed under four section headings. translated by Dr. 
D.A. Bro"11: 

I General problems in the study of mineral-forming fluids and the 
origin of rocks and ores 

II Origin and fac1cs-nature of magmatic and metamorphic rocks. 
Ill Origin ofhydrotlk:rmal ore-forming systems and prospect mg crne­

ria for cndogenetic ore deposits. 
IV Study of fluid inclusions in petrohferous areas. and the origin of 

cndogcnctic rocks and ores. (E.R.) 
See Transla11ons. 

VANCON, S., Dl IBOIS, M., POTDEVIN. J.-L. and LEDESERT. 8., 
1998. Mass-balance and fluid-inclusion studies of the al1erat1on of the hy­
drothermalized granite ofSoultz-sous-Forcts (Alsace. France) (abst): 
Reunion des Sciences de la Terre. Brest. 31 Match-3 April. 1998. p. 205 (m 
French. translation by EAJ. Burke). Firsl author at Umversitc: de Lille I, 
URA 719. 59655 Villeneuve d'Ascq. 

The gramtic basement of the Soultz-sous-F~ts horst (Rhine grabcn) 
underwent a hydrothermal phase connected with the circulation ofF de­
scended from the sedimentary cover along its network of faults. The re­
sulting alterations in the granite body show local intcnsicy variallOIIS. The 
granitic basement of the Rhine graben has been part•ally hydrothennalized 
by F along its neiwork of faults. The gra1111e alteration is heterogeneous. as 
well in intensil} as in kind. 

The mobihties of the chemical elements connected wnh th is hy­
drothermalism have been estimated with mass-balance calculauons 
(method ofGrcscns). which compare the compos111on of unaltered granne 
with that of several types of altered granite, The study in Ihm section of 
dcstabiliz.auon react10ns of minerals in unaltered granite and the mass bat-
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anccs on the scale of lhc rock indicate that the mob1htv of elements varies 
with the scale of observation and with the type of alteration The mobility 
of clements is vc:ry important on the: scale of the grains. but sc:c:ms 10 be 
limited on the scale: of the: specimen, from the alteration zone or from the 
granitic massif Only two clements, po1a5s1um and sodium. appear to be 
mobile: on the scale of the massi[ The sometimes total leach mg of sodium 
could explain the high sal of some F. The observed supplies of potassium 
might find their ongm in the evaporites in the: sc:dimc:nlar} cover Calcium 
is also mobile, but its leaching in ccnain zones has bc:cn compensated for 
by the precip1ta1ion of calcite: veins in other parts of the granite. 

Mass-transfer balances have bc:cn calculaled with regard to the unal­
tered rock in order to determine the displacement of chemical clements 
associated with the different typcS of alterauon. These show that the mo­
bility of elements varies with the scale of observation. The weakest altc:ra­
uons sc:c:m to be isochemically on the scale of the specimen, whereas 
stronger altc:mlons show real changes in their chemistry. For the massif in 
question. ho~er. mass displacements sc:c:m to be equilibrated between the 
different altcra1ion facies and the fillings of veins 

As a matter of fact. only sodium seems to have bc:cn the subject of 
transport out of the granite:. because 11 does not enter m an} of the newly 
formed phases. A supply of potassium from the evapontcs in the sedi­
mcnlar) cover seems also 10 be possible. 

The study of Fl in crystals of quartz and ankeritc in several veins indi­
cates tluctuations m T and composition of the F which c11culated in the 
granite The T, ( I 50°C ) arc similar. between 150 and I 90°C. arc higher 
than the: T measured at the same depth ( 142°C. 2200 m. drilling EPS I), but 
there is evidence for the entry of honer fluids ( I 90•C) [sic). The calculaicd 
sal arc very variable. as they range between those of metconc water and 
brines (about 30 wt."/, cq. NaCl). The study of Fl insem in different 
phases precipitated in the veins (quartz and ankcrite) indicates that the Fat 
the moment of their formation fluctuated between 150 and 190°C. higher 
than the: T actually measured at this depth ( I 42°C). The observed sal arc 
also very variable, from that of metconc WIier 10 that ofbnnes (almost 30 
wt.% cq. NaCl). which could be explained by the loss of sodium. 

These results indicate that the hydrothc:rmal alteration of this granite is 
complex. as well in the T levels as in the nature of the implied F. Moreo­
ver. the chemical transfers seem to happen al different scales. depending on 
the: clement and on the degree of transformation. and whether the system 
was closed or open. (Authors· abstract) 

van KEKE:"i, P.E. and BALLENTINE, C.J., 1998. Whole-mantle versus 
layered mantle convection and the role of a high-viscosity lower mantle m 
terTestrial volauk evolution: Earth and Planet. Sci Leners. v. 156. no I •2. 
p. 19-32. 

Indexed under Fl 

van SOEST, M.C., HILTON, D.R. and KREl'LEN, R., 1998. Tracing 
crustal and slab contnbutions to arc magmausm in the Lesser Antilles 1s• 
land arc using hehum and carbon relationships in gcothcnnal lluids. Geo­
chim. ct Cosmo. Acta, v. 62. no, 19120. p. 3323-3335. First author at Dept. 
of Earth Sci. Vrijc Umvcrs1teit, De Boelelaan. 1081 HV Amsterdam. The 
Netherlands, 

We repon helium and carbon isotope and COit3He ratios from a re­
gional survc:} of geothermal F from the Lesser Antilles island arc. an arc 
system where there is compelling geochemical evidence for the superimpo­
snion of a crustal component onto mantle-derived magmas. A predomi­
nant mantle hehum isotope: signature is observed throughout the arc The 
highest ratios coincide with MORB helium (~8 R, where R,• air >HcJ"He) 
and occur toward the centre of the arc (the islands of Maninique. Dom m­
ica. Guadeloupe. and Montserrat). In the south and norlh of the arc (Gre­
nada. St. Vmcent. St. Lucia m the south and Nevis and Saba in the norlh) 
3Hcl'Hc rauos arc lower and lie between 4.9 and 6.8 R,. This regional 
vanauon is also apparent m the carbon isotope: systemaucs: the untral 
ponion of the arc (Martinique to Montserrat) have 611C(CO1) values be­
tween -2 and -4%. (vs. PD8). heavier than the range observed in MOR8 (· 
4 to -99'.l, The south of the arc (Grenada to St Lucia) is characterized bv 
MOR8-hke carbon isotope rauos (centred on --6%.). CO2/JHe rauos arc • 
significantly higher than the MOR8 value (~2xl0") for the entire arc. The 
values in the central islands fall close to I 010 whereas the southern volca­
noes have higher ratios between I 010-1011

• 

Assuming the Lesser Antilles mantle wedge has a MORB-lil(c hchum 
and carbon composition. our data can be explained by mixing of mantle 
wedge carbon with at least two other carbon components: an isotopicall)­
hcavy marine hmc:stone cndmcmber of slab-dcnvation and an isotop1cally­
ligh1er component represenung either slab-derived organic carbon and/or 
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an upper crustal component with a large fraction of organic carbon. The 
helium-c.ubon systematics of the central ponion of the arc are consistent 
with a I~ slab-derived marine limestone input lo the carbon inventory. 
and we calculate a non-mantle:mantlc carbon tlux of 5. 7. I. MORB-like 
helium isotope: ratios. which are sensitive to penulba11on by crustal addi­
tions to degassed magmas, imply a relacivcly minor role for upper crustal 
contributions in this part of the arc although it could reach a maximum of 
20o/• of the total carbon flux if the light-C component is solely or crustal 
origin. Higher CO.it'Hc ratios in the southern islands coupled with lighter 
613C imply (I) an increase in the flux in the non-mantle contribution rcla• 
tive to the: central arc. and (2) an enhanud role for an 1sotopically-light 
carbon component in this part of the arc. Compared to the central islands. 
the increase in the non•mantle carbon tlux in the southern islands ,s by a 
f~tor of 4.2. Assuming that the isotopically-light carbon 1w a 61)C of -
10%.. then its southern arc flux is a factor of9. l ttmc:s that of the central 
arc. Lower 1Her'He ratios in the southern arc indicate that the on gin of this 
carbon component is likely 10 be the uppermost crust: in this case. -50% 
of the total carbon lost via the southern Lesser Antilles would be of crustal­
dcrivation. This conclusion is compatible with the increased availability or 
carbon both in the: southc:mmost forcarc sediments and arc crust. Our ap­
proach of combining helium and carbon systematics serves to emphasize 
the importance of volatile provenance on mass balance considerations of 
the tCTTCStrial carbon inventory at convergent margins. (Authors' abstract) 

VANKO, D.A. and LAVERNE, Christine, 1998. Hydrothermal anorlhiti­
z.ation of plagtoelase within the magmatic/hydrothermal transition at mid­
ocean ridges: Examples from deep sheeted dikes (Hole S04B. Costa Rica 
rift) and a sheeted dil(c root zone (Oman ophiolite)· Earth and Planet. Sci. 
Leners. v. 162. p. 27-43. First author at Dept ofGeol .. Georgia State 
Univ .. Atlanta. GA 30303 USA; email (dvanko@gsu.edu) 

The unique petrological record from the deep sheeted dikes ofODP 
Hole 5048 gives insight into the magmatic/hydrothermal transition and the 
hydrothermal rcacuon zone at mid-<>CCan ridges. A h1gh-T peak hy­
drothermal event at Hole 5048. defined as Stage I. corresponds to an early 
stage in the evolution of an axial reaction zone. and perhaps to an initial 
high-T phase of black smoker activity. The T and/or the ac,/a1

Na ratios of 
hydrot.hermal F overlapped and even exceeded those infcrTcd for the reac­
tion zones of many modem black smoker systems, The volume of hy­
drothermally altered rock at this stage of evolution of the reaction zone was 
much less than I Oo/1. Stage I is manifest in hand specimen by reaction 
halos adjacent to hornblende veins and by irregular alteration patches. 
There is no epidote associated with Stage I. Wallrock reactions involved 
the replacement of magmatic clinopyroxcne by magnesiohornblendc and of 
magmatic plagioclase by hydrothermal plagioclase. These secondary min­
erals were not in equilibrium. Hydrothennal plagioclase varies in compo­
sition li'om An~, to Al14J. and has low MgO and Fc:01

'". It 1w distinctive 
bright DL and a porous appearance. Stage I at Hole 5048 occurred at P 
between 38 and 85 MPa (0.38 and 0.85 kbar) and T in excess of about 
425°C. these P· T conditions closely approach the two-phase field for sea­
water Stage I is overprinted by retrograde alteration that caused furlher 
replacement within halos and patches as well as I 0-40% altcratron. mostly 
lo chloritc and albitc. of all the fresh sheeted dikes that were unaffected 
during Stage I. Stage I alteration at Hole: 5048 is unique among oceanic 
and oph1olitic samples. However. we rcpon one area from the Oman 
oph!Olite that exhibits features similar 10 Stage I at Hole 5048. Early halos 
around hornblende veins contain secondary hornblende and porous hy­
drothermal calcic plagioclase (AnwAmal with low MgO and Fc:01

'". Fin 
quartz show lhal some early hydlOlhcrmal F had S.6±2.3 wt.% NaCl cq. at 
T constrained to be above 320°C and below 5 I 0°C. as well as a saline 
bnne with 31 to 40 wt.% NaCl cq. and similar T constraints. Although 
evidence for Stage I alteration of shc:c:ted dikes is far from ubiquitous. it is 
now 1dc:ntilic:d in an oceanic setting (Hole 504B) and in an ophiolitic ex• 
ample from Oman. (Authors· abstract) 

VAN KO, D.A. and MAVROGENES, J.A., 1998. Synchrotron-source X­
ray fluorescence microprobc:: Analysis of fluid inclusions: in McKibben, 
M.A .. and Shanks. W.C.. eds .• Applications of Microanalyucal Techniques 
to Understanding Mineralizing Processes: Reviews in EconomicGcol .. v. 
7. (Society of Economic Geologists). p. 251-263. 

A thorough review of the instrumentation. sample procedures. calibra­
tion. limrtations and data reduction. and some recent applications (East 
Pacific Rist. Mid-Atlantic Ridge. and Questa Mo). plus their interpretation. 
(E.R.) 

VAP~IK, \r, 1998a. Fluid inclusions in calci1e veins and dctrital quartz 
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grains in thc Kokhav Dolomite (the Helc12-Kokhav Oil Field): Israel Geo­
logical Society Annual Mccung. M1tzpc R , Weinberger. R . Gavncli. I.. 
Yechicli. Y .. Porat. N. and Ayalon. A. eds .. 1998. 22-24 March. p. 106. 
Author at Dept. ofGcolog1caJ and Environmental Sc1.. Ben Gunon Univ. 
of the Negev. P.O.B. 653, 84105 Beer Sheva. 

Temperature is one ofthc controlling factors in petroleum generation. 
Fl provide a useful and important way of direct measurements of pako-
1empera1urcs (Barker, 1996) Six samples (RcnyCalvo·s collecuon) of 
coarse grained calcite veins hosted in the Kokhav Dolomne were investi­
gated. Fl in calcite arc mainly two phase I (L+G)ofPS origin Inclusions 
arc of Na-Ca-Cl compos111on wnh sal of about 8 wt% NaCl eq. The Th is 
in the range of I 30-220°C. 

Hydrocarbon I were found in one sample. These arc two phase I 
(L+G) of P and PS ongin The Th 1s in the range of50-1700C. 

The data on Fl indicate a high effecuvc T of oil generalion. The high 
T arc in a good agreement with C29 20S/20R sterane ratios equivalent and 
recalculated vitrinite reflectance values obtained for the Bamca Formation 
(Bein & Sofer. I 987). 

Amil (1976) taking into account low-T data on v1tnm1e renectance in 
the Gevaram fonnation proposed the Toroman-Scnonian time of 011 gen­
eration. The obtained high effecuve T makes oil gcnerauon possible before 
theToronian, already m the Alb1an time: (Cohen. 1971 ). 

The high Tt of Fl m calcite vems can indicate the hydrothennal origin 
of calcite veins and questions the isotopic model of calcnc vein fonnauon 
from water originated in the "Mavq1·1m Sea" (Calvo. 1993). 

Other interesting findings arc the PS CO2 and Hi0-CO1 I in small 
dctrital quartz grains. Rounded quanz grams with Fl hosted in near-by­
vein dolomite were found m one of the samples. The H:O-CO1 I were 
trapped at T>J00°C and P>2.5 kbaraiid provide evidence for a medium­
to-high grade metamorpluc provenance for the quartz grains (Bodnar. 
I 994 ). which suggests an intcrcsung ms1gh1 mto the nature of crystalline 
basement of Israel. (Author's abstract) 

VAPNIK. Ye .. 1998b. Melt inclusions in granitoids of the Tmma Igneous 
complex. southern Israel· Mmeralog1cal Magazine. v 62, no. I, p 29-40 
Author at Dept. ofGcol.. Ben-Gurion Univ of the Negev. PO. Box 653. 
Bcer-Sheva 84 I 05. Israel. 

High T microthemlomctry and Scanning Electron Microprobc (SEM) 
analyses were used to study natural magmauc remnants in quartz crystals 
in granitoids from the Timna Igneous Complex. southern Israel. and to 
constrain physicochcmical parameters dunng their crystallization. For the 
porphyritic granite. alkali granite and quartz monzodionte. liquidus T arc 
7 I 0-770. 770-830 and 770-840°C. respectively; solidus T are 690-770. 
710-890 and 770°C. respectively. P dunng crystallizauon and water con­
tent in the magmas were detennined using the phase diagram of the modal 
granite system The detcnnined P-T conditions are typical for water­
sacurated grani1oid magmas (>4-8 wt%) generated and crysiallizcd at a 
shallow crus1al level. 

SEM data on Ml suppon conclusions of previous mvesugations on 
two typcS of grani1oid magmas exposed.in the Timna Igneous Complex: 
the porphyrilic and alkali granites. Different trends of crystallization arc 
proposed for these granites. Crystallization of the porphyritic granite 
started with cotcctic crystallization of plag1oclasc and terminated in resid­
ual K-feldspar-rich crystalliulion: crystallizat1on of the alkah granite took 
place at higher T. starting with K-nch alkal1-fcldspar crystallization and 
terminating in residual Na-rich eutectic crystalliution. 

Parameters not available from other sources-T and P of the liquidus 
and solidus stages. water content. trends of crystallizatlon-werc ob1amed 
for the porphyritic and alkali granites (Author's abstractl 

VARELA, M.E .• CLOCCHIATTI. R.. Dl'RAl'D. J.P .. IWRAT, G .. 
MASSARE. D •• METRICH, N.1., MOSBAH. '.\I. and TH ELLI ER. B .. 
1998. Contributions of the study of glass inclusions to the understanding of 
the fonnat1on processes ofme1contes (chondrites and achondrites) (abst.): 
Reumon des Sciences de la Tenc. Brest. 31 March-J April. 1998. p. 205 On 
French. translation by E.A.J. Burte). First author at Laboratoire Pierre Soc. 
CEA-CNRS 91191 Gif-sur-Yvcne. France. 

The aim of studies carried out at the Pierre Sile Laboratory is to give 
an explanauon for the mode of fonnat1on of glass I in meteorite minerals. 

The glass I of chondrites (Allende. Kaba. Murchison. Renazzo and 
Murray) consist essentially of the refractory elerncn1s Al. St. and Ca (with 
contents of 27. 45. 27 \11.% oxides). The contents and the repanition of 
carbon and sulfur. analysed with a nuclear microprobe. show that the two 
elements have a heterogeneous d1stnbution. probabl} due 10 the he1croge­
nc1~ of the sening during the formation of the I. 
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The trace<lcmcnt distribution curves. measured with SIMS, of two I 
in Rcnazzo have a chondritic signature. which means thal they were 
formed by a condensation process (Kurat ct al .. Metcont1cs. v 32. 1997). 

Glass I of the achondrites Aubrcs. Nonon County. Shallowater have a 
chemical composition nch in Si02 (70-80 WI.%). AliO> (3-16 wt.%), alka­
line elements (IO wt%). and volatiles (Cl 0.02-0.15 and S 0.2-0.J wt%). 
They have been formed in a not yet complete)} degassed scnmg A de­
tailed study of the I in Chassigny, an achondrite from Mars. sheds strong 
doubts on the generally accepted hypothesis of 115 magmatic cumulative 
origin. The nature of the I, healing cxpcnments. and certain tracc-<:lcment 
ratios (measured with the nuclear microprobe) indicate that these I were 
fonned by a non-magmatic process. (Authors· abstract) 

VAREU, M.E .• CLOCCHIATII, R.. KURAT. G. and MAS.SARE. D" 
1998. Glass-bearing inclusions in Chassigny olivine: Heating experiments 
suggest nonigncous origin (abst.): 61st Metcont1cal Society Meeting Jul) 
27-31, 1998, Trinity College, Dublin. Ireland. published in Meteontics & 
Planetary Sci., v. 33, no. 4 Supple .. p. Al 58. First author at UNS­
CONICET. Dipan1mento de Gcolog1a, San Juan 670. 8000 B. Blanca, Ar• 
genuna. 

Multiphase (minerals plus glass) I in olivine of the Chassign~ achon­
drile have been extensively studied [1-JJ. These I arc widely beheved to be 
residuals of the parental M that was trapped dunng gro"1h oflhc olivine 
from the M. Under the assumption that Chassigny is a cumulate rock and 
the glass-bearing I represent the parent magma. the calculated chemical 
composition of the 1m11al trapped M rcsanblcs that of terrestrial bonm1te 
lavas {2]. Subsequent closed-system cooling of these trapped M will pro­
duce an assemblage of dxl and a quenched glass. However. based on pet­
rographic features and on the chemical composition of glasses of all types 
ofl in Chassigny ohv1ne, (4) proposed that the multiphase I could have 
been formed by heterogeneous trapping of its constituents rather then by 
trapping of a parental M. 

Three types of glass I are present m the Chassigny olivine: pure glass, 
monocrystal. and multiphase I (glass. glass plus one mineral. or glass plus 
several minerals respectively). Glass/mineral ratios arc highly vanablc 
The P petrographic nature of the: I suggests that they arc very likely samples 
of the ambient phases that exist during the growth of the Chassigny oh vine. 
lflhe parental M would be trapped contemporaneously into two I ma given 
host phase and some phases grow in one I but not m the othcr, the chemical 
composition of the glasses in these I must differ from each other. However. 
this is not the case with the glasses in the three typcS of I in the Chassigny 
ohvme. which all have very similar compositions. 

Heating expenrncnts allow for the reversal of the processes that oc­
curred inside the I during cooling. The phases that fonnc:d after the closed 
system evolved will dissolve in the M during heating. Thus. after quench­
ing. the chemical composition of the glass in a heated residual Ml will be 
different from that of an unheated one. Healing experiments were pcr­
fonned ma Pl-Pt.., u••Rh10 heating stage in a hot He atmosphere as 0 
gen er [ 51 with quenching times ( from t 200°C to 500°C) of< I s. The op­
timum condn10n runs lasted for -8 hr. each with final T of 900. IOOO. and 
1200°C. respecuvely, which were held for JO min. The final T of 1200°C 
exceeds the "accumulation·· T of I l40°C estimated for Shergony and Za­
gami shergonites (other members of the SNC group) (61. Thus. at I 200°C 
some reactlOlls between glass (M) and the host can be expected. However. 
there was no reaction m glass-bearing I in the Chassigny olivine. 

The composition of glasses inside the heated I and close 10 the I walls 
remains rich in SiO1. Al:0~. and K2O and poor in FcO and MgO (Table I). 
The compos11ional similaricy between heated and unheated glassy and 
mutuphase I indicates that the latter arc nOI the: product of a M evolution 
after closed-system cooling. Therefore. the glass of glass-bearing I in oli­
vine 1s not a residual M but rather is an independent phase that was trapped 
either with or without mineral phases. giving rise lo the three I types pres­
ent. (Authors· abstract) 

See figure ,n the lllustrations appendix. 

VARELA. ~I.E., CLOCCHIATII, R., MASSARE. D. and SCHIANO, 
P" 1998. Metasomausm in subcontinental mantle beneath northern Pa• 
tagoma (Rio Negro province). Argentina: Evidence from silica-nch melt 
inclusions Mineral. and Petrol.. v. 62. p. I 03-121. First author at Univer­
s1dad Nac1onal del Sur-CONICET. Bahia Blanca. Argentina. 

Mell and Fl trapped in spine! lhel"lOlite and hanburgitc xenoliths con­
tain three types of genetically related I hosted by olivine. orthopyroxene. 
clmop)Toxcne and spmel: silicate glass I. multiphase silicate Ml and CO2 
FL COi densities ol' early Fl (0.93-1.02 g/cm1l and Th of Ml ( t 220°C) 
indicate that they were trapped at upper-mantle dcp(hs. 
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Silicate Ml occur as isolated I as trails along fractures and decorating 
lamellae deformation. They are composed of glass. or of glass with 
"daughter·· crystals of clinop)TOxenc. amphibole. apame and ilmenne, 
Glass I are characteri:zcd by high contents of sihca. alumma and alkali ele• 
menis The nature and chemistry of the dm indicate that Ml can be cons1d• 
ered as trapped metasomauc M. Moreover, glass I show chemical varia­
tions from high s1hca (68 wt%) Microthermometry trapped as isolated I m 
olivine F0i1 towards less sihceous (60 wt%) M trapped as SI in olivine 
F0g- orthopyroxcne and spinel. This chemical evolution cannot be rec• 
onclled w1th magmatic processes, like fractional crystalliution or different 
degrees of partial melting. The existence of two stages in their evolution 
could reflect the hcterogenous nature of the mantle source of the Mand the 
presence ofa deep-seated F phase during melting. (From authors· abstract 
byE.R.) 

VAUGHN, B.H., WHITE, J.W.C., DELMOTTE. M., TROLIER. M., 
CATT ANI. 0. and STIEVENARD, M., 1998, An automated svstem for 
hydrogen isotope analysis of water: Chem. Geol . v. 152. p. 309:319. First 
author at INSTAAR. University of Colorado, Campus Box 450. Boulder, 
CO 80309--0450. USA. 

An automated mlet system has been developed for deute• 
rium/hydrogen isotope analysis of water using on-hne reduction hydrogen. 
A modified HPLC autosampler inuoduces precise aliquolS of water (0.5 to 
S µI) mto a heated expansion chamber which is connected via a capillary to 
hot uranium where the waler 1s reduced to uranium oxde. and hydrogen for 
analysis. The 600°C uranium reduction furnace 1s kept al analyzer P in the 
mass spectrometer. which max1mi:zcs the lifetime of the reductant lo handle 
more than 4000 inJeCtions per 0.5 g of depleted uranium This is a flow­
through system, and unlike zinc or catalyst methods.. some ·memory' ef­
fects arc encountered, requiring two injections 10 obtain a oD precision of 
<±I%., and four injections for a precision of <±0.5%o. Sample preparation 
is limiled to gening water into an autosampler vial. The computer­
controlled system provides extended unanended operation allowing. for 
instance. large runs of samples that can occupy the instrument over entire 
weekends. 

(Authors· abstract) 

VAVELLDIS, M. and MELFOS, V., 1998. Fluid inclusion evidence for 
the origin of the banlc silver-gold-bearing Pb-Zn mmeral1za1ion of the Tri• 
ades area, Milos Island. Greece. 8th lnl'I Congress of the Geological Soc. 
of Greece. Geol. Soc. Greece. v 32. no. 3, p. 137-144. 

Indexed under Fl. 

V AzQUEZ. Rodrigo, VENNE:\tANN, T,W., KESLER. S.E. and RllS­
SELL, Norman, 1998. Carbon and oxygen isotope halos m the host lime­
stone. El Mochito Zn-Pb-<Agl skarn massive sulfide-oxide deposiL Hondu­
ras: Econ. Geol .• v. 93. p. 15-31. Farsi author at Dept of Geological Sc1.. 
Univ. of Michigan. Ann Arbor. Ml 48109 

El Mochito. the largest operating mine in Ceniral America is a typical 
skam sulfide-oxide. limestone-replacement lead-zinc-silver deposit. Fl and 
stable isotope geochem is1ry of the skam and sulfide minerahzation at El 
Mochi10 are compatible with a high T (350-500"() ongin from hydrother• 
mal F with 6D values of -40 to - 90 per mil and 6'"0 ,·alues between 10 
and - 1 per mil which wc:re probabl~ of mixed magma11c-me1eoric origin. 
A detailed study of stable isotope composnmns of the host hmestonc 
around the El Mochito deposit indicate a gradual depleuon m •ic and 110 
with approach to the ore body. indicating that the changes m isotopic com­
posiuon were imposed on the limestone during the hydrothermal activity 
related to the minerahzauon. Oxygen isotope exchange between the hy­
drothermal F and limestone produced a suong depletion m 110 of up to 18 
per mil relative 10 background limestone compositions. 110 depletion is 
easily detected for distances of up to 4 km from the orebody The depletion 
of 13C is much more restricted. with changes of up to 4 per mil in o1;C 
values relative 10 the infem:d onginal limestone. extending only 30 m of 
the ore deposit The original stable isotope composition of the limestone. 
as interred from distal. unaltered samples (o1;Cpae"'5.0%o. 
6110sMow==23.5\!6oJ. is similar to !hat of other Cretaceous limestones. 
Small-scale stable isotope analyses of the matrix. relict fossils. and late• 
s1age veins within the limes1ones. and companson 10 the isotopic composi­
tion of the bulk-rock samples suggests that !he extent of stable isotope al­
teration was a function of the initial grain size. the permeability of the 
rocks. the F/rock ra1io. and the T of the hydrothermal system. as well as the 
isotopic compos111on and dominant C-bearmg species within the hy• 
drothermal F Both extensive recrystallization of lime-mud matrices and 
the presence of faults and fractures may have enhanced the S porosity and 
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pcrmeab1hty of the limestones. allowing for effective F infiltration and 
increasingly pervasive F flow with approach lo the ore deposit The 
mechamsms responsible for C and O isotope alteration of the limestone 
were calcite recrystallization and late calcite veining. Large stable isotope 
alteration halos within limeslones surrounding ore deposits of this type 
provide useful guides to exploration. (Authors' absuacll 

Eight analyses are presented for 9 G. including H2S and HCI. and 16 
analyses of garnet, sphalerile. and galena for H20 , 6D and 0110. and for 
co2• s0 c and 0110. (E.R.l 

VEKSLER. I.V., NIELSEN, T.F.D. and SOKOLOV. S.V.,1998. Miner­
alogy of crystalh:zcd melt inclusions from Gardiner and Kovdor ultramafic 
alkaline complexes: lmpliCaJions for carbonaJite genesis. J. of Petrol.. v, 
39. no. 11 & 12. p. 2015-2031. First author at Earth and Planetary Sci • 
American Museum of Natural History. New York. NY 10024. USA 

Cumulus olivine, clinopyroxene. melilite and perovskllc from silicate 
rocks and carbonatites of the Gardiner (East Greenland) and Kovdor (Kola 
Peninsula) ultramafic alkaline complexes contain P Ml crystalli:zcd into 
aggregates of dm. The petrography and Th of the I constrain the fraction a• 
lton paths and the formation of carbonalites in the complexes. Carbonated 
melanephelinite was pan:ntal to both complexes and earl} cumulates 
(dunite. olivinne, peridotite and mcl1eig11e) are comparable. The common 
occurrence of phlogopite and amphibole in the I and in the host rocks indi­
cates that these were important I iquidus phases. In both complexes the 
fractionation of phlogopite and amphibole drove the M towards Ca-rich 
(larn1te-normative) compositions. At the ijolile stage. the evolutionary 
trends are believed to separate and the evolved lam1te-normativc M pro­
duced calcite-bearing iJolite in Kovdor and melihtolile in Gardiner. The 
two assemblages arc rela1ed by decarbonation reacltons A fractional crys­
tallization ongin is suggested for the Kovdor carbonatite. whereas the Gar• 
diner carbonat1te formed by L immiscibility in the course of melilitc frac• 
1ionat1on Na-K-Ca and Na-Mg carbonales are common daughter phases 
and especially abundant m laJe•stage I. Thus. al I carbonallle M in the two 
complexes are alkaline. Calcite carbonatites appear lo be cumulates. 
(Authors· abstract) 

VENGOSH, Avner, DcLANGE, G.J. and STARINSKY, Abraham, 
1998. Boron isotope and geochemical evidence for the ongin of Urania and 
Bannock brines at the eastern Mediterranean: Effect of waler-rock interac­
tions: Geochim. et Cosmo. Acta v. 62. no. 19/20, p. 3221-3228. Firs! 
author at Research Dept .. Hydrological Svc .• P.O. Box 63 81, Jerusalem 
91063. Israel: email (avnerv!u'vms.huji.ac.il) 

The origin ofhypersaline bnnes from Urania and Bannock deep an• 
oxic basins in the eastern Mediterranean Sea has been inves1igated by inte• 
graung geochemical data and boron isotopic ra1ios. Bottom brines from 
Urania basin have chloride contents up 10 4200 mmole/kg H20 and a ma­
rine Na/Cl ratio (0.87). All the other ionic rates are different from the ma• 
rine ratios and show a relauve ennchment in Ca. K. Br. and B and deple• 
tion in Mg and SO,. as normalized to the chloride ion. The o11B values of 
the Urania brines (o11B=29.8±2.9%o: n=7) are lower than that of Mediter­
ranean seawater (39%o). The concentrations of Cl and Na which make up 
95% of the total dissolved ions (in molal units). suggest that the Urania 
brmes were derived from eightfold evaporated seawater. The relative en• 
nchment of Ca and depleuon of Mg and SO, reflect dolomilization. gyp· 
sum precipitation. and sulfate reduction processes which modified the 
original evaporated seawater while the brines were entrapped as interstitial 
wa1ers in the sedimentary section of the Mediterranean. The relative en­
richments of Br. B. and K. and the low o11B value of the Urania brines 
suggest high-T interactions of the evaporated sea water wnh sediments. 
Mass-balance calculations suggest that desorption of exchangeable B from 
the sediments (ii11B~20%ol modified the marine B isotopic composition of 
the original eightfold evaporated seawater. Potassium was also leached 
from clay minerals whereas Br was contributed from degradation of or­
ganic matter in the sediments. This is consistent with a thermal anomaly 
( up to 45•c1 recorded at depth m the region of Urania basin In contrast, 
bonom brines and shallow interstitial F from Bannock basin with low T 
( 15°C) show marine o11B (o11 B=39.6±2.8%o: n• 5: 38.5±2.2%.: n:5. re• 
spectively) and B/CI ratios (7 x Hl"1

). The B isotope data confirm that 1hc 
Bannock brines were derived from twelvefold evaporated seawater. We 
argue that the bnnes from both basins arc relics of fossil evaporated sea­
waler that was entrapped m Late-Miocene sediments and accumulated in 
the deep basins of the Mediterranean seafloor. (Authors· abstract) 

\'ERHE\'DE~. S .. KEPPENS, E .. FAIRCHILD, I.J •• !\icDERMOTT. 
F. and WEIS, D .. 1998. Palacochmate reconstructions from geochemistry 
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and isotopegcochcmistty study of speleothcms (abst.) Mmcralog1cal 
Magazine, v 62A. V M. Goldschmidt Conf.. Toulouse 1998, Extended 
Abstracts. p I 593. I 594. First author at Dcpanement Geologic. VnJc Uni• 
verseteu Brussel, Pleinlaan 2. I 0S0 Brussel. Belgium. 

Our sl\ldy was pcrfonned en the Ardcnne massif. Belgium. The sta• 
lagmite provided a 6110, 613C. Mg/Ca and Sr/Ca record throughout lhe 
Holocene. and oxygen isotopic analyses were camcd out on rriet-:oric wa• 
ters. pment-day seepage waters and present-day calcite 

Covariation of the oxygen and carbon isotopic signarure along single 
layers suggests that many parts of the stalagmite were not deposited in 
isotopic equilibrium with the driP.watcr 

In addition. covariation of6 10 and 613C, Mg,'Ca and Sr/Ca ratios 
along the longitudinal axis of the stalagmite (1 e timcscries) suggests that 
the isotopic composition as well as the chemical compos1tton of the sta• 
lagmite depend on the: amount of available water. 

These results confirm the idea that the variation in isotopic composi• 
tion of the stalagmite is acquired during depos111on of the calcite and fur• 
ther support the hypothesis of evaporation and degassing control of the 
calcue deposition. 

As a conclusion. this stalagnute ralher seems lo be a proxy-1001 for 
studying fluctuauons in the prcc1p11ation amount dunng the Holocene than 
it would be for estimating T evolu11on. It also suggests that stalagmucs 
which arc not deposited in isotopic equilibrium with the dnpwater can still 
be used for palaeoclimatic studies. (From authors· abstract b} E.R.) 

VIETS, J.G,, HOFSTRA, A.H. and EMSBO. Poul, 1996, Solute compo­
s111ons of fluid inclusions in sphalente from Nonh Arncncan and European 
Miss1ssipp1 Valley-type ore deposits: Ore fluids denved from evaporated 
seawater: Society of Economic Geologists, Special Pub. no 4. 1996, p. 
465-482. First author at U.S. Geological SUl'Vey, PO. Box 25046. MS 973, 
Denver, CO 80225, USA. 

The purpose of this study 1s 10 characterize the chemical compos111on 
of I F in sphalerite from major MVT d1stncts 1n North Arncnca and 
Europe. This data is used 10 detenninc the origin of the brines. map bnne 
provinces, and idenufy subsequent compositional modifications resulting 
from mineral precipitation. F-rock reactions. and F mixing. This informa• 
tion places 1mponan1 constraints on genetic models for MVT qc:posits. 

Sphalerite samples (43} were an~d for Na••. NH.•'. K 1, ca·2• 
Mg'2• sr· 2

• er•. Br"1
, F

01
• COi"2, S2Of. so.-1, and acetate by a new ion 

chromatographic method with a detection limn for most ionic species of I 
nanogram or less Analytical results arc reported in nanograms and molar 
ratios (e.g. Cl/Br). Absolute concentrations are not reported because the 
method cannot measure the amount of I water released from samples. 

The CI/Br"Na/CI systematics show that the solutes in the ore F arc de­
rived from evaporated seawater and water that has dissolved hahte. All of 
the samples have low Na/Cl and high Ca/Cl ratios when compared 10 sea­
water. which is typical of most basinal brines. The CI/Br"Na/CI systemaucs 
indicate that the pnmary reason for the low Na/Cl ratios is precipitation of 
halite from evaporated seawater. although albitization of plag1oclase may 
have played a minor role. 

Other reactions affecting the composition include dolomitizateon. pre• 
cip1tation of anhydnte or gypsum. sulfate reductioin. and orgamc maner. 
The Fl solute data shows that MVT districts in the United States were de­
posited from four compositionally distinct brines dcnvc:d from different 
sources. (From authors' abstract by E.R.) 

VIGGIANO, G.J.C.. GONzALEZ. P.E. and IZQlilERDO, M.G., 
1998, Fluid inclus1011 study in the Las Tres Virgenes. B.C.S. (Mexico): 
Evidences of a magmatic uprising nuid (abst.): I 7th General Meetmg Inf!. 
Mineralogical Associauon. Aug 9-14. 1998, Toronto. Canada. Abstracts 
and Programs, p. A34 First author at C.F.E. Explorac16n. UMSNH. Fae• 
ultad de lngenieria Civil. 

The study of Fl in minerals from the Tres Virgenes geothermal field, 
BaJa California. Mexico. shows that the parental (i.e .. unboiled or better 
non-boiled) F 1s typical of orthomagrnacic deposits in its pneumatolith1c• 
hydrothennal state With ranging T between 250-300°C and With even 
30.000 ppm TDS. This F has given place to a forced up•flow. due to its 
low permeability. which is grcisenizing (presence of tourmaline and mica 
among other minerals) the nearest rock to the skarn. that is. the granod10-
ritc. The meteoric water, also identified in the Fl according 10 the sal. could 
have enliltrated during the forced convective now and its presence can be 
verified in the diluted Fl of relatively high T which frequcnc) is subord1• 
nated respect 10 those of high sal. (From authors· abstract b) E,R. 

VIKRE, P.G .. 1998a. Intrusion-related polymctallic carbonate replacement 
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deposits in the Eureka district. Eureka County, Nevada: Nevada Bureau of 
Mines and Geol .. Bulletin 110. 52 pp. 

Skam mineral assemblages and Fl compositions (XCO2•0.075) ind1• 
cate that pyrox~gamel skarn formed above 470°C. and hydrous skam at 
lower T. minimally 420"C. Mimmum entrapment T (P-corrccted) and sal 
ranges for Fl in hydrous skarn (-34Q.385°C. NaClcq=6 to 13 wt%) and 
sulfide replacement deposit minerals in the vicinity of Ruby Hill (-360-
395"C. NaClcq<J.5-10 4 wt%), determined by microthcrmomctry. are 
broadly similar to T derived from arscnopyrite+sphalerite+pyrite 
(+pyrrhollle) equilibna (averaging -320 and 3 I 5°C for hydrous skam and 
sulfide replacement deposits, rcspecuvely: maximum for hydrous skam is 
- 385°C). and, in part to sulfur isotope ftactionauon T modes (350 and 
270-C for sulfide replacement deposits) The differences between skarn 
mineral cquilibna T and Fl entrapment T. - 25·80°C. arc perhaps a result of 
insufficient P com:ctions P of -1 to 1.6 kbm, detennincd from 
H20+CO1+NaCJ fluid systematics and homblende AIT gcobarometry. ind•· 
cate that granodionte emplacement and fonnation of skams and sulfide 
replacement deposits occurred at minimum depths of3 8-6.1 km (2.3·3 7 
miles). Hydrogen and oxygen isotope compositions off! waters extracted 
from skam and sulfide replacement deposn minerals are compatible wnh 
Cretaceous meteoric Water, mixed with increments of magmauc water. that 
has exchanged varying amounts of oxygen with carbonate wall rocks. 
(From authors· abstract by H.E.B.) 

VIKRE, P.G~ 1998b, Quartz•alunite alteration in the western part of the 
Virginia range, Washoe and Storey Counties. Nevada Econ Gcol.. v. 93. 
p 338-346. Author at ASARCO. Inc. 510 East Plumb Lane. Reno. NV 
89502 USA. 

Large areas of Miocene volcanic rocks in the area were altered to 
qua,tz. alunne, and clays, and all significant precious metal and mercury 
deposits throughout the range, including the Comstock Lode. Ramsey, and 
Talapoosa distncts, occur in or adjacent to extensively altered andcsitcs and 
dacites. Oxygen. deuterium, and sulfur isotope analyses of alunite. quartz, 
and wacer extracted from Fl in quartz-alunite altered rocks in the western 
part of the Virginia Range. and Fl m1crothermomctty. show that the allenng 
F were composed of magmatic water and mixtures of meteoric and mag• 
mauc water. and that the alteration took place in the T range - 205 to 
265°C. Fl water 1socop1c analyses indicate: that Comstock Lode district 
veins were also deposited by a mixed magmatic-meteoric water F. and that 
subsurface altered intrusions, such as the molybdenitc:-bcanng diorite in the 
Washington Hill alteration zone. can be idcnufied by isotopic analyses of 
water m surface samples, Sources and thennal charactenstics of F involved 
in quartz•alun11e alteration and gold m1neral1za11on in the Ramsey district, 
s1m1lar 10 that at Goldfield. Nevada. and for other deposits in the: Virginia 
Range, have not been determined, but mixing of magmatic and mcteonc 
water at moderate hydrothermal T may have been important m localizing 
ore. (From author's abstract by E.R.) 

VILA, TomAs. LINDSAY, Nicholas and ZAMORA, Rithard, 1996, 
Geology of the Manto Verde copper deposit, northern Chile: A specularite· 
rich. hydrothcnnal-lcctomc brccc1a related 10 the Atacama fault zone: in 
Andean copper deposits; new discoveries. mineralizatKl!I, styles and met• 
allogeny'", Soc Econ. Geologists Special Publicauon No. 5, Camus. F .. 
Si111toc. RH. and Petersen, R .• eds .• 1996, p. 157-170. 

The Manto Verde copper deposit 1s associated with spccularile•nch 
breccias cmplaccd dunng extensional tectonism along brittle faults of the 
Atacama fault zone (AFX). The AFZ 1s a complex sm1stral strike•slip/d1p• 
slip system that originated dunng oblique subduction in a Jurassic to Early 
Cretaceous magmatic arc. Activity of the AFZ is documented from the 
Middle Jurassic. with intcnnittent movements OC(umng at least 11110 the 
late Miocene South of Manto Verde. the AFZ is a major control on the 
emplacement of apallte•beanng magnetite deposits m the Cretaceous Iron 
Belt {CIB) Prclimmary studies indicate a predominance of three-phase Fl 
as wc:11 as the coexistence of V-nch and L-rich. two-phase I evidencing 
bo1hng. The Th for two- and three-phase I in translucent quartz veinlcts 
and fragments accompanying early iron-copper-(gold) mineralization range 
between 180 and 320°C. although they are mainly between 180 and 2S0~C 
Sal for the three-phase I vary from 30 10 4 7 wt.% NaCl eq .. although a 
decrease in F sal (14-21 wt.¾ NaCl eq l is detected in two-phase I from late 
mmc:ral1za1ion. chalcopyrite•bearing calcite veins. 

The geologic features of the Manto Verde deposit suggest a common 
magmauc-hvdrothennal ongin w11h the apa111e-bearing magnetite deposits 
of the CIB. Manto Verde probably represents the copper•nch. specularite• 
dominated. and possibly younger end member of a continuum of deposits 
that extends 10 copper-poor. magnct11e-dominatcd deposits at the other 
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extreme. (From authors' abstract by H E.B.) 

VITYK. 1\1.0. and BODNAR, R.J., 1998, Statistical microthennometry 
of synthetic Fl in quanz during decompression recquilibrallon Contrib. 
Mineral. Petrol .• v. 139, p. 149-162. Authors at Fluids Research Labora· 
tory, Dept of Geological Sci., Virginia Polytechnic Inst and State Univ., 
Blacksburg. VA 24061 USA 

Fl microthennomctric data are often reported as Th frequency histo­
grams Interpretation of such histograms for a single Fl assemblage (FIA) 
of non-recqu1librated Fl is usually straightforward and provides an accurate 
dctenninauon of the original dcns11y (Th) of that FIA. However. in1erpre­
ta1ion of such histograms for reequilibratcd I is more problematic. Decom• 
pression experiments using synthetic I m natural quanz. conducted at 2-S 
kbar and 600-700°C with a maximum intcmal overpressure of2 kbar indt· 
catc that histogram shape reflects the ~ample 's P-T history, Our results 
further indicate that the mean, mode, range. standard deviation. extreme 
values. etc .• all have a significance with respect to the P-T history of the 
sample. Thus. a mound-shaped. unimodal histogram with low range indi­
cates a nearly isochoric cooling P· T path, A unimodal histogram that is 
slightly skewed 10 the right, and with a low standard dev1a1ion bul high 
range, results from I dcfonnation in the plastic regime (high Tilow strain 
rates). Fl deformed plastically show no correlation berwecn size and den­
sil)'. Histogram outliers should not be ignored and may be used to deter• 
mine an 1sochorc that passes close to the conditions of entrapment (mini• 
mum Th) or close: 10 the final recquilibralion conditions (maximum Th). 
The htStogram mean Th value corresponds to an 1sochore that reprcsents 
the internal overpressure: (about I kbar) that can be maintained over geo­
logic time by a majorily of reequihbratcd Fl. A multimodal histogram with 
high range and high standard deviation indicates I bnttlc dcfonnation (low 
Tilligh strain enviroments). Fl dcfonnc:d m a brittle manner show suong 
positive correlation between size: and dcnsily. Histograms produced in the 
laboratory show many similarities to histograms for natural samples. offer­
ing the hope that laboratory results may be used to interpret P-T histories of 
natural samples. (Authors· abstract) 

VITYK. M.O., BODNAR. R.J., and DOUKHAN, J-C.. I 998. Plastic 
flow associated with fluid inclusions in quartz (abst ): Program and Ab­
stracts, PACROFI VII. Pan-American Conf. on Research on Fluid Inclu­
sions. June 1-4. Univ of Nevada. p. 69. First author at Department of 
Geological Sci.. Vugima Tech. Blacksburg, VA U.S.A. 24061 . email 
(max.o,v1tyk@cxxon.sprmt corn) 

Aq S}nthettc Fl in quartz were experimentally recquilibrated for 30 
and I 80 days at conditions of internal overpressure Microstructures asso­
ciated with recquilibrated (stretched) Fl were examined with the TEM, 
Quartz m healed fractures m samples that were not suqjected to overpres­
sures shows low dislocatlOfl activ11y. Quartz adJaccnt 10 recquilibrated Fl. 
however. showed a marked mcreasc: in dislocation activity compared to un­
recquihbrated samples. Stretch mg of the I walls occurred anisoll'opically by 
expansion of mobile dislocations in theu slip systems Dislocat10n expan­
sion was controlled by glide m the rhombohcdral planes 11 0 111 restricted 
to narrow zones ( <3 µm) in the immediate v,cmil) of the Fl walls outside 
of the healed fracture plane. These plastic zones were observed after both 
short term (30 days) and long term ( 180 days) experiments and can be at­
tributed to hydrolyt1c weakening of quartz matrix around Fl due to water 
diffusion durmg the: experiment. Association of water bubbles with dislo­
cations shows clearly that water was lost from J dunng both the 30 and 180 
day experiments, Our results indicate that even relatively fast experimental 
loading rates allow synthetic Fl m natural Brazilian quartz 10 recover 
(chemically and volumctncally) such that internal stresses probably never 
reach the point where the I fail by brittle fracture Toe drivmg force for Fl 
recovery anscs from two complementary, competing mechanisms. plastic 
deformation of the I walls weakened by water. and water leakage induced 
by prc:-<xisting and stram-induccd dislocations. (Authors· abstractl 

VOZNYAK. D.K., LITOVCHENKO, A.S. and KllLCHITSKA \ 'A, 
A.A" 1998. Toe y-radiation impact on hydrocarbon inclusions. Mineral 
Zhumal. 1998. no. 3. p 22-26 (in Russian. Engl. abst.) 

Results of cryomctric investigation of the hydrocarbon I in quartz (the 
Carpa1h1ans. the Donetsk Basin) before and after y-radiation (the dose 
lxl0" Gy. the source roCo) arc presented in the: paper. · Dunng y-radiation 
the P methane solution of the I ,s enriched with hydrocarbons whrch are 
heavier than methane. and the: quantity of methane diminishes. CO? of the: 
I also takes part in the: radiolysis as the material for the s)nthesis of hydro• 
cart>ons. Durmg y-rad1ation water solution of phenols ('>) and methane 
solut1on m the: I from L (as oil) and solid hydrocatbons: almost pure waler 
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forms a separate phase. The ability of the hydrocarbon solutions 10 react 
sensitively 10 ionizing radiation pcnnits using them for cstimauon of dos-
ages, { Authois • abstract) 

WACHOWIAK. N.M., GUMMER. P.K., GROTZINGER. J.P. and 
SPOONER. E.T.C" 1998, - 1.89 Ga. MVT/SSC m1ncraliza1ion, Esker 
deposit, Rocknest carbonate platfonn. Wopmay orogcn. N. W.T .• Canada 
(abst,); Geological Society of America Annual Meeting 1998, Abstracts, v. 
30. no. 7, p. A-369. First author at Dept. ofGcol .. Unrv. ofToronto, 22 
Russell St., Ontario, Canada MSS 38 I , email (nawo­
Jka@z1rcon.gcology.utoronto.ca) 

The Esker Zn-Pb deposit (80.6 Mt MVT deposit grading 4.S% com­
bined Zn+Pb) is part of the Epworth propcny. owned joinlly by Rhonda 
Mining Corp. and Noranda Mining and Explora110n. Inc .• Mincralizaiion 
is hosted ma -1 .89 Ga carbonate shelf (Rocknest formation) which formed 
at the passive margin of the Wopmay Orogen. and 1s older than 1.88-1.84 
Ga 

M\CT mineralization at Esker is prcfcmitially hosted and stratabound 
in a conophyton stromatolitc biohennal reef 3-S m thick The conophytons 
are cone-shaped. columnar stromatolitcs that have enveloped thrombolitic 
to fenestral domes to form massive reefs. Within the reef, P textures have: 
been largely replaced by a buff white chert. Mincral1za11on consists of 
laterally zoned sphalcrite and galena with mmor amounts of chalcopyritc: 
and pyntc. High grade areas occur in dissolution breccias located in the 
cores of conophyton bioherms. Currently. minerahzauon in the Esker hori­
zon is interpreted to have been the result of basinal F movcmc:nt upwards 
and outwards through Rockncsl stratigraphy. The saline (20.81±2.8 wt.o/o 
NaCl cq,) and low T ( l 00-1 so•c) brines moved laterally through the cono­
phyton horizon. utilizing both P pc:nncab1li1y and S porosil}. Precipitation 
of the sulfides is curmitly interpreted to have been the result of reaction of 
the bnnc:s with organic matter in the conophyton horizon. The occurrence 
and assoc1at1on of stratifonn Cu (SSC) in the: underlying stliciclastic Od­
jick Formation with the: substantial MVT mmc:ralrzation in the: Rockncst 
will continue to be researched and explored for its futuTc economic poten­
tial (Authois • abstract) 

WADA, Naoko and MATSUDA, J.-1., 1998. A noble gas study of cubic 
diamonds from Zaire:: Constraints on their mantle source Geochim. ct 
Cosmo. Acta. v. 62. no. 13, p. 2335-2345. Authois at Dept. of Earth and 
Space Sci .. Grad. School of Sci .. Osaka Univ,, Toyonaka. Osaka 560--0043. 
Japan. 

Cubic diamonds arc known 10 contain Fin submicromc:tcr I which are 
thought to ong.ina1e from the mantle beneath the continental crust. Noble: 
G elemental and isotopic compositions of sixteen cubic diamonds from 
Zaire are noticeably different from those in MORB, From the 3Hcl'He and 
-111 Ar/"16 Ar ratios. some constraints can be made on the origin of cubic dia­
monds. Toe observed ratios can be explained if the cubic diamonds crys­
tallized in a F which separated from a mantle source previously enriched in 
incompatible elements, This is consistent with the previously suggested 
model for the: origin of F·bcaring diamonds. The 11 Ar/36 Ar ratios in the 
cubic diamonds are slw.itly but significantly higher than the atmospheric 
ratio. This high ·•• Ar/ Ar ratio may represent the primordial isotopic ratio 
preserved in the mantle. Alternatively, the observed excess 31 Ar may be 
anributcd to the nuclear reaction 3~Cl(a.p)" Ar in the: F phase: if the pro­
duction rate of nucleogcnic 3' Ar is about ten times higher than the prcvi• 
ousl} reported value and the age of the Fl is quite old (> l0Y yr). (From 
authors· abstract by E.R.) 

WALGENWITZ. F.R., EICHENSEER. H. and BIONDI, P., 1998, Do 
stable isotopes and Fl allow to constrain the origin and timing of dolomiti• 
zation in deeply buried carbonate: reservoirs'.' Example of the Pinda For• 
mation. Angola: ii! Water-Rock ln1eraction. G.B. Arehart & J.R. Hulston 
{eds). Balkcma. Ronerdam ISBN 90 5410 942 4, p 369,372. Authors at 
Elf Exploration Production. CSTJF. Ll/37. Pau, France. 

Oxygc:n isotope: composi1ions and Th of Fl measured in massively 
dolomitizcd Albian carbonate reservoirs of the Angola margin, vary ac­
cordmg to the prc:scnl•day burial depths and reservoir T. It is argued that Fl 
and stable isotopes arc reset during Tc:niary burial. and reflect the condi• 
tions of recrystallization of pre~xisting dolostoncs. early diagenetic in ori­
gm. (Authors· abstract) 

WALKER. R.T. and SAMSON, 1.M., 1998, Cryogenic Raman spc:ctro­
scoprc investigations of fluid inclusions in the NaCl-<::aCli-H2O system 
(absO: 17th General Meeting lnt'I. Mineralogical Assoc1at10n, Aug 9-14, 
1998. Toronto. Canada. Abstracts and Programs. p, A33. Authors at Dept. 
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of Earth Sci .• Univ. of Windsor: email (ims,'it11windsor.ca) 
We have characterized the sohd assemblages present in frozen. narural 

Fl and synthetic F using Raman spectroscopy in order to test whether this 
method can yield useful information about the composition and phase be· 
haviour of aq Fl. Specifically. we were interested in characterizing the 
presence and abundance of a CaCh component. which is commonly hy• 
pothcs,zcd as being responsible for low Tc, and as a justification for mod· 
cling phase equilibria in the system NaCI-CaClr H2O. In order to obtain 
spcc1ra which represent the bulk F composition. analyses were carried out 
on fine-grained aggregates of ice and hydrate, rather than large hydrasc 
crystals. After initial. rapid ftcczing. most l and synthetic solutions yield 
spcctta thai indicate the presence of hexagonal ice. but IIOI salt-hydrates. 
On wanning. the F commonly exhibit a phase transition between about •70 
and -509<:, thas is manifested as a wave of crystallization or coarsening and 
darkcmng of the l. Raman spectra acquired after immediate cooling. indi• 
cate that this transition represents hydrate crystallization. As. this phase 
transition could be mistaken for eutcctic melting in natural I. some low Tc 
reponcd in the I iterature may be erroneous. and in such cases, additional 
components may IIOI be required to explain the observed phase behaviour. 
Frozen I from a rare-clement gramte pcgmatitc and the Mt. Pleasant W-Mo 
deposit contain detectable icc+hydrohalitet:antarcticitc. Mathematical 
modeling and companson with the synthetic F indicate that other hydrates 
were absent or below detection and that NaCl>CaC(i. These results arc 
supported by EDS-decrcpitatc analysis which also indicate small amounts 
of K in some I. Modeling of phase equilibria in these I using the NaCl­
CaCl2•H~ system therefore seems justified. {Authors· abstract) 

WALLACE, P .J., 1998, Water and pan1al melting in mantle plumes: In­
ferences from the dissolved Hi() conccntra1ions of Hawaiian basaltic 
magmas: Geophysical Research Letters, v. 25. no. 19, p. 3639-3642. 
Author at Ocean Drilling Program and Dept of Geo I. and Geophys .. Texas 
A&M Univ., College Station. 

Knowledge of dissolved H2O in P Kilauean magmas provides a con­
straint on HzO abundance in the deep mantle region that feeds the upwell• 
mg plume beneath Hawaii. Given an H2O/Ki() mass ratio of -1.3 for ba• 
salttc glasses and Ml from Kilauea. the mantle source is estimated to 
contain 450± 190 ppm Hi(). This value is ~3 times greater than that csti• 
mated for the mantle source for mid-ocean ridge basalts. Consideration of 
OH solubility in olivine suggests that water undersaturated melting of the 
upwelhng Hawaiian plume probably begins at a depth of ~250km. Thus 
during plume ascent through most of the upper mantle, water is panitioned 
between nornrnally anhydrous silicates and a small mass fraction of en­
trained hydrous s1hcate M. Because water strongly m0uences the v1scos1ty 
of ohvine aggregates. partial melting and M extraction will have important 
effects on the rheology of the upwelling plume bcneash Hawau (Author's 
abstract) 

WALSHAW, R.D. and MENUGE,J.F., 1998. Dating of crustal 0uid flow 
by the Rb-Sr 1sotop1c analysis of sphalente· A review· m Parnell. J. (ed ) 
1998, Dating and Duration of Fluid Flow and Fluid-Rocle lnteraruon, 
Geological Society. London, Special Publications. v.144. p. 131-143, 
Authors al Geology Dept., Univ, College Dublin. Belfield. Dubhn 4. Ire• 
land 

The sphalcrite Rb-Sr isochron technique is a relatively new and power• 
fut geochronological tool allowing the direct datmg of zinc sulphulc miner• 
al1zation. Recently, insights have been gained into the Rb-Sr isotope sys­
temacics of sphalerite, rn particular the crystallographic residence sues of 
Rb and Sr and the mechanisms by which the Rb/Sr ratio of sphalerite is 
fractionated over that of its parent hydrothermal F. This. along with inde­
pendent testrng against three other dating techniques. has resulted m the 
vindication of the sphalente Rb-Sr 1sochron technique. The resultant iso­
chron ages have allowed very precise chronological constraints to be placed 
on the genesis of American and Australian Mississippi Valley-type depos­
its. greatly reducing the controversy which has surrounded this class of 
base metal deposit. (Authors· abstract) 

Discusses Rb-Sr techniques applied to Fl (H.E.B.) 

WANG, Dtnghong, CHE:'11, Vuthuan, and MAO, Jingwrn, 1998. The 
As.helc Deposit: A recently discovered volcanogemc massive sulfide Cu­
Zn deposll in Xinjiang. China. Resource Gcol .. v 48. no. I. p. 31-42. First 
author at Inst. of Mineral Dcpos1ts, Chinese Acad of Geological Sc, .. 26 
Baiwanzhuang Road. Beijing 100037. P.R.C. 

The Ashclc Cu-Zn deposit 1s a recently discovered volc3IIO!!cmc mas­
sive sulfide deposll m Xinjiang. Nonhwestem China. It 1s the largest Cu­
Zn deposll of this type in China. Zonauon of metal elements m the Ashelc 
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mine is typical of volcanic-relascd exhalauve Cu-Zn sulfide deposits m the 
world. Black ores CMched in Pb. Zn and Ag occurs on the top of the No. I 
orebody. yellow ores enriched in Cu in the middle part. and the chalcopyn• 
tization stringer [is] below the massive sulfide ores. Studies of ore petrol­
ogy suggest that the massive ores were volcanogcmc and deposned bye~• 
halasive process. The different atomic weights ofFe. Cu, Pb and Zn may 
be responsible for both the vertical and horizontal zoning pancm of c:le· 
ments. Based on this fact. a new model for the cxhalattve deposits such as 
the Ashelc deposit is suggested in this paper (From authors' abstract by 
E.R.) 

Th ranged from 211 to 31 J"C. Eight analyses of Fl from sphalerite 
and barite are listed, in unstated units of" l o-4:•as follows (rounded): Na l -
13: K 0.3-15: Ca0 18-5; Mg 0.03-S; Cl 1-20. SQ4 2-47. HzQ 300-960, 
CO2 10-100: H2 0.04-0.6; Ni 5-50: CH.a 0•24 (ER). 

WANG, Lijuan, 1998a. Fluid inclusion studies of copper. lead. zinc and 
tin deposits in northern margin of north China platform and its northern 
adjacent areas: Mineral Deposits, v. 17. no. 3, p. 256-263 (m Chinese. 
Engl. abst.) Author at Beijing Inst. of Gcol. for nonferrous mineral re• 
sources. CNNC, Be1Jrng 100012. 

Based on Fl studies of quartz from 52 deposits. the authors have: d1• 
vided these deposits into three subtypes, namely. rntrus10n-bound. strata• 
bound and complex-bound. 

The intrusion-bound deposits are geneticall} related to magmattsm In 
deposits within or near intrusions. dm are abundant in the Fl. and gaseous I 
account for a considerable percentage. With the increasing distance from 
the intJUsion. the Th and sal decrease. and the T. sal. dens11}. pH. Eh and 
/02 values show regular variation. The mctallogen,c F arc derived from 
mixed magmatic water and meteoric water The F· and er contents arc 
relaiively high. The strata-bound deposits are mainly controlled by strata 
With the intcnsificasion of reformation. lcnucular ore bodies or vein ore­
bodies were formed The complex-bound deposits arc controlled not only 
by stra1a but also by intrusions. Different reformation intensmcs result in 
differences in sii.c. concentration. type and chemical composition of Fl. 
{From author's abstract by E.R.) 

\\:.\NG, Lijuan, 1998b. Analysis and study of the compos111on ofOuid 
inclusions: Geological Review (Dizh1 Limping). v, 44. no. 5. p. 496-50 I 
( in Chinese: Engl. abst. ). Author at Research Center of Mineral Resources 
Exploration. Chinese Acad. ofSci .. BeiJtng. 100101 . 

This paper introduces a set of analytic methods of Fl composnion. 
including rnarnly the ICP-MS and PIXE methods for analyzing the L-phasc 
composition of bulk Fl. the LA-ICP-MS methods for analyzing L-phase the 
compos111on of separate [ 1.e., individual] I and the LRM and FT-IR meth­
ods for analyzing the gaseous-phase composition of separate I. These 
methods greatly raise the level of analyzing the Fl composition. But there 
are sull some problems. (Author's abstract) 

WANG, Liju1n, 1998c. Fluid inclusion research of quartz from Huogeqi 
coppcr-pol}metallic deposit. Langshan district. Inner Mongolia. China. 6th 
National Meet mg on Mineral Deposits. Nanjing. China. Nov. 25-28. 1998· 
Mineral Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 965-968 (in 
Chmese), 

WANG, Ping'an, DONG, Fuian, LIU, Jianmin, CHEN. Bailin, ZHU, 
Vongyu and SH EN, Tingyuan, 1998. Geology and gcochemistl)· of the 
Daberwu gold deposn, Jiangxi province: Mineral Deposits. v. 17. no. I. p, 
57-69. First author al Inst. ofGeomcchanics, Chinese Acad. ofGcolog1cal 
Sci~ BeiJrng I 00081 

The Dabciwu gold deposit 1s hosted by metascdimentary rocks adja­
cent to a late Mesozoic granitic intrusive. Orebodies occur as verns. lenses 
or beads within or outside the quartz veins. controlled by a ductile sheer 
zone and the compressional fracture zones in this ductile sheer zone. Au 
abundances arc ~7 to 43xt0•v. Fl studies of quartz yield Th of 180-386°C. 
Tl 233-423"C. and F Pof(224--826)xt0'' Pa. Sal of P Fl range from 2.7 to 
5.1 ~1 % NaCl eq. and densities are 0.618 to 0.917 g/cmi. Sulfur. lead. 
carbon. silicon, oxygen hydrogen and strontium isotopic data indicate that 
the ore-forming substances of this deposit were derived mainly from the 
crust. and the ore-forming F were mainly magmatic F and subordinately 
metamorphrc residual intercrystalline F It is concluded that the Dabciwu 
gold deposit is a mesothermal to hypothermal type gold deposit related to 
the Vanshan1an granitic magmatism and controlled by magmattte and 
shancred zones This conclusion is rather different from the prcvrous ge­
netic view that the deposit was of the shear zone type formed m Neopro­
tcrozoic. (From authors' abstract by E.R.) 
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WANG, \"igang, \'li, Xiaoreng. YA."G• Yu and ZHANG. Jing. 1998. 
Apphcauons of fluid inclusions in the study of paleo-geotemperature m 
Sichuan basin; Earth Science-J, ofChma University ofGeosci, {D1qu1 
Kexue. Zhongguo D1zh1 Daxue Xucbao). v. 23. no. 3, p. 285-288 (in Chi­
nese. Engl. abst. ). Authors at Gcol, Exploration and Development Inst. of 
Sichuan Petrol. Admmistralion. Chengdu 6100S 1. 

With the T~ of Fl. the paleo-gcotemperature gradient of the strata m 
different geologic umes m the middle part ofSichuan Basin can be calcu­
lated on the basis of an integrated analysis of the depositional-bunal h1s1ory 
of the Basin. the mam geothermal events, the data of logging T and 
vitrinite n:flectance (Ro) li'om the cores of wells. Funhermon:. the paleo­
geotemperature gradient chart can also be established. The chart can be 
used to calculate the paleo-geotempcrature of individual stralum in differ• 
ent geologic ume in Sichuan Basin The results show that the palco­
geotemperature gradient decreases with the strata changing new. The pn:s­
ent-geotemperature is the mheri1ance ·of the ancestor Dong\\u movement 
period with the large scale basalt eruption is the maximum geotemperature 
gradient period ofS1chuan Basin. measuring 6.!i~C,100 m. The geotcm­
perature gradient of the basm 1s related to the tectonic setting. The maxi­
mum value of paleo-geotemperature gradient of Southwest S1chuan 1s 
nearing the Kangtean rift. and the paleo- and prescn1-gco1empera1urc gradi­
ent are gradually decreasing as far away li'om the Kangtian rift. (Authors' 
abstract) 

WANG. Yongjin. CHEN. Qi, LIU, Zcchun, CHEN, Ye, ZHOl1, Chun­
ling and LU, Conglun, 1998, A con11nuous 200 ka palaeoclimallc record 
li'om stalagmite in Tangshan Cave. Nanjing: Chinese Sci. Bulletin (Kexue 
tongbao). v. 43. no 3. p, 233-237. 

An oxygen isotope T record li'om 381 to 166 ka B.P. (230Tol ... U dat­
ing and tuned ages) has been obtained by combinmg data on the isotopic 
composition of calcites with that of Fl trapped in a stalagrmte li'om a lime­
stone cave in which a fossil cranium fwasl deposited. Several lammae in 
mecroscquence of the stalagmite represent climatic events or shells. The 
Nanjing man fossil was older than 381 ka B.P. (Auth11~· abstract) 

WANG, \'u1iang, ZHANG, Wcnqi and TANG, Cheng, 1998. A prelimi­
nary study on the origin of the Houd1dong gold deposit in Longjmg City. 
Jilin province: Jilin Geology (Jihn Dizhi). v, 17. no. 2. p. 49-53 (m Chi­
nese: Engl. abst). First author at Team 605. Jilin Bureau of Nonferrous 
Metal Geological Exploration. Longjing City 13340 I. 

The Houdidong gold deposit is a typical one related to basec rocks in 
an eugcosyncline area of Yanbian. Jilin province. The geological features 
and S. H and O 1s01ope components of the deposit and ores are studied in 
the study area. It es considered that the matenal source and the ore-forming 
solution source of the deposit are deep basic magma, and the deposit be­
longs to mesothermal gold deposit (Authors' abstract) 

Fl data arc presented and discussed (H.E.B.). 

WARNER. S .. ABDEL-RAHMAN, A.M. and DOIG, R. .• 1998. Apa111e 
as a monitor of fractionauon, degassing. and metamorphism in the Sudbury 
igneous complex. Ontario: The Canadian Mineralogist v. 36. 

Indexed under Fl. 

WAR.REN, Ed, O'LEARY. John, HERBERT, Richard. PllLHAM, 
Andy, GRAHAM, Rod, and BONNELL. Linda, 1998. Porosity predic­
tion for deeply-buried quartz arcnitcs in the Llanos Foothills. eastern C or• 
dillera. Colombia: AAPG Bull.. v. 82. no. 10, p. 1980-1981. 

Sandstones of the Eocene Mirador formation arc the major reservoir 
target in the Llanos Foothills of Colombia. They are quartz areniles heavily 
cemented by quartz, Despite low porosity (typically <10 p.u .. ) they retam 
high permeability ( up to 5000 mdl where coarse grained. Porosity 1s a 
critical exploration risk because the structures are deep. m excess of I 2.000 
feet and structural restorauon indicates that the sandstones may have been 
buried over 3000' deeper prior to thrusting and uplift, Fl data li'om quartz 
cements indicate that quartz cementation occurred over a broad T range 
between 80 and I 50°C. Significant differences were found m the onset T 
of quartz cementation in different thrust sheets. Very low abundances of P 
petroleum I m general indicates that most quartz cementation pre-dated 
petroleum emplacement The porosity evolu1ion of the Merador Fm in the 
different 1hrust sheets was unraveled using the petrographic and Fl data 
referenced to a compaction curve for rigid-grained sands. The Fl data es­
tablish the depth of quartz cementation using the geothennal gradient of the 
region. The present poros11} of all thrust sheets is much less than that pre• 
dieted from a compaction curve at this depth. indicatmg that significant 
porosity loss has occurred subsequent to compacuon. 
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WAWRZ\'NIEC. T.F .. SELVERSTONE, J. and AXEN, G .• I 998. Rela­
uonships among fluid compositions and structural styles dunng footwall 
uplift below the Simplon low-angle normal faulL Central Alps, Switzerland 
(abst.): Geological Society of America Annual Meeting 1998. Abstracts, v. 
30, no. 7. p. A-64. First author at Dept. of Earth & Plan. Sci .• UNM. Al­
buquerque. NM 87131; email (timwaw@unm.edu) 

The Simplon Line is a W-down. low-angle normal fault that defines 
the W margin of the Lepontine Dome of the Central Alps. The NW­
striking detachment surface fonncd in a releasing bend betweell the se1sm1-
cally acuve Rhone faull system. and the tectonically quiescent Periadriatec 
lineament. Our results suggest that F distribution and composition may 
influence the structures developed at mid• to upper-crustal levels in the 
footwalls of major low-angle normal faults. 

Previous work along the Brenner Linc established that footwall uplift 
was accommondated by post-mylonitic, sub-vertical. synthetic and anti• 
thet1c brittle faults. Similar structures are present in the S1mplon region. 
However, in the Simpton footwall. these subven1cal faults are replaced N­
ward by.tensile crack arrays, kink bands. tensile veins. and moderate-angle. 
brittle-ductile shear zones. These latter structures are consistent with foot­
wall uplift controlled by flexural failure rather than subvertical simple 
shear. Microthermomeu-ic analysis of kinematically referenced Fl arrays 
(FlAs) reveals a systematic variation in F composition associated with the 
two end-member structural styles, FIAs associated with strike-slip and 
subvertical. synthetic. (W-down) brittle normal faults contain a mixed car­
bomc-aq F. Density data indicate that W-down brittle faultmg occurred at 
15-25 km depth and 500-550°C. FIAs associated weth antithetic (E-down) 
brittle normal faults contain a similar mixed F. However, sparse. prelimi­
nary density data indicate that E-down faults were active at shallower 
depths of 5-15 km depth and T <400"C. In contrast. FIAs m the: mylonitic 
foliation. brittle/ductile shear zones. and extensional veins are aq brines 
that record a comparable range of P-T conditions. All of these observations 
are mdependent of rock type. We speculate that different wening charac­
teristics of carbonic vs. aq F influenced the mechanical behavior of the 
rocks. Specifically. nonwetting carbonic F may have locally increased F P 
and induced brittle failure at high T; rocks lacking a carbonic F deformed 
by ductile mechanisms at the same time. Alternatively, the different struc­
tural styles may be an expression of contrasting F Pltransmiss1vity regimes 
where local plumbing systems tapped F reservoirs of differing composition. 
Tests of these competing hypotheses are m progress, but our preliminary 
observations suggest that F composuion may play a significant role in con­
trolling deformational style at mid-crustal depths (Authors' abstract) 

WAYNE, D.M. and McCAIG, A.l\1 .• 1998. Dating fluid flow in shear 
zones: Rb-Sr and U-Pb studies of syntectonic veins in the Neouvielle Mas­
sif. Pyrenees· m Parnell. J. (ed.) 1998, Datmgand Duration of Fluid Flow 
and Fluid.Rock Interaction. Geological Society. London. Special Publica­
tions. v.144. p. 129-135. First author at Chemical See. and Tech. Div .• 
CST• I. MS-G740, Los Alamos Nat'!. Laboratory, Los Alamos. New Mex­
ico 87545. USA. 

Rb-Sr and Pb-Pb data are reported from separated minerals (amphi­
bole. albitc. calcite. epidote). altered wall rocks. and Fl trapped in quanz. 
from veins associated with retrogressive shear zones cutting the Nc!ouviellc 
granodiorite massif in the central French Pyrenees. Alteration in the: shear 
zones was caused by movement ofhypersaline brines dunng deformation. 
Shear zones with similar kinematics occur in granodiorites and high grade 
gneisses throughout the northern Axial zone of the Pyrenees, and have been 
attributed variously to both the Variscan and Alpine orogenies. Rb-Sr data 
on a syntectonic, pol}mineralic vein and ets altered wall rock support an 
Alpme age for deformation and F flow, giving an isochron of 4 7±8 Ma. or 
48±2 Ma if albne 1s excluded. Another vein g1ves a similar age for altered 
wall rock and albite. but chloritc and quanz-hosted Fl arc out of equilib­
rium" Pb data plot as quasi-linear arrays on ratio plots, with no age signifi­
cance, The usefulness oflhis latter technique is restricted by the slow rate 
of uranium decay m these young rocks. but in any case Pb isotopic ratios 
do not appear to have homogenized dunng vem fonnauon. (Authors· ab­
stract> 

WEARE. J.H .• DUAN, 7- and M0LLER. N., 1998. Supercritical ther­
modynamics and fluid/fluid phase coexistence in thermodynamic systems: 
A corresponding states model and results of simulation (abst.): Mineralogi­
cal Magazine, v. 62A. V M. Goldschmidt Conf.. Toulouse 1998, Extended 
Abstracts. p. 637-1638. 

WEBSTER. J.D .. RAIA. F. and de VIVO. 8., 1998. Rclateonships in­
volving magmallc volatiles and eruptive behavior at M1. Vesuvius durmg 
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enterplinean volcamc activity (472A.D.-1944A.D.) (abst.): 17th General 
Meeting lnfl Mineralogical Associa1ion. Aug 9-14. 1998. Toronto. Can• 
ada. Absuacts and Programs. p AJ I • First author a1 Dept. Earth and 
Planetary Set., AMNH: email tjdw~ .wnh.org) 

As part of a systcma11c srudy of pre-eruptive magma geochemistry. we 
have analyzed silica1e Ml in clinopyroxene phenocryst.s from 9 rock sam• 
pies (lava and scoria) from Mt Vesuvius, Most Ml require reheating and 
quenching to a glass prior to analysis because they contain dm. I were 
analyzed for major, minor, and trace clements by electron and ion micro­
probes and FTIR. The rock samples an: products of two intervals of inter­
plinean volcanic activity: the 472A.D.-1139A.D. medieval pcnod and the 
1631 A.O. to l 944A.D. modem penod, These two eruptive periods were 
interrupted by the 1631 plinian eruption of Vesuvius. and each interval 
exhibits dramatically different eruptive behavior. 

The Ml data provide important constraints on magma geochemistry. 
The major element compositions of the magmas ranged from phono­
tcphnte to tephri-phonolite Although the magmas of the medieval and 
modem periods were roughly similar in major-clement composition. the 
trace and vola11le elements show distinctly different behavior The compo­
sitions of Ml from samples of the modem period are consistent with simple 
silicate M evolution (via fractional ciystallization) characterized by in­
creasing Cl. S, Rb, Cs. Si, Al, and K and decreasing Ca and Sr, Con­
versely, Ml from samples of the medieval period show evidence of M evo­
lution via fractional ciystallization. multiple inputs of more primitive 
magma. and strong evidence of II volatile phase or phases. Exsolution of at 
least one volatile phase, before cnttapment of the I and before eruption. is 
indicated by fixed Cl contents, a small range in S contents. and rcla1ion­
ships involving other elements soluble in aq vola1ile phases (e.g .. HiO, B, 
Li). 

The presence of a volatile phase in medieval magmas. which displayed 
comparatively greater violence during crupcions, contrasts with the appar­
enl lack of a volalile phase pnor 10 eruption of the modem magmas which 
erupted much more frequently and in a relatively passive manner, 
(Authors· absttact) 

WEBSTER. J.D. and REBBERT, C.R., 1998, Experimental investigation 
of H2O and er solubehties in F-cnnched silicate liquids: imphcations for 
volalllc saturatlOll of topaz rhyohtc magmas: Contrib. Mineral. Petrol.. v. 
132, p 1998-207. Authors at Dept. of Earth and Planetary Sc 1.. American 
Museum ofNarural Hislory, Ccnttal Park West al 79.,,, St., New York. NY 
10024-5192, USA 

To interpret the degassing off•bearing felsic magmas. the solubilities 
of H2O. NaCl, and KCI in topaz rhyolite L have been investigated experi­
mentally at 2000. 500. and .. 1 bar and 700-975°C. Chloride solubility in 
these L increases with decreasing H2O activity, increasing P. increasing F 
content of the L from 0.2 to 1.2 wt% F. and increasing 1he molar rauo of 
{(Al+Na+Ca+Mg)/Si). Small quantities of Cl' excn a strong influence on 
the exsolut10n of magma<ic volalile phases (MVPs) from F-beanng topaz 
rhyolitc M at shallow crustal P. Wa1er• and chloride-bearing volatile 
phases. such as V. brine. or F. exsolve from F-cnriched silicate L containing 
as little as 1 wt% HiO and 0.2 to 0.6 wt% Cl at 2000 bar compared with 5-
6 wt% H2O required for vola1ile phase exsolulion in chloride-free L. The 
maximum solubility of Cr in H20-poor silicate Lat 500 and 2000 bar is 
not related to the maximum solubility of H2O in chloride-poor L by simple 
linear and negative relationships: there are strong positive dcv1at10ns from 
idcality m the activities of each volatile in both the silicate L and the 
MVPs. Plots of HzO versus Cl' in rhyolitc L. for experiments conducted at 
500 bar and 910-930"C, show a distinct 90° break-in-slope pattern thal is 
indicative of coexisting V and brine under closed-system condehons. The 
presence of two MVPs buffers the H2O and c1· concentrations of the sili­
cate L. Companson of these experimentally-determined volatile solubilities 
with the pre~rupuve HzO and er conccntra1ions offivc North American 
topaz and tm rhyolitc M. determined from Ml compositions. provides evi­
dence for the exsolution of MVPs from fclsic magmas. One of these. the 
Cerro cl Lobo magma. appears 10 have exsolved alkali chlondc-bearing V 
plus brine or a single supercritical F phase prior to entrapment of the Ml 
and prior to eruption. (Authors· abstract) 

WEBSTER, J .D., THOMAS. R., VEKSLER, I.. RH EDE. D., SELT­
MAN!\, R., and FORSTER. H • .J., 1998. Late-stage processes in P· or F­
nch granitic magmas: Acta Univcrsitatis Carolinae-Gcologica. v 42. no. I. 
p. 181-188 First author at Dept. ofEanh and Planetary Sci .. American 
Museum of Natural History, Central Park West at 79"' St .. New York. NY 
10024-5192, USA: email (jdwf!l'amnh.org) 

To understand magmatic degassing of P. F. and Al. experiments were 
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conducted to determine the solubility of P-. F-, and Al-rich silicate L m aq 
Fat 2 kbar and soo•c and the solubility of Ca•, Mg-. and F-rich L m K­
and Al-rich sihcale L Bl » I bar and 1100 10 1400°C. The former expen­
ments show significant solubility of P-. F-. and AJ-nch Lin F. and the latter 
experiments demonslrale that immiscible F-rich L exsolvc from silick L 
containing ~4 wt°/4 F at these conditions. Integration of these new results 
with observations on two-phase (P-rich L and Si-rich L) beanng Ml from 
P-nch granites suggests that under certain conditions immiscible P-=F-nch 
Las well as late-stage aq F may be important iin the release of P. F. and Al 
from gra111tic L which may explain the transpon and deposition of these 
components to form fluorite, topaz. apatite. and tnplile in greisens, hy• 
drothcrmal miaroles, and hydrothermal veins associated with some gran­
ites. (Authors· abstract) 

WEI, Jiaxiu and MAO, Jingwcn, 1998. Fluid inclusions of Dashu1gou Tc 
deposit and their mantle source origin: 6th National Meeting on Mineral 
Deposits. NanJing, China. Nov. 25-28. 1998: Mineral Deposits (Kuang­
chuang Dilit1). v 17 Supplement, p. 1091-1094 (in Chinese). 

WEI, Jiaxiu and TAO, Goagyi, 1998. Ore-forming fluids and mineraliza­
lK>n model ofZijmshan Cu-Au deposit: 6th National Meeting on Mineral 
Deposits. Narumg, Chma. Nov. 25-28, 1998: Mineral Deposits (Kuang­
chuang Dizhi), v. 17 Supplemeni. p. 1095-1098 (in Chinese). 

WEI, L. and ZHANG, D., 1998. Fluid inclusion scudy on the Shibangou 
gold ore deposit. Xix1a. Henao. P.R. China (abst.1: 17th General Meeting 
Int'(. Mineralogical Association, Aug 9-14. 1998. Toronto. Canada. Ab­
stracts and Programs, p. A34. Authors at Faculty. of Earth Resources. 
China Univ. ofGcosci .. Wuhan, P.R. China 430074: email 
(ZYb@cugcdu.cn) 

The Shib11tgon lode-type gold ore deposit Xixia. Hcnan Province. P.R. 
China. is hosted in ductile-brittle shear zones. Microthcrmomctry of Fl in 
quanz indicates five types ofl: Type I, !WO-phase G-nch. Th 330-350°C. 
Type 2, !WO-phase liquid-nch, Th 170-310°C and sal 4 4-13.6 NaCl eq. 
wt°/o: Type 3. polyphase with dxl, Th 278-371 "C and sal 36.2-43 0 NaCl 
eq. wt°lo. Type IV. secondary two-phase L-rich. Th I 30-230°C and sal 4 6-
11 .3 NaCl eq. wt°/o: Type V. S one-phase L. Th sal 2.3-6.5 NaCl eq. wt0/., 

K and Na are the most abundant cations. F is shghtly greater than Cl 
In G phase. HiO is dominant. followed by COi, 6DHzO values ofl in the 
range of -24.0 to .37 3'6o. and 60Hz0 in range of -2.49 to 1.99%., and 
6nCCOr values of CO2 Gin 1 arc-11.12 to •14.59'6. This suggests that 
ore-forming F was a mixed F. (From authors' abstract by E.R.) 

WEI, Uu and ZHANG, lkbui, 1998a. Fluid inclusions in quartz and the 
inference to mincrahzatlOll 81 deplh. Yinshan pol)metallic dcposiL Jiangxi 
Province. P.R. China (abst.): Program and Abstracts. PACROFI VU. Pan­
American Conf on Research on Fluid Inclusions. June 1-4. Univ. of Ne­
vada (abstract distributed at meeting but not published in the volume), First 
author at China Univ . Geosc1 , Beijing, 100083. P.R. China: email 
(Zyb@cug.edu.cn) 

The Yinshan deposit. a large-scale Cu-Pb-Zn-Au-Ag polymctalhc 
deposit. is located 2 km nonh of Dcxing, J1angx1 Province, Chma In this 
paper. new advances of Fl in quanz from the Yinshan deposit are pre­
sented. The study shows I In polyrnctallic ore veins. Fl with halite dm 
have been discovered 2, The Fl dala may be divided into high saJ and low 
sal groups. The sat of saline Fl varies 30-45 wt% NaCl eq. and low sal Fl 
vary 2.86-14.4 wt% NaCl cq. 3. Therc arc Fl containing L CO2 in 
polyrnctallic ore veins. 4 Th of Fl range 95-520-C displayiing a very wide 
range, 5. The plot of Th versus sal indicates there are two groups of data 
and a curvilinear correlauon between Th and sat. 6. A uend of decreasing 
sal and Th is indicated. 

From these data. the conclusions can be drawn as follows. The high 
sal of Fl indicate that the honer hydrothermal F is most consistent with 
having a magmatic origen. The two groups of data ofT and sal have been 
anributed 10 mmng of a hot saline F with a cool. dilute F. It is inferred 
that there may be a concealed igneous body and porphyry copper deposit at 
depth. (Authors' abstract) 

WEI. Liu and ZHANG, Ikhui, 1998b. Fluid inclusions in quartz, Shi• 
bangou gold ore deposit, Xixia. Hcnan, PR China (abst.): Program and 
Abstracts. PACROFI Vil. Pan-Amcncan Conf on Research on Fluid Inclu­
sions. June 1-4. Unev. of Nevada (abstract d1stnbuted 81 ITIC(llng but not 
published in the volume). First author at China Univ,, Gcosci., BceJing. 
100083. P.R. China: email (Zyb1'cug.edu,cn) 

The Shibangou lode-type gol d ore deposit Xixia, Hcnan Provence. PR. 
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China. is hosted in ductile•brinle shear zones. Fl characteristics in quanz 
and the: nature of ore-forming F were deduced ftom 53 samples from this 
area. Microthcnnometry ofFI in quartz indicares five types of I: I. two­
phase G-rich I (Type Al, 2. two-phase l•rich I (Type B). 3. polyphase I that 
contam dxl (Type C), 4. S, two-phase L-rich I (Type D) and S. S. one-phase 
LI (Type E). Type A I have Th of330 to 3S0"C. Type Bl have Th 170• 
310°C. TypeC I have Th 278-371-C. Type DI have Th l30-230°C. Type 
B I have a sal range 4 .4• 13.6 NaCl eq. wt%. Type C I have a sal range 
36.2-43.0 NaCl cq. wt%. Type DI have a sal range 4.6•1 I .3 NaCl cq. 
wt%. Type E I have a sal range: 2.3-6.5 NaCl c:q. wt%. Orc:-fonning F arc 
basically of the NaCI-KCl·H2O system. 

The most striking characteristic of the F composition is that in cations, 
K • and Na· arc most numerous and in anions. F is slightly greater than er. 
In the G phase, H2O 1s dominant followed by COi. 6D values of H2O in I 
F range from -24.00 to -37.30\ll,c, and 6110 ofH2O in the: I ranges from• 
2.49 to l.99%o. 613C values forCO2G in the: I arc •11.12 to-14.59%.. 
These data suggest that the ore-forming F was a mixed F. (Authors· ab· 
stract) 

WEN, C.Q., XU. X.H. and VANG, F.Q., 1998a: Characteristics of ore• 
formmg fluid in the Xiaorequanzi copper deposit Xinjing, China (abst ): 
Second APIFIS lnfl. Symp. Mineral Fonning Fluids and Ore: Genesis. Oct. 
28-30, 1998, Tashkent Uzbekistan. Abslracts volume. p. 145-146 (in Eng­
lish). Authors at Chengdu Univ. ofTech., Chengdu. PR. China. 

X1aorcquanzi copper deposit is mainly in volcano-elastic-sedimentary 
rocks. The mineralization processes may be divided into 4 epochs and 6 
stages in the deposit, but it mainly formed at sedex (sedimc:ntalion• 
exhalation) mineralization epoch and the hydrothermal mineralization ep­
och (two stages of the hydrothennal epoch, i.e. quartz-sulfide stage and 
chlonte-sulfide stage are the most important). 

The Th of quartz. fluorite and sphalc:rite from the sedex.. quartz-sulfide, 
and chlorite-sulfide stages ranged as follows: 87•126°C, 120-225"C. and 
l 14-180°C, respectively. The corresponding If were estimated as 21 0. 270 
and 240°C, respectively. At the same time, the sal, density, fugacity. acid­
ity-alkalinity and oxidation-reduction potential have been estimated based 
on the composition. T and sal of ore-forming F. 

We conclude that the Xiaorequaru:i copper deposit is a strata-bound 
volcanic-associated Cu( •Zn l deposit. which was formed at sedex ( • 
diagencttc) epoch and by superpos1t1on-mformation of mixture Fat the 
hydrothermal epoch [s1ct. (From authors· abstract by E.R.) 

WEN, Chunqi, XU, Xinhuang and VANG, Faqiang, 1998b, Fluid inclu• 
sion srudy of Xiaorcquaru:1 copper deposit. Xinjiang province: 6th National 
Meeting on Mineral Deposits. Nanjing, Chma. Nov. 25-28. 1998: Mineral 
Deposits (Kuangchuang Dilhi), v. 17 Supplement, p. I 079• l 082 (m Chi­
nese). 

WENDTE, Jack, QING. Hairuo, DRAVIS. J.J., MOORE, S.L.O., 
STASIUK. L.D. and WARD, Grant, 1998. High-temperature saline 
(thermoflux) dolom1tizat1on of Devonian Swan Hills platfonn and bank 
cacbonates. Wild River area. west-central Alberta; Bulletin of Canadian 
Petroleum Geology. v. 46. no. 2, p. 210-265. 

The origin of rcplacive dolostones in the deeply buried (3000,5000 m) 
Swan Hills Formauon has been studied by fluorescence petrography. identt• 
fying two major phases of dolomite formation. This epifluorcscence• 
defined slratigraphy provided a framework in which geochemical data 
could be analyzed in an unambiguous manner. Th measured from both 
phases overlap. but arc generally higher for second-phase saddle dolomite 
cements. These: second-phase dolomite exhibit a wide range of elevated Th 
and isotopic signatures which match T and F chemistnes forecasted for 
burial from depths of approximately 1.2 to 7 km. These relationship imply 
that these dolomites correspond 10 a phase of heating, followed h} cooling 
pnor 10 Cordilleran burial. and formed at bunal depths shallower than ap­
proximately I. 7 km. the estimated maximum depth of burial before Cor• 
dilleran loading. Other petrographic relationships and Fl measurements 
funher constrain dolomitization to bunal deplhs of at least a lew hundred 
metres and from residual evaporitic brines with elevated T up to 140°C. 
These conditions arc also substantiated by Fl measurements from burial 
calcite cements, which are partly replaced by dolomite in the zone of tran­
sition from limestone 10 dolostone. These same calcite cements. and asso­
ciated saddle dolomite cements, also occur in Swan Hills and Leduc 
limestones away from the dolostones. These: cements also have elevated 
Th, indicating heating by thermal conduction away from the dolostones, 
prior to Cordillcran bunal Our dolomitizauon model has been built by 
cons1raining both the age and burial depth of dolom1t1zation. as well as the 
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T and composition of the dolomitizing F. (From authors· abstract by E.R.) 

WESOLOWSKI, D.J .. BtNtZETH, Pascale and PALMER. D.A~ 
1998. ZnO solubility and zn2• complexation by chloride and sulfate in 
acidic solutions to 290°C with in-situ pH measurement: Gcochim. c:t 
Cosmo. Acta, v. 62, no. 6, p. 971-984. 

WETTEN, A.F~ 1998, Hydrothermal veins from •'Tocota", San Juan 
Province; Thc:nnometric and isotopic data: IV Meeting of Mineralogy and 
Metallogeny. Sept 23-2S, 1998, Bahia Blanca. Argentina. p. 279-283 (in 
Spanish, Engl, abst.). 

The Tocota Mining Dislrict is placed on the cast slope of Cordillera 
Frontal, at the southern border of Iglesia Dcpamnent San Juan province. 
A •great number of arsenic veins were exploited in the 40s and 50s. lt is 
possible to identify the presence of anomalous copper. gold and other met­
als not only in the Tocota zone but also in the south region. Mineralized 
veins from various mining sectors in this zone were sampled to obtain 
thennometric and isotopic data. The frequency dislribution of Th defines 
ranges between 258-308°C and 312-385°C for mines at Tocota drainage 
and Quebrada Larga respectively. Sulphur isotope ratios showed a mag• 
matic origin related to granitic composition. (Author's abstract) 

WIESHEU, RoMrt and HEIN, U.F., 1998. The history offluid inclusion 
studies: p. 309-325 in Toward a History of Minera/ogJ: Petro/ogJ: and 
Geochemistry. Proceedings of the International Symposium on the History 
of Mineralogy. Petrology. and Geochemistry. Munich. March 8-9. 1996, 
Bernhard Fritscher and Fergus Henderson. eds., lnstitut fllr Geschichte der 
Narurwissenschaften MUnchen 1998. 

The s!Udy of Fl has become a routine method for solving a wide range 
of geoscientific problems of different disciplines I ike petrology. structural 
analysis. or the genesis and exploration of ore or hydrocarbon deposits. It 
took, however. a long time to establish Fl as a reliable tool for answering 
geological questions. This paper refers to the historical development of Fl 
research from early observations to first experiments and introduces the 
work of the most important scientists in its histoncal context. Finally, some 
statistical data about !he latest developments and a shon outlook on the 
near furure arc given. (Authors· abstract) 

WILKJNSON, J.J. and EVERETT. C.E~ 1998. Fracture-controlled flow 
of mmeralmng fluids in basement rocks beneath carbonate-hosted base 
metal deposits, Ireland (abst.): Program and Abstracts. PACROFI Vil. Pan• 
American Conf on Research on Fluid Inclusions. June 1-4. Univ. of Ne­
vada. p. 70. First author at T.H. Huxley School of Environment. Earth Sci. 
and Engineering. Imperial College, London SW7 2BP. U.K.; email 
li,wilkinso~ic.ac.uk) 

Ordovician-Silurian rocks. which form the metasedimentary basement 
to the Zn-Pb·Ag mineralized Carboniferous basins of Ireland. arc host lo 
several different cross-cuttmg vein types: (I) early hematitic calcile­
quartupyrite; (2) quartt-calcitc±sphalerite, galena. chalcopyrite, pyrite, 
barite: (3) ankerite-ferroan dolomite-quartZ%Sphalerite. pyrite. P Fl data 
from vein types 2 and 3 show Th-sal characteristics (Th range: I 23-238°C, 
sample means: 144-2 I 6°C: 9. 7-20.6 wt"lo NaCl eq.) comparable with the 
high T F end-member reported from the overlying base metal deposits 
Significantly. P I hosted by quartz and sphalerite commonly contain CO2 as 
has been recently reported in sphalerite-hosted J from the Navan deposit. 
Bulk Fl analyses on quartz vein samples show that the F composition is 
comparable with experimental data on seawater equilibrated with grey­
wackes at T of 200-300°C and with contemporary submarine hydrothennal 
vent F. In particular. the very low Mg content and elevated COi arc typical 
of seawater that has interacted extensively with crustal rocks Alkali gco­
thermometry gives T ( I 58-2 I 9°C) not significantly different to mean Th 
suggesting that the veins nt the present level of exposure formed under low 
F P. at quite shallow depths. These data provide convincing evidence for 
the regional flow of high T F. similar to the ore-forming F. within the Lower 
Paleozoic metasedimcntary basement. Furthennore, F compositions arc 
consistent with the F having equilibrated with basement rocks and are per· 
missive of a seawater origin. In combination with existing isotopic data 
and thermal constraints. this strongly suggests tha1 deep circulation of sur­
face-derived F through fault and fracture zones was a fundamental process 
in the genesis of the lnsh deposits. (From authors· abstract by E.R.) 

WILKINSON, J.J., E\'ERETT, C.E .. EVRE, S.L and BOVCE, A.J., 
1998. Fluid flow and mineralization in the Irish orefield (abst.): Mineral 
Deposits Study Group Annual Wmter Meeting 14-16 Dec. 1998, St. An• 
drews. Scotland (unpagina1ed), First author at Royal School of Mines. 
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Imperial College. London, 'U K. 
A single model limited to a relatively shon time period cannot account 

for the range of minerali1.81ion characteristics observed in the Irish deposits. 
Seven key processes involving F and geochemical data arc consistent with 
a hydrochermal system evolving over probably >IO Ma in which early syn­
sedimentary m1ncral11.81ion with underlying epigenetic feeder zones was 
synchronous with, and succeeded by, syn-diagenetic and deeper replacive 
mineralization The featufes apparently common to all deposits arc the 
presence of a remarkably homogeneous basement-circulated F as the main 
metal-transponing agent and the interaction of this F with shallow forma­
tion bnncs at the site ofmincral1zat1on (From authors· abstract by E.R.) 

WILKINSON, J.J., LONERGAN, L .• FAIRS, T. and HERRINGTON, 
R.J~ 1998. Fluid inclusion constraints on conduions and timing of hydro­
carbon migration and quanz cementat1on in Brent Group reservoir sand­
stones, Columba Terrace. nonhem Nonh Sea: i.!! Parnell. J. (ed.) 1998. 
Dating and Duration of Fluid Flow and Fluid-Rock lnterac11on. Geologi­
cal Society. London. Special Publications, v.144. p 69-89. First author at 
T.H. Huxley School of Environment. Earth Sci. and Engineering. Imperial 
College. Prince Consort Road. London SW7 2BP. UK. 

Fl data have been obtained from Brent Group sandstones from the 
Columba Field on the margin of the East Shetland Basin, northern Nonh 
Sea. Cogenetic P aq and hydrocarbon I trapped during the initial stages of 
late diagenetic quanz overgrowth arc common. indicating that the pore F 
present dunng the onset of a major phase of quanz-kaolinite( •illite) di­
agenes1s consisted of immiscible saline aq and petroleum phases. Similar I 
arc also observed in abundant planar arrays cross-cutting detrital and authi­
genic quartz Th and sat data from the IWO types of aq I arc statistically 
indistinguishable. as arc the propcnies· of the two types of hydrocarbon I. 
suggesting that the same two-phase F was present probably throughout the 
main phase of quartz cementation. Fl therrnobarometty shows that the 
majority of the F wen: trapped in the range 104±6"C and 3~33 bars. 
These data arc consistent with either (I) trapping of a warm. over-pressured 
hydrocarbon+aq F. probably in thermal and chemical disequilibrium with 
the host reservoir rocks. denved from a Kimmendgian source in the deep 
Viking Graben basm 10 the cast of the reservoir within the period 85-55 
Ma. or (2) trapping of a hydrostatically pressured F. in thermal equilibrium 
with the host reservoir rocks. with hydrocarbon±aq F derived by lateral up­
dip migration from a local Kimmcridgian hydrocarbon source in the East 
Shetland Basin within the period 65-40 Ma A maximum duration of I 0 
Ma for the F flov. event can be estimated based on a typical burial history 
model for the area. (Authors· abstract) 

WILLAN, R.C.R., ARMSTRONG, D.C., BOYCE, A.J. and FAL­
LICK. A.E., 1998, Sihca-alunite deposiis in the south Shetland Island 
volcanic arc: Forma1ion in magmatic-hydrothermal and magmatrc-steam 
environments (abst.): Mrneral Deposits Study Group Annual Winter Meet• 
ing 14-16 Dec. 1998, St Andrews. Scotland ( unpaginated) First author al 
British Antarctic Survey. Madingley Road. Cambridge CB3 OET. U.K., 
email (r.w1llancu'bas.ac.uk) 

The alteration type is due lo moderate T (250-280°C). very low pH 
(<3). h1gh-/Oz. sulphate-bearing waters at high W/R ratios Scricitic. ar­
gilhc and propyhuc alteration indicate more pervasive circulation of neutral 
pH. low-/O1 waters some 1-2 m.y. after the advanccd-argillic alteration. 

Prchminary O and D data indicate that the advanced-argilhc alterat10n 
has 6110 values near the magmatlc•water 'box· but isotop1cally heavy 6D 
values (>-60) suggest release of 0-<nrichcd water from an undegassed 
magma at depth. Funhcr isotopic work is in progress to constrain Fend­
member composnions. m particular the composition of palaeo-meteonc 
waters in this high-latitude setting. (From authors· abstract by E R. I 

WILLARD. D.T. and CLINE, J.S., 1998. Paragenetic and lluid inclusion 
dala from the Vizcachitas poiphyry copper project. central Chile (abst. )· 
Program and Abstracts. PACROFI VII. Pan-American Conf. on Research 
on Fluid Inclusions. June 1-4. Univ. of Nevada. p. 71. Authors at Univ. of 
Nevada. Las Vegas. NV. 89154 

The V1zcachitas porphyry system. located in the central Andes moun­
tains of Chile. contains P chalcopyrite (vein and disseminated> and bomite 
(disseminated) copper mineralization. The system also contains P vein and 
disseminated molybdenite mineralization that appears to he rdated to (m­
placement of a granodionte intrusive body. Cross-cutting relationships 
indicate the presence of at least six distinct vein types. 

The following populations ofFI wen: identified. in decreasing order of 
abundance Type I mclus1ons are L-nch and contain liquid (l)+vapor 
( V)±small opaque daughter crystals (SO). Type I inclusions arc subdivided 
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into type I a inclusions that contam L + V +SO±small translucent daughter 
crystals (ST) and type I b in which only L + V arc visible. V bubbles occupy 
-30 to 55 volo/, of the I. Type 2 iriclus1ons contain L+V+halite (Hl±SO±ST. 
Some I arc simple L+V+ H inclusions; however several SO and ST daugh­
ters arc common Type 3 inclusions contain only L+V with V bubbles oc­
cupying <20 vot-/4 of the I. Type 3 inclusions are L-rich and commonl> arc 
irregular in form, Type 4 inclusions contain only L +V with V bubbles oc­
cupymg >68.5 vol% of the I. these homogenize to V upon heating. 

Preliminary microthctrnornctnc data have been obtained fqr type I and 
4 inclusions. Type la inclusions (most abundant) display two modes of Th, 
340°C to 380 •c and 480°C to S00°C. Most type I a inclusion sal range 
from 4 to 5 wt"lo NaCl eq. Type I b Fl homogenize fi-om 330°C 10 4100C 
Sal for these I range from 4-8 wt% NaCl eq. Type 4 Fl homogenize from 
420°C 10 540"C. (From authors' abstract by E.R.) 

WILLIAMS. P .J., 1998. Mctallogeny of the McAnhur River-Mount lsa­
Cloncurry Minerals Province: Economic Geology and the Bulletin of the 
Society of Eoonomic Geologist, v. 93. no, 8. p. 1119. Author at Economic 
Geology Research Unit. School of Earth Sci .. James Cook Univ .• 
Townsvillc. Queensland 4811. Australia: email (pal• 
rick.williams@jcuedu.au) 

A preface to a special issue of Econ. Geology of379 pp. including 
many papers that make use ofpubhshed Fl data (E.R.). 

WILLIAMS. P .J., DONG, Guoyi. POLLARD, P .J., R\'AN. C.G., 
CHAPMAN, LH. and PRENDERGAST, Kylie, 1998. Two-stage. dual 
source origm of Broken Hill-type Pb-Zn-Ag deposits (abst. ): Geological 
Society of Australia. Abstracts No. 49. 14th Australian Geological Con­
vention. Townsvillc. July 1998, p. 4 70 First author at School of Earth Sci., 
James Cook Univ .. Townsville. Queensland 4811. 

Fl data from medium 10 high T (300-S0O"C) postmctamorphic vems in 
large Proterowic Pb-Zn-Ag ore systems al Cannington and Broken Hill 
show that high concentrations of distinctive ore and gangue components 
(Ca. Mn, Fe. Zn. Pb) were present in a mobile aq F phase. Very similar 
multiphase I are present in both deposits and arc hosted by quartz. garnet 
and hedenbergrte The characteristic dm assemblage consists of halite, 
sylv11e. pyrosmalite and a Pb-K chlondc The veins commonly lack Zn and 
Pb minerals. and any sulphides that arc present arc paragcric11cally younger 
than the minerals that host the I. Coupled with the presence of Pb-K chlo­
ride daughter salt (as opposed lo galena) this all implies that the F were 
strongly undcrsanuated with metals al the time of entrapment despite the 
fact that proton microprobe analyses commonly show extremely high Pb 
concentrations m the range of 5-10 wt"/,. 

Abundant postmetamorphic S-poor. Fe-rich Cu-Au deposits occur in 
the Cloncurry distncl near the Cannington deposit. These formed from Ca­
Mn-Fc-rich sahne F oflikely magmatic derivation that had variable low to 
high conccntrat1011s of Zn and Pb. 1111s demonstraies thal such high sal F 
were widespread and also suggests that highly soluble metals such as Pb 
and Zn were abstracted from the host sequerices. The distinctive chemistry 
(high metal grades, low S-content. Ca-Mn-Fe-P-halogens), wnmg similar 
10 that in skam deposits. down T paragenetic evolution. homogeneous S 
isotope geochemistry. Pb-isotope geochemistry related to the host SC· 

quenccs. and structural controls of Broken Hill-type deposits can all be 
explained by a two-stage process involving interaction of prc~xisting base 
metal coriccntrations with hot. S-poor. high sal F. (From authors' abstract 
by E.R) 

WILLIAMS. P.J., PENDERGAST. W.J. and DONG. Guoyi, 1998, Late 
orogemc alteration m the Wall Rocks of the Pegmont Pb-Zn deposit. Clon­
curry Distnct. Queensland. Austraha Econ. Geol .• v. 93, p. 1180-1189. 
First author at Nat'!. Key Centre in Economic Geol .. School of Earth Sci.. 
James Cook Univ. ofNonh Queensland. Townsville, Queensland 4811. 
Australia. email (patrick. wilhams@jcu.edu.au) 

Pcgmont is one of several significant Pb-Zn±Ag deposits in metamor· 
phosed late Palcoproterozo1c rocks of the Mout Isa Eastern fold belt of 
northwest Queensland. The fracture-controlled hydrothermal alteration 
involved infiltration of hot (>500"C). very saline. Na-K-Fe-Ca-Mn-Cl'nch 
fluids. Proton m1croprobc ( PIXE) analyses of Fl reveal that these F, at least 
locally. had high concentrations of Pb (as great as 1.45 wr'/e) and Zn (to O 8 
v.1%1. and therefore. that metals were mobile beyond the bound.-ies of the 
mineralized ironstone. Later F produced illite/phengite-chlorite-carbonate 
alteration and minor Fe-Cu-dominated sulfide mineralization. (From 
authors' abstract by E.R.) 

WILSO~. S.D.R., 1998. A mecharusm for the lateral transpon of gas bub-
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bles in silicic lava nsmg m a venical conduit Eanh and Planet. Sci. Let­
tm. v. 156, p, 13-18. 

WILTSCHKO, D.V. and MORSE. J.W., I 998. Force of crystallization 
ongin for veins: Crystallizauon pressure versus fluid pressure as the dnv• 
mg force for vein opening {abst. ): Geological Society of America Annual 
Mceung 1998, AbstractS. v. 30. no. 7. p. A-197. First author at Dept. of 
Geol. and Geophys, & Center for Tectonophysics, Texas A&M Umv., Col­
lege Station, TX 77843-3115; email (d.wiltschko@tamu.edu) 

Crack-seal veins are often pointed to as evidence for episodic crack 
opening driven by oscillations in F P or bulk suam. Advances in under­
standing the geochemistry of precipitation. data on veins, and recent ex­
periments by Li and Means suggest that force of crystalhzateon may be a 
better explanation for many observations on veins. We propose that some 
veins originate at sites of precipitation and then propagate by the force of 
crystallization. As matenals prec1pita1e. the vein walls arc pushed apart 
creating an opening identical to that for hydraulic fracture the difference 
being that the force of crystallization takes on the role of internal F P. A 
non-zero remote differential stress serves to align veins. If no remote differ­
ential stress exists then concretions or vug filling will result instead. Mc• 
chan1cal and geochemical considerations suggest that this process will be 
most imponant in producing veins in weak. relatively low permeability 
rocks such as greenschist-grade pelites where diffusion. probably from sites 
of dissolution, rather than advecuon is the dominant mass transpon proc­
ess. Thus. in tectonic regions veins may owe their orienta1ion to tcctonism 
but their in111a1ion and (to?) growth processes that supersaturate the pore F 
Crack-seal veins involve cracking to the extent that precipitation forces an 
original flaw to extend during precipitation. Cyclic quartz-mica bands 
result from either oscillations in the chemistry of the F or simply the com• 
position of the F and the relative solubilities of the components, Numerous 
observations on veins are consistent with the force of crystallit.ation hy­
pothesis I) lack of competitive crystal growth and therefore lack of open 
space. 2) hydrostatic F P results from Fl in veins yet, 3) veins shapes re­
flecting growth as Mode I fractures. (Authors· abstract) 

WIRYANA, S., SLUTSKY, L.J. and BROWN, J.M., 1998. The equation 
of state of water to 2~C and 3.5 GPa: Model potenuals and the experi­
mental pressure scale· Eanh and Planet. Sci. Letters. v 163. p. 123-130. 

WITT, W.K. and VANDERHOR. F., 1998. Diversil'\ within a unified 
model for Archaean gold mineralization in the Yitgarii Craton of western 
Australia: An overview of the late-orogenic. structurally-controlled gold 
deposits: Ore Geol. Reviews. v. 13. p. 29-64. First author at Geological 
Survey of Western Australia. 100 Plam St.. East Penh. WA 6004. Australia. 

The Archacan Yilgam Craton has produced .,. 3000 T of gold. and en• 
compass a wide range of host rocks. structural settings and structural styles 
and alteration typeSC However. several consistent features Justil)· grouping 
the deposits into a single class of mineralization These features include 
timing relative to orogenes1s. high gold to base metal ratios, an association 
with potassium metasomatism and carbonation of host rocks. low sulfide 
contents. and a low-sal H2O.CO2( .CH.) ore F. The term ·mesothermal' is 
an inappropriate description for this class of mineralization. The term late­
orogenic. structurally-controlled gold deposits is proposed. (From authors· 
abstract by E. R.) 

Fl data. from the literature. arc discussed bnefly (p.50) (ER). 

WOOD, s.A. and FINUCANE. K.G. and SAMSON, I.M., 1998. Fluid 
inclusion m1crothermometry of minerals of the Snowbird deposit. Mineral 
County. Montana (abst. ): Geological Society of America Annual Meeting 
1998. Abstracts. v. 30, no. 7. p. A-20. Fir.;t author at Dept ofGeol and 
Geological Engineering, Univ of Idaho. Moscow. ID 83843; email 
(swood@uidaho.edu) 

The quartz-carbonate-nuonte-hostcd hydrothermal Rare Eanh Ele• 
ment (REE) Snowbird deposit formed dunng two stages of mineralization. 
The former stage is characterized by coarse-grained (up 10 several meters) 
subhedral to euhedral quartz+calc11c+ankeri1e+nuori1e. and the latter 1s 
characterized by the presence of massive quartz+fluorite+ankente+panslle 
(2CcFCOJ >< CaCOi} and the absence of calcite Although Stage I quartz 
is nearly barren. the Rare Eanh Element-bearing Stage II Quartz. Fluorite. 
and Parisite yield numerous. measurable Fl. This is convenient m hght of 
the purpose of the study, which is to glean funher understanding oflhe F 
responsible for REE•minerahzation. For simplicil}. all T m this repon are 
given as arithmetic mean followed by the average deviation. Microther­
mometric measurements of Stage II quanz. fluorite and par1sne suggest the 
influence of at least three chemically distinct F dunng and alter 1ts fonna-
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tion. 
Primary I in pansite and P and PS I in quartz and fluorite contain at 

least three phases at room T: aq L. a V bubble. and a halite daughter. 
Melting of solidified V occurs at -57"0±0.33". indicating the presence of 
C()i. First melting occurs at -47. 7±1.8°. indicating the presence of dis­
solved cac1i. These I homogenize nearly always 10 the V phase. at 
401±74°. Many I of this type decrcpitated prior to homogenization at 
309±50°. A minimum Tf. therefore. is suggested to be around 400°. 

Secondary I in fluorite and quartz occur as rwo other types. The first 
contain aq F, a V bubble. and a halite daughter at room T. Dissolution of 
halite upon heating occurs at 200±30°. indicating a minimum sal of 30 
wt.% NaCl. Homogeniution to the V phase occurs upon funher heating at 
2675:1:80° [sic). given here as a minimum Toffracture healing, uncorrected 
for P. The second l}'J)C of SI contains aq L and a V bubble at room T. After 
freezing. ice finally melts at --0. 7 5±0.5°, indicating a solution of nearly 
pure water. These I homogenize at 146±27"'. 

It is evident that the parisilc of the Snowbird deposit formed from 
relatively high T C02-NaCI.CaCli-bearing F, and the deposit was some­
what affec1ed further by moderate T, NaCl-bearing, and low T. NaCl-poor 
waters. (Authors' abstract) 

WORDEN, R.H., OXTOBY, N.H. and SMALLEY, P.C., 1998. Can oil 
emplacement prevent quartz cementation in sandstones?: Petroleum 
Geosci .. v. 4. no. 2. p. 129-137, 

In the current debate on the ability of oil emplacement to halt quartz 
cementation in sandstone oil reservoirs. this paper suppons a "yes. it can" 
answer. Although we find some of the empirical data (petroleum Fl abun­
dances. quartz-depth trends) to be inconclusive. we have made progress in 
this debate by examining theoretical controls for three end-member quartz 
cementation scenarios. (I) Silica .:xtemally sourced via advecllon. Oil 
emplacement must halt quartz cementation because of the associaled mas­
sive reduction in relative permeability to water. (2) Silica supplied inter• 
nally, water-wet reservoir. Quartz ccmentalion will be inhibited because 
the rate of diffusion will be reduced by orders of magnitude. making diffu­
sion the rate controlling step. The degree of inhibition will depend on rock 
fabric and oil saturation: at very high oil saturations quartz cementation 
could effectively cease. (3) Silica supplied internally. oil-wet reservoir. 
Quartz cementation will be halted as water cannot access to grain surfaces. 
(Authors· abstract) 

WU, Ruihua and LIU, Qionglin, 1998, Mineralogy of corundums from 
Yingshan Count}'. Hubei province; Geological Review. v. 44. no. 6. p. 627• 
633. Authors at Gemological College, China Umv ofGeosci .• Beijing, 
l00083. 

The corundum deposit in Yingshan County. Hubc1 province. was 
found 1950-1960. The corundum has coarse grain size. good morphology 
and light color. It can be blue-yellow- and nesh red-colored by means of 
heat treatment. But gem-quality stones are rare owing to well-developed 
fractures. I concentrated I I sic] and poor transparency. More should be 
done on the technique of healing the fractures in order 10 raise the produc­
tion of gem-quality stones from these corundums (From authors' abstract 
by E.R.) 

WU, .Xiangyao and LllO. Yaonan. 1998. A study on metallogenic model 
for gold-bearing silver deposits of shear belt type in the Tiarnwan area of 
Shim1an Country. S1chuan: Acta Geologica Sinica (Diqiu Xuebao), v. 19, 
sup. sum 52. p" 19-28 (in Chinese: Engl. abst.). First author at Chengdu 
Inst. ofTech. 

Morshi shear zone. a brittle-ductile shear zone of smistral strike-slip. is 
favourable for the migration. concentration and ore-forming of gold-silver­
copper and related element (As. Sb. Pb. Zn). The Tiamwan gold-bearing 
silver tetrahcdrite deposit occur.; in Morshi shear zone. 

From the study of the fissure Fl. it is indicated that gold-beanng silver 
deposits of the Tengwong ductile shear belt type arc low sal (w(NaCllc,q) = 
6.5%. moderate T (>240"C). high sulphur rich CO2. er and base cations, 
weak alkalinity. reducing environment (Eh ., -0 54V. /02 = 10·29 Pa). 
There are three types: COz, COi-HiO and H2O They occur together in 
mmerals and have different sal and density. It showed that boiling occurred 
when the I were trapped. It is considered that the key factor of gold-silver 
mineralization is boiling. 

The metallogenic physicochemical condition stable isotope geochemi­
cal characteristics and the sour~s of ore•forming materials for typical gold­
bearmg silver deposits in Tiarnwan ore field are discussed. the metallogenic 
mechanism of this deposit is analysed. Based upon the d1scuss1on. we 
suggest a metallogemc model of 1ec1ono-geochemiscry for the deposit. 
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(From authors· abstract by ER.) 

WYDER, R.F. and MULLIS. Jowph, 1998. Fluid impregnation and de­
velopment of fault breccias in the Tavctsch basement rocks (Scdrun. Cen­
tral Swiss Alps). Tectonophysics, v. 294. no. 1-2. p, 89-107. 

Microsuuctural, mineralogical and m1crothennometric studies provide 
an insight mto the brittle defonna1ion mechanisms and the P-T+x evolu­
tion of fault breccias from the Tavetseh mass1C The fault breccias arc 
overprinted by several pre- to early Alpine dcfonnation events (summarized 
as dcformaiion stage I). and at least live Alpine 10 late Alpine deformation 
stages (II to VI) Stages Ill to VI were responsible for the generation of 
cohes1onless fault breccias. The predominant loss of cohesion occuncd at 
a depth of9-6 km. 280-190°C and F P of2-3-0.6 kbar. These conditions 
prevailed between dcfonnation stages IV and V. The loss of cohcs10n 15 
interpreted to be the result of pore space interconnection induced by bnnle 
defonnation. This process was accompanied by a decrease in F P towards 
hydrostatic conditions. Finally stage VJ generated fault gouge and further 
fault breccias due to small displacements (millimetre to centimetre range) 
along discrete faults and fractures The F evolution shows a retrograde 
trend to lower sal. indicating a meteoric influence during hydrostatic con­
ditions. (Authors' abstract) 

WYLLIE, P.J. and LEE. W • .J., 1998. Model system controls on condi­
tions for formation of magnesiocarbonallte and cak:iocarbonatitc magmas 
from the mantle J. of Petrol., v. 39. no. 11 & 12, p. 1885-1893. Authors at 
Div ofGeolog1cal and Planetary Sc, .. California Inst. ofTech., Pasadena, 
CA 91125, USA: email (wjl@gps.caltech.edu) · 

Experimental data indicate that carbona1e-nch magmas may be gener­
ated at depths >~ 70 km by partial melting of carbonated peridotite. At 
conditions of mantle mehing. there is a large separation between the sili­
cate-carbonate L immiscible volume, the sihcate~nate liquidus field 
boundary, and probable L paths. The fonnation of carbonate-rich L immis• 
cible with siltcate magmas in the mantle is therefore unlikely, which denies 
the generat10n of immiscible CaCOi ocelh and P natrocarbonalite magmas. 
Our new data at I GPa confinn an earlier proposal that P calciocarbonatite 
magmas can be generated at some depth between 70 km and 40 km. but 
indicate considerably higher silicate components. The shallowest magmas 
contain a maximum of73 wt% CaCOi (equivalent to 89% CaCO:, in the 
carbona1e components of the L). with 18% silicate components at I GPa. 
Phase relations in the system CaO-MgO-CO2-H2O shows that magnesio­
carbonatite magmas can precipitate sOvites (calciocarbonat1te rocks), 
(From authors· abstract by E.R.) 

WYLLIE. P .J., and RYABCHIKOV, I.D .. 1998. fluid inclusions in dia­
monds suggest critical end-pomt for solidus of pendoutc-H20-COz in up• 
per mantle (absL); 17th General Meeting lnt'I. Mineralogical Association. 
Aug 9-14. 1998, Toronto. Canada, Abstracts and Programs, p. Al2. First 
author a Div. Geol. Planet. Sci .• Cal, Inst. Technology. 

A review, (E,R) 

XIA, Zuthui, 1998 Pyrite deposits in Zhangjiagou. L1aoning Studies of 
fluid mclus1ons and stable isotopes (abst. ): Second APIFIS Inn. Svmp. 
Mineral Fanning Fluids and Ore Genesis. Oct. 28-30. 1998, TashkenL 
Ulbekistan. Abstracts volume. p. 147 (in English). Author at MCI Geo­
logical Inst. for Chemical Minerals, 

There are two different typcS of pyrite deposits in ZhangJ1agou district 
with vanous geological characters. Geochemical studies of Fl and stable 
isotopes suggest that the deposits are distinguished by mineralilmg T be­
tween 140 and 300°C. lg{S1 between -10.39 and -IS.70. lgfO2 between· 
34.14 and -45, 16. and pH between 4.64 and 6.15. Mineraliling solutions 
evolved from a low-sal. high-density, hot Fat the early stage to a slight 
acidity, reduced one at the late stage. consisting mamly of sulphur-bearing 
hot waters by seafloor volcamc exhalation along with those by late meta• 
mOll)hism Stratiform and vein ore bodies represent two different hot 
events. (Author's abstract) 

XIAO, Zhifeng, GAMMONS, C.H. and WILLIAMS-JONES. A.E .. 
1998, Expenmental study of copper()) chloride complumg in hydrother· 
mal soluuons at 40 to 300°C and saturated water vapor pressure. Geochim. 
ct Cosmo Acta. v. 62. no 17. p, 2949-2964. First author at Dept. of Earth 
and Planetary Sci .• McG1l1 Univ .• Montreal. Quebec H3A 2A7. Canada 

The solubility of Cu ph~es was measured in V-saturated aq HCI/NaCI 
solutions at T ranging from 40 to JOO"C. total chloride concentration from 
0 0 I to I m. and pH from Oto 3.5. Data co(lccted from the e.~perimcnts 
were regressed to detennine equilibrium constants as functions ofT (Kl 
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These equa!IOIIS can be used to calculate equilibrium constants at T up to 
350°C and V-saturated P. Our results at T<l50°C agree well with those 
published by other researchers. but the agreement is vanable for results at 
T>ISO"C. 

The solubility of chalcopyrite was calculated for a variety of condi• 
tions, Chalcopyrite w1l1 deposit in response to an increase 1n pH. or de­
creases in ac,.. T. and oxygen fugac1ty Calculations of the solubility of 
chalcopynte m scafloor hydrothcnnal systems show that the Cu-nch wncs 
in volcanogenic massive sulfide deposits fonn at T>250°C and that cooling 
and/or pH increase are the most likely depositional controls. Below 250•c. 
chloride brines are incapable of transporting significant quantities of Cu 
unless conditions arc unusually 011idized. (from authors· abstract by E.R) 

XIAO, Y.-L., HOEFS. J~ van den KERKHOF, A.~I. and ZHE:'liG, \ ',. 
F., 1998, Fluid inclusions in ultra high-pressure cclogites from the Dab1c 
Shan. eastern China (abst.): Mineralogical Magazine. v. 62A. VM. Gold­
schmidt Conf., Toulouse 1998. Extended Abstracts, p. 1667-1668 First 
author at Inst of Geochcm .• Univ. of Gocningcn. Goldschm1dstrasse I, 
37077 Goettmgen. Gennany. 

To obtam informauon on the physical-chemical condiuons of the F 
phase during UHP metamorphism. we studied Fl in cocsue-bearing cc­
log1tes from the B1xiling complei1 in the southern Dab1e Shan, The bound­
ary between the eclog1tes and country rock shows tectonic contact rela­
tions. The complex mainly consists of eclogues and elongated ( 1-40 m) 
lenses of garnet pcridotlte. The field observa1ions suggest that both ec­
logitcs and garnet pcridotite underwent coesite-cclogitc•facies metamor­
phism. 

They typtcally contain garnet. omphacate. phcngite. ruule. quartz. 
kyanite. with mmor zoizitc, amphibolc. plagioclasc, cp1dotc. biotite, lircon 
and cocsitc. Four types of FI were distinguished: 

(I) Htgh-sal brines in quanz blebs in J..y.1rnte. and also in the kyamtc 
itself. represent the oldest generation of Fl These Fl do not show any 
phase transition dunng cooling: on subsequent warming. they show a 
granular texture between -65 and -75°C, interpreted as a dcvitrifica1ion 
phenomenon. 

(2) High-sal aq I (± halite) in omphac1te and t..·yamte oaur as tubes 
that are onentcd parallel to the growth zones of the host mineral. suggest mg 
P ongm, They probably contain relic metamorphic F of the eclog11e-facics. 
They show clear freezing berwcen -60 and -70°C {i.e .. Tn ice on cooling?! 
and display T,. ice between -24 and -16°C. They have T, between -30 and 
-21 •c. indicating a dominantly NaCl-bearing F. 

(3) Carbonic I were found both in omphac1te and in matrix quartz. 
They arc monophasc at room T. and have T meoi around -58.5°C and Th (to 
liquid) between -31 and -25°C. 

( 4) The majority of the Fl are low-sal aq I trapped in matnx quartz. 
The fl show that the F evolved from highly concentrated Ca­

dominated bnnes ± COi (prograde metamorphism). towards Na-dominated 
solutions (peak metamorphism) and low sal aq F dunng retrograde uplift. 
(From authors· abstr11ct by E.R.) 

XIE, Yihan, FAN, Hongrui and WANG, Yinglan, 1998. C()i-Hz() inclu­
sions and their prospecting significance from granites in Xiaoqinling area, 
Henan province: Acta Petrologies Sinica. v, 14. no. 4, p. 542-548. 
Authors a1 Inst. ofGeol.. Chinese Acad. of Sci., Bc1Jmg. I 00029. 

There are abundant COi-H2O Fl in Yanshan1an Wenyu granite which 
[are?) known to be related with gold mincraliwion. showmg that Fare 
enriched in CO2 with lower density (<10 wt.% NaCl) and similar to Fl 
types and F nature m gold-bearing quartz veins. Fl m Huashan granite, 
which is not related with gold mineralization. are aq type with poor CO2 
and low sal. Less CO?-H2O I are developed in Liangliangshan granite, 
which has relat10ns with gold mineralization but poor gold veins occurring 
in nearby metamorphic rocks. CO2-Hi<) I can be used as symbol to iden­
tify relauonship degree between granite and gold mmeral1zat1on, and CO2· 
H2O I abundance can be practiced to evaluate gold grade. mincraliling 
scale and cxplora11on potentials. (Authors' abstract) 

Xl', Guojian, 1998. A fluid inclusion study ofs}11tec1onic Zn-Pb-Ag mm­
craliuuon at Dugald River. northwest Queensland. Austraha. Econ. Geol .. 
v, 93. p. 1165-1179. Author at Nat'I. Key Centre in Economic Geol., Dept. 
of Eanh Sci .. James Cook Univ., Townsvillc. Queensland 4811, Australia: 
email (g.xu'!i'qub.ac.uk) 

Petrographic. m1crothennome1ric. and laser Raman microprobe analy­
ses of Fl from the Zn-Pb-Ag sulfide deposit at Dugald River. nonhwest 
Queensland. indicate that F wnh a wide range of compositions m the COi­
CH~-H10-NaCI system were involved in the fonnat10n of the deposit. 
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Early P I arc characterized by higher Th centered on 360°C. an average sal 
of 13 wt.Vo NaCl eq , and they tend to be relativel} COi-nch Such F mi­
grating through the thick sequence of the middle Proterozoic metasedi­
ments of the Corella Fonnation would acquire metals and reduced sulfur as 
well as C~ due to its interaction with the country rocks at deep levels. Ore 
deposition is mterprcted to have resulted from syntectonic boiling ofC~· 
rich volatile and aq chlonde solutions, and consequent filhng and replace­
ment of brecciated and foliated black slate by metal-bearing hydrothermal 
F. The P and T conditions of mineralization show a narrow P range of 1.1 
to l.S kbar and a wide T range ofJ IS to <4SOOC, but mainly operated at 

about 315°C and I.I kbar [See fig. II). 
The close resemblance of Fl da1a between three different ore types 

favors the view lhat they were all subjected to a similar evolullonary history 
and probably have the same origin. The Fl data provide further evidence 
supponing an epigenetic formation model for the Dugald River deposit and 
this matches well with previous microstructural investigations. (Author's 
abstract) 

See figure in the Jllustrarions appendix. 

XU, Hong, 1998. Genesis and geological and geochemical characteristics 
ofQixia gold deposit, Shandong. China: Chinese J. of Geochemistry. v. 17, 
no. 4, p. 338-345 (in Eng)1sh). Author at NanJmg College of Communica­
tions. Nanjing. 2 I 0018. 

The Qixia gold deposit 1s one of the imponant quartz vem•typc depos• 
its hosted in metamorphic rocks in the cast ofShangdong. China. Compo­
sitionally. the wolframitc which is associated with gold mincrahzauon in 
the deposit 1s rich in iron, but poor in manganese. showing that this mineral 
crystallized from hydrothermal solution at low T. The T al the main met­
allogcnic stage of the Qixia gold deposit are within the range of I 60-
280°C. The gaseous phases in Fl arc dominated by Hz() and CC>i. while 
Na·, Ca1• and er are the maJor species in the F phase with K + and F· pres­
ent in relatively small amounts. The sal of F arc 4.2 wto/o-8.0 wt.% NaCl 
cq. Meanwhile. the Fis characterized by either Ca2.>Na•>K+ {in five 
samples) or Na•> Ca1.>K+ {in two samples). qu11e similar to the composi­
tion of ore-fomung F denved from meteoric water. Primary data on the 
hydrogen and oxygen isotopic compositions of the ore-forming F fall 
within a wide range: 60.Uo ... 56-95"6 and 6110ii2o-3.6-4.S"6 relative to 
SMOW. These isotopic values fully reflect the distnbution features of me­
tconc water which has exchanged with the metamorphic rocks of the Jiao­
dong Group at different T and W/R ratios. and the mctallogenic process is 
characterized by low W/R ratios. The Rb-Sr isochron age of the Qixia gold 
deposit 1s 125.8±1.7 Ma. with (" Sr.1'6sr), being 0.7168, and the time inter­
val bclwccn the gold depos11 and its country rocks (granite: or metamorphic 
rocks) 1s very large. The formation of the Qixia gold deposit 1s directly 
related to the evoluuon of geological history in eastern Shandong. and a 
generic model m which the dc:cp convective circulating meteom: water 
reacts with the countr}· rocks can be used to explain the metallogcnic 
mechanism of the deposit. (Author's abstract) 

XU, J. and CHU, X .. 1998. Sulfide- melt inclusions in mantle xenoliths of 
Hannuoba. China tabst ): 17th General Meeting lnt'I Mineralogical Asso­
ciation. Aug 9-14.1998. Toronto. Canada. Abstracts and Programs. p A38. 
Fnst author at Univ of Sci and Tech .. Beijing 100083. 

The samples of this study were collected from Oamaping. Qingyang­
gou, and Jicshaba ofHannuoba in Zhangiakou area. China. where alkali• 
basalt and tholei11e occur horizontally as altemaung beds. Mantle xenoliths 
were captured within some alkali-basalt strata. dominantly compnsed by 
spincl lherzohte and accompanied with pyroxenite, dunite and P}TOxene 
megacryst Five types ofF {and M) I occur. I l pure C01. 2) CO2 M. 3) 
CO2 M [sic]. 4) sulfide-M. and S)CO2 sulfide-M. LRM analysis ofG 
composition shows a CO1 content range of S0-60 mol% HiS. SO2 and CH~ 
are detected. 100. Sulfur (H2S+SOz) occupies larger proponion in G com­
position. generally more than 20 mol%. Sullide-M I (type 4 and lyJ>I! S) of 
Hannuoba arc usually seen m spmel-lherzolite and ohvme pyroxenite. and 
usually contain two phases. sulfide and glass phases. or only one: sulfide 
phase EPMA analyses have been made for sulfides in the Ml The sulfide 
I in lherzolite are mainly pentlandite. with small amount of chalcop)Tite. 
while those in ohvinc pyroxenite are pentlandite. and pyrrhollne. too. The 
sulfide phases arc nch m As. both sulfide I and sulfide minerals in mantle 
xenoliths of Hannuoba are rich in Cu. Zn. Au and Ag in some degree 
(from authors· abstract by E R.) 

XU, J.H .. XIE, Y.L. and QIAN, D.\·., 1998, Mmerahzauon and isotope 
study of gold deposits m Daqinshan Distncl lnnermongoha. China (abst.): 
The Ninth lnt'I Conference on Geochronology. Cosmochronolo~ and lso-
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tope Geology. Abstracts. pubhshed in Chinese Sci Bullctm. v 43. Supp_ p. 
149. Authors al Dept. ofGcol., Univ. of Sci. and Tech. Beijing 100083. 
PR.China. 

Located m the mid-west of lnncrmongolia. the Daqinshan Mt. district 
has many gold deposits occumng along a eas1-wcs1 stnkmg ductile shear 
zone wilhm a grccnstonc belt which is mainly composed of the Archean 
Wulashan group, Hydrothermal mineralization can be divided into four 
stages· I. pyrite-quartz; II. quartz-pyrite: Ill. polymetallic sulfides; and rv. 
carbonates-quanz. The major metallic minerals m the ore of gold-bearing 
veins are nauve gold, clectrum. pyntc. chalcopyritc and galena, and gangue 
minerals mainly quartz. secondarily sericite. ankerite and calcite. Principal 
alteration patterns m gold deposits are seric1tization. sihc1fication. pyritiz.a­
uon. carbonitizat1on, and chloritization. Fl study shows that orc-fonning F 
were low in sal and rich in COi. Measured 60 values of Fl m quartz from 
the ore veins range from -65 to •104 per mil. And the values of6110qunz 
from ore veins vary from 10.0 to 12.8 per mil These data show that the 
water m hydrothermal F precipitaling the ore bodies could have been 
mainly magmatic water and metamorphic water. but local meteoric water 
might take part in the late mineralization. The values of 1:1 nc from Fl in the 
ore vary from .3.3 to -6.2 per mil. indicating that carbon was derived from 
magmatic Of anatcctic source. The values of 1,>1s from sulfide samples in 
gold deposits range from -4.1 to +4.0 per mtl. which arc identical with 
those from Shi Zhunli ct al. ( 1993 }. It is concluded that gold deposits in 
Daqinshan district are similar to those in Xiaoqmhng Mt area. m aspects 
of geological charactcnstics. mmeral assoc1a11on and stable isotope compo­
sition. (Authoo' abstract) 

XU, Jiuhua, XIE, Vuling and SHEN, Shiliang, 1998. Tectonic environ­
ment of hydrothermal gold deposits and physico-chem1stry of ore-forming 
fluid; Acta Geologica Sinica (Diq1u Xuebao). v. 19. no. 2. p 204-209. 
Authors al Dept. ofGeol .• Univ. of Sci. and Tech., Beijing. 

Metallogenic physico-chemical conditions of hydrothermal gold de­
posits are greatly associated with ore-controlling fault environment. A 
comparison of phys1co-chcm1cal parameters ofFI from different tectonic 
environments (including Xiaoqinling, Jiaojia. Linglong and Taibei gold 
deposits) has been studied. The result shows that the P of ore-forming F of 
gold deposits in ductile shear zones are higher. so the values ofC02/H20 of 
Fl are high K+ /Na· and F·/Cr of Fl varies in different 1ccton1c environ­
ments. which is not only related 10 chemistry of host rocks. but also related 
to rectomc stress. Because ore•fonmng F P Var). other parameters of 
physico-chemistry change systematically. very useful for gold prospccung. 
(Authors· abstract) 

XU, Xinwang, CAI, Xinping and ZHANG, Baolin, I 998. Ore-forming 
fluids in tectonic process and metallogeny: 6th Natmnal Meeting on Min­
eral Deposits. Nanjing. China. Nov. 25-28. 1998; Mineral Deposits 
(Kuangchuang Dizhi). v. 17 Supplement, p. 1067-1070 (in Chines(). 

Xll, Xuechun, 1998a. A study on fluid inclusions in granulire facies 
metamorphic rocks from the nonhcrn margin of the north China platfonn 
(abst.): Grological Society of America Annual Meeting 1998. Abstracts, v 
30. no. 7. p. A-229. Author at Gcol. Dept . Changchun Univ. of Sci and 
Tech .• 6 X1min:mu st.. Changchun. Jilin. 130026. P.R. China. 

The Precambrian g1lll1Ulite fa1;ies metamorphic rocks are distributed 
widely in the nonhcm margin of the Nor1h China platfonn. They arc 
mainly composed of granulite-gneiss group and silhmanite-gamet gneiss 
group. The T and P of granulite facies metamorphism is 7S0--850°C and 
5-10 kb. There arc a lot of Fl in minerals of the rocks. CO2 is dominant 
and often contains detectable amooots of Hz(). CH.i. N2• CO and H2S in Fl. 
The COi content is ovc:r SO molo/o in most FL 

The study of physicochemical nature indicates that Fl have high den­
sity CO2• Dc02 = 0.724-1.03 g/cm1

. The molecular volume of CO2 is 
44.81 -.{)().77 cm1/mol. The Th of the Fl is - 8- 23.5°C. According to the 
relation between lgjO2 and T in F system. the oxygen fugacity obtained is 
I 0-1~ ~- I 0·21Pa at 0.3 GPa. On the basis of relation between T and Eh. the 
value of oxidation-reduction potential calculated is --0. 75-1.90. The water 
activity calc11la1ed is 0.04---0.24 in CO2-H2O system. The lower waler ac-
11v1ty represents a desiccant metamorphic condition (Author's abstractl 

XL;. Xutcbun, 1998h. Fluid and fluid-rock interacuon of granulite fac1es 
metamorphism: Earth Sci. Frontiers (O1xuc Qianyuan). v. S. no. 4. p. 284-
290 (in Chinese; Engl. abst.). Author at Changchun Umv. of Sci. and 
Tech .. Changchun 130026. 

Discusses the Fl evidence for fluids and fluid-rock interaction in 
granulites (H.E.B.), 
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XU, Y., SCHOON EN. M.A.A., NORDSTROM, 0.1(., Cl ~ING• 
HAM, K.M. and BALL, J.W., 1998. Sulfur gcochemistl)' of hydrothermal 
waters in Yellowstone Na1ional Park: I. The origin of thiosulfa1e in ho! 
spnng waters: Gcochim. Cl Cosmo. Acta. v. 62. no. 23/24, p. 3729-3743. 
First author 81 Dept ofGcosci .• SUNY at Stony Brook. New Yori(. NY 
11794-2100, USA; email (mschooncn@notcs.cc.sunysb.edu) 

Thiosulfate (SiOh. polythionate (S,Oh. dissolved sulfide (HiS), 
and sulfate (SO/") conccntra1ions in 39 alkaline and acidic springs in Yel­
lowstone National Pan. (YNP) were detennined. The analyses were con­
ducted on sile. using ion chromatography for thiosulfate. polythionate, and 
sulfate. and using colorimetry for dissolved sulfide. Thiosulfa1e was de­
tected at concentrations typically <2 µmol/L in neuttal and alkaline chlo­
ride spnngs with low sulfate concentrations (Cl'ISO/·<10), thiosulfate 
concentrations were also typically lower than 2 µmol/L. However. in some 
chloride springs enriched with sulfate (Cl'JSO}· between 10 lo 25). thtOSul­
fate was found at concentra1ions ranging from 9 10 95 µmol/L, higher than 
the concentrations of dissolved sulfide in these waters. Polythionate was 
detected only in Cinder Pool. Norris Geyser basin. at concentrations up 10 8 
µmol/L. with an average S-chain-length from 4.110 4.9 sulfur atoms. 

The results indicate that no thiosulfatc occurs in the deeper parts of the 
hydrothermal syscem. Thiosulfate may fonn. however, from (I) hydrolysis 
of na1ive sulfur by hydrothennal solulions in the shallower pans (<SO m) of 
the syscem. (2) oxidation of dissolved sulfide upon mixing of a deep hy• 
drothcrmal water with aerated shallow groundwater. and (3) the oxida1ion 
of dissolved sulfide by dissolved oxygen upon discharge of the hot spring. 
Upon discharge of a sulfide-containing hydrolhcnnal Waler, oxidation pro­
ceeds rapidly as atmospheric oxygen enters the waler. The tn1nsfer of oxy­
gen is particularly effective if the hydrothermal discharge is turbulent and 
has a large surface area (Authors' abstract) 

YAMASHITA, Hlroyuki and KOIDE, Yoshiyuki, 1998. Stability of car­
bon phase in the manclc: Bulletin of the Kanagawa Prefcctural Museum, 
Nacural Sci., v. 27. p. 31-48 (in Japanese. Engl. abst). 

Carbon phase in the mantle should be as constituents of minerals or F 
studied by the petrology. mineralogy and high P and high T experiment. 
The infonnation of carbon phase in lhe mantle derived from igneous rocks 
(kimberlite. carbonalitc and lamproite). minerals of diamond and carbonate 
minerals and F in diamond I. The high P and high T experimental results 
of the simple-componenl systems such as C. CaO-COi and CaO-MgO­
SiOi-COi. show that diamond, aragonite, dolomite and magnesite arc sta­
ble in the mantle conditions. On the other hand. diamond and magncsice 
arc stable in the complex system. The stable field of magJ1csite might ex­
pand to the lower mantle condition. Kimberlite and carbonatite pctrogene­
sis are closely rela1ed wilh carbon phase in the mantle. The magmas are 
considered to be derived from partial melting of carbonate bearing pcri­
dolite. The geochemical characier of this partial M is similar to the dia­
mond IF. (Authors· abstracl) 

YANG. FuqHn, 1997, Physical chemistl)' of ore-forming fluid of Hogeqi 
copper-polymecailic deposit, Inner Mongolia: Bulletin oflhe 562 Compre­
hensive Geological Brigade, Chinese Acad. of Geological Sci.. 1997. no. 
13. p. 85-93 (in Chinese: Engl. absl.). 

Hogeqi copper-polymetallic deposit is a stratabound deposit formed 
mainly by submarine volcanic eruption-sedimentation followed by regional 
metamorphism and magmahydrothermal refonn. The author discusses the 
sources of F during various scages as well as other physical chemislry pa• 
rameters (pH. E.. IS1. IO:. etc.) of ore-forming F. The huge number of daca 
(some Fl) provided in this paper are useful foe the research on ore genesis. 
(From author's abstract by E.R.) 

YANG. Jlanmin, MAO, Jingwtn. ZHANG. Zhaochong tt al~ 1998, 
Genesis and mechanism ofHuashugou copper deposit. north Qilian Mt.. 
China: 6th Na1ional Meeting on Mineral Deposits. Nanjing. China. Nov. 
25-28. 1998: Mineral Deposits (Kuangchuang Dizhi). v. 17 Supplement, p. 
1019-1012 (in Chinese). 

YANG. Kaihui, 1998. Magmatic fluids and mineralization: Observations 
of subacrial volcanic-hydrothermal processes. black smokers on modem 
sea floor and melt inclusion studies: Eanh Sci. Frontiers. v. 5. no. 3. p. 7-
38 (m Engl.). Author at Marine Geol. Research Laboratory. Dept. of Geol .• 
Univ of Toronto, Toronto. Canada M5S 3B I. 

Large amounts of volatiles and metals arc observed to be degassed 
from magmas into subaerial and submarine volcanic-hydrothermal systems 
at divergent and convergent plate margins. CO2-dominated F are associ­
ated with the volatile-poor MORB magmas that result from panial melting 

151 

Volume 31, 1998 

at mantle beneath mid-oceanic: ridges In contrast. abundant HiO­
dominated F arc degassed from the volatile-rich arc magmas that arc origi• 
naled from dehydration of the subductcd ocunic slabs Magmatic F con­
sist typically of many different volatile components plus variable amounts 
of metals. Governed by the solubilities of volatiles in M. the first F phase 
thal is degassed from a magma is predominantly COi. and the later F phase 
is more enriched in H2O. As T decreases. a magmatic F of mixed COi and 
Hz(). usually associated with felsic magmas. may separate into a low sa1 
(low density) gaseous phase and a saline (high-density) L due to imnusci­
bility. In a F-M system. many ore metals arc excrcmely partitioned into the 
F phase. and arc scavenged by the F when it is separated from the M The 
metals are transported, mostly as chloride and sulfide complexes, in both 
the gaseous phase-volatile transpon dominated by their volaulity, and the 
saline solution-hydrothermal tnlllsport subjected to their solubility. Mag­
mllfic F may concributc large quantities of volatiles and ore metals to the 
subaerial and submarine hydrothermal systems that are responsible for the 
mineralization associated with igneous intrusions and volcamc rocks. 
(From author's abstract by E.R ) 

YANG. Kyo11nghtt and LEE. Jaryroog, 1998, Fluid inclusions of the 
llkwang Cu-W•bearing breccia-pipc deposit. Kyongsang Basin: Geosci. 
Journal. v. 2, no. I, p. 15-25. First author at Dept. ofGeol.. Pusan Nat'l 
Univ .• Pusan 609-735. Korea: emaii (yang},.'}'hc@Jtyowon.cc pusan.ac.kr) 

The coppcr-lun~ten mineralization of llkwang mine. Jyongsang Basin 
was associated with crystallization of a small stock of granod1orite and 
quartz monzonite. explosive brccciation. and exsolution of magmatic hy­
drolhermal F. Fl in qua,tz phcnocrysts of granitic rocks and hydrothermal 
quartz in breccia matrix ttapped aq F that had caused brecciation and pre­
cipitation of coppcr-tun~en ore minerals. Four groups of Fl are idcncified: 
Type I (V-rich and low sal). Type II (L-rich and low to moderate sal). Types 
Illa and lllb (L-rich and high sal) and Type IV (COi-bearing. V-nch and 
low sal). The earliest high-saline F (Type llla) and the following CO2-
bearing F (Type IV) were exsolved from crystallizing M and trapped at 
relatively high P (> I kbar). As water was partitioned from M 10 aq F. the 
volume expansion caused overprcssunng of the magmatic hydrothermal 
system and led to an explosive hydrothermal brecc1a11on The P quenching 
related to the brecciauon was followed by crystallization of the matrix pro­
ducing early-hydrothermal quartz and tourmaline. Additionally. a subse­
quent decrease in P produced boiling of aq F. generaling Types I and lllb 
inclusions. They were associated with sulfide-mineral precipuauon 81 493-
3430C and 450-120 bars. The scparacion ofV phase including acid vola­
tile species COi from the L phase might have raised pH of the hydrolher­
mal F. which was favorable for the formation of sulfides. The late­
magmatK:. high-sal F (Type lllb) were mixed with circulating meteoric F 
and then were cooled and diluted to form lower-T and lower-sal hy­
drothermal F thas were trapped as I during the final stage ofhydrothennal 
activity. The Fl data are comparable with those from breccia-pipe deposits 
of porphyry-copper syscems. II is suggested lhat hydrolhennal activities 
and favorable s1rue1ure factors in the lll·wang mining district played a role 
for the generation of favorable p. T conditions and helped provide sufficient 
energy 10 form a breccia zone. (Authors· abstract) 

See ftgurr ,n the Illustrations oppe,rdix. 

YANG, K. and SCOTT, S.D., 1998. Volatiles in pre-erupted magmas and 
their possible contribution to a seafloor hydroehennal system in the Manus 
back-arc basin. western Pacific (abst. ): 17th General Meeting lnt'I Min­
cralogtcal Association. Aug 9-14. 1998. Toronto. Canada. Abstracts and 
Programs. p. A34. Authors at Dcpc ofGeol .• Univ. ofToronto: email (kai­
hui@quanz.geology.utoronto.ca) 

Degassing of magma may have contributed significant amounts of 
volatiles 10 formation of the PACMANUS massive sulfide deposits in the 
eastern Manus back-arc basin. western Pacific. Microanalysis has been 
carried our on Ml in phenocrysts and the matrix glass of volcanic rocks 
ranging in composi1100 from basalt. basaltic andcsite. dacite 10 rhyolite. 
The glass of the Ml has relatively high and homogenous concentrations of 
H1O (7.41±2 33 wt"lo)and Cl (0.23±0.04 wt%). In contras!, the matrix 
glass 1S extremely inhomogenous in the conccntrarions of Hz() (4.47±2.33 
wt%1 and Cl (0, 15±0 IS wt"lol. Relatively high concentrations of Cl are 
noted m the dacite and rhyolitic glass. Unlike HiO and Cl. F is highly 
variable with no s1gn1fican1 concentralion difference betwtcn the glass of 
Ml (0 05±0 06 wto/o) and lhat of the matrix (0.06;t0.07 wt%). The major 
element composicion of the giass m the Ml and of the glass in the matnx 
are similar 

The high concentrations of H2O and Cl in the Ml arc compatible with 
those of subduction-related volcanic rocks elsewhere and arc typical of pre-
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m the volatile contents between !he glass of the Ml and the matrix glass of 
the PACMANUS volcanic rocks suggest that significant amounts of mag­
matic volatiles were released dunng the degassing process. This is further 
supponed by the presence of an ore metal-rich volatile phase m bubbles in 
the Ml and m vesicles m the matrix glass. Such a magmatic F may have 
been contributed 10 the hydrothermal systems that arc presently forming 
massive sulfide deposits in the Manus back-arc basin. (Authors· absuact) 

YANG. !\1inzhi, 1998. Replacement formation and evolution of ore­
forming fluids in silver deposits. North Hebai: 6th National Meeting on 
Mineral Deposits. Nanjing. China Nov, 25-28. 1998; Mineral Deposits 
(Kuangchuang Dizhi). v, 17 Supplement, p. 1027-1028 (in Chinese}, 

YANG. Rongyong, LI, Zhaoling, MAO, Yanhua. et al .. 1998. Ore­
forrnmg fluids ofQiaogashan gold deposit XinJ1ang: 6th Nauonal Meeting 
on Mineral Deposits. Nanjing. Chma. Nov. 25-28. 1998: Mineral Deposits 
(Kuangchuang Dizln), v. 17 Supplement. p. 1023-1026 (in Chinese). 

YANG, X.-Z., ISHIHARA. Shunso and l\lATSUEDA. Hiroharu, 1998, 
Multiphase melt inclusions in the Jinchuan complex, China: Implications 
for petrogenic and melallogenic phys1co-chemical conditions: lntemafl. 
Geol, Review. v. 40. p. 335-349, First author at Ueyama-Sisui Co .• Ltd,, N-
2 E-1 l Chuou-Ku. Sapporo 060, Japan. 

Three types of Ml were identified in pyroxenes. olivine. and chromite 
from the Jinchuan intrusion-sulfide I (I), crystallized polyphase I (II), and 
Fl (Ill). Sulfide I in chromite are spherical and occur parallel to chromite 
growth planes, Polyphase I are found in ohvme and consist of olivine, 
orthopyroxenc, chrome-spine!. amphibole, and sulfide dm. Primary Fl arc 
usually found in olivine and pyroxene with spherical to tubular shapes, 

Lasar Raman analysis was used to identify dm and F phases in the I. 
The result shows !hat F consist mainly of CO2. with minor amounts of 
SOi, H2S. and C"4. This indicates that the parental magma of the 
Jinchuan mtrus•on contams abundant volatiles, 

Microthermomelty shows that Type II inclusions in dunite and sulfide­
rich lherzolite have higher Tt ( I 000-1 0SOOC), whereas Tl m sulfide-poor 
lherzolite are lower (900-950°C) The result oflow-T microthermometry 
indicates that the CO2 Th of IO to l 5°C correspond to depths of 12. 9 to 15 
km (deep-level magma chamber) and the Th of26 to 29°C correspond to 
depths of 6.9 to 9.3 km ( upper magma chamber), The immiscible sulfide 
m the I demonslrllles that segregauon of the sulfide M occurs at an early 
stage during magmatic differentiation. (Authors· abstract) 

\'A~G. Zhaozhu. XIE. Qinglin and MA. Dongsheng, 1998, The genesis 
and ore-forming fluid of the super-large antimony deposit of Xikuangshan. 
China: Contribution to Geol. and Miner. Resour. Research. v. 13. no, 3, p, 
49-60 (in Chinese with Engl. abst.). First author al Dept. of Earth Sci .. 
NanJing Univ., 210093. Nanjing. 

Studies on Fl. stable isotopes. trace elements and experiments indicate 
that the ore-forming F originated mamly from meteoric water with lower 
sal (0.63-8.65 wt%) and medium to low T ( 100-300"C), It was weak alka­
lio and reductive solution The ore materials were denved from pre­
Devoman strata (mainly from the Sinian and Carnbnan strata). The re­
gional strata has been leached by large-scale movement of the F. Cnculal­
ing underground water leached ore-bearing strata and extracted metallo­
genic element to form ore-bearing F, The F went up along major fault and 
was focused on ore-forming space. The precipitation of ore minerals was 
caused by the changes of F phys1cochcmical conditions and components of 
the F. (Authors· abstract) 

YARDLEY, B.W.D .• GLEESON. S.A. and MUNZ. 1.-A., 1998. Dry deep 
stable crust and its rheology; Evidence from deep-penetrating fluid (abst.): 
Geological Society of America Annual Meeting 1998. Abstracts. v 30. no 
7. p, A-393, First author at School of Earth Sci .. Univ. Leeds. Leeds LS2 
9JT, UK: email (brucel@earth.leeds.ac.uk) 

The lower crust h~ been interpreted both as containing lithostatically­
pressured F, and as essentially dry: alternatives which have very different 
implications for crustal rheology. A clear test between the wet and dry 
models 1s to determine whether F is leaking out from the deep crust lo the 
surface or is penetrating the crust from above. 

Munz et al. ( 1995) described coarse quartz veins in high grade base­
ment rocks to the west of the Oslo graben. Norway. that were formed at 
250-300°C and c. 5 km depth. The presence of diverse hydrocarbons along 
with brines as Fl in the quartz indicates that F originated in overlying sedi­
ments. New work reponed here concentrates on the brme I in 1h1s vc:in 
suite. and aims to address the extent of F infiltrauon and the role of hydra-
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uon reactions in enhancing the deep F sal, 
P and S two-phase. L-V. aq Fl occur in the vein quartz. together with 

halite-bearing SI in some samples, Overall. aq I show a range m sal from 0 
to c. 40 Y.t.% NaCl eq, Liquid-vapor I exhibit a wide: range of densities. 
homogenising between 120 and 340-C. Halite bearing I from some sam­
ples show halite dissolution before homogenisation to the L phase. and 
finally homogenise near 230°C. while in others homogenisation is by halite 
dissoluuon and occurs at c. 190-C. The wide spread in sal at relatively 
constant homogenisation T within individual samples is not consistent with 
an increase m sal due 10 progressive hydration of the wall-rocks but sug­
gests that the variation in sal reflects heterogeneous F sources. The variable 
homogenisation characteristics of the halite-bearing I suggests that the 
brines were halite-saturated basinal F that m some cases were heated sig­
nificantly in the basement before trapping. This is consistent with brief. 
large fluxes of F along fractures through otherwise dry crust. We conclude 
that the rheology of cooled crystalline crust is likely dominated by dry rock 
properties. but water-mliltration along fractures can cause transient and 
permanent weakening effects at m1d-<:rustal depths during specific tectonic 
events. (Authors· abstract) 

YARDLEY. B.W.D., KONMINO , A., BARNICOAT, A.C. and 
HENDERSON, I.H.C., 1998, ls gold transported m oxidised hydrother­
mal fluids? (abst. ); Mineral Deposits Stud) Group. Annual Meeting, S-6 
January. 1998. Univ. Greenwich. UK (unpaginated}. Authors at School of 
Earth Sci., Univ. of Leeds. Leeds. LS2 9JT. 

Like gold, uranium solubility decreases progressively with /02 from 
high oxygen fugacity. but it shows no spike of higher solubility due to sul­
fides. We have input data on a full range of aq complexes to the EQ3/6 
database, and can show that HzS-rich. reduced F have potential to precipi­
tate gold. but do not transport uranium. whereas ox1d1sed F may co­
precipitate gold and uranium when they arc reduced .. 

Detailed textural studies (Bamicoat ct al .. 1997) indicate that gold in 
the Witwatersrand Basin has grown from hydrothermal F. and is imimately 
associated with hydrothermal U-mineralisation. This is possible only if the 
ore F were ox1d1sed, and establishing the origm of suitable F will provide 
the final piece for the new hydrothermal model of Witwatersrand minerali­
sation. The Au-U association is also known from a number of other de­
posits. and can likewise be confidently ascribed to the inliltrauon and re­
duction of oxidised F. {From authors· abstraet by E.R,) 

\'AZDI, llohammad. PERTOLD, Z. and ZACHARIAS, J •• 1998, Gold 
mineralization in the graniloid rocks of the Voltus area and its comparison 
to the Petrachkova hora porphyry gold deposit (abst. ); Proc. of the lnt'I. 
Conf. "Palaeozoic Orogenesis and Crustal Evolution of European Litho­
sphere". published in Acta Universitatis Carolinae-Geologica 1998, v. 42, 
no. 2. p.360. Authors at Dept. ofGeochem .• Mineral. and Mineral Re­
sources. Charles Univ .. Albertov 6. 128 43 Prague 2. Czech Republic. 

The [purpose of this I paper is to show evidences: is there gold miner­
alization in the porph)Titic grani101d rocks of the Voltus area. similar lo the 
Petrackova hora porphyry gold deposit'.' 

Fl of the granitoid rocks of the Voltus area are composed mainly of 
H20.Clt:KCI. ThlOI in analyzed Fl from granodiorites and dac1tc:s of the 
Vollus area range from 115 to 350°C for L + V L transition. and from 290 
to 490°C for L +H➔L homogenisation via halite dissolution. Sal ranges 
from 3 to 22 wt% NaCl eq .. for two-phase L-rich Fl and from 37 to 58% 
for I-bearing dm. According to Th and isochore path. the calculated mini­
mum P of trapping of saline (40-50% NaCl) Fl is about 0.5 kbar. This 
corresponds 10 lithostatic Pat depth of about 2 km (for 2.7 average rock 
density). The average estimated P oftrappmg oflow saline (<20% NaCl) 
Fl is about 500 bars. These correspond to hydrostatic P at a depth of 5 km. 

The gram to id rocks of the ¾>ltus area reveal geochemical and 
petrological similarities with granodiorites of the Petnickova hora porphyry 
gold deposit. but the mineralization processe5 are not similar in the Voltus 
area. The limited ore mineralization in the granitoid rocks of the \.bltus 
area seems to be related 10 alterauon and F evolution, like Petnickova hora. 
The granodiome body of the Petr.i.ckova hora is associated with high Tore 
mmcrals (like scheelite). But they have been not observed in the ¾illus 
area. Hydrothermal F of the granitoid rocks of the Voltus area arc related to 
shallow depth (low T). It is suggested that there will be in greater depth 
similar alteration and mineralization process like Pelrackova hora. (From 
authors· abstract by E.R.1 

YEMA'.'I.E, Keddy. GILL. Susan and GRUJIC, Djordj,. 1998. How 
accurately do thermal alteration indices ITAi) indicate burial temperatures 
for sed1mentar) sequences~ (abst. ); Geological Society of America Annual 
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Meeting 1998. Abstracts. v. 30. no 7. p. A-175. First author at Dept. of 
Gcol., Univ. of Pennsylvania. Philadelphia. PA 19104-6316; ema•I (l..·y­
emanc@sas.upenn.edu) 

Because lhcnnal altcralion of organic matter that accompany burial is 
11rcvcrsible, thennal alteration indices (T Al) of pal)11omorphs arc com­
monly used for estimating maximum burial T in sedimentary sequences 
Consequently, palynomorph colors arc routinely employed as a tool in 
evaluating the hydrocarbon potenual of sedimentary basins. We test the 
validity ofT Al as accura1e burial T indicators in the extensively stud1ed 
Middle PcMS}lvanian Llewellyn Formation of the Southern Anthracite 
field Although a maximum burial T range of200-300°C across the An· 
thracltc: region is generally agreed upon, estimates for the Southern Anthra­
cite field v31}' significantly from I 70-240"C and 2os•c (methane-bearing 
and Fl studies). to 200-225°C (vitrimte rellcctancc data). to 190-300-C 
(conondont alteration indei1). Sidcnte concretions from the bedding plane 
of the sandstone-shale interface below the fully mined Bottom Split coal 
bed to the Bear Valley Strip Mine near Shamokin. PA. contain pal}noforms 
attributable to lycospora, Remspori1es. laev1ga1osporites and Denso­
sporues. These pa1)11ofonns and hptinitcs arc golden yellow in color 
{TAl• 2 to 2+). whereas the host shale is devoid ofpalynoforms and the 
kerogen is dark brown to black (TAl'"6-7). Based on these TAI values 
alone. burial T of< I 00°C and > 200°C can be deduced for the concretions 
and for the shales that host these concre1ions. respectively. 

Obviously. differing T and P conditions cannot be invoked 10 explam 
the discordant degree of thermal al1eration between these: concretions and 
1he shales that intimately host the concretions. Rather, we suggest that 
ccmentation during early concretion formation completely sealed off the 
palynomorphs. excluding further modifications by elements such as chemi­
cally potent G and waters circulating within the sediment. The presence 
w•thin the concretions of pyrite patches and rims. septarian cracks. uncom­
pressed plant sterns. randomly oncn1ed clay particles. and enriched nc of 
siderite cement strongly point to complete isolation. despite subsequent 
high burial T. Thus. ii appears thal the role of volatiles in the maturation of 
organic matter may be as important as that ofT in detcrmmmg thermal 
maturity. This calls into question the wide use ofTAI as mdicators of bur­
ial T. (Auchors· abstract) 

\'ISHAN, Zeng and JIAQI, Liu, 1998. Carboxyla<es in fluid-inclusmns in 
minerals; in Water-Rock Interaction. G.B. Arehan & J.R. Hulston (eds). 
Balkcma. Rotterdam ISBN 90 5410 942 4. p. 131-136. Firs1 aulhor at 
Dept. ofGeol.. Peking Univ .. Bc•Jmg. P.R.Chma. 

The carboxylatc (formate. acetate. propionate and oxalalel composi­
uons for Fl leachates from minerals collected from \·arious h>·drothcnnal 
mineral deposits were determined using ion chromatograph. The minerals 
studied include quanz. fluorite. barite and a few ore minerals occurred m 
tungsten. gold and some non-metal mineral deposits. The analysis (29 
samples) results showed 1ha1 shon-chain carboxylic acids or carboxylates 
are common components in hydrothermal ore-forming F. (Authors· ab­
stract) 

YOUNG, C.M., CAMPBELL. A.R. and CHA \ 'EZ. W .• Jr., 1998. Oxy­
gen iso1ope traverses across mineralized and unmineralized fauh zones: 
Lone Tree complex. Humboldt Count). Nevada (abst l: Geological Society 
of AmericaAooual Meeting 1998. Abstracts. v. 30. no. 7. p. A-75. Firs1 
author at E&ES Dept, New Mexico Tech. Socorro. NM 8780 I : email 
(cyoung,@nmt.edu) 

The Lone Tn:e. North Peak. and Tren1on Canyon gold deposits are 
approximately 30 miles west of Battle Mountain. Humboldt County. Ne­
vada. The field areas consist of Paleozoic sediments of the Havallah and 
Antler sequences and the Valmy formation. Ore bodies. with fine gramed 
gold particles. appear to be structurally controlll:d 10 faul1 zones. Alteration 
suggests that there was F movement along both barren and gold-beanng 
faults. Petrographic analysis ind1ca1es an mcreasc in the abundance of 
quartz veinlets toward mineralized suuctures at Lone Tree and North Peak 

Previous work (Kamali, 1996) at Lone Tree and preliminat) work at 
Trenton Canyon indicates average Th of275~C for quartz found in miner­
alized fault zones. The 6°0 values for hydrothermal quartz arc 12.0%. and 
8 0'6o for Lone Tree and Trenton Canyon. respectively with com:spondmg 
calcuated 6°0 water \·alues of 4.6%. and 0%.. (From authors· abs1rac1 by 
HEB.) 

YOUNG. E.D .. FOGEL. !\I.L., Rl'MBLE Ill. Douglas and HOERING, 
T.C .. 1998. lsotope•ratio-monitonng ofO2 for microanalysis of 1•011•0 
and 11011&o in geological materials· Geochim. et Cosmo. Acta v. 62. no. 
18. p 3087-3094. First author at Dept. of Eanh Sci .• Univ. of Oxford. 
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Oxford OX! 3PR. UK 
Experiments were perfonncd to tesl the viability of using •sotope-rallo­

momtoring G-chromarography mass spectrometry (mn-OCMS) as a means 
for isotopic analysis of nanomolc quantities of Oi released m a \·acuum 
system suitable for laser e"1rl1Ction and fluorination. Several sources of 
error were identified and elimmarcd. including false signals from extrane­
ous scattered ions and adsorption of 02 to metal surfaces. Results show 
that with appropnate attention to these potential imped•mcnts, couphng 
high-precision irm-OCMS to laser sampling of microgram quanuues of 
s1hcatc and oxide minerals LS feasible. (Authors· abstract) 

YU, Fcngthi, MA, Guliang, WEI, Ganfcng, WANG, \"ongxiang and 
MEI, Anjiang, 1998. Gcolog•cal characteristics and ore-controlling factors 
of the Tanjianshan gold deposit. Qinghai Province: Mineral Deposits 
(Kuangchuang Dizh1). v. 17. no. I. p 47-56 (in Chinese; Engl. abst ) First 
author at Xian CollegeofGeol.. Xian 710054. 

Fl studies show chat orc-fonnmg F were composed mainly of Na-rich 
mctainorphic water and K-nch magmat1c water. REE contents and REE 
patterns of ores and host rocks suggest that ore-forming marerials came 
from carbonaceous mylonite schist and inttusive rocks. 

Related to rcpcaied opcning-closmg evolution of the rcg100al crus1. the 
Tanjiangshan gold deposit is a polygenetic composite depos•t. The ore 
deposll was predicted to be large in size, and this has been proved to be 
true m practice. (From authors· abstract by H.E.B.) 

YUSUPOV, R.G .. POLICKOVSKY. V.S.,[spelled Polykovsky else­
where), SAVARDDINOV, I.A. and UMAROV, B.N .. 1998. The gas com• 
position of inclus•ons in accessory minerals ofbarofavourite and heavy 
level [sic) types ofmagmat•c complexes of rocks ofTien Shan (abst.) Pro­
gram and Abstracts. PACROFI VII, Pan-American Conf on Research on 
Fluid Inclusions. June 1-4. Umv. of Nevada. p. 72. Authors at Uzcomgco. 
I. Furcat str .. Tashkent. 700027, Uzbekistan. 

The G composiuon of I in accessory barofavourite (sic) and heavy 
level (metal?) minerals (virgin metals and non-metals on the base of Fe.Si. 
Cr, etc • siliciums and carbidiums of metal and non-mc1al c1c.) of magmaric 
complexes of rocks ofTien Shan and ncamy territones were studied ther­
mobarogcochemically (TBG) by vacuum dccrcpita11on and G chromatog­
raph} (sic]. (From authors· abstract by E.R.) 

Results of analyses, presumably stated in vol. or mo1% { ?), with up lo 
three significant numbers. arc g•vcn in a 1able for IO G. m 6 samples 
(mostly !!!]located) The samples include: various aggregates of unlisted 
mmeral names. diamond. and mawsonite (E.R. ). 

n rst,PO\', R.G .. RAFIKOV, \'a.M. and POL\-'KOVSK\', v.s .. 1998. 
The gas composit100 of fluid inclusions m accessory m111erals of pressure­
dependent and refractory kinds (the role of fluids 111 magma-fonnauon 
(Tien-Shan) (abst.): Second APIFIS lnfl. Symp. Mineral Forming Fluids 
and On: Genesis. Oct 28-30. 1998. Tashkent, Uzbekistan, Abstracts vol­
ume. p. 59-60 (m Russ1an). 

See Transla11ons. 

ZACHARIAS, J., 1998. High-tempera1ure Au-porphyry style deposit 
"Vaciko,·-Pctrackova hora" near Rozmital pod Tremsmem-complex genetic 
s1ud}: PhD theSIS. Charles Univ .. Fae. ofScr. Prague. 254 pp 

A new m1neral1sa11on of porphyry gold style 1w been recently de­
scribed fiom the Bohemian Massif at the Petrackova hora deposit The 
deposit is beheved to originate from mixing of two contrasting F typcS: a 
magmatic. h•ghiy saline (60-70 wt.% NaCl eq) F panlyexsolved directly 
from granodiorite magma and from external low-saline (S-10 wt.o/, NaCl 
eq.). high-T F (>400"C). External F. however. were also to oxygen isotope 
and chemical equilibrium with granod•onle rocks or magma. This high-T 
F m1i1mg tool.. place at 2 kbars and 600 to 400"C during quasi-isobaric 
cooling path. General absence ofhydrothennal alterations around quartz 
veins points 10 a thermal and chemical equ1hbrium between F and grano­
diorite host and low W/R 111tio also. Gold was probably introduced into the 
deposit by magmatic F. The source of gold could be Upper Proterozoic 
rocks 1ha1 contaminated the granitoid magma (0. Pb isotopes). Final hy­
drOlhermal stages (post-Au. 300-120°C. ca. I kbar) denotes mcreasing 
influence of upper crus1al F (N2 and H.iO types). (From authol's abstract by 
J> Dobes) 

ZAK. Kartl, Dl 'RISOVA, Jana, STRNAD, Ladislav, GOLIAS. Vlktor, 
LEACH, David, S!\EE, L.W., VIETS, John, and STEIN, H.J., 1998. 
The evoluuon of pressure. temperature and composilton of hydrothermal 
fluids m a regional shear zone during retrograde metamocph1sm. regional 

153 



Fluid Inclusion Research 

uplift. and cooling: The Kasperske Hory gold deposit case study (Bohe­
mian Massir. Czech Repubhc) (abst.): Program and Abstracts, PACROFI 
vn. Pan-American Conf on Research on Fluid Inclusions. June 1-4. Univ. 
of Nevada, p. 73. First author at Czech Geological Survey. Klarov 3, 118 
21 Prague. Czech Republic. 

The Kasperske Hory gold deposit is located in a regional shear zone in 
the high-grade metamorphic rocks Hydrothermal mineralization occurred 
here during several successive stages of F movement dunng Hercynian 
retrograde metamorphism. uplift and cooling. 

Stage I mineralization is represented by several structural types of 
quartz veinS±oligoclase and muscovite. Stage 2 is characterized by the 
presence of Co+ Ni sulfoarsenides. 

Fl representing stage I and stage 2 mincralii.ation arc small ( <5 µm) 
and affected by subsequent quartz deformation and recrystallization. Opti­
cal srudy and micro-Raman analyses indicate CO2-rich F with densi1ies 
corresponding to a P decrease from 450 to - 200 MPa during the evolution 
of ind1v1dual structural types of quartz vems. A small amount of water 
could have been leaked from the Fl during ductile deformation. 

Stage 3 mmeralization. largely occurring as a relatively younger phase 
within quartz veins. is the mmeralization of economic 1mponance. The 
mmeral assemblage consists ofmolybdemte. native Au, Te and Bi, hedley-
1te and maldonite mdicate T of260-380"C. Ore minerals are associated 
with minor calcite. Fl in this calcite and also numerous Fl planes crosscut• 
ting several older quartz grains. arc of the H20 type. with sal between 0.5 
and 8.0 ~ NaCl eq .. and Th between 170 and 300"C. 

Stage 4 mmeralization is represented by carbonate filling of youngest 
bnnle fractures and steep faults Carbonate is locally accompanied by mi­
nor adularia. fluorite, galena and pyrrhotite. Fl data and the presence of 
open space features indicate P below 25 MPa This hydrothermal stage was 
formed during and/or after the final stages of the uplift of the Moldanubian 
unit at - 295 Ma. (From authors· abstract by E.R.) 

ZANGRILLI. Paul, 1998. Fluid inclusion and stable isotope constraints 
on temperature and pressure of late quartz-calcite veins in deformed Devo­
nian rocks near Catskill, New York (abst. ►: The Geological Society of 
Amenca 33 n1 Annual Meeting. Nonhcastem Section. March 19-21. 1998, 
Portland, Mame, v. 30. no. I. p. 85, ISSN 0016-7592. Author at Dept. of 
Gcol .• Colgate Univ .• Hamilton. NY 13346: email (pzan­
gri11i@center.colga1e.edu) 

Lower and Middle Devonian carbonate rocks exposed near Catskill 
New York con1am hydrothennal veins formed during Alleghenian(?) fold­
ing and thrusting. Veins are developed in fractures associated with bed­
ding-plane thrusts and minor folds. Quartz and calcne crystals m veins arc 
often defonned. but late. macroscopically undeformed crystals are present. 
In thin section. quanz crystals exhibit growth-zonauon marked by P meth­
ane-water I. Later S two-phase aq I trains are present. as well as single­
phase methane I. These later I mark subtle, post-crystalhzatlon deforma• 
tion that is not obvious m hand sample. 

Th of texturally P methane-water I in quartz range from 220-260°C 
(mean-240°C). Single-phase methane I form a V bubble during cooling 
and subsequently homogenize between -84 and -80"C. indicating nearly 
pure methane. Tm of water ice range from ~3.1 to - 1 4~C. correspondmg to 
average sal ofJ.6 wt.% NaCl eq. Methane-water I form clathrate on 
freezing; clathrale Tm range from 22.0 to 25.1°C. Oxygen isotope values of 
co-existing quartz (6110 SMOW 25.0-24.2) and calcite (6180 SMOW 21.9-
2 I. 5) allow calculation of equilibrium T of crystallization of234-279°C. 
using the constants of Sharp and Kirschner ( 1994 ). 

Clathrate Tm and estimation of volume proponions of water and 
methane pennit calculation of methane-water I 1sochores. using the con­
stants of Zhang and Franz ( 1992) Given that T~ of methane-water 
(~240"C) and isotope gcothermometers (-250°C) are similar. the T of 
quartz crystallization 1s estimated to range from 1600-1900 bars, 

Calculation of the 6110 of the waters from which quartz and calcite 
prec1pi1a1ed. using the Fl Th. yield values of I 4 to 16 SMOW. suggesung 
that while the waters were of normal marine sal. the F had undergone rock­
water equilibration during burial. These data suggest that the vem­
mineralizmg F were derived from connate waters within the immediately 
adJaccnt sedimentary rocks during deformation. (Author's abstract) 

ZAVEL'SKII, V.O .. SALOVA, T.P., EPEL'BADI. :\1.8. and BEZ. 
MEN, N.I., 1998. Inclusions of undissociated molecular water m alurnmo­
silicate glasses: An NMR study. Geokhimiya. 1998. no. 11. p. 1179-1183 
(m Russian. translated in Geochm. lntemafl.. v. 36. no, 11. p, 1065-1069). 
FIT'St author at Inst. of Physiologically Active Compounds. Russian Acad. 
of Set .. Chemogolovka. Moscow oblast. 142432 Russia. 
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The extensive study of water dissolved in alummosihcate glasses has 
been focused mainly on the influence of water on the characteristics and 
properties of the glasses. such as viscosity. bonding s~ngth. and so on. 
Our experiments are a unique facility 10 study the propenies and charac­
teristics of the water itself: the size of water I contained in the amorphous 
aluminosilicate matrix. interaction of H20 molecules with the matri>< mate• 
rial. and thereby, the propcnics of the matrix. It is concluded that a 
1HNMR spectral study shows four types ofl of undissociated water with 
different sizes [_sS µm) and propenies. The propcnies of incorporated wa­
ter are controlled mainly by water-glass interfacial interactions. They are 
also dependent on the sample-preparation procedure and glass chemistry. 
(From authors'text by E.R.). 

ZENG, Xiaodong and LI, Btizeng. 1998. Mineralization of mantle fluids; 
6th Nahonal Meeting on Mineral Deposits. Nanjing. China. Nov. 25-28. 
1998: Mineral Deposits (Kuangchuang Dizhi), v. 17 Supplement. p, 1085-
1086 (in Chinese). 

ZENG, \'ish•n, Al Rulylng and Al, Yongfu, 1998. Experimental study 
on the flow-through interaction between andesmc and alkali-chloride hy• 
drothermal solutions: N. Jb. Miner. Mh .. 1998, no. 5. p. 193-207. 

The interactions between andesinc grains (0.25-0.45 mm) and NaCl 
and KCl+NaCI solutions were experimentally studied under flow-through 
conditions. It is concluded that alkali-metasomatism of andesine at flow­
through condition involves the dissolution of the mineral. and the forma­
tion of alkali-rich feldspar. (From authors· abstract by E.R.) 

ZENG, YishH and LIU, Jiaql, 1998a, Carboxylates in fluid inclusions in 
minerals: in Water-Rock Interaction, G.B. Arehart & J.R. Hulston (eds), 
Balkema. Rotterdam ISBN 90 5410 942 4. p 131-134 First author at 
Dept. ofGeol., Peking Univ .. Beijing, PR.C. 

The carboxylate (formate. acetate. propionate and oxalate) composi­
tions for Fl leachates from minerals collected from vanous hydrothermal 
mineral deposits were determined using ion chromatograph. The minerals 
studied include quartz, fluorite. bari1e and a few ore minerals occurred in 
tungsten. gold and some non-metal mineral deposits. The analysis results 
showed that shon-chain carboxylic acids or carboxylates are common 
components m hydrothermal ore-forming F. (Authors· abstract) 

ZENG, Yishan and LIU, Jiaqi, I 998b. Organic acid in fluid inclusions of 
W-Sn-Be deposit in South Chma: 6th National Meeting on Mineral De• 
posits. Nanjing. Chma. Nov. 25-28. 1998: Mineral Deposits (Kuang­
chuang D1zhi). v. 17 Supplement. p. 1083-1084 (in Chinese). 

ZHAI, J.P., LING, H.F. and HU, K., 1998, Hydrogen and oxygen iso­
topes of water-rock interaction m Dalongshan uranium deposit. Anhui 
province, China: in Water-Rock Interaction. G.B. Arehart & J.R. Hulston 
(eds). Balkema. Rotterdam ISBN 90 5410 942 4. p. 595-601 . Authors at 
Dept .. of Earth Sci .. Nanjing Umv .. P.R. China. 

The 6D and 6110 values for ore-forming F of the Dalongshan uranium 
deposit agree well with the results of water-rock interaction between the 
melt-derived water. meteoric water and Jurassic sandstone of the Xiang­
shan Group at various T. The early mineralization of the deposit was re­
lated with the melt-derived waler and the sandstone. while the major and 
late mmeralization resulted from exchange between the meteonc water and 
sandstone. The ore-forming uranium was derived from the sandstone of 
the Xiangshan Group. (Authors· abstract) 

Presents 4 analyses of LI for 8 constituents (E.R.). 

ZHAI, JiHping, XU, Guangping and HU, Kai, I 998. Mineral. ore­
forming fluid and isotope characteristics of the Qi,ua gold deposit and their 
1mplicat1ons: Mineralium Depos1ta. v. 17. no. 4, p. 307-313. Authors at 
Dept. of Earth Sci .. State Key Laboratory of Mineral Deposits. Nanjing 
Univ .• Nanjmg 210093. 

The Qix1a gold deposit is one of the important quartz-vein type depos­
its hosted in metamorphic rocks m eastern Shandong. Wolfrarnite associ­
ated with gold mineralization of the deposit is rich in iron but poor in man­
ganese, suggesting that the mmeral is crystallized from hydrothermal 
solution at low T. The mam metallogenic stage of Qixia gold deposit has T 
of I 60-270°C. and the gaseous phase in the Fl is dominated by H2O and 
CO2. Na·. ca2• and CJ' arc the maJorcomponents of the L phase while t,;.+ 
and f· are present in rclauvely small amounts: the wt ,% NaCl eq. values of 
F arc: between 4 and 8¾ lo addi1ton. 1he F is characterized by either 
Ca1. >Na">K+ (m live samples) or Na'>Ca2.>K+ (in two samplesl. quite 
s1m1lar to the composition of the ore-forming F derived from meteoric wa: 
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1cr. lmual data of the hydrogen and ox)·gcn isotopic composiuons of ore­
forming F fall w1thm a wide range: 6Dtt2O ~ -56%.. ~ -9S'lbo and 611OH2O 
., -3.6"->- 4.5%... relative to SMOW. These isotopic values fully reflect the 
distributive features of meteoric water exchanging with rnclamOfJ)h1c rocks 
of Jiaodong Group under the conditions of different T and W/R ratios, and 
the metallogemc process is charactered by low W/R ratios. The forma1ion 
ofQiax1a gold deposit is directly rcl111cd to the evolution of geological his­
tory in eastern Shandong. and a genetic model in which the deep convec­
tive circulating meteoric water react with country rocks can be used to ex­
plain the metallogenic mechanism of the deposit. (From authors' abstract 
by E.R l 

ZHANG, Baolin, CAI, Xinpiag, WANG, Jic, QIN, Dajun and GAO, 
Haozhong, 1998: Mesozoic emplacing epoch of the Archean amphibolite­
hosted Jinchanl!}11 gold deposit in eastern Hebei, China (abst.): Second 
APlFIS lnt'I Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30, 
1998. Tashkent, Uzbekistan. Abstracts volume. p. 102-I0S (in English). 
Authors at Inst ofGeot Beijing 100029; email (caixp@igcas.igcas.ac.cn) 

Extensive studies have been made of the giant J inchangyu gold de­
posit. The former researchers only studied the rocks in upper part of the 
deposit and did not establish a complete ore-control structure model of the 
deposit. We think that gold deposits arc different from other metal deposits 
and have unique peculiarities. especially controlled by geological strut· 
tures. Therefore. the prerequisite for researchers of ore genesis and metal­
logcnic prognosis based on analytical results of Fl, mineral paragenes•s and 
stable isotopes 1s to clearly understand ore-control structures. Before that 
the explana1ion of analytical results should be limited. If noL it is diffkun 
to properly understand metallogcnic process. even wrongly directly ore 
prospccuon. (From authors· abstract by E.R.) 

ZHANG, D., LIN, X. and ZHANG, C .. 1993. A study on the propcny of 
ore-forming F of the quartz-vein type wolframite deposits: Resource Geol., 
V. 43. p. 349-354, 

Through the study of geological and geochemical characteristics of 
several quartz-vein type wolframite deposits in South China. it is proposed 
that the ore-forming F responsible for the deposits arc transitional F of 
magma M-hydrothermal solution. The Fl geochemical features. metallo­
gcnic expenments and relevant evidences also support this argument 
(Authors · abstract) 

ZHANG, Fuxin, ZONG, Jingtin and l\fA, Jianqin&, 1998. A tentative 
discussion on the Carlin-type gold deposits in Qinling and related prob­
lems: Mineral Deposits (Kuangchuang Dizhi). v. 17. no. 2. p. 172-184 (in 
Chinese; Engl. abst) First author at Dept ol'Geol .. Northwest Univ .. Xian 
710069. 

Fl data presented and discussed in light of the origin of the Chinese 
Carlin-type gold deposits (H.E.B.). 

ZHANG, Ji bing, 1998. Geological and geochemical features of the gold 
deposit of Kuocr Zhengkuona. Xingjiang: Mineral Resources and Geology 
(Kuangchan Yu Dizh1). v. 12. no. I, p. 7-13 (in Chinese; Engl. abst.). 
Author al Bureau of Geological prospecting for Non-ferrous Metals of 
Xinjiang. Urumqi 830000, 

The gold deposit of Kuocr Zhengkuona. formed in island-arc envi­
ronment during Hcrcynian period, was discovered in the late eighties in 
Sauer Mountains of Xmjiang. The mineralization is controlled by faults. 
The studies of peuochemisuy. geochemistry of Fl and stable isotopes show 
that the ore-forming maner came from the deep c~t. and the ore-forming 
F was of mixed ongm. and the me1allogeny was related with the differen­
tiation and evolution of the middle-basic volcanic magma in late Hercynian 
penod. (Author"s abstract) 

ZHANG, Libo, CHAN, L.-H. and GIESKES, J.l\f., 1998. Lithium iso­
tope geochemistry of pore wa1ers from ocean drilling program sites 918 
and 919. lrrmnger Basin: Geochim. et Cosmo. Acta. v. 62. no. 14. p. 2437-
2450. First author at Dept, of Geol. and Geophys .. Louisiana S1a1e Univ .. 
Baton Rouge. LA 70803, USA; email (glchan@lsuvm.sncc.lsu.edu l 

The d1stnbucion of Li isotopes in pore waters to a depth of 1157 m 
below seafloor is presented for ODP Siles 918 and 919 in the lnninger 
Basin, offshore Greenland. Lithium isotope data are accompanied by 
stronuum isotope ratios to decipher diagenctic reactions in the sediments 
which are characterized by the pervasive pn:sence of volcanic ma1crial. as 
well as by very high accumulation rates in the upper section. The lowering 
of the 17Srl'~Sr ratio below contemporaneous seawater values indicates 
several zones of volcanic material alteration. The Li isolope profiles arc 
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complex suggesting a vane!)' of exchange reactions with the sohd phases. 
These include cauon exchange with NH..· and rnob1hz.a1ton from sediments 
at depth. m addition 10 the alteration of volcanic maner. Lithium isotopes 
arc. lhcrcfott, a sensitive indicator of sediment-water interacuon. 

o' Li values of pore waters at these two sites vary between -42 and -
25"-. At shallow depths (< I 00 mbsf). rapid decreases in the Lt concen1ra­
t1011. accompamed by a shift to heavier isotopic compositions. indicate 
uplllke of Li into alteration products. A pos111ve anomaly of 6"L1 observed 
at both sites is coincident with the NH..· maximum produced by organic 
maner dccompos11ton and may be related 10 ion e,cchange of Li from the 
sediments by NH..•. In the lower sediment column at Site 918. dissolved Li 
increases with depth and is characterized by enrichment of "Li. The Li 
isotopic compositions of both the waters and the sohd phase suggest that 
the ennchment of Li in deep interstitial waters is a result of release from 
pelagic sediments. 

The s1gn1ficance of sediment diagenesis and adsorplton as sinks of 
oceanic Li is evaluated The maximum diffusive flux into the sediment due 
to volcanic maner alteration can be no more than 5% of the combined in­

puts from rivers and submarine hydrothermal solutions. Adsorption on to 
sediments can only account for 5-10% of the total inputs from rivers and 
submanne hot springs. (Authors· abstract) 

ZHANG, Mlngjie, WANG, Xianbin, LIU, Gang, WEN, Qibin and LI. 
Uwu, 1998. The fluid compositions and C. 0 isotopic geochem1st~ of 
Cenozoic alkali basalts in eastern China: Geoch1m1ca \'. 27. no. 5. p. 452-
457 (m Chinese with Engl. abst.). First author at Dept. ofGeol .. Lanzhou 
Univ~ Lanzhou 730000, 

The F compositions m Cenozoic alkali basalts m eastern China have 
been determined by pyrolysis-MS method, meanwhile the carbon and 01ty­
gen isotopic compositions ofCO1 released from these samples at different 
heating T have been analyzed by stepped vacuum heating method_ The 
volaule contents and carbon. (andl oxygen isotopic compositions ofCO1 m 
these alkali basalts show the inhomogeneous upper-mantle sources in east• 
em Chma. and these alkali basaltic magmas ma)· be generated in the oxi­
dizing mdlieu. companng with mantle rock-derived xcnoliths in these al­
kali basalts. and exotic volatile components were mixed into these magmas 
m the process of their formation and development (Authors· abstract) 

ZHANG, Ronghua and HU, Shumin, 1998a. Some basic questions of 
chemical {d)11am1csl of ore-forming hydrothennal system: 6th National 
Mect111g on M11teral Deposits, Nanjing. China. Nov. 2S-28. 1998: Mineral 
Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 1029-1034 (in Chi­
nese). 

ZHANG, Ronhua and HU, Shumin, 1998b, Observation of NaCl-Hi() 
ore-fonnmg system and ore genesis: 6th National Meeting on Mineral De­
posits. Nanjing. China. Nov. 25-28. 1998: Mmeral Deposits (Kuang­
chuang Dizh1). v_ 17 Supplement, p. 1035-1038 (in Chinese). 

ZHANG, Shaonan, QING, Halruo and BJORLYKKE, K., 1998. Quanz 
overgrowths and their influence on the reservoir quality oflight sandstone 
in the western Sichuan basin. Geological Review. v. 44, no 6. p 649-655. 
First author at Dept. of Petroleum GeoL Chengdu Umv. ofTech .. 
Chengdu. Sichuan. 610059, China. 

The petrographic stud) of reservoir sandstones in the Xiangxi Forma­
tion of the Upper Triassic Western Sichuan basin indicates that S enlarge­
ment of quartz is an important diagenetic process reducing porosity during 
burial diagenes1s Quartz overgrowths as the product of multiple stage 
diagenes1s are well developed in the sandstones which have linle or no 
matrix and less gram coating and ductile rock fi"agments. The T~ for aq and 
hydrocarbon Fl within the: quartz overgrowths range from 70 10 l 27°C 
The large volume of quartz overgrowths. however. occurred (when) the T 
(were I higher than 90°C, Quartz overgrowths arc T-<lependent during pro­
gressing d1agenesis of sandstones In comparison with the Th of calcne 
precipitated in fiacturcs. Fl of quartz overgrm,1hs have not been reset and 
stretched. and the T of both aq and hydrocarbon Fl represent natural vana-
1ions ofT in the cond1t1ons of quartz overgrowth precipitation. Microprobe 
analysJS of the geochemical composition indicates that the content of Al1O1 
in quartz overgrowths has the trend of increasing with the growth of quartz 
overgrowths toward the center of the pores. suggesting that the AliOJ was 
in situ or came from very short distance because of the very low solubility 
of Al. The d1agencuc illite was precipitated dunng the burial diagencsis 
The amount of authigemc illite slightly increased with burial depth and 
kaolinite decreased sharply al a depth of 3600 m. The illitization that re­
sulted from K-feldspar and kaolinite dissoluuon m1gh1 play an important 
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role m the development of quartz overgrowths dunng the deep-burial di­
agenesis. The silica that formed overgrowths. therefore. might have origi­
nated from both P solution and iHitizauon ofkaolinile. The porosity re­
duced m the Xiangxi Fonnation was mainly influenced by quartz 
overgrowths in medium- and coarse-grained sandstones. The coincident 
illitization filled part of the porosity and reduced intcnsely the permeability 
of the reservoir although the illite was present in a small amount. (Authors· 
abstract) 

ZHANG, Sheng. LI. Tongjing and WANG, Liankui, 1998a. Geochemis­
try of ore-forming fluids of Changkcng gold-silver deposit. Guangdong 
Province. China: Acta Mineralogica Sinica. v. 18. no. I. p. 46-51. Authors 
at Guangzhou Inst . of Geochemistry, Chinese Acad. of Sci., Guangzhou, 
510640. 

There arc two main types of Fl, i,e., monophase L type and L­
dommated two-phase type, in the Changkeng gold-silver deposit in addi­
tion to minor G-type I coex1stiing with L-dominatcd-type I. which reflects 
boiling of the ore-forming F. The T and P of mineralizing F which are 
weakly acid to weakly basic solutions with moderate-low sal and relatively 
high densities range from 300 to I 70°C and from 20 to 4S MPa. respec­
tively. The concenb'alion of total sulfur in the ore-forming solutions is -1 o· 
s 10 J0'1 m. while logJ01 = -32- -50 and logfS1=•10-20. The mineral­
izing F are of the K-Ca-CI type in the early stage, followed by the evolution 
into the Ca-Na-Cl type dunng the late stage, whose compositions are sig­
nificantly different from those of the typical hydrothermal solutions in 
modem scafloor. (Authors· abstract) 

ZHANG, Sheng, LI, Tongjing and WANG, Liankui, 1998b, Geochem­
istry and genesis of the Changkeng large-super large gold-silver deposit, 
Guangdong Province: Mineral Deposits (Kuangchuang Dizhi). v. 17. no. 2, 
p. 12S-134 ( in Chinese; Engl. abst. ). Authors at Guangzhou Inst of Geo­
chem .• Chinese Acad. of Sci., Guangzhou SI 0640. 

In the Changkeng gold-silver deposit. Si01 and AhOJ contents of min­
eralized silicified rocks, whose compositions arc distributed in both hy­
drothermal and hydrogenous regions of the Al-Fe-Mn ternary diagram, are 
73-95% and 1.13-10.44%, resEtively. The siliceous gold ores with 

REE contents of 33 94 x 10 to 91.86 x 10~ arc distinctly enriched in 
LREE. while the LREE enrichment of siliceous silver ores with !:REE 
contents of 1.94 x 10·1 to 4S.18x 10~ is lower. Both gold and silver sili• 
ceous ores arc nch m As, Sb, Bi. Hg and Ba In addition. Zn. Pb. Cu con­
tents of the silver ores are also high. The transitional element patterns of 
ores are similar to those of country rocks. The 6J.IS values of sulfides in 
gold ores vary widely from -35.4 to 8.8%. with an average of -2.4%o. but 
the 63is values of sulfides in silver ores are comparatively concentrated, 
varying from •7.2 to 7.396.., with an average of2.S%o. The calculated sulfur 
isotopic composition of the hydrothermal solution is 4 to 7%o. and the 613C 
values of calcite arc -3.23 to 0.2S%.. The gold ores are enriched in 1'1f>Pb 
with a wide range of206Pb12°'Pb ratio from 18.580 to 19.885. whereas the 
silver ores arc relatively enriched in 207Pb and 20"Pb, with the 2

"
1Pb/1oiPb 

ratms bemg I 5.682 to I S.941. Both kinds of ore lead are anomalous lead. 
enriched in radiogenic lead. The sulfur. carbon and lead isotopes of the ore 
deposit are crust materials or of sedimentary origin. The 6150 and 6D val­
ues of the ore-forming solutions derived from evolved heated meteoric 
waters of formation waters are •5.S to 9.0%. and -59 to 39%.. The ore• 
fonning solutions mainly contain K•. ca2

•• Na'. er and SO/ with sal of 
6.0 wt% 10 I S.8 wt''lo NaCl. and the mineralizmg Tare between 170 and 
300°C. The metallogenic mechanisms include solution boding, mixing of 
F. and water-rock interaction. Both siliceous gold ore and silver ore are 
formed by hydrothermal percolating metasomatism and filling. and hence 
are products of a unified hydrothermal event in different mctallogcnic envi­
ronments and under different ore-controlling conditions. The gold-silver 
deposit and the Ag-Pb-Zn deposit in this region belong to the same metal• 
logenic series. (Authors· abstract) 

ZHANG, Wcnhuai and TAN, Tielong, 1998. Relationship between or­
ganic lluids and gold mineralization in the Jinshan gold deposit Jiangxi 
Province: Mineral Deposits (Kuangchuang Dizhi>. v. 17. no. I. p. I S-24 (in 
Chmese: Engl. abst.) First author at China Univ. of Geosci., Wuhan 
430074. 

Jinshan is a large gold deposit within volcanics-bearing epime1amor­
ph1c rocks, with mmcralization obviously controlled by a ductile shear 
zone. Fl studies show four types: (I) G-L brine. which make up 80- 85% 
of total; (2) pure hydrocarbon. which account for 10- 15% of total: (3) sa­
hne dm-beanng polyphase that constitute some 1%: 14) pure CO2 (as well 
as L CO2-bearing three-phase) that make up < lo/o, A pre-<ire deep-seated 
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fault [ is believed) responsible for the upward migration of deep F. which 
carried deep pure COi F and postmagmatic high sal F; with the late-stage 
tectonic activity, large quantities of downward circulating meteonc water 
not only became increasmgly honer, but also extracted organic matter from 
lhe strata: lhe formauon of organic F raised the activation and migration 
capacity of gold in lhe sb'ala. whereas lhe mixing between the organic F 
and the postmagmatic hydrothermal solution caused the precipitauon and 
accumulation of gold ores. The role of organic F seems lo have been one of 
the imponant mechanisms responsible for the fonnation of lhe Jinshan gold 
deposit. (From authors· abstract by E.R.) 

ZHANG, Yongbci, ZHANG, Wtnhuai, WEI, Qirong, WANG, Hao and 
XU, Chengyan, 1997. Discovery and significance of the carbonatic melt 
on debris and the melt inclusions in Daqing Cu-bearing dolomite: Geo­
logical Sci and Tech. Information (Dizhi Keji Qingbao), v. 16, no. 4 (tot. 
no. 69), p. 35,38 (in Chinese; Engl. abst.). Authors at China Univ. of 
Gcosci .• Wuhan 430074. 

Carbonatic melted debris and Ml have been discovered from Daqing 
Cu-bearing dolomite ofKunyang group, Middle Proterozoic Erathem in the 
west metallization zone of Ruoci-Wuding area Yunan province. The MI 
can be divided into carbonalic type and silica1ic type. Average composi­
tions of the latter are similar to that oftrachytic or trachyandesitic alkali 
magma The discovery indicates that the silicate-carbonatlle magma actu­
ally activated in this area in the Middle Proterozoic. and the genesis of 
Daqing Cu-beanng dolom11e is probably related to the magma eroption. 
(Authors· abstract) 

ZHANG, Youxue, 1998, Mechanical and phase equilibria in inclusion­
host systems: Earth and Planet. Sci. Leners, v. I 57, no. 3-4, p. 209-222. 

Mechanical and phase equilibria in I-host systems are investigated in 
this paper. An I-host system that is initially under lithostatic P and in me­
chanical and phase equilibria may undero P-T change. The new elastic and 
plastic equilibrium, possible viscous relaxation. and phase equilibrium arc 
considered. The new I P typically differs from both the iniual P and the P 
on lhe outside surface of the host. The I is under isotropic stress ( a single 
P) b111 the host is anisotropically suessed. The relative volume change of 
the I differs from thal of the I-free host by O.?S (P.,-P .... ))IGh where P., and 
P""' are the pressures on the mside and outside surfaces of the host. and 0.. 
is the shear modulus of the host. Different I in a single host may be under 
different P. A simple case of elastic anisotropy is also considered and the 
result shows that incorporation of elastic anisotropy is necessary for accu­
rate calculations of volume and strain effect. For I with roughly constant 
bulk modulus. the time scale of viscous relaxation is found to be 4etai/3K, 
where eta., 1s the viscosity of the host phase and K, is the bulk modulus of 
the I phase. If the host mineral docs not relax viscously and does not frac­
ture into pieces. the host mineral partially protects the I and phase transi1ipn 
m the I-host system is partial and spans a large T-P range even for one­
component systems. in contrast to sharp phase transitions under isobaric 
and isothermal conditions. For example. a graphite I in a diamond host 
does nol completely convert to diamond when P on the diamond host in­
creases. Using the chemical potential formulation of Kamb. about I% of 
graphite would conven to diamond for every I GPa increase in host P. 
Because the I P may be different from the lithostatic P on the host. P ob­
tained from 1hennobarometers using I-host pairs may not have depth sig• 
mlicance, Correct "reading•· of information stored by I-host pairs requires 
an understanding of mechanical and phase equilibria involving the I and 
host. (Author's abstract) 

ZHANG, Zhengwei, \'ANG, Xiaoyong, LIN, Qianlong and LIU. De­
liang, 1998. Propcnies of the ore•fonning fluid of the gold deposits at east­
ern foot of Funiu Mountain. Central Henan province: Scientia Geologica 
Sinica (Dizhi Kexue) v. 33. no. 4. p. 475-482 (in Chinese; Engl, absl.). 
First author at Inst. of Geological Sci. ofHcnan Province. Zhengzhou 
450053. 

There mainly exist two moderate hydrothennal and alteration struc­
tural rocks which bear gold deposits at the eastern foot of the Funiu 
Mountain .. The distributions of the gold deposits are controlled by the re­
gional shear zones. By tesung the G-L components, sal and isotope com­
positions of the I existing in the rocks and minerals of Pcnggou and Li­
ugou-the two typical gold deposits in this region. the authors have 
obtamcd the fa,;1 that the properues of ore-fonning belong to the gold de­
posit from ductile shear zones, and the metallogenetic hydrothermal F 
mainly came from the metamorphic water mixed with magmatic and rain 
waters to some e)(lent. which shows the physical-chemical characters of the 
mineralizauon from ground F. Combined with the components of rocks 
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and minerals analysed by EPMA both the T and P of the orc-fo!Tlling wall­
rocks-thcir metamorphism and mincraliza1ton arc calculated. The paper 
prcsenlS the undoubted facts that the metallogcnesis of gold deposits main­
ly belongs to metamorphic hydrothclTllal F with mclllSOmatic al1cra11on m a 
deprcssurc cnv1ronmcn1. The paper also shows that the following marks of 
I can be used 10 find these typeS of gold deposits m this rcg1011; the co.i­
nch boiling I groups. high content of S and HCo3 • in the L oft and COi· 
rich and high values of COi/HiO m the G phase of the I (Authors· abst ) 

ZHANG, Zhtru, LIU, Ronggao and MAO, Hu.hai, 1998. Fluid-rock 
process of gold mineralization. 6th National Mec11ng on Mineral Deposits, 
Nanjing. Chma. Nov. 25-28, 1998 Mineral Deposits (Kuangchuang 
Dizhi), v. 17 Supplement. p. 1039-1042 (in Chinese) 

ZHANG,Zhiji1n and ZHANG, Wtnhu1i, 1998, The study of organic 
ore-forming fluids in the Lannigou gold ( mercury. antimon)) deposJt. 
Guiz.hou province· M1neral1um Dcpos1ta. v. 17. no. 4. p 343-354. 
Authors at China Univ. ofGcosc1., Wuhan 430074. 

The metallogcmc process of the Lanmgou superlargc Carlin-type gold 
(mercury. antimony) deposit was related to organic orc-fo!Tlling F. whose 
organic mancr was denvcd from mannc algae m ore-beanng strata. The 
MPV-Ill (sic). FTIR and LRM studies oforganic I show that the organic 
matter in the ore-fonmng F consisted mainly of fairly maiured aromatic 
hydrocarbon and polyatom,c compounds. which migrated in the fom, ofl 
unmixed with water. The ore-fomiing F had very low sal and could not 
fonn oilfield brine. the formai1on of the ore deposit was anribuccd 10 the 
mechanism of"m1gra11on at low T and precipitation at high T". (Authors' 
abstract) 

ZHAO, Jl1nong, REN, Fugtng, DING, Shiying and LI. bnghui, 1998, 
Dianfang gold deposit in an explosive brcccia chimney of Proterozoic, 
Henan province: Progress m Precambrian Research (Qianhanwuj1 Yanjiu 
Jinzhan), v. 2 I, no. I (lot. 81). p. t-9 (in Chinese; Engl. abs1 }. Authors at 
Tianjin Inst. ofGcol. and M111eral Resources. MGMR). 

Dianfang gold deposit is located at the cast pan of the Machaoying 
fault zone. and hosting in the south contact of an explosive brccc1a chim• 
ney. Xionger Group. It is charactenst1cally enriched in Au associating with 
Pb, and occurs in mineralizing breccia and polymctal-bearing brcccia. The 
ore metal minerals arc mainly pyrite. galena. native gold and electrum. The 
silver/gold ratio is high. The typical alteration minerals arc partschinite, 
[sic) actinolite and calcite. Gold deposition was developed under the con• 
ditions of medium 10 high T (2oo-438°C). slight alkalinity (pH>7) with 
log/S! _.. -39.85~19 37 and /02 <33. The Sand Pb isotope compositions 
of ore arc similar to that of wall rock. reflecting both of them have the same 
original sources. Gold mineralization linked with residual magmatic F 
evolved from central-vent volcanic eruption during the Xiongcr tectonic 
event. (Authors' abstract) 

ZHAO, L1mhan, CHE~. VucloAg and VE, Rone, 1998. Synthetic ex­
penments of gold-bearing pyrite and the orc-fonnation of gold in hy• 
drolhemial process: Earth Sci. fronuers, v. 5, no. 2. p 301-310. 

There arc two important typeS of gold m hydrothc!Tllal deposilS: I and 
"fissure" gold in pyrite: the lancr forms nch ores. The fonnation of these 
two types of gold m hydrothermal mincralizauon 1s controlled hy the tee• 
tono-dynamic environment and thermodynamic evolution of orc-fom,ing 
system. A series of synthetic expenments of gold-hearing pyrite ha,·e been 
carried out in order to investigate the mechanism of the fonnation of rich 
surface components scmi-quantitauvcl}. The extreme near-surface sensi­
tivity and very high lateral resolution (<0 I I mum) [sic) make ii possible 
to identify the heterogeneity and discrete domains of mineral surface on a 
submicrometer scale. AES in scanning mode can be used to identify the 
newly nucleated alteration minerals and to get the chemical composition of 
the residue from the decrepitated Fl film on a nanometer scale. Depth pro­
files determined by AES arc imponant to studies of chemical weathering. 
They provide direct evidence for the depth of reaction. and thus changes in 
the surface chcmistr)· can be monitored as a function of depth within the 
minerals. When AES is combined with X-ray photoclcctron spectroscopy, 
it can be used to study the mechanism of transportation and reactions on 
m1neral-F interfaces. (Authors' abstract} 

ZHAllTIKOV, T.M., 1998, Mineral-fonning fluids and ore-genesis in the 
gold-ore deposits of Kazakhstan (abs!.)· Second APIFIS lnt'I. Symp. Min• 
eral Forming Fluids and Ore Genesis. Oct 28-30, 1998. Tashkent. Uzbeki• 
stan. Abstracts volume. p. 94-95 (in Russian). 

See Transla11ons 
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ZHENG, Ji1nping and LU. Fcng11i1ng, 1998, The constituents of deep 
mantle fluids beneath north-China platform-Information from the 1mpu-
n11cs m diamond: Scicntia Gcologica Sinica (Dizhi Kexue) v. 33. no. I. p 
51.{,() (m Chinese; Engl. abst.) Authors at China Univ. of Geosc1 .• Wuhan 
430074 

The constituents of deep mantle F revealed by Fl m diamonds arc C. 
H. 0. Sand N. 16.87%. 47.47%. 30.90%. 3.02%and 5 38%. rcspecuvely, 
which 1s richer in H and poorer in O compared with atmosphere and hydro­
sphere. The deep mantle F arc one of the sources off panicipating in the 
shallow geological processes. and arc of close relationship wuh earth evo­
lution (From authors' abstract by E.R.) 

ZHENG, Youy~, LI, Xi1oju, MA. Liju1n and LIN, Songhui, 1998. Ap­
plication status of organic inclusion in the research on oil gcneratmg basin. 
Earth Sci. Frontiers (Dixue Qian)11an). v. 5. no. 2, p 325-331 (m Chinese. 
Engl abst ). First author at Fae. of Earth Resources, China Umv of 
Gcosci . Wuhan. 430074. 

A review of many aspects of Fl studies related to petroleum origm and 
exploration. (E.R.) 

ZHENG, Vouyc, WANG, Siyuan, LI, Xi1oju, HUANG. G1oji■n and 
LIU, Cbcnghong, 1998. Application of organic inclusion research m pc• 
troleum geology: Gcology-Gcochemisuy. v. 26. no. 6, p. 72-76 First 
author at Fae. of Earth Resources, China Univ. ofGcosci .. Wuhan. 430074, 

New results of application of organic I research in petroleum basin 
analysis. oil-0 migration. accumulation and cvoluuon. as well as oil-0 
estimation and perspective prediction arc systematically introduced m the 
paper. Some progresses in organic I research in recent years arc also bnefly 
introduced (Authors· abstract) 

ZHOU, Wcnwcn, 1998: Fluid hydrocarbon inclusions on offshore oil-gas 
explorauon (abst.): Second APIFIS Int'!. Symp. Mineral Forming Fluids 
and Ore Genesis, Oct. 28-30. 1998, Tashkent, Uzbekistan, Abstracts vol• 
ume. p. 151-152 (in English). Author at Offshore Oil Exploration & De­
velopment Research Center. Gaobcidian, Hcbei Province. China 0740 I 0. 

Geologic data were gained including stages, T. depth. ume and phase 
state of oil-gas migration and others by way of studying the hydrocarbon I 
in the offshore oil G fields. The imponant geologic basis was provided for 
offshore oil-gas exploration by means of the hydrocarbon I. 

Fluid hydrocarbons I in Zhu Ill Depression. Pearl River Mouth Basin. 
and in the Taibci Depression, East China Sea Basin are dcscnbed. The 
existence of hydrocarbon with dxl I shows there was the hydrothermal ac­
tivity in the Taibei Depression. The distribution ofbiomarkcr in hydrocar­
bon I indicates that the lower aquatic orgamsm and algae arc the main 
source of hydrocarbon in I, second source of hydrocarbons is the terrige­
nous plants. It belongs 10 fairly good source. The result is in agreement 
with the source rock. It shows that the hydrocarbon of I come from the 
deep depression. (From authors· abstract by E.R.) 

ZHll, L1imin, 1998. Physico--chcmical condittons of Au-Sb association 
mic«Hiisseminated gold field. southwest Guizhou. China: 6th National 
Meeting on Mineral Deposits. Nanjing. China. Nov. 25-28. 1998: Mineral 
Deposits (Kuangchuang Dizhi). v. 17 Supplement. p. 1005-1010 (m Chi• 
nese). 

ZHll, Laimin, LIU, Xi1nf1n, JIN, Jin&fu and HE. Mingyou, 1998. The 
study of the time-space distribution and source of ore-fom,ing fluid for the 
fine-disseminated gold deposilS in the Yunnan-Ouizhou-Ouangxi area: 
Scicntia Geologica Sinica (Dizhi Kexuc) v, 33. no. 4, p. 463-473 (in Chi• 
nese; Engl. abst.). First author at Inst. ofGcochem .• Chinese Academy of 
Sci .. Guiyang 550002. 

Limited Fl data presented (H.E.B.) 

ZHU. L1imin, LUAN, Sbiwci, YUAN, H1ihu1 and QI, Hu1wcn, 1998, 
.. Double source" scd1mentary-transfom1a11on metallogcnic model of the 
Disu lead-zinc depoSit: Mineral Deposits (Kuangchuang Dizhi), v 17. no. 
I. p. 82-90 (m Chinese; Engl. abst.). First author at Laboratory of Ore 
Deposit Gcochem .. Inst. ofGcochem .. Academia Simca. Guiyang 550002. 

Fl compositional data is presented (H.E B.) 

ZHU. \ongfcng. PENG, Qiuf1, ZHANG. Qiji1, ct 11., 1998. Tempera­
ture and pressure geochemistry of ore-fom,ing fluid in Ta1hangshan gold 
deposit: 6th Nauonal Meeting on Mineral Dcpos11s. Nanjing. China. Nov 
25-28. 1998: Mineral Deposits (Kuangchuang Dizhi), v. 17 Supplement. p 
1003-1004 (m Chinese), 
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TRANSLATIONS 

Editor's nott: The Second APIFIS lnt'l. Symposium Mineral Forming Fluids and Ore Genesis was held Oct 28-30. 1998. in Tashkent. Uzbekistan. The 
Abstracts Volume ( 165 pp). edited by F.A. Usmanov and He Zh1h-published by the Acad. Sciences of Uzbekistan. Twenty-one of the 69 items were 
given in English and arc listed in this volume by author. The other 48 items were in Russian: 28 of these arc listed by author (title only} in this volume of 
FIR. and 20 were selected for complete translation on the basis of only the translated titles, and arc given below. The translations have not been shonened 
as have most other items m FIR: they are given here in full as they provide a broad view of the history status of Soviet inclusion research m a vancty of 
mteresting fields such as the genesis of diamonds. magmatic immiscibility between carbonatite and silicate melts. the transition from silicate melts to salt 
melts to hydrothermal fluids. the strange mineralogy of metals. carbides, silicides and hydndcs in magrna1ic rocks, and the extensive study of decrepilalion 
m mmeral cxplorauon. All translations arc councsy of Dr. David A. Brown. 

DIV A EV, F.K. and POLYKOVSKY. V.S .. 1998. Thcrmochem1cal characteristics of fluids and the origin of the diamond-bearing carhonatites of the 
southern Nuraaau (abst. ); Second APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Genesis, Oct. 28-30, 1998. Tashkent. Uzbekistan. Abstracts volume. 
p, 39-41 (in Russian). First author at Inst. of Mineral Resources. Tashkent: second author at Chilanz.ar 7-47-40. Tashkent. 

The diamondiferous carbonatites of the southern Nuratau were first discovered m 1996 m the sequence of a provisionally Middle-Upper Tnassic tra• 
chytc-carbonaute complex. The Chagatai trachyte-carbonatite complex consists of a compact swarm of closely-spaced sub-parallel dikes and volcanic 
explosion pipes. developed m the basin ofChagatai Creek on the northern slopes of the southern Nuralau range, 5-10 km west ofKoshrabad village. In the 
complex there is a predominance of carbonatites which occurs both as dikes (0.5-6.0 m thick and 20-1000 m m extent) striking at 020-030° and dipping 
mainly venically ( with about 50 dikes in all), and also as two explosion pipes (dimensions 80 x 170 and 150 x 200 m respecllvely). The trach)1es cons 1st 
of isolated dikes (three mall). 0.5-1.5 m thick and up to 100 min extent, in spatial association with the carbonatite dikes. 

The carbonatites consist of rocks both of essentially calcitic composition. so-called sovites. and also rocks of transitional carbonate-s1hcate compos1• 
tion, so-called kawtites. ringites. and melilite carbonautes. clearly dominating in the make-up of the complex. Extemallr the kazenites and ringites are 
massive and less commonly breccia-like, fine- and medium-grained rocks consisting of calcite (4~0%). diopsidc-hedenbcrgite (5-30%). biotite (J-20%). 
schorlomite-andradite and hydrogamct (5-30%), apatite (3-10%). and magnetite (3-15%) 

Typical accessory mmerals are fluorite. zircon, rutile. pyrite, barites, periclase. moissanitc, corundum. gold. silver, lead, graphite. and diamond. 
The d1amonds are extremely unevenly distributed. from single to hundreds of grains per I 0-20 kg sample. The grams range in size from 0.05 to 0.2 

mm. 
The grains consist of crystals of octahedral form and their fragments. There arc often intergrowths of several octahedra. The crystal boundaries arc 

most commonly smooth, and the edges arc sharp. The color of the grains is yellowish-greenish, less commonly wuh a grayish tint 
The most common texture is poikilitic, and the presence of idiomorphic I of pyroxene. mclilite, garnet, and magnetite into large tabular grains of cal­

cite is characteristic. 
Both the dikes. and also the diatremes. have distmct mtrusive contacts both with the surrounding silty-slate, and also with one another. 
We must note the very feeble contact effect of the carbonatite bodies on the surrounding silty-slates. manifested in a zone 0, 1-0.3 m thick and ex­

pressed in weak hornfelsmg and the development of fine-flaky biotite. Metasomatic changes show up only as weak albitization and limonitizallon over a 
range of0.1-0.5 m. 

At the same time. the greater pan of the carbonatite dikes and especially the explosion pipes, have been subJected to a certain degree to processes of 
autometasomatic alteration. m pan1cular. albllization. chlontization. amph1bolization. montmorillonitization. limonittzation. zeolitization. and quanzifica­
tion. The quantity of newly-formed minerals varies from a few percent up to 50-60%. Incidentally. along with the autometasomauc changes. there is re­
crystallizati·on of calcite into a finc-gramc:d aggregate. 

The chemical composition of the Chagatai carbonautes in respect of petrogenic oxides is extremely similar to that of the correspond mg carbonatites of 
eastern Siberia. and also to the carbonate-silicate lavas of Uganda in cast Africa. They are also similar m respect of increased amounts of such elements. 
typical of carbonautes. as Sr. Ba. P and V. There arc differences in the increased amounts of K in the Chagatai carbonautes and m the decreased amounts 
of rare eanhs in them and also of such elements as Nb and Zr. typical of the classical carhonatites. Attention is drawn to the increased amounts of Au. and 
especially of Ag wh 1ch 1s a distmguishing feature of the described rocks, The distribution of rare elements. and also of Rb and Sr in the Chatagai carbona­
lltes most clearly corresponds to the alkali-basalto1ds of the East African rifts. and also to the camptonites and monch1quites of the southern Tien-Shan 
alkali-basaltoid complex. 

The carbon-isotope composition of the calcites from the unaltered carbonatites varies within the limits of -4.3 to -5.2%o. virtually repeating the values 
of 1i13C for carbon of calcites from the standard carboname massifs of Scandinavia and Eastern Siberia (-4,0 to -6 3%o), The carbonates from the k1mber­
lite• p1pes also have a similar o1~C composition (-4 0 to -5.4%o). as well as the diamonds from these kimberlite pipes (613C=•5. 7%o). 

A study of the morphology of the GU in mmerals of the carbonatitcs has been carried out with the aid of Labre Lux and Polam-213 microscopes. at 
magnifications of 40 x 12 and 60 x 12 m specially prepared near-polished plates, 0.1-0.05 mm th•ck. and also in mmeral fragments from sample-crushings. 
The largest number ofGLI. having dimensions from 0.005 up 10 0.030 mm. has been revealed during microscope investigations. mainl~ of calcites and in 
individual grains of apatite. Moreover. with the aid of an REM.200 microscope. Fl having dimensions of 0.00 I mm and smaller have been studied in cal­
cites from the carbonatites. From morphological features. we have identified limited and semi-limited negative crystals among the I. bemg marted by the 
presence ofboundanes of the pnsm (1010). pmacoid (0001). dip}1am1ds ( 1011 ), (1121 ). etc. [sicJ. Most of the GU m apaute have tubular. club-shaped, 
drop-like. and irregular forms, 

A study of the T regime of the F which had panic1pated in the formation of the carhonatite minerals examined was achieved with the aid ofa VD-SM 
vacuum decreptograph and a homogemzauon chamber (VMS model). 

On the basis of the investigations carried out by the vacuum decreptograph method. we may recognize three phases of activity of the mineral-forming 
F. marked by the following T intervals· phase I (late magmatic) 640~c (and ahove) 10 480°C; phase II (autometasomatic) 440 to 380°C. and phase Ill (hy­
drothermal) 3 80 to 90°C . 

A study of the chemical composition of the GU in the calcite crystals from Chagatai carbonatite complex has revealed a man:ed predominance of 
carbon compounds (COi, CO and CH.i) and an extremely small content of water. According to EA. L..etnikov. the region of generation of such a composi­
uon hes m the deepest horizons of the upper mantle. 

The origin ofthc carbonatites is a complicated and disputable: problem. In the case of the Chagatai carbonatitcs. and allowing for their mineralogical 
and petrochemical composn1on. and also the thermal characterisucs of the GU. the most likely hypothesis is that the carbonatites formed as a result of car­
bonatization and subsequent liquation of an alkah-basalto1d magma, similar in composition to that of the southern Tien-Shan complex of alkahne basal­
toids and their lamprophyrcs 

In conclusion. we must state that the stud} of the geological position and material composition of the Chagatai carbonatites and of the Fl contained in 
them points to their magmatic and most likely their mantle origin. and therefore the discoveries of diamonds in these rocks provides good prospects in the 
search for commercial deposits of diamonds of a new carbonatite kind. 
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DIV AEV, et al 
Table I: Recommended Distances between Sampling Profiles and Spacing in Accordance with 
the Scale of Work 

Phase of work <scale) Distance between orofiles (m) Samolin~ soacine. (m) 

Geological-survey work 
I :50000 1000 250 
1:25000 500 100 

General research 
1:10000 200 50 

100 25 

Research-prospecting work 
1:5000 50 10 
1:2000 25 5 

Geological-exploration work 
J:1000 10 I 
1:500 5 I 
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DIVAEV, F.K., POL\'KOVSKY. V.S .. STREL'TSOV, S.M .. and SMIY ,\,'\OV, V.A., 1998. The AcouSlic Decreptometer Luch (Ray)-11 and procedure 
for prospecting a concealed mineralization based on steam halos (abst.): Second APIFIS lnt'I. Symp. Mineral Fonning Fluids and Ore Genesis. Oct. 28-30. 
1998, Tashkent. Uzbekisl811, Abstracts volume. p. 160-162 (in Russian) First author at Inst. of Mineral Resources, Tashkent: secondary authors at Chilan­
zar 7-47-40. Tashkent. 

The dccrcptomcter method for investigaling Fl in minerals and rocks proposed by G. Scott and F Smith ( 1948-1949), was worked out in detail for 
applicatK>n in the search for concealed mineralization by N.P. Ennakov ( 1950, 1963, 1979), 

In geological-research and prospecting work. there 1s widespread use of results of acoustic decreptometric (thcrmoacoustic) analysis of I, obtained with 
the aid of vanous models of dccreptometers (Yu.A. Dolgov. Leningrad State Univ., 1953; E.E. Kostylev. IGEM. 1958: A.I. Zakharchcnko and A.A Mo­
skal)11k, VSEGEI. 1958: L.S. Dmimk and LS. Puzanov. VlMS, 1966: N.P. Ermakov and A.D. Nefclov. Moscow Stale Univ., 1963; V.S. Polykovsky and 
M.T. Bozhko. SAIGIMS. 1971: etc.). . 

The proposed LUCH-11 decrcp1ta1ion equipment. developed by the present authors, differs from the earlier ~11-kno"n dccreptomctcrs in its increased 
capacity, good opcrating qualities, and reproducibility ofD-analytical results. 

The LUCH-11 decreptomcter consists of the following umts: 
I . A control panel with !WO microfumaces. a preliminary booster(?), chromel-alumcl thermocouples, signal valves. and a changeover switch (?) 
2. A semi-automatic device for even heating of the furnaces . 

. 3. A millivolbneter with thermocouple. 
4. A pp. I 6 radiation counter. 
The normal application of the instrument is achieved at a T of the surrounding llmOSpherc from IO up to 35°C in housing prOlccle'd from electric. 

magnetic. mechanical. and acoustic noises. The level oflhc last-named must not exceed 60 db. 
The source of supply for the instrument is an AC circuit with 220V output (±0.5V). The power required by the insbllment is not in excess of 500 

wans 
Sample heating in the instrument from the external atmosphcnc T up to 700°C takes place in 20 minutes. The even nature of the T increase is ensured 

by a special semi-automatic device with thermostat 
The background of the instrument is radiation through a complete heating cycle [sic}; grounding 1s mandatory. 
The instrument will produce decrepitation recording with a frequency sequence of the order of 10 pulses/sec. (?) In its packaged form. the instrument 

is readily lrllnSponable. 
Procedures and Operation Sequences for LIJ('ff.lf 
The instrument is switched on for 30 minutes prior to the commencement of analytical work. This is necessary to warm up the instrument and to in• 

sert the radiation counter and potentiometer into the opcrations. Moreover, the main switch on the control-panel must be set in the mid-position, that 1s. at 
·o· [no diagram or photo is shownJ. 

The mineral- or rock-sample under examination is crushed and sieved, with separation of ftact,ons of -1 +0.S n11n or -0.5 +0.25 mm, which arc 
charged using a I cm1 measuring spoon. 

The lever of the semiautomatic regulator is moved to the extreme right-hand position and is fixed by the reductor knob(?). 
The pointer of the main switch 1s reset in position · 1 •. In addiuon, the indicator bulb is switched on and the rcductor begins lo rotate the axis of the 

autotransformer. providing steadily-increasing heaung by the microfumace. 
The heating T of the sample is read on a milhvoltmctcr and the results are recorded every 20 minutes [sicj in the log in the prescribed form. Concur• 

rent with making the main switch. the radiation counter switches on. 
Following the analysis. all units of the instrument revcn to their original position. that is. the main switch is rcctumed to ·o·. the radiation counter 

provides a breakdown of the readings. 
Any new analysis is accompanied by a repetition of all the operations in the above-described sequence. 
The low-T-stcaming haloes (LTSHs) consist of country rocks permeated in varying degree by F that participated in the formation of the ore bodies. 
Depending on the proximity of the ore body to the contact. the degree of saturation of the country rocks in GU increases. which also ensures an in• 

crease in D-ac11v11) of the rocks displaying LTSHs. this activity appearing during the process of decreptophonic invcs11gat1ons. The width of the LTSHs 
depends on the genetic type. structural-tectonic posiuon of the location, the mineral composition, and the thickness of the ore bodies which usually exceed 
the last-named by 2-15 times Most of the LTSHs are marked by a zoned construction. reflecting the presence of a zone of high D-acuv1ty. an mtermed1ate 
zone of anomalously low D•activity. and an OUICT zone of moderately increased D-activity, gradually diminishing to the background value. depending on 
the distance: from the contact with the productive body. 

During the work on the search for the concealed mmeral1zation. we began to use the decreptometer for carrying out detenninauons of1he background 
indicators of D-activity of all the varieties of rocks m the region under examination.. 

Subsequently. work has been conducted to compare slllndard sections. marking the most 1)-pical relationships between the D-activity of earlier• 
discovered ore bodies and the LTSHs. In addition. special attention has been focused on the dependence between the thickness of the LTSHs and the level 
of the erosion surface. the thickness ofthe·ore bodies, the lithological-petrographical composition of the country rocks. and the peculiarities of the LTSHs 
that formed in the hanging- and foot-walls of the ore bearing formations. From these characteristics. intervals between the decreptomctk-sampling snes 
(sampling spacing). have been chosen. For example. in prospecting for gold ore bodies of the vein kind with a thickness of 1-1.5 m. the following dis• 
lances between the sampling sites (in the direction from the contact with the vem), arc recommended: 0.25. 0.50. 0.75, 1.00. 1.50, 2.0. 3.0, 4.0. 5.0. 6.0. 
7.0. 8.0. 9.0. 10 0. 12.5. 15.0. 17.5. 20.0. 30.0, 40.0. 50.0, 75.0 and 100 0 m). 

After mathematical treatment of the anal)1ical results obtained and compilation of standard decreptophonic sections. work is carried out on a system• 
atic selection cornpllation of decrepilat,on sections in the most promising secuons of the area under examination. These arc chosen in accordance with the 
actual geological cnv1ronmen1. the set ob)Cctive. and the scale of work being planned for completion. See Table I. 

Each individual decrcptometric sample is a bulk specimen of rock we1ghmg I 00 gm which needs to be crushed down 10 I mm m size. quanered and 
sieved and separated into fractions• I· +0.5 mm and• 0.5: +0.25 mm. The minimum volume of the sample of the sieved fraction for a single analysis is 10 
(units?]. 

On complcuon of the work. it is necessary to switch off equipment 
The information obtained from decrcptometer analyses 1s one of the T-P-methods of investigation used 10 detennine relative T of mmcral-formauon 

and in the search for concealed mineralization based on LTSHs. 
The principal application of the dccrcpita11on method during geological-research work 1s mainly concerned with LTSHs, which are fonned in the 

county rocks dunng the process of reaction of the ore-generating fluids on them. 
More detailed information on the dccreptomctnc method. as a constituent pan of thermobarogeochcm1cal investigations. have been set out m V.S. 

Pofykovsky's pubhcation. and also in publications about the results of decreptometric mvcsugations conducted in the Northern Caucasus (A.K. Kuznet• 
sov). Siberia (VG. Prokhorov). Transba1kaliya (Yu.A. Lyakhov). Kazakhstan IV.A. Konnushin). the Far East (A.A. Shaider). and the USA (E. Rocdder), 
{sicj etc. 

Rdcrcnces 
Ermakov. NP. and Yu.A. Dolgov. 1979: Thermobarogeochemislry'. Nedra Press. Moscow. 
Lyakhov. L.Yu. cl al. 1981. The PJrys1cochem1cal Basis o/Diagnosmg Pos1-Magmalic Mineraliza11on. Nedra Press. Moscow. . 
Mel"nikov. F.P.. et al .. 1997: ·Problems and obJecuves ofthennobarogeochem1stry in the fight of A.G. Betekhtin·s knowledge of ore deposits and N.P. 
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Ermakov·s ideas about the mineral-forming medium·: Trudy Me:hdunarod. S1mpo:. in Memory of A.G. Betekh11n Moscow. 
Polykovsky, V.S., 1986: Topical Handbook on the use 0JT-P-geoclwm1cal Methods during Geolog1cal-Surve)i Re.search, and Geological­

Exploration Work on Gold. Non-Ferrous and Rarr Metals, Fluome. and Other Kinds of Mineral Resources. Tashkent. 
Polykovsky. V.S., F.K. Divaev. ct. al .• 1998· 'The gas composition and temperature regime of fluids. part1c1pating in the formation of diamondifc:rous 

carbonatitcs of Western Uzbekistan': Trans. PACROFI, Vil. Nevada. USA. 
Pimyur, V.S .• 1986: Fundamenrals o/ThermobarogeochemlSlry, Leningrad Univ. Press, L'vov. 
Rocddcr. E .• 1987: Fluid lnclus1ons in Minerals. Mir Press. Moscow. fin Russian). 

DUNIN-BARKOVSKA YA, E.A., LEBEDEVA, S.E. and TSOI, L.A .. 1998, Thcrmobarogcochcmical investigations at IGG Ai.ad. Nauk Uzbekistan 
(abst.): Second APIFIS lnt'I. Syrop. Mineral Forming Fluids and Ore Genesis. Oct. 28-30, 1998, Tashkent Uzbekistan. Abstracts volume. p. 30-35 tin Rus­
sian). Authors at IGG AN Uzbekistan. Tashkent. 

T-P-gcochc:mical methods arc widely used at prcsc:nt dunng scientific investigations for determining the: physicochc:mical parameters of mineral- and 
ore-formation {T. P. composition, and concentration of mineral-forming solutions) and in the practice of geology for establishing research and assessment 
tests for mineralization taking account ofT zonation. T gradients. typOmorphic fcalUres of orc~losing quartz, and other signs. 

We: find the: first information about Fl in minerals in the works of the most famous scientist of the East. the ninth-century encyclopaed1st Abu­
Raikhona Bc:runi, in his book entitled. "A Collection oflnformation about Precious Stones," wrinen more than IOOO years ago and reissued in Moscow in 
1963. The scientist drew anc:ntion to the presence of bubbles of Lin nuorite crystals from Kafimagan and pointed to its affiliation to that medium in which 
this mineral had been fonnc:d. 

In 1854. the English scientist Sorby worked out a method of homogenization. However. this method only found wide applicauon after NP. Ermakov 
had constructed a convenient heating chamber in 1941. The method of homogenization enables us 10 determine the minimum T of mineral formauon. 
which has bcc:n tested on artificial minerals. manufac:tllfCd under specific prescribed parameters (V.B Naumov, V.S. Balitsl.-y. L.N. Khetch1kov c:t al.) In 
order to detennine the blle T. it is necessary to inttoduce corrccuons. dependent on overall P. Records of mineral-formation. dens1t). concentration of solu­
tions have been retained in the I. 

In 1948. the British scientist Scon suggested a decrepitation method for studying R. and in 1953, Yu.A. Dolgov and L.D. Raikhcr created a dccrc:p­
tometer, detecting by microphone the: decrepitat1on<ffcct from the explosion of Fl during heating. Since then, numerous developments oftherrno-acousuc 
decreptornctc:rs have followed. and subsequently vacuum types also (L'vov. Rostov-0n-Don. Moscow. etc.). 

In the middle: of the 20th century, the science ofFI in minerals was transformed into an independent scientific specializati~hcrmobaro(T-P­
)gcochc:mistry (now rendered as "thcrmobarogcochemistty•J. Its founder. N.P. Ermakov. began his work in the 19S0s using piez0-0p11cal material from the 
Pamirs. In 1944, for the first time in Uzbekistan, Ermakov. with the aid of a self-constructed thermal chamber, studied the Th of fluontc:. obtained al that 
time from the Aurakhmat fluorspar deposit in the Chatkal Mountains. G.G. Grushkin, the: first investigator ofFI m the Inst. ofGcol. of the Uzbekistan 
Acad. of Sci., continued this work. 

Since 1960. scientists from all countncs have begun a widespread study ofFI. All-Union (in the former USSR) and intcmacional meetings and confer­
ences have: lakc:n place based on methods. apparatus. and scientific investigations into mineral-forming solutions. Various constructions of thermo-. and 
then cryo-charnbers have been developed in the USSR (IGEM. VIMS. GEOK.hl in Moscow. IGG in Novosibirsk. 1G and KazIMS an Alma-Ata. IGG m 
L'vov. etc.). in France. the USA. Great Britain. etc.). The study ofG-L I in applied fields ha.s for many years occupied a group of workers under the direc­
tion ofV.S. Polykovsky in the geological-survey system (SAIGIMS. 'Khimgc:olnerud' Expedition). In individual gold-0re deposits (Kochbulak. Muruntau. 
etc.), thcrmobarogcochemistry has also been used by scientists from Moscow and L'vov {V.A. Kovalcnkcr. VB. Naumov. N.M. Ziri ct al.) There are [also) 
0 . T. Razykov ·s data on the Koitash skam-scheelite deposit. Investigations by the: staff of IGG AN Uzbekistan are considered below, 

At present. global practice in the study of the physicochem1cal parameters of the mineral- and ore-forming solutions. employs the following methods: 
homogenization, dccrep1tation. cryomctty. chemical analysis of aq cxcracts. electron microscopy. electron microprobe. emission microclc:ctrical analysis 
(spectromctry?J. Raman spectroscopy. etc. 

Dcvclopmtnt ofthcrmobaf0Ktothc10istry lnvtstigations in IGG AN Uzbekistan 
The SO-year period of rapid and fruatful development ofT-P-gcochemistry in the former USSR and throughout the world has its history also in this 

institute. We may recognize: thrc,c pcnods in the: conduct ofthermobarogcochc:mical studies. which m general features reflect their state in the Republic: 
first-<:arly thermometric investigations. second-thermoacoustic decrcpitation studies. and third-the most active comprehensive: studies with the crea­
tion of a blle laboratory base. 

First per,od---<arly thermometric investigations { 1950-1960): For the first time. scientific staff member G.G. Grushkin introduced thcnnomctrn: in­
vestigations in the Ennakov thermo-chamber. He measured Th and determined the water-salt composition oft in fluorite from the Aurakhmat deposit in 
the Chatkal Mountains. having continued the studies begun by Ermakov (Grushkin. 1950. 1961: Grushkin & Prixod'ko, I 9S2). After his dcpanure from 
Uzbekistan. Fl were not studied at the- institute for a long time. 

Second peruxJ-thc:nnoacoustic decrepitation (TAD) studies ( 1970-1980): During this intcival. the thermoacoustic decreptomc:ter appeared, enabling 
us 10 determine the: T the entire content of the: Glls during sample: heating to 700°C with definition of the content of the exploded I in terms of sound. 
During this penod. some of the institute staff. not having their own equipment for thennometry. sporadically made: analyses in SAJGIMS in V.S. Polykov­
sky's group. by the TAD method on an ·SAIGIMS-2' machine:. They examined quanzes from veins with Bi. Cu-Bi. Mo. Cu. and fluorite mineralization 
from the: Chatkal-Kuraminsk Mountains (Dunin-Barkovskaya. Golovanov & Polykovsky. 1970). As a result. the T intervals of quartz dccrepitation from 
vanous mineral associations m the Bnchmulhnskoc. Suyuksuiskoc. Sansalakskoc. Verkhnekandaganskoc. Shavazsaiskoc. Karabashskoc. and Kyzylgut­
skoc orefields were idenufied. It was demonstrated that quartzes from monotypical mineral associations in the: various orcfields had similar decrepitalion 
peculiarities. The decrepllation activity of the quartzes is inversely proportional to their Tf and increases in the veins with depth. 

In IGG AN Uzbekistan in 1970. construction began on a thennoacoustic decreptomcter (AV. Tso1. G.M. Stashkov). although with the departure of 
these: authors from the: institute. the: work was not completed. In 1971. staff member L.E. Morgenshtein in company with V.S. Polykovsky derived a for­
mula for calculating the: Th of I in fluorite based on specimens from the Abshir and other deposits in southern Fergana. 

The TAD method has been used to study quartzes and mctasomatites from some auriferous prospects in eastern Uzbekistan (Smimov & Polykovsly. 
1978: Smimova. Mo1seeva et al .• 1980) They have demonstrated the typomorphic features of quartzes mainly through decreptograms. and the poss1bihty 
of using this method for research on bhnd gold mineralization. based on supra-ore mc:tasornatates from the Chadak and other deposits. 

Third period-active comprehensive investigations ( 1980 onwards): Under the direction of E.A. Dunin-Barkovskaya. a T-P-gcochc:mistry group was 
set up in 1980 and acquired the necessary equipment: a thermochamber for homogenization (VIMS). a cryochamber (IGG. Novosibirsk). and a vacuum 
dc:creptomcter ma set with a G chromatograph (RGU, Rostov-on Don. 1982), etc. The staff visited Moscow and L'vov. and participated in All-Union 
meetings on T-P-gcochem1suy. In 1980-1984. the first project on the gc:ochemisuy of ore-forming solutions in some: deposits in the Chatkal-Kuraminsk 
Mountains was completed (E.A. Dunin-Barkovskaya. S.E. Lebedeva. N.S. Evtushc:nko. and LA. Tsoi). · 

Methods orthermob1roge«hcmical studies in IGG AN Uzbekistan 
At present. the following methods arc being employed in scientific studies in the institute optical microscopy. vacuum decrepitation. G chromatogra­

phy. homogc:niza1ion. cryometry. c:lcctron microscopy. provision of aq extracts and their chemical analysis. and microprobc analysis. 
These methods are used mainly to study vein minerals (quartz. fluorite. baritcs. and carbonates I from hydrothermal deposits of Au. fluorite. W. Bi. and 

Mo (Dunin-Barkovskaya. Smimova. lsmailov & Tsoi. 1996. etc.). Recently we: have: begun to stud} I in the: rock-forming minerals ofgranito1ds. for exam-
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pie. from the Muruntau super-deep well ( Dunin•Barkovskaya. TSOI & Zucv. 1996). 

Op11cal methods of studying Fl 
Visually Fl arc being studied on both sides of polished sections [sic) of transparent and semitransparent minerals. Octcnmnation of the morphology. 

phase composition. and genetic type of the I is carried OU( under a MIN-8 optical microscope (Polam. USSR). and since 1996. a Nikon Optiphol 2 Pol (Ja• 
pan). by V. V. Kozlov and LA. Tsoi The advantage of the Nikon instJVmcnt lies in highcr-~lution optics, and m the fact that mapping of! ph~ may 
be earned out on a [TV] monitor in order to create a graphic file. The photography of I is carried out on a special MFN-11 camera with a MJN-8 micro­
scope and a camera included in the set with the Nikon microscope. 

The elecrron-m1croscope method/or studying Fl 
The morphology of vacuoles of opened small and very small Fl, and the presence in them of solid ph~ (mincral-<:aptives) [i.e .. daughter minerals) 

have been examined under the electron microscope at magnifications of 1200-24,000. This method enables us to calculate the number of small and very 
small I per mm 4 . In the institute. the method was adopted m I 982 m T.I. Yaskolko's electron microscope section. and was later used by other specialists in 
electron microscopy. As long ago as 1985. an electron microscope study was carried out on the morphology and quantity of small Fl in quartz ftom many 
deposits in eastern Uzbekistan Ustarasai. Sargardon, Agata-Chibargata, Naugiskcn, Revashtc, etc. (E.A. Dunm-Barkovskaya); and Chadak and Kochbulak 
(S.K. Smimova)_ 

H1cuum dectTpitation • thermal method of opening Fl 
Vacuum dccrepitauon is perfomied on a BD-4 instJVment produced by RGU in 1982 (Rostov-on-Don). It is based on the P change ma closed system 

during heating to SS0"C of the G released from burst Fl (analyst SE Lcbedeva). The advantage of this method over thermoacoustic procedure hes in the 
fact that in the fonncr the cleavage of the minerals and their cracking have no effect on their dccrcpitation. whereas m the lancr, an additional noise clfect is 
created and they distort the decrcptogram [sic). The layout of the dccreptograms permits grouping of the sample (quartz. etc.) on the basis ofT intervals of 
gas• and water-release and the overall saturation of the mineral m fluids, and also (provides samples] for (stepwise] G chromatography. During 17 years of 
wori.: m the institute on vacuum dccrcptomctr)'. a large number of analyses have been conducted for scicntific-invesugatOf) investigat10ns based on depos• 
its of Bi, W. Au. fluorite. polymetals. etc. In the research field, a study has been conducted on aureoles of hydrothermal low-T steaming in the ore­
enclosing gnimtcs by the vacuum-decrepitation method (Sargardon, etc.). 

Determmation of 1he gas phase in Fl by the gas-chromatography (GC} method 
Gas chromatography is performed on an LKhM_8DM G chromatograph combined with a vacuum dccrcptomctcr, and enables us to determine the 

amount of water (percent) m a sample. and that of the G CO2. CO. and CH., in mols/litrc of water. GC has been conducted for those samples subjected to 
vacuum dccrepitation Smee 1986, (stepwise] GC has also been carried out. Its particular fcatwc is that the determinauon of water and G may be carried 
out for each T group ofl (0 F Mironova ·s procedure, GEOKhl. analyses by S.E. Lcbcdeva). 

An example of results of (stepwise I GC m conjunction with dccrepiwion may be given. In a quartz from wolframne-sulphidc vems in the Sarg.ardon 
deposit, there arc two principal groups ofGLI. The first is medium-T. bursting at 120-IJO"C, and the second is high-T (320-3S0°C). In the medium-TI. 
only halfofthe Hz() and about 35% oftOtal CO2 ts present The COi content of the high-TI in quartz is grca1cr than in the medium-T forms. !Stepwise) 
GC has also revealed the d11fcrences in three kinds offluoritc: I-from K-fcldspar metasomatites; 2-from a vug in a quartz-mica grc,sen among granites; 
and 3-ftom a quartz-fluorite body in hmestones. The overall amount of CO2 is greater in the first kind. Fluorite, like quanz. contains various kinds ofFI, 
the COi enrichment of which increases from low• to high-T fonns 

Determination of che1111ca/ (water-salt) composition of the l phase of Fl by the method of water extracts 
Two different procedures arc employed for obtaining tnple water eXIJ'aCts and their chemical analysis ftom bulk samples of clean selected material. 

complete and abndgcd. For a complete chemical analysis, the extract is obtained from 60 g of monomineral1c sample with a grainsizc of 0.1 • I mm. and is 
analysed for K. Na. Ca. Mg. SO,. F, H. NH.,. Cl and Sio,. but in the case of quartz, SiOz is not determined (procedure of O.N. Khnarov: N.1. Myaz'. Zh. 
S1mkiv). For an abridged analysis. the extract is prepared from samples, previously subjected to vacuum dccrcpitation and G analysis. because the Fl in 
them have already been opened. The samples arc combined. pulverized. and SOO mg arc selected. processed and centrifuged. The solution is analysed for 
K, Na. Ca. Mg and Cl (the procedure of L.G. Pal'mova and K. Bitsocv). S.E. Lebcdcva carried out the analyses. 

Determination of homQgem:a11on temperatutT of Fl 
These studies arc conducted after an optical visual examination of the I. and determination of their genetic affiliation and phase composition. Octer­

mina1ion of Th is canicd ou1 ma UMTK-1 microthermochambcr of VIMS construction under a MIN-8 microscope. Since 1997. homogenization studies 
have been conducted usmg a Nikon Optphol 2 Pol microscope (Japan) with high-resolution op<ics and a Unlearn THMSG-500 thcrmocryochambcr (UK). 
This chamber enables us to determine the Th in a single I and to carry out cryomctry. that is. to determine the concentration. The set mcludcs a v1dcocam­
cra and a computer with printer V.V. Kozlov and L.A. Tsoi made the investigations. More details about the new technique and its use in T-P-geochemical 
investigations arc given in V. V. Kozlov ·s report. 

Determination of the phase composition of tndi111dual Fl by cryometry 
Since 1995 and up to and including 1997, investigations have been carried out in a cryochamber (constructed by IGG, Sibenan Branch of Acad. Nauk 

USSR. Novosibirsk. 1982). The phases of Fl arc being examined by L.A. Tsoi in a duplex (sic) of polished sections under a MIN-8 microscope by freezing 
with liquid nitrogen. inJCctcd into the cryochambcr from a Dewar flask. Since 1996, cryomcll)' has been carried out with new equipment. In a general way, 
we may also note the great possibiliues of new instruments for homogemzation and cryometry. 

The UK ofther1110barogcocbemistry in mineral-geochemical invesrigations in IGG AN Uzbekistan 
Thennobarogcochcmistry methods arc widely used in the mineralogical-geochemical work bemg earned out by the staff of IGG AN Uzbekistan A 

defimtc landmark in 20th century investigations has been presented in the publication. "A Study of the Physicochcm1cal Parameters m the Formation of the 
Productive Paragencscs of Minerals of Gold-ore. Rare-metal. and Fluorite Deposits of Uzbekistan" (Dunin-Barkovskaya. lsmailov. Smimova, Kozlov, Tsoi 
ct al., 1996; Bunin•Barkovskaya. Sm1mova. lsmailov and Tsoi. 1996). This work illustrates the usage ofthennobarogeochcmistry methods in studying the 
paragcnctic assoc1auons of minerals and the conditions of their formation in deposits ofW (Sargardon. Daikovoc. and Koitash), Mo and W (Chavata), Bi 
(Ustamai, Kyzylgut, etc). Au (Chadak. Akcha-Talbulak, Rcvashtc, etc. and panly at Muruntau and SG-10), and fluorite (Agata-Chibargata. Naugiskcn, 
Supatash. Kichik•Arsagml. etc.). 

In the 21st century, the institute will take on the latest analytical equipment, including that for thcrmobarogcochemistry. which will open up new possi-
bilities for scientific investigation. · 

Some publications of the Staff at IGG A,V U:bekistan about .\lmeral-Formmg Fluids 
I. Grushkin. G.G. and PL Prikhod' ko, 1952, "Changes in 1he chemical composi1ion. concentration, and pH ofGLI in a series of sequential generation 

of fluorite": Zap. ~ses Miner. Obshch.. 81, 2. No 2. p 120-126. 
2. Grushkin. G.G .. 1961, "Some patterns offluoritc mineralization In the Chatkal and Kuraminsk ore regions": Geo/. Rudn. Mestoro::h .. No. I 
Dunin-Barkovskaya. EA., I.M. Golovanov and V.S. Polykovsky, 1970, 'The problem of the temperature conditions of fonnauon of quartz vems with 

bismuth and copper mineralization m the Chatkal-Kuraminsk Mountains~. Zap. U:b. Otd I 'ses. Miner. Obshch .. vyp. 23. 
4 Dunin-Barkovskaya. c.A. SE. Lcbedeva and N.S. Evtushenko. 1987. ·The microcomponcnt composition of solutions of GU in fluorite ftom the 

Agata-Chibacgata deposit": Zap. U:b. Otd I 'ses Miner. Obshch . vyp 40. 
5. Dunin-Barkovskaya. E.A .. 1986. "Results ofthermobarogcochcmistry studies in the USSR (Vll All-Union Conference in L'vov)": U::b Geol Zhur­

nal. No. 6. 
6. Dunin-Barkovskay-.i.. E.A.. S. K. Smimova et al .. 1980. 7jpomorphism of Quart:. Pyrite. and Gold in the Gold-Ore Deposits of U:bek1stan FAN 

Press, Tashkent. 
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7. Smimova. S. K. and VS. Polykovsky, 1978 . .. The use of decrep1ta1ion in quartz during the scpanuion of the productive mineral assoc1a11on III gold­
ore prospects'": AbslJ. I'/ AII-Umon Co11fe1Y11ce 011 T-P-geochem,sfT)i 

8. Smimova. S.K. ct al., 1983. ' An anempt 10 use decrepi1ation in the study ofsupra-Ol'C mcwomat11cs and research 11110 blind gold mincral,zaiion .. 
Abstr. I'// All-Union Conference on T-P-geochem,srry. L'vov. 

9 Dunin-Barkovskaya. E.A.. Sm,mova. S.K., lsmailov. M.I. and Tsoi, LA .... Physical-Chemical Parameters of the Main Mmeral assemblages Fonn• 
mg in the Major Gold. Rare MClal and Fluorite Deposits, Uzbekistan". 30th Int'/. Geological Congress, BciJmg. 1996. 

10. Dunin-Barkovskaya. E.A., Tsoi. LA. and Zuycv, Yu.N .. ·The Fluid Regime within granitoids of the Muruntau Gold Field: Studies of Core of the 
0.10 Supcrdcep Hole": 30th Int 'I. Geological Congress. China. 1996. 

11 . Kozlov. V V. and Smimova. S.K. ... Mineral asscmblB@CS and mulll•stage cvoluuon of hydrothermal vein system m Chadak gold-silver deposit. 
Uzbekistan, 9th IAGOD Symposium Abstracts. Beijing, 1994. 

12 Kozlov. V.V. and Smimova. S.K, .. Conditions of formation of gold-silver bearing veins", 5th Pan-American Cum!nt Research on Fluid Inclusion 
Symposium Abstracts. Cucrnavaca. Morelos Mexico, 1994. 

13. Kozlov. VV .. Smimova. S.K .• Syrom1yatnikov, N.G. and Levin. VL., "Chadak Gold-Silver Deposit Uzbekistan: An Example of Fluid evolution m 
a RcJuvcnated Epithennal System .. !!! P Brown S. Hagemann (eds). PACROFI VI Program and Abstracts. Madison, WI, 1996. 

DUNIN•BARKOVSKA YA. E.A •• SMIRNOVA, S.K.. KOZLOV, V, V~ TSOI, LA. and LE BEDE VA, S.E., 1998. The fluid regime of the formation of 
the major productive mineral associations and paragencscs of gold-ore. rare-metal. and fluonte deposits of Uzbekistan (abst.): Second APIFIS lnt'I Symp 
Mmeral Fonning Fluids and Ore Genesis, Oct. 28-30, 1998. Tashkent. Uzbekistan, Abstracts volume. p. 69-72 (in Russian). Authors at IGG AN Uzbeki• 
stan. Tashkent. 

We discuss the conditions of fonnation of productive mineral paragcncses among carher separated mineral associations (Dumn-Barko\'skaya et al • 
1992. 1996 l on the basis of a study of the m10eralogy, T-P-gcochem,stry, and isotopes for deposits of Au, W, Bi and fluorite in scdimentary-terrigenous and 
magmatic rocks. 

Dunng this work on selected mineral assoc1a1ions, we examined the compos111on of the mineral-fonning solutions on the basis of an c:xaminauon of 
GLI in gangue minerals: I) Morphology and phase composition of the GLI in doubly-polished sccuons under the microscope and in grains at high magni­
fications and under the electron microscope: 2) Vacutnn dc:crepitation and the 101ensity ofG-wa1er SBIUration on a VD4 vacuum decrc:ptomcter: 3) Bulk 
composition of the G phase (COi. CO. Ni, CH.a. C2H.al and the composition of the G phase at T intevals up to 550°C on an LKhlM-8D G chromatogJSph in 
series with the vacuum dccrcptorncter; 4) Composition of the L phase of bulk samples by the method of triple water extractions. detcnnining Ca. Mg, Na. 
and K by the acomic-absorption method, and Cl on an ion-selective electrode, 5) Th of individual GLI in a thcnnochambcr under the microscope: and 6) 
Phase composition of individual GU by the cryometric method. 

I. Productive parageneses of minerals and their formation remperatu/Ys (based on vem quart=)' 
Such productive paragcncsc:s have been found in gold-ore deposits in Ordovician-Silurian black slates with an Au-Ag mineralization in quartz veins 

and stockworks (Mardzhanbulak.). and m quartz veins and stocl..-works among metasomatites with Au-sulphide and low-sulphide ran:-metal • Au-ore min­
eralization (Muruntau). as follows: sulphide-native (Au). and sulphide-sulphosalt-native (Au, Ag) paragcncscs. sometimes with schcclite (360-160"C). 
New results on the post-magmatic alteration of granites, concealed at depth, have been obtained from the Muruntau orcfield. Their transformation involved 
pneumatolytic solutions with a varying CO2-gas-water composition (the amount of G in the Fl m the rock-forming quartz makes up 25-75%, and Th=320· 
340°C). and hydrothermal solutions ( 15¾ and 220-253°C. respectively). From an analysis of the bulk composition of the G phase. earned out on a G 
chromatograph. it has been shown that the phase consists mainly ofCOi (I kg of water from the I contains 3.52 mol CO2. 0.01 mol Ni. and 0.005 mol 
CH.a). A comparative rating of the thcnnobarogeochcmical features of the granuc and the Au-bcanng quartz veins has been earned out for the Muruntau 
orefield The: G phase of the solutions extracted from the Fl of the gramte and the quartz veins has a similar composition. It consists of90% co2 (3.52 mol 
per kg of water extracted from the granite, and 3 17• I. IS mol per kg of waler extracted from the quartz veins and vein lets). CH.a and CO arc also present 10 
the composition of the G phase. The G from I in the granitoids differ from those in the vein quartz in having a trace of nitrogen. Mineralization of the 
Muruntau Au-ore deposit has been assigned to the polygenic rnctamorphogenic-hydrothcrmal category 

In the gold deposits in the quartz-sulphide veins and explosion pipes among the Middle Carboniferous volcanics (KochbulaJ..). the following paragene­
ses (320-200-C) arc productive: sulphide-native Au. and sulphide-sulphosalt-telluride-nauve Au. and for the Au-Ag deposits in the quartz veins among the 
Permian volcanics (Chadak. Revashte. and Kyzylalma) and an intrusion (Kyzylalma). sulphide-native clcctrum and sulph1de-sulphosal1 (clectrum. 
cus1eritc, and Au). At Revashte. the T of the orc-fonning solutions was 365°C and at Kyzylalma. 3 I 6°C. 

V V. Kozlov and SK. Smimova have studied the conditions of deposiuon and high-T metamorphism of the ores in the Chadek. deposit: the ores of the: 
earl) productive gold (elcctrum)-adularia-quartz mineral association were pn:c1p1tated in the T range of370-260°C (Au-pyrite mineral paragencsis) and 
290-l 90°C (paragencsis of electrum with argentitc and sulphosalts of Ag) from chloride-bicarbonate Ca>Na>K>Mg. periodically-boiled soluttons with a 
salt concentration of <5% cq. NaCl and a CO2 content ofup to 5 mol¾. The Pin the ore-forming system varied within the range of7S to 200 bars. The 
ores were formed under conditions of a lithos1auc Pal a depth of about I km below the volcanic cover of Permian age (Shurabsai and Ravash Groups) in 
the zone of mixing of rising solutions of magmatic origin and meteoric waters. The subsequent high-T of the ores with the formation of wollastomtc, gar­
nets. and other Ca silicates was caused by the ingress into the system of high-T brines (>60% eq. NaCl) of magmatic ongm with a T above 500°C. Depo­
sition of minerals of this phase took place mamh fi'om hc:1crogcncous solutions made up ofa mixture ofhighly-i:Onccntrated aq solution (containing chlo­
nde salts of Ca. Na. Mn. and Fe) and a CO2 F with a density in the P range of 250-450 bars. The ores of the late mineral associations were deposited in the 
T range of 300• I 20°C from heterogeneous solutions with a sal of up to I 0-35% cq. NaCl 

For the wolframite mineralization in quartz veins with microcline-topaz-ziMwaldite grciscns in Permian granites (Sargardon). the productive par­
agenescs arc quartz-cassi1eri1c-wolframite (380°C. P 500-1600 atrn .. and boiling Fl. and casslteritc-sulphlde (285-240°C). 

For the As-Bi mineralization in quartz vems and sulphide deposits in Upper Devonian caibonate•terrigenous rocks ( Ustarasai), these paragencscs arc 
pyntc-schcclite-bismuth (352-273°C) and pyprite•lead-Bi-sulphosalt (3 I 6-320°C). formed during the phase of deposition of 81-sulphidcs in quanz veins 
and pyrrhotite metasomatic layers. and a later paragenesis (essentially arsenopynte) 10 the fonn of almost monomineralic layers was fonncd at 210-140-C. 

For the fluorite deposits in volcanics, granitoids. and limestones. these paragencscs arc quartz-fluorite (Supatash and Shabrez) and quartz-bantcs­
fluonte (Agata-Chibargata. Naugcskcn. and Kenkol). The: Th of the Fl are l00-235°C (Agata-Chibargata) and I00-16S°C (Supatash). In the central pa,t of 
the orebodies. these T are gJCater than on the flanks. 

2. Composition of Fl in vein quart:. 
The composition of the Fl has been determined for quartz on the basis of analyses of aq extracts and of the G phase on an LKhlM-8DM G chromato­

graph and by the cryometric method. 
The: ore-forming solutions of vein Au-ore and Au-Ag deposits arc marked by an alkali-chloride (Kochbulak and Revashtc) and an alkali-CO2-chloride 

composition (Kyzylalma and Chadak) with a sodic all.alinity (Na>Ca>K and Cl>COi). In the G phase from the Kochbulak quartz. COi is present (0. 13 
mol per kg of H10). and from the quartz at Revashtc and Kyzykalma. CO2 substanually predominates (0. 7-1.07) over CH. (0.03-0.05) and C1H.i (0.02-0.06 
mol per kg of Hi◊). 

The ore-forming solutions from the Ustarasai As•Bi deposit and the: Daikovoc tungsten (schcclite) deposit in 1hc Bnchmulhnskoc orcficld. located in 
carbonate-tcrrigcnous and homsfclscd rocks. arc marked by an alkali-C02-chlonde composition of the F with essentially sodic (Na>Ca>K) alkalimty (Us­
tarasai) and with essentially calcic (Ca>Na>K) alkalinity (Daikovoc). 
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The Cu-Bi mineralization in quartz veins among granetes (Kyzylgut) is marltcd by a sodic-chloridc: composition oflhc F. 
The quanz-wolframite vcms, occurring in Penman granites (Sargardon) and the quartz-molybdenite veins in Lower Carboniferous granites (Chavata) 

have an alkah<hloride.CO1 composition for the I weth a K-Na alkalmety (at Sargardon Ca>Na. and at Chavata Na>Ca). 
In fluorite deposits in magmatic rocks. tluorite from the quanz-fluori1e productive paragcncs1s contains Ca-F fluids en the vacuoles (Supaiash). 

whereas those from the quartz-barites-tluorite paragenesis contain Ca-anvnonium•F fluids (Agata-Chibargata), and those from quartz-fluorite bodies occur• 
nng in limestones contain Ca.COi·F fluids. 

In the hydrothermal and greiscn deposits, the G phase in the vacuole F consists ofCOz (>90"/4) with a trace ofN1, CH. and CiH.. and it played an 
imponant role en the processes of ore-deposition. 
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I. The geological model of the gold-productive system has been based on data from a geological-geophysecal model of the Kaul"d} orefield and a gco­
logical-gcochem1cal model of the Kaul· dy deposit In accordance with the recommendations for systemic analysis, the model of the ore-genetic system is 
represented on the bases of its clcmcnts. 

I. The framework of the ore-genetic system consists of intrusive complexes of the Calcdonian structural stage. and the tcrrigenous<arbonatc deposits 
and the intrusive complexes of the lower Hercynian structural stage (the root ponions of the ore-genetic system), overlain by a volcanogenic cover of the 
Chashli and Akchinsk volcanogcnic complexes (the orc-enclosmg sequence). The emponant fellurc of the framework of the ore-genetic system 1s its mul­
tistage construction which determined the evolution of the flat-lying ore-d1stnbuting and ore-localizing structures during repeated tectonic dislocalions. 

2. As a source for the ore-bearing solutions, we have suggested the deep-seated magma chambers of the Akchinsk volcanogcnic comple,t. producing 
during the concluding phase of its evolution. residual aced M. injected ento the ore~losing sequence with the formation of elastic varieties of andcsitcs 
and andcsite-dacites. and ore-bearing solucions, favorable for ore-depos11eon. 

3. Ore-conduits have been recognized in the nodal zones at the intersections of deep-seated faults. The principal ore-conduits arc confined to the 
branches of the meridional Chaidar deep-seated fault. 

It is suggested that the ore-conduits were long-lived structural-tectonic elements of the orefiekl which appeared during Bashkirian time. They were 
magma-outlets for the porphyry mtrusions of the Kuraminsk Complex. transecting the facies of the Chashli and Akchmsk volcanogcnic complexes. and 
also ore-outlets for the mctamorphogenic and gold-productive ore-genetic systems. 

4. The ore-distributing surfaces comprised the enter-associational contact level between the lower-and upper-Hercynian struccu,al stages with vol• 
canotectomc. gen1ly-d1ppeng structuies. In the nodal zones of conjunction between the votcanotectonic structures and the steeply-dipping faults, we have 
recognized ore-distributing conduits of various orders. 

S. The ore-localizing sectors are local ponions of ore-distributing surfaces, favorable in geological-structural respects for the discharge of ore-bearing 
soluteons and the concentration of mincralil.alion. The dominant influence of structural and lithological factors for controlling the localiZJltion of gold min­
eralizaoon is typical. The effect of the latter has also been reflected in the evolution of peri-ore mctasomatites of the argillisite association. 

The sectors of mutual junction between volcanotectomc structures and the interassociational surface arc extraordinarily effective in localizing gold 
mineralization. Thus. the authors have identified a wedge-like ore-localizing structure 8l the side on the junction between the structure of the 6th ore­
bearing zone and the Kaul'dy structure. In this unique ·pocket'. the main ore reserves of the deposit have been concentrated. 

II. The model of the evoluuon of the gold-ore process in the Kaurdy deposit has been based on physicochem1cal ff", CO2/CH.. COz/1-12O) and iso­
tope-geochemical sub-models. 

I The T model of the deposit demonstrates the uniqueness of the nature of the distribution of the T parameters in the plane of the reference seccion. 
The epicentre of the T maxima ff>300°C) shows up on the +850 m honion. The uniqueness of the model ofT-zonauon is expressed in the regular drop en 
the paramcccrs along the ore-controlling structuies upwards and downwards through the section With a predominance ofT fields. limited by the 230· 
2700C isograds, we may recognize two fields. marking the lowcst-T fragments of the process of evolution of the F system (T<220°C). 

The deposition of the gold-productive mineral complexes was hmued to T"'220-2S0°C. The mineral complexes, formed in the T range of <200°C, is 
poorly productive of gold. 

2. The general model of the redox regime of development of a F system is marked by the synchronized nature of changes in T and the CO2/CH. ratio 
of the parameters. with a maximum value of the latter parameter (>200) in the zone ofhigh-T. low-productive ore-deposition, and a minimum (<SO) m the 
fields of development of the low-T mineral comple"es. A similar but more complicated distribution has also been observed for the parameter COi H2O. 

The panems of change in the parameters CO2/CH. and C~/HiO unequivocally point 10 growth in the reducing propenics of the F system from high­
to low-T areas of the ore-gcne11c system. 

3 The sulphur-isotope model of evolution of the ore process clearly displays a corrclacive dependence: of the nature of dispersion of SJ.IS in relation to 
the variabilicy of T" and the COi/CH, ratio of the parameters of the F system. 

The 1so1<>pc-gcochem1cal zonation is determined by the growth of6J.IS in the sulphides of the region of high-Tore-deposition with respect to the low-T 
category. In this case, the zonauon has a mirror reflexion upwards and downwards from the +860 m horizon. 

Ill. The physicochemical and 1sotope-geochem1cal sub-models of the Kaul'd)· deposit emphasize and represent in detail the geological premises on the 
evolution of the gold-producuve ore-genetic system. The unusual zonation of the physicochemical and isotope-geochemical parameters are dependent on 
the geological-structural cond111ons of the evolution of F during the existence of the ore-conduit in the zone of Junction between the northwestern steeply• 
dipping faults and the structure of the 6th ore-bearing zone. and also the ore-distributing surfaces m association weth the volcanotcctonic structures 

Consideration of the geolog1cal-genetic features of the gold-productive ore-genetic syscem under this situation has enabled us to create a geological­
genetic model of ore-formateon and to work out the lbreca.st-research complexes for revealing the gold mincralizatioo en the Kaur dy oreficld. 
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GOLOVKO, A. V., TOLMACH£VA, E. V. and ORLOVA, \1.P., 1998. T-P-gcochemical investigations into the shonkinitcs of the various facics m the 
Kara;hakho pipe (western Uzbekistan) (abst.)· Second APIFIS lnt'I. Symp. Mineral Fonnrng Fluids and Ore Genesis, Oct. 28-30. 1998. Tashkent. Uzbek•· 
stan. Abstracts volume, p. 43-44 (m Russian). Fust and second author at State Committee on the Gcol. and Mineral Resources of Uzbekistan, Tashkent; 
third author at VSEGEI. St. Petersburg. 

The Karashakho Pipe consists of two bodies (north and south) made up of olivine shonkinitcs of various facics: porphyroid shonkinitcs (PS) in the 
north. and shonkm1te•porphyries (SP) in the south. PS contams large xcnocrysts of chromc-diopsidc with phcnoaysts of chrome-spincl and magnetite and 
segregations of olivine, 1itanaug11c, and K-feldspar, comprising 4045%. The groundmass 1s made up of crystals of clinopyroxcne, biotitc, and K-fcldspar 
laths. SP also conwns xenocrysts of chromc-diopside. but besides the chromc-sp1ncls and magnetite in them, wc have noted moissanite. The phenocrysts 
(30-50%) consist ofutanaugitc and olivine. The groundmass consists ofmicrocrysts ofclinopyroxene. magnetite, laths ofbiotitc, and isometric. and less 
commonly, elongated grams of K-fc:ldspar. 

The I ofmineral-formmg media have been examined in the chromc:-diopsidc xcnocrysts and in the tnanaugitc phenocrysts in both PS and SP. In the 
fonner. the chromc:-diops1dc contains an exceptionally large quantity of PI ofM of irregular shape: its crystallizalion had been rapid. The I have dimen­
sions of 0.002-0.02 mm and consist of devitrificd glass (20%). a fine-grained aggregate of acicular. dark, opaque crystals (SO-lo). and a brownish-red plco­
chroic mineral (30%). diagnosed as biotite. The Th of the I of this kind into M is I 260-1270°C. Secondary I of M have also been observed. confined to 
cracks, transecting the chron)c-diopside grains. and consisting of glass ( 40%). an aggregate of an acicular dark mineral ( I 0%). and an idiomorphic pris­
matic crystal of clinopyroxcnc Such I occasionally contain a crystal of magnetite and a visible F phase The disttibution of these I in the chrome-dJOpsidc 
and their composition arc typical of S I. formed dunng interaction between chromc-diops1de and M. 

The titanaugite phenocrysts in PS contain a few short chains ofP I ofM and later F. highly-<:0ncentrated water-salt I. Within the chains of Ml. there 
arc isolated Fl. which indicates degassing of the M dunng the process of crystallizalion of the titanaugitc. The Ml consist of glass ( 80-/, ), grains of a dark­
colored xenomorph1c mineral. and an aggregate of an acicular brown mineral. Xenogcnic magnetite 1s often present Their Th into M is I 120-1 I 3S°C. 
The water-salt I consist of two varieties. The earhest contain two salts (one of which is NaCl). comprising up to 20% of the volume of the I. a xenomorphic 
carbonate. and someumcs magnc111c. The later I have a water<arbonate composition. The Th of the water-salt I varies within a wide range (S20-610"C). 
while the highcst-T I contain more NaCl. and the lowcr-T forms have been enriched in carbonate. 

The chromc-diopsidc xenocrysts m SP have revealed numerous Ml and I of chrome-spine( and mo1ssanite crystals. In the central ponion of grams of 
Ml. they have an oval shape, and their dimensions arc 0 02-0.01 mm. They consist of glass ( I O"/e), several laths of a translucent mineral and an aggregate 
of an acicular mineral. In these I there is sometimes an anomalously large (up to 20"/o) F phase, but the grca1er pan of such I has been exploded and is sur­
rounded by a halo of submicroscopic Fl. which points 10 the high F-saturation of the M during crystallization of the chrome-diopside. The Th of these I 
(without a visible F phase) mto M is I 2S0-l 260°C. The quantity of I increases toward the grain periphery, and their shape and composition change· they 
acquire an irregular. vermiform shape, often ·unlaced', and consist of glass (30-/e). a reddish-brown mica (biotitc). a large pyroxene crystal ( I So/o), and of• 
ten a xcnogcnic magnetite. Homogenization of such I takes place in the I I 70-1240°C interval. These da<a indica1c that the I under consideration in the 
chrome-diopside arc S and their formation is a consequence of reactive intcrac1ion bctwccn chrome-diops1de and the M. 

The titanaug11c phcnocrysts m SP contain Ml. the degree of crystallization of which varies within wide limits and regularly diminishes from the center 
toward the periphery of the grains. which is typical of crystallizauon during the ascent of a magma. The I m the center of the grain have dimensions of 
0.001-0.0 IS mm. an isometric but often irregular shape, and consist of glass, a prismatic anisotropic crystal of pyroxene. and a F phase. and in the periph­
eral area. they consist of glass and a finely-crystalline aggregate. In the chains of Ml. distributed in the peripheral portion of the tilanaugitc grains. wc often 
observe F. G, and less commonly GLI. often with xcnogenic magnetite. The P. determined from a G-L water-sail I. amounts to 1.5 kbars. Th of the Ml 
varies wuhin the 1200-121 O"C interval. Moreover. the titanaug11e contains chains of later primary-secondary I of melt-brines. consisting of a variable 
quantity (from Sup to 90%) of carbonate. an acicular dark-colored mineral. and a finely-crystalline aggregate. Within these chains. there arc I of exclu­
sively carbonalc composition and those of carbonate with a thin selvedge of a water L phase, which is probably the consequence of demixing of the original 
M into sihcate and carbonate forms. 

3. [sic) thermobarogcochemical studies have shown that: 
I ) the chromc-<IIOJ)sidc xcnocrysts in PS and SP crystallized at similar T and have P I of similar composition. which suggests a common magma1ic 

focus for them. 
2) the evolution of the portions ofM (original for SP and PS). which separated from the magma. was varied; the differing F-saturation of the MI in the 

xenocrysts of PS and SP indicates that the portion of the overall magmatic focus most enriched in F were the original magmas of SP, whereas those of PS 
were depicted. 

3) the crystallization of SP was probably accompanied by demixing of the magma into carbonate and silicate components, which could have led to the 
formation of complementary carbonatilcs. 

4) during the process of crystallization of SP. a hydrothermal system could have been fonned. which led to the formation of the carbonate rocks of 
hydrothermal-metasomatic ongm 

ISMAILOV, M.I .. BABAZHANOV. A.A. and LEBEDEVA, S.E .. 1998. The rare-metal deposits of western Uzbekistan based on thcrmobarogcochcmi­
cal data from ore quanz (abst): Second APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Genesis, Oct. 28-30. 1998, Tashkcnl. Uzbekistan, Abstraets 
volume. p. 85-86 (in Russian) Authors at lGG AN Uzbekistan. Tashkent. 

In order to clalfy the physicochcmical parameters of the process ofW-Mo ore-fonna1ion in skarnoid • rare-metal deposits (lngichka. Yakhlon. Koi­
tash. Lyangar. etc.) of western Uzbekistan. the authors have employed the results of personal obscrvBlioos oo ore quartz of various generations. and also 
similar data of Kh.N. Ba1mukhamedov and A.T. Razykov ( 1986 ). 

II has been established that the W-Mo kmd of mineralization has been formed as a result of the appearance of quanz I • amphibolc II • schcclite Ill, and 
quartz II - molybdenite - scheehte IV of the typomorphic paragcnctic associations of the acid phase. introduced into skams, skarnoids. calcareous and mag­
nesian formations. homfelses. granito1ds. and into other rocks. 

Thcrmobarogcochcm1cal investigations into quanz I and II of the Koitash deposit demonstrate that in quartz I there arc P. two-phase (G and L), 
rounded I. measuring 3-5 µm. PS I. single- (l) and two-phase (G« L). elongate or oval-doogatc in shape, and measuring 3-5 µm. arc homogcnii.cd into 
the L phase at 410-380-C (average of 3 analyses) with decrepitation at 440-380°C. which is 30"C higher than the homogenization interval. and pH=S.4. 

In quartz 11. there arc two kmds of P I: (G« L) and multi-phase (G<<L+S), where the solid phase has the form of a cube. a prism measuring 1-2 µ.m. 
and even an I of oval~longate. weakly-rounded shape. mcasunng 6-10 µm. The solid phase consists of ore minerals. The L phase in quartz II has a Th of 
260-280°C (average of7 analyses ). and according to the dccrepnatioo data. 280~20"C. which is 20°C greater than the homogenization figures. and 
pH•6.9 (Baimukhamcdov & Pazikov. 1986). As the Tf of the ore quartz falls (ore formation). the ac1d1ty of the hydrothermal solutions diminishes. 

The chemical COl\lposition of GU of quartz I. determined b~ the suspension [sic I method 1s different from those of quartz II. The former is marked by 
a sulphatc-0uoridc-chloride-bicarbonatc composition. and lancr by a sulphate-chloride-bicarbonate composition (anion poltlOll). In the cation portion, we 
have discovered Ca. Mg. K and Na in amounts ranging from 0.197 mg per I 00 g/r [ sic I up 10 1.930 mg. They arc the principal prccipiwors of tungsten in 
the form of schcclite and wolframite. The concentration of these clements. especially Ca. is dependent on the medium of ore formation. Therefore. it fol• 
lows that in a limestonc-skam medium. the Ca concentration is significantly greater than in a magncsian-skarn medium. Consequently, for the deposition 
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of schcehte. the most favorable is the limestone-skam medium. which also explains the increased OK-capacity of this associa1ion of rare-metal deposits of 
western Uzbekistan as compared with the magnesian-skam ca1cgory. 

Moreover. the chemical composition of the GLI of OK quartz of varying generation in the deposits at Lymip, Koiwh. lngichka, and S81)1aU has been 
examined on a VD-4 vacuum dccrcptometer (IGG AN) Uzbekistan. analyst S.E. Lcbcdeva) by the G-chromaiography method. The results have sho~11 Iha.I 
the chemical composition of the aq extracts 1s marlced by the presence of water, CO. CO2. and C~. 

During a comparison of the averaged total amounts of individual components in the deposit, a pancm has emerged which indicates that the average 
content of Hi(), CO2, CO and CH. (in moVkg in H2O) in the make-up of the GU in quartz increases from the lngichka deposit, which had formed under 
deeper (3-4 km) mcsoabyssal conditions to one side of the Koitash and Lymigar deposits. generated in shallower (2.S-1.S km) hypabyssal parts of the crust. 
determined by the facies nature of the individual intrusive massifs and the above-llOled deposits associated with them. 

The comparative dala. based on T-P-geochcmical investigations into ore quanz.es I and II of the W deposits of western Uzbekistan and foreign coun­
tnes, dcmonstrale that the ore process, that is, the formaiion ofscheeHte and molybdenite, took place within the T range of 420-240°C with a pH valuc=3-
7.4 This indicates that the W deposits of western Uzbekistan belong to the high-T category. The medium-T W deposits of Dae-Hva (South Korea), Pasto­
Buena (Peru). and Panasquera (Ponugal). according to the homogeniz.ation data for the GU of ore quartz, were formed at 200-23S°C. 

KHALM KHAMEDO\', T.R., ISL..\MOV. F.I .. ZAIRI, N.M •• KONtEV, R.I., MEKHMANKHODZHJ\EV, A.D., ZHUAAEV, A.Zh. and GERT• 
MAN, Yu.L., 1998, The formation of gold-ore mineralizauon in the Kairagach deposit (abst): Second APIFIS lnt'I. Symp. Mineral Forming Fluids and 
Ore Genesis. Oct. 28-30. 1998, Tashkent, Uzbekistan. Abstraets volume, p. 131-133 (in Russian) Authors at Geological and Geophysi~al Party ·Tashkent• 
gcologiya". Tashkent. 

In recent times. the methods ofthermobarogeochemisuy and isotope geochemistry have anracted special attention for resolving problems of recon­
struction of the physicochemical conditions of ore-deposition. prospecting. and forecasting concealed gold--0re. 

As exemplified by the study of sectors of the Central and ChukurkOtan (generalizing the section along 11-11) deposits at Kairagach. we have obtained 
several physicochemical parameters (Td of quartzes and other mineral associations: sulphur isotopes of sulphide and sulphate minerals. carbon isotopes of 
the carbonates and oxygen isotopes of the quartzes: IR-spectroscopy of quanzes. etc.). The analysis and correlation of these investigations have enabled the 
authors to formulate an isotope-geochemical model for the formation of gold-<>re mineralization in the Kairagach deposit. individual events in which arc 
expressed as follows: 

I. The T interval for the formation of mineralization is 200-400°C. and for the richest gold-associations. 210-300°C. The principal mineralization in 
the Central sector has been formed at 230-300°C. In this case. the high-T zones (Tav.,J00°C) form series of linearly-extended zones of diffenng tlllckness, 
of which the thickest has been traced along the level of the present erosion surface. Three others seemingly trace out linear zones of influx of generating 
systems and have no surface outcrop. The mineralization formed at T-300°C has been regularly altered by a lower-T mineralization with Tav .. 230°C, and 
the section ends along the Central sector with an ore-formation Tav,_200°C. 

A characteristic fearure of the section in the Central sector 1s the presence in it of deep horizons of mineralization, formed at Ts.200~. which is normal 
for the near-frontal ponions of the deposit. Similar characteristics have been identified in the Chukurkotan sector. within which a near-frontal ponion of a 
concealed OJCbody has been discovered. 

In general. in the Chukurkotan sector, we may noic a series of high-T portions of the zones of mineralization (Tav-JSO"C). which crops out on the 
surface at the present erosion level. An analysis of the erosmn surfaces of the sectors of the deposit examined. based on the nature of the distribution of the 
T-gradient. indicates the extensive eroded nature of the zones of mineralization in the Chukurkotan sector as compared with the Central sector. 

2. An analysis on T" - OJ.IS coordinaies demonstrates the presence of a definite correlation between them, with a clearly-defined tendency toward iso­
tope ·hghteni~' of the sulphides along the gradient of the T field. varying from 270 down to I 70"C, which indicates a mutual dependence of change m the 
vanauon of 6- Son T° of the regime. 

During consideration of the trend in the evolution of the ore-forming system in the deposit. we have constructed diagrams on various coordinates. 
which enable us to determine the relationship between the various parameters of the system - T°, the amount ofwaier. the C02/C~ and CO2/H2O ratios. 
the isotope composition (estimated) of oxygen in the water from hydrothermal solutions that panicipatcd in the mineral-formation. The overall trend m the 
change in the CO/CH. ratio of the mineralization in the deposit is a regular increase in that ratio from the high-T area of OK deposition (:tl20 - :tl70°C) 
towards the low-T area t<2 l 0°C). The CO2/CH. ratios in the initial phase of ore-deposition are marked by relatively stable values. but a marlced change m 
this parameter (from 50 to 200). ,s synchronized with a drop in T0 of the regime. It is interesting to note that precisely in this area there is a symbiollc in­
crease in the COz{CH., ratio. whereas in the interval of CO2/CH,• l 00-150. there is a progressive increase in the water content. 

The changes in the redox reacuons in the F systems (except for the T° • Eh parameters) arc a determining factor in the precipitation of gold from solu• 
tions. The results demonstrate that the bulk of the gold is precipitated in a tlveshold change with the COz/CH.a ralio ~50. A similar result is also obtained 
by a threshold change of CO}l'CH., at the value of >O 25. when the bulk of the metal is precipitated. 

3. The sulphur-isotope model of the evolution of the ore process is based on the appearance of a vector of the trend of concealed sulphur-isotope zona­
tlon and the narurc of sulphur fractional ion 'during the formation of sulphide complexes The overall tendency. determining the trend of evolution of the 
sulphur-isotope zonation is a regular accumulation of 632S in the low-T area of sulphide-formation. with a vector of zonation of o3•s Tav,.300"C z 

+4.S:t0.0S'6o ('f:tl70"C) _. 6HS Tav,.,300°C • +2.5 ± 1.09'. (T•220"C) ol-1S Tav,.300°C = +0. 7~ l.5'6o (TS 190°C). 
The zonation obtained indicates that the evolution of the F systems is accompanied by an increase in its oxidation propenics in the low-T area of orc­

deposition. An mdicator of this process is the steady increase in the C~H., ratio, 
A cenain dependence has been estabhshed between the nature of the distribution of the variations in oJ~s of the sulphides. More than 80% of the gold 

content from 0.001 up toO.I ppm occurs in sulphides with o3'S from 6.0 to 3.0. whereas with Au concentrations from 0.001 up to IS ppm (>70%). 11 var­
ies from 0.8 up to 15 ppm m sulphides with 0·1.1s ■ 3.0-l .0'6o. The sulphur-isotope model in two adjacent sectors of the deposit is somewhat different, but 
wtth an overall pattern in the evolution of 63-IS from the near-root ponions of the zones toward the near-frontal ponions. 

4. In comparing individual elements of the physicochcm1cal and isotope-geochemical zonacion. it is seen that the revealed panems arc identical both 
for T° -C01lCH., and also for 6J.1S. which is an additional criterion for affirming their interdependence. Differences in the two adjacent parts of the deposit 
arc expressed in the clear manifestation of fragments oflhe near-root ponions of the zones (6nS>6.0%o) on the level of the present surface of the Chu­
kurkotan sector. and in the Central/near-frontal zone. The picture obtained may be explained by differences in the levels of the erosion surface. and in the 
invesugated fragments from the deposit 

Similar investigations. conducted within the Kyzylalmasai. K~-zyldinsk. and Kochbulak orelields have enabled us to substantiate the possibility of 
using a set of 1sotope-gcochem1cal methods m the interests of research and diagnosis of concealed and buried gold«e prospects. 

KHA:\IRABAEV, J.Kh .• AKHl1NDZHANOV, R.. llSl\lANO\: A.I. and KOZLO\: v.,:. 1998. Ideas about the genetic assoc1auon between magma­
usm and mineralization based on a study of solid micro-inclusions in rock-forming minerals (abst.): Second APIFIS lnt'I. S)mp. Mineral Forming Fluids 
and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbekistan. Abstracts volume. p. 62-64 (m Russian). Authors at Kh.M. Abdullacv Inst. ofGcol. and Geo­
phys .• Tashkent. 

The development of new methods of mineralogical-geochemical and petrographical mvestigation and the construction of high-resolution and precisio.n 
apparatus will enable us to study the material composition and structure of minerals more closely and to formulate more up-to-date ideas about their ongin. 

165 



Fluid Inclusion Research Volume 31. 1998 

One such method is the slUdy of sohd micro-inclusions in rock-forming mmerals. Solid micro-inclusJOOS arc the object of the science of m1cromincr­
alogy (L.V. Tauson. 1988; G.M. Chebotarcv. I.Kh. Khamrabaev and R.l. Koneev. 1986. RJ Koneev. O.K. Kushmuradov and A.Kh. Turescbckov, 1994, 
etc.) Along with Fl, they contain informauon about lhc maicrial composition and the history offonnation of the rocks and ores. Using the ore microscope 
and the new JEOL JXA 8800R electron m1croprobc, we have been able to examine solid micro-inclusions in rock-forming minerals of magmatic rocks 
from the Muruntau gold-<>re deposit (Navonskaya Obtasn. the Kal'makyr Cu-Mo deposit (Almalyk), and the Shavazsai Li deposit (Tashkent Oblast') 
lnvestigaiions along these lines are being carried out III IGG AN Uzbekistan for the first time. Along with solid micro-inclusions in rock-fonning minerals, 
to considcralioo of which the present repost as devoted. we have made a series of invesugaiions based on a study of the compos111on of volcanic glasses. 
and glass (M) I in thin sections A.A. Kustamikova and A.I. Usmanov have produced a report about these results. We arc in the initial stage of such work, 
Therefore, along with undoubtedly important results in theoretical and practical respects. a mass of unresolved problems have arisen. 

In quartz and partly in plag1oclases from leucocra1ic granites from the concealed Muruntau granitoid intrusion of Pcnnian age. intersected at a depth of 
4005-4300 m by DH SG-10(1.Kh. Kha.mrabacv, Yu.N. Zucv, P.T. Azirnov, and LP. Sidorova. 1994, G.I. Nasyrova and 1.Kh. Khamrabacv. 1996) along with 
translucent radioactive accessory mmerals (thorite. monazite and uraninitc), we have discovered and slUdied opaque ore minerals (arscnop)TIIC. sphalerite 
and magnetite) with the aid of the microprobe. Under the microscope, along with the mmcrals listed, we have diagnosed native gold and a cmbonaccous 
substance (graphite?) (2.1. Khamrabacva). Thus, in almost unaltered granites. neatly all of those o,c and g.angue minerals charactenstic of the Muruntau 
ores have been found in the grams of quartz and plagioclase. These minerals occur in the form of minute micro-inclusions ranging in size from 3-4 up 10 S­
I O microns. They fonn streaks and m1cro-111tcrcalations of two ages: the earlier have the shape of a necklace, whereas the la1er ones arc like crack fillings 
in which the ore minerals arc associated with carbonaceous matter. 

As is well-known, there is no unique view as to the origin of the Muruntau deposit. One group of specialists (V.G. Gar'kovcts. S.T. Badalov. ct al ) 
regard it as a sedimentary-<:pigcnctic deposit The role ofmagmatism (especially gramto1d intrusions) has either been ignored or is confined to thennal 
activity (L. Drew et al .. 1998). Another group (S.D. Sher. VJ. Smimov. l.Kh Khamrabacv. ct al.) behcvc it to be postmagmatic, associated with grani101d 
(Late Carboniferous-Permian) magmatism This indicates thal the effect of the gram101d mtrus10n has not been limited to thermal activity. but was also 
geochemical (material) in nalUre. At the same time. the presence oflatcr micro-inclusions. their distinct association with crushing m the rock-fonnmg 
minerals. and also the presence in them of carbonaceous matter, points to a more complicated rather than a direct genetic character of the link between gold 
mineralization and this magmatism. 

In the Almalyk ore region, m the quanz and feldspars from the weakly-altered syemte-dioritcs ofKal'makyr (Almalyk), we have discovered micro­
inclusions of pyrite. hematite. chalcopynte. and sphalerite. forming a fine segrcgaJ1on and micro-vein lets. We have studied the highly~onccntrated S Fl m 
the rock-forming quartzes and K•Na feldspars from altered dioritcs (C2) and quanz-porph}Tlcs (P2-Tr) of the Kal'malc)T and Sary-Chccku deposits. In a 
number oft. these minerals arc accompanied by small grains ofhematllc and chalcopyntc (Fig. I) [not suitable for reprinting here), 

It is evident that the relicts of chlondc-cnriched alkalies and ore components of the ore-forrmng F have been responsible for the formation of the 
Kal'makyr and Sarycheku deposits. Fl, similar in composition and salt concentration with a Th up to 8SO"C, are typical of other porphyry-copper deposits 
of the globe (E. Roeddcr, 1984). 
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Fl arc relicts of mineral-forming media. and they allow us the umque possibility of studying earlier-extinguished hydrothennal ore-forrmng systems. A 
vast number of publications have been devoted to their slUdy. and without the aid of the quantitative information obtained from them, it would not have 
been possible to make a serious investigation mto the ongin of the deposits. The methods of studying Fl arc being constantly perfected and rapid progress 
may be readily traced in the data emanating from the annually-alternating conferences ofECROFI in Europe and PACROFI in North Amenca. This also 
applies both to the traditional methods of opucal microthcnnornclry. and also particularly to the methods of quantitative analysis of their composition. The 
main difficulty m such investigations is the size of the I. only in rare cases exceeding 15-20 µm and the extremely insignificant quantities of the matenal 
enclosed withm them. This dictates the necessity to use the highcst-resolvmg and most sensitive methods for their analysis. The most pressing requirement 
is a local analysis of actual Fl. In order to study their compos111on. we must use the most modem methods of local analysis. namely, laser Raman spectros­
copy, ISP-mass-spectrometry with laser ablauon. sources of s}nchrotron radiation. etc. The use of high-resolution mass spectrometers and laser ablation 
make it possible to determine the Rb-Sr absolute age from the Fl. The method of electron-probe microanalysis, ensuring unique possibihucs of studying 
previously opened vacuoles in Fl. has not lost its value. The more traditional ·bulk' methods of analysing Fl (the analysis of the salt composition based on 
aq extracts and the analysis of the G composition), still continue to be employed and brought up-to-date. 

Recently. a collection of modem equipment has been set up in the Inst. ofGeol. and Geophys .. pennining reasonable opponunitics to investigate Fl. 
In order to determine the Th and freezing T of the Fl. we have employed a microthermomctry system, including: 
I. A Nikon Opiphot Pol 2 optical microscope. equipped wuh Nikon SLWD objectives with a large focal distance (2 cm [for the) 20X objective) and a 

vidcocarnera connected 10 a computer: 
2. A computer-controlled Linkam THMSG-600 cryothermocamera for conducting high-precision (±0. l°C) measurements in the range from -196 up to 

600°C. In the cryothermocamera set, there is a program provision for obtaining and treating images with the microscope videocamcra, and also for docu­
mentation and analysis of the thcnnornetcr data of the Fl. 

3. A Linkam TS-1500 high-T camera designed for studies at T up to 1500"C and applicable lo the study of Ml. 
The study of the composition of the Fl is achieved by two methods· 
A JEOL JXA-8800R soode microprobc. capable of operating as a scanning microscope and equipped with a Link ISIS-300 energy-dispersive spec­

trometer for analysing the dm of the Fl. and also saline sediments after evaporation of the Fl (Table I ). With its aid. we have obtained valuable mfonnation 
about the composuion of the earliest. presumably magmaiogcnic solutions. which took part in the formation oflhc gold-<>re deposits at Muruntau. Chadak. 
and Kochbulak. and the porphyry<oppcr deposits in the Almalyk region (Kal'mal.-yr and Sarychelrn). The principal role in the composition of the solu• 
tions in the porphyry-copper deposits was played by Na and K. and high concentrations of S. Fe. and Cu ( in the make-up of the daughter phases of chal­
copyrite and hematite. Fig. I), have been identified. The Fl of the highly<oncentratcd early solutions of the Muruntau deposit have been enriched in chlo­
rides of K and Na. and to a lesser degree. with chlorides. sulphates. and carbonates of Ca. Mg. and Fe. Chlorides of K. Na, Ca. and Mg played the principal 
role in the composition of the ore-forming solutions of the epithcrmal deposits at Kochbulak and Chadak. A number of unusual dm m the Fl have been 
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Table I. Chemical composition of dry precipitates of salts and daughter minerals in vacuoles of nuid inclusions. 

Elements Remarks 

j Na Mg s Cl K Ca Ti Mn Fe Sn Pb 

Chadak, Fis of skarnoid phase 

20.7 21.1 3.2 55.0 Dry precipitate in vacuole 

18.8 20.5 3.1 18.3 39.3 Dry precipitate in vacuole 

43.8 4.3 52.0 Dry precipitate in vacuole 

41.6 58.7 Dry precipitate in vacuole 

Kochbulak, Fis in quartz of Au-T, productive phase 

5.2 36.1 56.8 2.0 Dry precipitate in vacuole 

4.9 46.6 47.9 0.6 Dry precipitate in vacuole 

25.3 19.2 14.8 18.2 22.5 Dry precipitate in vacuole 

32.0 29.5 38.6 Dry precipitate in vacuole 

3.3 47.2 49.5 Dry precipitate in vacuole 

9.2 46.5 44.3 Dry precipitate in vacuole 

Muruntau, Fis of Au-arsenopyrite-scheelite-quartz veins 

14.5 10.8 7.9 22.9 24.7 9.0 1.9 8.3 Dry precipitate in vacuole 

22.3 11.6 11.2 23.8 10.7 2.1 18.3 Dry precipitate in vacuole 

31.0 16.0 3.3 49.7 Dry precipitate in vacuole 

2.4 1.4 1.0 28.9 35.8 13.4 9.7 7.5 Dry precipitate in vacuole 

7.6 11.5 3.2 11.9 18.2 6.5 41.1 Dry precipitate in vacuole 

5.8 3.8 1.2 35.8 44.2 2.4 6.9 Dry precipitate in vacuole 

11.S 2.2 2.5 40.9 21.2 I 2.1 9.6 Dry precipitate in vacuole 

Kal'makyr, secondary Fis of porphyritic quartz segregations 

25.2 1.2 45.0 9.2 1.4 2.5 15.4 Dry precipitate in vacuole 

27.1 2.4 33.7 6.5 1.6 3.4 25.4 Dry precipitate in vacuole 

7.1 15.5 2.8 5.0 69.7 Dry precipitate in vacuole 

0.1 3.6 45.4 45 .6 0.6 1.0 3.8 Dry precipitate in vacuole 

24.6 14.1 4.3 0.7 0.3 56.1 Dry precipitate in vacuole 

10.0 50.0 35.7 Sylvite 

38.6 61.4 Halite 

36.6 62.8 0.6 Halite 

35.3 0.6 61.4 0.7 0.4 0.0 1.5 Halite 

0.2 32.2 9.4 58.2 Pseudocotunnite 

0.4 32.0 9.5 58.2 Pseudocotunnite 
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identified• Stibarscn [SbAs) (Kochbulak), a Mn chloride (scacchite) (Chadak). and a chlonde ofK and Pb (J)seudocotunite) (Kal"mak)T). 
An analysis of the tnplc aq extracts from Fl of minerals has been carried out by the mass-spectrometric method with an inductively-coupled plasma 

(Pen.:in Elmer ELAN~OOO ISP mass-spec11ometcr). The advantage of this method is the exceptionally higt, sensitivity (order of0.01-0.001 µg) and the 
poss1b1lity of analysing not only the principal components of the I (K. Na. Mg. Cl. etc.), but also the minor components. Additional possibilities arising 
from the increase in sensitav•ry of the analyses from micro-volumes of the aq extracts as ensured by the system of input of the sample into the plasma with 
the aid of electrothermic atomization, We are currently developing special methods of analysis of aq extracts from local groups of Fl, supposedly collected 
an the transparent sections or grains of tranSlucent minerals. This enables us to avoid difficulties in inlcrprewion, cypicaJ of the bulk analysis of several 
generallons ofFI present in the sample. 

Figure I Daughter minerals (halite, chalcopyrite. and hematite) in a vacuole of a Fl in a porphyritic segregation of quartz., Kal'makyr deposit. Photo­
graph an secondary clcc11ons. JEOL JXA-8800R. x 800 (not reproduced here]. 

See Table I. 
The analyses were carried out with the aid of a JEOL JXA-8800R microprobc and a Link ISIS-300 ED-spectrometer in fresh crushings of quartz. 

spray-coated with a conducting layer For comparison. we used samples of NaCl. KCI, CaSO,. MgO. CaCOJ. Ti. Mn. Fe. Sn and Pb. In a number of 
analyses. we discovered a deficit in anions which is associated with the absence of any possibihty of analysing clements lighter than Na (C. 0. F, etc ). 

NERONSKY, G.I., 1998. The compositional features of gas-liquid inclusions in native gold from the upper Amur Province (abst.): Second APIFIS lnt'I. 
Symp. Mineral Forming Fluids and Ore Genesis, Oct. 28-30. 1998, Tashkent, Uzbekistan, Abstracts volume, p. 105-107 (in Russian). Author at Amur 
Group Research Inst. (KNII) of Far Eastern Div. of Russian Acad. of Sci .. Blagoveshchensk 

The Upper Amur Province is situated in the zone of the southeastern environs of the North Asian Craton and includes the Stanovoi. Dzhagdinsk. and 
Burcya distncts. which correspond lo the various structures with a specific mctallogeny. Gold is the clement in common for all of the mctallogenic dis­
tncts. In order to decipher the cond1110ns of formation of the gold-ore deposits, it is important to have evidence about the composition of the F, relicts of 
which have been encapsulated in the GU of the minerals. They enable us to judge the associational category of the ores, the mineral kind of mincralil.8• 
lion. the depth of the orebodies. lo differentiate between the productive and ganguc phases. to solve the problems ofhorimntal and vcnical zonation of the 
deposits. and to recognize the enriched sectors of the orbodies. etc. (Lyakhov. 1988). 

Mosely. in order to resolve these problems. we use the composition of the GU in productive quanz and the results arc distributed to the ore minerals. 
In fact. the gold in the ores is precipitated after the quartz and. naturally, under other physicochem•cal conditions. 

A comparative analysis of the composition of GU in gold. cassiierite. and productive quartz in some deposits in the Far East has shown thal the d•vcr­
s•ty in composition of the F in the quanz and ore minerals is substantially different. This indicates the invalid nature of 11anfcrring data on the composition 
of I in productive quanz to the composition of I of ore minerals associated with 11 (Moiseenko & M1ronyuk, 1989). 

On the basis of the bulk composition of I in native gold. a regular change in the F regime for the monotypical gold-ore deposits of the Transbaikal1an, 
Amur, S1khotc-Alin ·, and Sea of Japan blocks has already been identified (Moisccnko &: Sorokin. 1988). 

At the same time, within the Upper Amur metallogenic district (Amur Block) for each of the mctallogenic zones, both ore and placer gold have been 
distinguished on the basis of morphology of the grains. grainsize. assay, trace-clement compostllon and quantities, paired correlation of the amounts of 
additives. internal structure, and Tofvacuum decrcpitation. These features of gold arc dependent on the manifestation of gold mincraliza<ion ofvanous 
mineral and associational types. 

Because the ore deposits in the Amur region are isolated. the study of the compos1taon of the GU in the gold from different mctallogcnic dislriets re­
quires us to use gold from placers from nearby drift on the sites of its intense inflow into the alluvial deposit with its ore aspect. In such gold, the GU arc 
completely preserved. As a result, it has been established that in each metallogcnic district, the F regime of formation of the gold-ore deposits has its own 
pecuhanty (Table I). 

During the study of the internal structure of the gold. 11 has been established that the crystallizauon of 1ts grains took place in several stages: early-ore. 
producuve. and late-ore, This is emphasized by lhe difference an structure and composilion of the various phases of the gold within a single grain. and the 
multimodal graph of the vacuum decreptograms indicates a change in Tc. 

In order to clanfy the evolution of the F composition. the author for the first time used a stage-by-stage opening of the GU in the gold in accordance 
with the T d. From single analyses. a clear increased concentrauon of salts and G during the producuve phase of crystallil.81ion has been identified, and the 
cocffic•cnt of F o,cidation increases dunng the late-ore phase. 

Thus, the dctennination of the F regime of gold crystallizallon and the evolution of its composition proceeds expeditiously through the phases of crys­
talhzation in accordance with its T d. 

PARILOV \'u.S., 1998. Tests for determining the sources of ore-fonning fluids based on the chemical composition of solutions in inclusions (abst.): Sec· 
ond APIFIS lnt'I. Symp. Mineral Forming Fluids and Ore Genesis. Oct. 28-30. 1998. Tashkent. Uzbekistan, Abstncts volume, p. 27-30 (in Russian). 
Author at Inst. of Geological Sea., Alma-Ata. i-.:azakhstan. 

A knowledge of the source of ore-fanning Fis essential in making mctallogenic forecasts and forming a scientific basis for prospecting individual 
regions and orcbodlCS in any pan,cular form of mineral resources. From the lengthy history of the water bodies, [sic)il is imponant to obtain an under­
standing of the time interval that preceded hydrothermal ore-formation. This is related to the formauon of the chemical composition of the F, and its en• 
richmcnt an ore components. And although the subsequent processes of transfer and deposition of the ore material leave their mark. the chemical composi­
tion of the soluttons in the Fl of ore minerals must reflect the characteristic features of those conchuons m which that composition was formed. This fearure 
has also been involved in determining the sources of the ore-form mg F. 

There arc usually five such sources; I-mantle F, formed as a result of degassing and differentiation of mantle magmatic M; 2-metamOllJhic F, related 
m their origin 10 the transfonnauon of deeply-subsiding sediments. accompanied by the formation of rocks of the eclogite. granulite. and other metamor· 
phic facies; )-fluids. arising during degassing and crystallization of acid magmatic M within the Earth's crust; 4-buricd subsurface waters of marine or 
meteoric ongm; and 5-porc solutions of the country rocks. the involvement of which may have brought about metamorphism of alrtady-fonned ores and 
mobilization of disseminated ore material. At the present time. there is a great deal of information available that points to significant differences in the 
composatlOO of the volatile and salme components an the F of the various magmatic and metamorphic rocks, buried waters. and pore solutions. This in for• 
mation as summarized in Table I. 

We present some typical examples of compos1t1ons of solutions in I for each of the sources of ore-forming F (Kazakhstan deposits). 
I. TIie pyrilit•polymdallic deposits of the Ru<lnyi Altai are localized m the form of two extensive zones (Northeastern and lrtysh, along which tee• 

tonomagmatic activauon has mvolved rocks of the Earth's crust and mantle down 10 a depth of>250 km. In general, the region is marked by a high satu• 
ration an deposits of the o,e zones. an essenually pol)-metallic mineralization, localization of the orebodies in zones of increased permeability over a large 
ven1cal range. intense pre-ore metasomausm. a lengthy multiphase manifestation of the ore process, several age levels of mincrali1.ation, and connected 
with a Devo111an basalt•andesite-rhyohtic assocation. All these data indicate that the source of the ore F existed for a long time, was spatially stable, OC· 

cuSTcd at a great depth. and possessed a vast mass and energy Such a source may have been the upper mantle. which most investigators of the Rudnyi 
Alta• arc inclined 10 accept. This conclusion is not contradicted b} the results of a study of the Fl (Table 2). The Fare marked by a low water content (7· 
13¾ of the mass). and extremely high concentrauons of salts \64-700/e). among which chlorides. fluondes. and sulphates of Na and K predominate; there as 
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Table l. Composition ofGLI in gold from the Upper Amur Province 

Amount in Ouid 
mKfkg of sample) 

salts 
gases 
water 
Total fluid 

Concentration 
(mol/litre of water) 
salts 
gases 
Cl:F 
Cl:Br 
Na:K 

Coefficient of 
oxidation of fluid 

PARiLOV. Yu.S. 

Stanovaya 

38.7 
18.1 
76.2 

133.0 

48.8 
9.0 
2.0 
4.3 
2.3 

3.6 

Table l. Compositional features of Ouids ofvarying origin 

Varieties of fluids H!O/C01+CO) Salt concentration 

Mantle fluids 0.1-5 High, up to salt melts 

Metamorphic fluids of 0.4-5 Low 
eelogite and granulite 
facies possible 

Metamorphic fluids of 7-18,~50 
amphibolite facies 

Fluids of granitoid 15-20, :!.50 From low to high 
magmas of different 
origin and composition 

Deep subsurface water 100 and more Low and medium 

Pore solutions Medium and high 

Metallogenic districts 
Dzhagdinsk 

27.3 
21.4 
96.l 

144.8 

81.0 
31.0 

I.I 
3.4 
0.93 

1.3 

Bureya 

28.7 
15.9 

150.8 
195.4 

21.0 
9.1 
1.9 
2.7 
2.1 

6.3 

Chemical comoositlon 

Chlorides, fluorides 
and sulphates of Na, 
K, and ammonia 

High concentrations 
ofN2 

High concentrations 
ofN2 

Small amounts of H2S 

CO2, hydrocarbonates, 
and sulphates of Ca, 
Mg, and sometimes Fe 
predominate 

Note. The following quantitative differences in salt concentration have been accepted, wt%: low• <20, medium • 20-50, 
high - 50 and above. 
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Table 2. Composition of fluids in inclusions of minerals of the ore associations of some deposits of copper, lead, and zinc in 
Kazakhstan 

Mineral associations No. of Analyses Chemical composition offluids H~O/(CO,2+CO} 
Depo5its of the Rudnyi Altai (Ridder-Sokol'noe, Zyryanovskoe, Orlovskoe, and Nikolaevskoe) 

Fine-grained massive 
pyrite 

Chalcopyritic 

Chalcopyrite-sphalerite 

Galena-sphalerite-
sphalerite-pyrite 

Quartz-carbonate-
galena-sphalerite 

Galena-quartz• 
sericite 

Galena-al bite-
quartz 

Sulphide-quartz­
carbonate 

Sulphide-carbonate• 
barytes 

Sulphides in 
veinlets of 
Alpine type 

6 

5 

2 

13 

2 

2 

SO480Cl,fl6CO34 
H2OI IH2SI0co2S(CO,NH3,H2,N2,Ar)4M70 • • • • • • • • • • - • • · • · • • • • 

Na46K20Cal4Mgl3fe7 

so458ct,f2Sco314 

H2O7H2S I ICO28(CO,NH3,H2,N2,Ar)6M68- • • · · • • - • · • • • · · • • • · · • • 
Na33K28Ca20Fe 14Mg5 

SO466Cl,F20co314 
H2O 7H2S I 2co2 I 2(CO,NH3,H2,N2,Ar)SM64- • • • • · • • • • · • • • • · • • • • · 

Na29ca22K I 8fe I 7Mg 14 

SO462Cl,f20CO3 l 8 
HzO13HzS7CO24(CO,NH3,H2 N2,Ar)6M70- · • • • · · • • · · · • • · · · • • · · · 

Na38ca30Kl6Mgl0 

Deposits of the Zhungar Alatau (Tekeli and Yablonevoe) 

Ct.F5Sso445 
H2O70CO216( H2S.CO,H2,N2,Ar)2M12- • - • • • • • • • • • • • • • • • • • • • • • • 

Na78Mg8Ca7K5 

Alaigyr Deposit {Central Kazakhstan) 

C!,FS I SO446 
H2067H2SS(CO2,CO,NH3,H2,N2,Ar)7M2L • - - • • • • • • • • - - • • - • 

Na36K24Ca20Mg9fe8 

SO478Cl,FI ICO311 
HzO66H2S4(CO2,CO,NH3,H2,N2,Ar)6M24. - • - - ••••••• - ••• - -

Na57K21Cal7 

0.9-3.8/2.1 

0.5-1.2/0.9 

0.4-0.6/0.5 

1.5-4.5/2.8 

4.0-4.8/4.4 

20.0 

21.9 

Deposits of the Karatau {Mirgalimsai, Achisai, Shalkiya, and Talap) 

8 
CJ.f58so429COJ 13 

H2O75( H2S,q>2,CO,NH3,H2,N2,Ar)4M20. - - - - - - • - - - • - - - - • - 35-368/ 134 
Na51Ca18Kl4Mgl0 

so4 52CJ,f43CQ36 
4 HzO79( H2S,CO2,NH3,H2)4M 17. - - - - • - - - - - • - - - • - - - - • - • - - 149-407/253 

Na37Mg23Kl3NH4l lfe7 

CO3se S0423Cl,F19 

2 HzO57CO21( H2S,CO,N2,Ar)7M29- - • • • • - • • • • • • - • • • - • • • • • • • • • • 3.5-12.217.9 
Mg38Ca25Fe21Na12 

Note. In the chemical-composition formulae, the following amounts (in wt%) of HzO. H2S, CO2 and other gases, and the total salt 
concentration - M; and amounts (in eq.%) of Cl·, F·, SO42·, Na+, K•, Ca2+, and other salt components, are shown. In the rubric· 
H2O/(CO2+CO)', the numerator shows the limits of values, and the denominator, the average values. 
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little involvement of Ca. Mg and Fe, The quantity of CO2 and H2S is of the same order as water, whereas the H2O/(CO2 +CO) ratio varies from 0.4 to 4.5 
As seen in Table I. all this is typical of mantle F, 

2. The pyritic-lud-zint deposits of the Zhungar Al1rau (Tekeli and Yablonevoel. locaied within the Tekeli fold wne. have been assigned to the 
Precambrian sequence. During Caledonian and Hercynian time. movements were renewed along the zone, The galena-sphalente-pynte ores in the fonn of 
layered bodies are confonnable with the coaly-chen-carbonate rocks of the Tekeli Group. and had a hydrothermal-sedimentary and hydrothennal­
mctas0mat1c origin. The quanz-carbonate-galcna-sphalente aggregates of the hydrothennally-metasomatic ores conlain (in the I). an aq solution with a low 
sail content ( 12%). consisting ofhalogcnides and sulphates of Na: the HzO/(CO2+CO) ratio 1s 4.4. Such a (fluid I composition is typical of metamorphic 
rocks of the eclogite and granulite facies. In the deposits. rocks of the amphibolite facies immediately underlie the ore-sunounding sequence. The exis­
tence of rocks of higher metamorphic g,ades at depth has not been excluded. 

3. The Alaigyr Deposit (Central Kaz.akhstan) is located within bodies ofrhyolitic porphyries. within the contour ofhydrothennally-altcred rocks. 
Lead-isotope studies of the galena and the ore-sunounding porphyries. K-Ar dating of the metasomatites and porphyncs. and data based on the eX1111ction 
oflead from the porphyries. all point to an association between the mineralization and the acid magmatic rocks. Analyses off in the I of the ore-mineral 
associations have shown that they were formed with the involvement of aq soluuons. which contained 21-24°/o of salts (chlondcs and sulphates of Na and 
K: the values of the H2O/(CO2+cO) ratio in them is about 20. This composition of the solutions 1s not at odds with the view that the sources of the ore­
bearing F were crustal granito1d magmas. 

4. The lead-zinc deposits or the Karatau are located in Famennian and Touma1sian carbonate rocks in the form oflayered. and also cross-cutting 
vein- and lcnsoid orebodies. Mineralogical and T-P-geochemical investigations have enabled us to separate three kinds of processes of ore formation: 1-
hydrothermal-sedimentary, 2-hydrothermal in the lithified rocks. and 3-dynamometamorphic. which led 10 panial recrystallization and redeposition of the 
ores. In the minerals of the epigenetic associations. the Fl contain aq solutions with 17-22% of salts (halogcnides and sulphates of Na. K, and NH,). and 
they have small concentrations of H2S. and an extremely high HPJ(COi+CO) ratio Ion average 134-257). and a maximum of 407. All these features are 
inherent in deep buried waters which were evidently the source of the F for the lead-zinc deposits of the Karatau 

Some investigators arc inclined to consider the sulphides in the late veinlets and post-ore breccias m the Karatau deposits as a manifestation of an ad­
ditional phase of mineralization, From Table u may be seen that about 30"/o of salts are present in the make-up of the solutions m the I. consisting of car• 
bonates and sulphates of Ca. Mg. and Fe, and they also have an increased amount ofCO1, This suggests that these deposits were fonned as a consequence 
ofredcposnion of material of earlier ores involving pore solutions. m the composition of which components of the countty rocks predommate. 

Table 2-Note. In the chemical-com~osuion formulae. the following an1ounts (in wt%) ofHi().H1S. CO2. and other G. and the total salt conccntratlon­
M: and amounts (in eq.%) of Cl'. F, so.-·. Na". IC Cal". and other salt components. are shoY.n. In the rubnc · Hi0/(CO2+CO)'. the numerator shows 
the hmits of values. and the denominator. the average values. 

PLOTINSKA YA, 0. Yu, KOVALEN KER. V.A., PROKOF' EV, V. \ 'u •• and NOSH<. L.P .. 1998. The evolution and the nature of the fluid regime in the 
Kairagach epithcrmal gold-telluride deposit (Kuraminsk Mountains) (abst.): Second APIFIS lnfl. Symp. Mineral Forming Fluids and Ore Genesis, Oct. 28-
30. 1998, Tashkent. Uzbekistan. Abstracts volume. p. 133-135 (in Russian). Authors Plotmskaya. Kovalenker and Nosik at IGEM RAN. Moscow: author 
Profok"ev at A.P Vinogradov Inst. ofGeochem, (RAN Sib. Div.], Irkutsk. 

Geologic al conslru~tion The Ka1ragach deposit 1s located in the Priangrensk region on the northern slope of the Kurammsk Range within a collapse 
caldera The caldera has been filled with volcanogemc-sedimentary and subvolcanic andesitcs and andesi1e-daci1es of Middle and Late Carboniferous age. 
which were disrupted by Early Pennian diabase dikes. Propylitization and acid-sulphate metasomatism is expressed in the formation of alunitic and kao­
linitic quanzitcs. MineraliZlllion has been localized in the subven1cal and gently-dipping zones of quanzification with quanz and quartz barite veins and 
zones of brecciauon. 

Phases or miner1l-formalion Four phases of mincral-fonnation have been recognized: I) a phase of pre-ore metasomatites during which time 
berezites (quanz-pyrite-sericite-carbonate rocks) were formed: 2) a gold-quartz-pyrite or early ore phase consisting of me1asomat1c quanzites; 3) the princi­
pal ore or gold-fahlore-sulphosalt-telluride phase dunng the early stage of which an aunferous quartz-baritc aggregate was formed. and in the late phases. 
quartz-barite veins with fahlores (goldfieldue and tetrahedrite ). chalcopyrite. sulphobismuthites. and tellurides of gold and silver. and native gold: 4) a post­
ore phase consisting of quartz-carbonate, barite and gypsum-anhydrite veinlets with galena. chalcopyrite, sphalerite. and pyrite, 

Fluid inclusions Thermo-and cryometric investigations of Fl in quartz have shown that the Tf of the principal ore stage amounted to I 55-333°C (4 
samples. n= 133). and the post-ore stage, I 30-390°C (2 samples. n=53). The F were mainly weakly saline ( 1.0-6.0 eq. NaCl). Boiling of the F occurred, 
accompanied by the release of CO2 (in one of the GI. COz oflow density is present. with a Tm of-56.6"C). The P, detcnnined from I from the b01Hng 
zones ranged from 12 up to 120 bars. This has enabled us to estimate the depth interval of formation of the deposit as of the order of from 100 m down to 
1-1 ,5 km. if it is accepted that the P was hydrodynamic. According to the Te values (Borisenko, 1977). 11 has been established that the F of two kinds took 
pan in the formation of the principal ore phase: with predominance of NaCl. and with predominance of Mg-or Fe-chlorides. Dunng the post-ore phase. 
essentially K and essentially Ca F were added to them .. 

6110 of quartz and sericite The 6110 of quartz of the early ore phase amounts to +9.69 to+ I 0.39%. (SMOW). the principal ore phase. + 3.39 to 
+ I l.05'16o and the post-ore phase, +0.47±8.12%.. The 6110 of scricites from the berczites amounts to +0.8'16o. those of the early ore phase +2.3'16o. and of 
the main ore phase +5.3%o (Kovalenker ct al .. 1994). The calculations (field & Fifarck. 1985) have shown that the 6110 of the mineral-fanning F has in­
creased from -4.2%o during the phase of pre-ore metasomatites to -4.9 to -0.86%. during the early ore phase and to +3 ,47 to +0.3%o in the main ore phase. 
and during the formation of the post-ore phase 11 fell to -0.83%. ( Fig. I), The values obtained may be both the result of ennchmcnt of the meteonc waters 
in 6110 (the 6110 of water from the Paleozoic sediments in the region amounts to -8.S to •9.5%o (Chemov & Sultankhodzhaev. 1989)). and also of depleuon 
of the F of magmatic origin in 6110. as a result of isotope exchange with the: country rocks at a T ranging from 200 to 300°C. and a water/rock rau<rO. I. 

6:MS in sulphides and sulphates This factor m pyrite from the early ore phase comprises -1.4 7 to -0.64%o (CDT). in minerals from the main ore phase 
m pynte it is -S. IO to -4.54%.. and in barite it is +9 22 to +2 I.I 7%o for the early mineral associauons and+ IJ.96 to +24.0%o for the late assoc1a11ons; in 
barite from the post-ore phase. it is +6.98 10 +22,03'16o. in pyrite. +0 72 10 + l.72%o. and m galena it is -5.1 to -0.61 %o (Fig. 2). 

The marked increase of 63-IS in barite and the relatively small increase m pyrite indicate that in the F. during the formation of the ore phases. H2S pre­
dominated ••••over so/· and that the 63-IS If the F amounted approximately to +3 to +5%o(Ohmoto. 1986; Rye. 1993). which matches the isotope com­
pos1t10n of sulphur of magp,atic origin (field & Firarek. 1985). 

The lower values of o1•s in barite from the post-ore phase arc explained by the fact that barite was formed not in an acid medium. as m the ore phases, 
but in a neutral medium. where the sulphide-sulphate isotope fractionation has been intensely retarded. and possibly, by partial oxidauon of HiS as a result 
of mixing with oxygen-bearing meteoric waters. 

Increase in 630S bante with depth has been observed. which is explained by differences in the veloc1ues of cooling of the F in depth and close to the 
surface (Ohmoto & Lasaga. 1982). The T. calculated from the galcna-barite V of the post-ore phase from the lower honzons of the deposit amounts to 
293~c. which agrees with data from the Fl and indicates the existence in depth of conditions close to equilibnum. 

The combination of data from the study of stable 1s01opcs and the geochemical profile of ore mineralization suggests that the F of the Kairagach de­
posll. initially had a mixed meteoric-magmatic nature. and in it there was a predominance of NaCL During the pre-ore and ore phases. the F was gradually 
ennched in 6110 and chlorides of Mg and Fe as a result of exchange with the coun!J)· rocks. whereas dunng the post-ore phase. owing to diluuon with me­
teoric waters. 11 was depleted in 6110 and enriched m KCI and CaCh, nre u-ork was carried out w11h a financ,af grant from the Russian Fou,ukmonf or 
Fundamental /rrvestiga1tons. Grant .'vo. 98-05-64052, nre authors express their gratit11de 10 l:R. Gemlce and i:,: Pomortsev for assistance in collectmg 
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the factual material. 
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The problem of water sources in the crust and the role of water in endogemc geological processes is one of the most difficult in geology. However. m 
spite oflengthy investigations. it still remains disputable in many aspects and is exmmdy topical. Cum:nt views about this problem may be reduced 10 the 
following three concepts. 

I. Magmatism. metamorphism. and ore-formation take place mainly under the inllucnce of mantle ·trans-magmatic solutions·. according to D.S. 
Kol7.hinsky, depending on the degree of percolation through the crustal rocks. evolving in composition from originally-reduced to early-alkaline. and then 
to acid and late-alkaline kinds Moreover. the heat introduced by these solutions and released during their oxidation serves as the principal source of energy 
for these processes. 

2. The evolution of metamorphism and gra111to1d magmatism in the crust is stimulated by the heat and lluids injected into its base by mantle basaltic 
magma. 

3 The main factors in the manifestauon of most of the endogenic geological processes arc cxogcnic energy (mainly solar) and water. buried in the 
crustal rocks and remobilized dunng their progressive metamorphism. 

At the present time. serious objections arc being raised against the first two concepts. mainly as follows. The rising mantle F (according to H. Tcnnier) 
which have served as the prototype of the ·trans-magmatic solutions·. in modem parlance arc the plumes of 'hot spots' and dctennme the manifestat10n. 
not of a granitoid but of an alkali-basalt magmat1sm. both in the oceanic and also in the continental crust. Having probably served earlier as the most 
weighty arguments in favor of the existence of these solutions. the application to the granulite complexes of granitization and a lower-T metamorphism. for 
example. in the Vakhan Series of the Southwestern Pamir has produced a more logical and well-founded explanation for the mllucncc of the F released 
dunng metamorphism and the remelting of the hydrated rocks of the oceanic crust in the subduction zones. which have sunk beneath the continental 
blocks. Beyond the active continental margins, even in the deepest levels of continental crust exposed by erosion (Greenland. the Canadian Shield. etc.). 
beneath the zones of high• T mctamorplusm and granite-formation. closely contemporaneous with them. no manifestations of mantle F and basaltoid mag­
matism have anywhere been reliably identified. It has also been revealed that the mantle F consist mainly of hydrogen, hydrocarbons. and carbonic acid. 
and water is virtually absent from them. In this respect. the first two concepts arc now only of historical interest. Some historical data on equipment <level• 
opment and the workers involved 1s also given. 

The third concept is more promising for resolving the problem under considenuion. According to an assessment by AB. Ronov and A.A Yaroshev­
sky, the rocks of the present crust include 0 38 x I 024 g of chemically-combined water (H2O) with an average content of 2. 4%. According to the fonner 
author's calculations (Fig. 1 ), and allowing for the average chemical compositions of the principal petrographical types of metamorphic rocks (A.A. Mara­
kushcv). these P values in their original substrate (based on minimal estimates) were respectively 0.58 x 10'◄ g and 3.7%. Dunng progressive mctamor• 
ph1sm from the phyllite to the cclog11e facies. as a result of multiphase dehydration of the rocks, the average amount of chcmically<ombincd waler in them 
diminished by 1.3% with a water yield ofup to 187,6 k:g/m3

. Finally, this led to the release of about 3S%ofthis water with an overall mass of0.2 x 1<>2◄ g, 
which comprises 9%of1ts total amount in the Eanh (2.2 x 102

' gand 14%ofthe waters of the World Ocean). Such a gigantic amount of water (200 x 1012 

tonnes by weight and 200 M,krn1 by volume) has been involved in the cndogcnic geological proccsscs. and currently participates in the surface water• 
exchange. The seepage of water from mantle sources in this way was evidently not significant. because it was restricted by the later supenmposed zones of 
rifting and magmatism of the ·hot spots·, but it plays a major role in the formation of the oceanic crust. 

A general scheme for the behavior and role of water m the formation of continental crust may be presented as follows: 
The chemically-combined water. buried dunng sedimentation and [?) hydration m the rocks of the phyllite facics. is released during the higher-T 

metamorphJsm and fonns metamorphogenic mineralized solutions and supercnucal F. Their migration and the redistribution of matter associated with it, 
including ore components, result in local T-P-gradient fields. with relief of~ mainly in the fault and crush zones and the fonnation of ore-bearing peg• 
matitlc. quartzosc. and other veins and various metasomatnes. These solutions and F comprise a single upwardly--0pen hydrophysical system in the crust 
and the adjacent upper mantle. which is emphasized by the regular change in their composition. From a study of the mineral paragcncses and Fl. it has 
been ascertained that the proportion of water m them'in rocks of the phyllite facies is markedly predommant (0.8-0.95). in those of the granulite facics ii 
gradually diminishes to 0,2, and in the cclogite facies. it is virtually zero. which is compensated mainly by CO2• This agrees completely with the lowering 
of water yield with depth and the progressive dccarbonation of the rocks. 

In the granulite and eclogite facies. final breakdown of the hydroxyl-bearing micas and amphibolcs takes place, with the formation of dissociated 
highly-mineralized silica-alkaline F. supercritical in a marked degree. Their appearance indicates a fundamental discontinuity in the evolution of the entire 
hydrophys1cal system and in the crust as a whole. with its transition to a continental type. Because of the high energy-state. these F migrate into the over­
lying rocks of the arnph1bolite facies and detennine their mctasomatic granitization. up to the stage of formation of various mctagranitoids (gneiss-granites, 
gneiss-tonal ices. etc ). and also the inflow of energy. apparently mainly as a result of recombination of the water molecules. When attaining low-melung 
cutectoid compositions and amounts of water of the order of 2%. they undergo selective melting with the fonnation of migmatites and akmolith bodies of 
abyssal leucogranitcs After passing throu&}l the M phase of optimal volume (26-30%) and the transilion T of a•f3 quartz (57S°C). the granitil.Cd and mig­
matizcd rocks acquire increased plasticity and a capac1ry toward rhcomorphic injection of the entire mass. and fonn large diapiroid granite-gneiss domes 
and swells. 

They nse to the level of more water-saturated rocks ( 3 4-6. 7%) of the grccnschist and phylhte facics ( 4-6 km from the surface) and actively interact 
with them, In this instance. transvaponuuon of the mobilized F in the surrounding medium takes place. along with its osmotic disllllation in the migma of 
the apical portions of the granite-gneiss domes m which the water contcnl increases lo 4-5%. The physicochcmical and energy aspects of these processes 
have been substantiaied by V,A Nikolacv and VA. Zhankov. We may note only that the solution in the M of one gram of waler vapor is ace-0mpamed by 
the release of 170 calones. which e"cceds by more than twice the average heat of melting of silicates ( 75 cal/g. 1. This leads to additional warming-up and 
remelting of the rocks of the granite-gneiss domes and to the fonn111ion of para-autochtonous S foci of a relMively homogenized palmgcnic grani101d 
magma. with coohng--01f of the fonnmg ·basite · plutons. the compressed lace-0hth-hke shape of which is supported by geological and geophysical data. Its 
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composi1ion and on:-capac11y ~ mainly dclcnnined by the peuochem1cal and geochemical fea1ures of the p~nt rocks and partly by interaction with the 
surrounding sequence on the site of emplacement. The muo<luc1ion of F also ensures an increase rn volume, and as a consequence, in the dislocalion P of 
"the palingenic magma and 1ts IRJCClion into higher crustal levels. as far as the surface. with the fonna1ion of allochthonous inlJUSive bodies of gran1101ds. 
and sometimes volcamcs The release of postmagmatic F and solu1ions from lhe magma is achieved as a rcsull of its boiling and marked decompression, or 
the subscqucn1 release, depending on lowering of the T of the intrusive bodies. during three pnnc1pal phases: its polymcrizaiion, and the crystallization and 
cooling,down of the rocks. This defines the specific nature and the mul11phasc pulsation characler of the ore-fonnation associated with them. In conclu­
sion. we may note thal after the relief of stress and cooling,do\\TI of the posimagmauc and more deeply-scaled mctarnorphogcnic F and soluuons. the water 
conl8mcd in them is rcrumed lhrough ncar•surface thermal and subsurface spnngs to the hydrosphere. tenninating its complete cycle of circula1ion in the 
Earth ·s crust. 

FIG I: Graph of rock dehydralion during ~sive metamorphism. Facics of mel8111orph1sm· I) phyllite; II) grcenschist (glaucophanc). Ill) amph,­
bolite (garnet-glaucophane); IV) granuli1c (garnet amph1boli1es). V) cclog11e. Curves of rock dehydration. A) subduction cclogi1c-glaucophane; B) conti­
nental-margin charnocki1e-andalusi1e-schist types of mel8morph1sm; Cl mel8morphic complexes of the Southwestern Hissar Region; D) the Front Range of 
Kamchatlca. Abcissa. metamorphic facics; Ordinate. content of combined water (H~) 

SLODKEVICH, V.V. and SHAFRANOVSKY, G.I .. 1998. The diamondifcrous mineral association of gas-fluid origin in the Bcl'l8u suatificd pluton 
(Uzbcklslan) (abst. ); Second APIFIS lnt'l. Symp. Mmcral Fonmng Fluids and~ Gerics,s. Oct 28-30, 1998. Tashkent. Uzbckis1an. Abstracts volume, p. 
45-46 (in Russian). Aulhors at VSEGEI. St. Petersburg 

The number of discovcncs of diamonds of non-k,mbcrlitc oogin m various kmds of rocks continues to grow, which predieales the accumulation of 
data for the precise detemunation of the processes of fonnation (somelimes not tnv,al) and preservation of diamonds. The ·survival· of diamonds under 
mctasl8ble conditions ,s rcslric1ed by the readily achrcved possibililies of oxidation, solution. or polymorphism. The last siruation seems to be the strongest 
ncgauvc fae1or in their prcscrvauon in inuus,ve bodies. where condiuons of quenching arc anainablc m complex ways. leading to the fonnation of a graph­
ite paramorph after diamond. 

The accepted procedure for exposmg the apo-d1amond nature of the polycrystalline aggregates of graphite from the garnet clinopyroxenitcs of the 
Bcni-Bushera pluton m Morocco. and (sho\\TI) in a number of prospects m K87.llkhstan, Siberia. and Spain. has also been used as proof of the cxua­
d,amond nature of lherzolites (the wchrlitc-clinopyroxenitc•gabbro Bcl'tau Pluton in Uzbck1s1an (Slodkcv1c. 1987)). From the residue of thennochemical 
disintegration of a 552 g sample of a phlogopitc-plagioclase lhmoli1e. we separated 48 polycryslalhne aggregales of graphite measuring from 0.05 to 0. 7 
mm. having rhombdodccahcdral. ocl8hedral. and isomcttic habits. and also their combined fonns. The core portion of the paracrysts consists of graphite 
flakes 1exrured along four direcuons. 

From the core of one of the graphi1c polyhedra. we discerned under the binocular m1Croscopc a diamond relict (0.056 x 0.056 x 0.070 mm) with a 
weakly defined cubo-<>ctahcdral habit and a mane surface. The smoothricss of the fonns increases toward the cube edges, thaa is. being comphealed by 
arcuatc embaymenlS. The gram. weakly anisotropic under crossed nicols and 1J311slucent in uansmined light. is uaverscd by fine planar cracks. onented 
along octahedral directlORS. and beanng micro-inclusions of graphite. Under UV illummauon. there is a yellow [fluorescence). 

We were unable 10 determine the carbon-isotope composition of the diamond. bu1 for the associated paramorphoscs, 61)C is -18.4%.. Since the 1S01opc 
shifts for phase transitions in the graphi1e-diamond system arc insignificant it is suggested that there is also comspondence in the values of6°C in the 
present instance. A remarkable fcall.lre of the paramorphoscs ,s the prcscncc offullcrcncs ofC70 and traces ofC63, C68 and C75. 

Diamond has been 1dcn1ilied by the method of combination dispcrs10n oflight (CD) and laser photoluminescence (PL). The CD spectrum shows an 
intense peak at 1334 cm I with a high-frequency shift and amplification up to 5 cm·1 as compared with the parameters of the slandard ( I 332.S and 1.65 
cm-I, rcspcctivcly). In the PL spectrum. against a background of broad bands in the area of S20 and 680 run, there arc lines (wilhout background) at 503 
and 638 nm (dcfeclS H3 and 638 nm. additional 10 centre C). Their amplifrcalion indicates the high defect narurc of the crystal (which 1s also cmphasiwl 
by optical heterogeneity). associated with the presence of I impurity I nitrogen. or by stresses caused by in1emal graphitization. 

The texrural fcarurcs of diamond from the graphite paramorphosis demonstrate its significant difference from the high-P naturally-synthesized dia­
monds. and congruence with diamonds, obtained by the method of vacuum condensation from a methane-hydrogen mixture at 50 mm Hg P and 700. 
900°C (Miamoto ct al .• 1993). The characteristics of the CD spectrum (high-frequency shift of Raman lirics, anomalous amplilicauon of non-background 
lines, Md the high conccntralion of vacancies) arc regarded as a typom<>rphic feature of the analysed diamond. emphasizing its natural genetic individual ii)' 
and ilS fonnation from a waler-methane G-F phase at moderate T, low P. and high growth-velocities. The discovery of diamonds in polycryslallinc graphite 
aggregates is a unique forecast event and serves as a direct proof of their apo-diamond nature. 

A pcculiarily of the diamondifcrous phlogopitc-plagioclasc lhcrzolite is the prcscncc in it of mineral associations of P (olivine. ortho- and clinopyrox­
cnc, plag,oclasc. pargasite. phlogopite, plconastc, ilmenite. zircon. and sulphides) and introduced (calcile, phlogopitc, chloritc. prchnitc. amph1bolc. diti­
pore. scapolile. apatile. fluorite. moissanite, pyri1e, and other sulphides) !origin.) The fonner category is associated with sporadically-appearing graphite. 
and the latter with graphite and diamond. 

The place and time of appearance of minerals of crystalline carbon is determined by the following factors: I) the occurrence of paramorphoscs in the 
lower third of the section of the pluton in intcrstratificd units of phlogopitc-plagioclasc lherzolitcs, wchrlitcs, clinopyroxenites and gabbro-nontes; 2) the 
presence of diamond rclicts exclusively in the near-sole ultramafic rocks; 3) the absence of any relationship between the dimensions and habits of the 
fonns. and the topographic posi1ion: and 4) a paragene1ic association with the introduced mineral associations. Of the three rccogmz.ed G-F flows with 
chloride-lime sodic. hydrogen-methane phosphate-potash. and water-carbon dioxide alumina geochemical specializations, the most saruratcd m carbon is 
the second. The diamondifcrous mineral associalion is clearly sill.lated within the second category, filling the thin veinlelS and amygdales. 

The restriction of the apo-diamond graphite to the through zones of epigenetic mineralization and their temporal detachment from the cnclosmg min­
eral medium indi~atc fonna1ion of diamonds in the low-T -P regime of G-L infiltrating currents during emplacement of the straufied pluton m an open 
m81!Jtla chamber. Consequently, the Bcl'tau Pluton may be the first pctrotypc in which hydrothcnnal-pncumatolytic conditions for the origin of diamond 
have been achieved 

The work has been carried out with support from the Russian Fund for FUlldamental Studies. Grant No. 97-0S-64S0a. 
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SOKERINA, ~. V. and SHAN INA. S.N., 1998. Features of formation of quartz veins in the area of the Sinil' ga Prospect (abst. ): Second APIFIS lnt'I. 
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The vein-type Sinil'ga Prospect was discovered in 1984. In structural rcspcets it is confined to the axial part and western hmb ofan anuclinal fold. in 
the core of which slates of the middle sequence of the Puivinsk Group have been exposed. The rocks have been disrupted by three sys1cms offissurcs. I) 
dip to 310-312° at 80-90°, 2) dip to OO0• al 30-33°. 3) dip to 170-190° at 50-60°. 

The aurifcrous veins have a typical strucll.lral plan, sharply transecting the stratification of the country rocks. filling the uansvcrsc breakaway fissures 
(Tarbacv & Kuznetsov. 1994). The strike of these veins is sublatirudinal. with a dip to 160-180° at 50-80°. The fonn of the veins is laminar. with a thick-
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ness of from 3-5 cm up to 40-S0 cm. 
Occasionally. there are swells up 10 I m thick. The contacts with the country rocks are distinct and disrupted. The pcri-vein rocks have been mtensely 

altered by hydrothermal solutions. 
Various kinds of quartt veins have been sampled. A visual study of the GLI under the microscope has shown that the vein quartz from the conform­

able veins 1yp1cally has a small number of GU. Among them we commonly find single-phase LI. Less often we find two-phase I with a content of the G 
phase ofup to IS%. The Th of the GLI in such formations does not exceed 220-260°C, An analysis of the aq extracts has shown a relatively large amount 
ofCa2'. Hc0i·. and SO/ . According IO the chromatographic data. the amount of G in such I as insignificant. The H2O/N2 ratio varies from 4. 7 to 20.29. 
The G saturation of the rock is 4.82-128.1 mg/kg. 

A study of the GLI from vein quanz in the cross-cutting veins has enabled us to reveal some patterns typical of the gold-ore quartz of this territory. 
Chromatography has revealed a large amount ofCO:z and N2. The ratio Hi0/N2 varies from 0.97 10 18. The G saturation of the rock 1s 41.S-120.7 mg/kg. 
In the aq extracts, relatively large amounts ofCa2

', Hem·. and sol· have been observed. 
As a result of visual observation and the use of homogenization data. it is possible to recognize several stages of hydrothermal development: N2• CO:z 

and ca2', Hc0i·. and soi·. 
I. High-T stage. This is marked by three-phase I (watc:r-L CO;i-G) with a Th of 340-37S~c. while: solution of the G phase in the L CO2 already takes 

place under the influence of the microscope lamp. and homogenizauon progresses according to the second iype. The amount of L COi makes up 80%. 
2. Medium-T stage. This is marked by iwo-phase I with a G-phase volume ofJ0-40%,. Th is 2SS-29S~c. and homogenization proceeds according 10 

the fiist iypc. 
3. Low-T stage. This stage is marked by two-phase I with Th of the order of 190-220°C. The amount ofG phase is IS%. 
4. Low-T stage. marked by an amount ofG phase of the order of0-5%. with Th up 10 l65~C 
From the results of the investigations. we may reach the: following conclusions: 
I. The T interval of formation of the quanz veins in the territory under discussion is very wide, but the: forma1ion of this panicular gold-ore association 

took place m the range of340-37S°C. 
2. The formation of this prospect has involved hydrothermal solutions containing an increased amount of Ni. CO2 and cal·. HCo,-and sol . 
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In this paper, new data are presented on the nature of ore-bearing quartz-carbonate veins in some Au-Ag deposits ofKaramazar. In this respect. ideas 
about the age of the mineral iz.ation. the direction of research work. and the prospects for Au-Ag mineralizauon have been altered. The main objects of 
study arc: Nadal( and Charbi, located in the southern part of the Lashkerek volcanic structures. In addition for companson. specimens similar in origin from 
deposits al Aprelevka and Kyzylcheku. and also the Sallyatash limestones (Lower Carboniferous) with chcrty concretions, have been examined. Gcncu­
cally related objects in the Kuraminsk Range are those al Shkol'noe and Chadak. 

Detailed mineralogical investigations, carried out in the deposits at Nadal., Charbi, Shkol'noe. Aprelevka. Kyzylcheku, and Chadak. and the 
Verkhnekattakashkasai prospects. and also a study of the sections of the: Sallyatash limestones. and dolomites with cherty concretions, has enabled us 10 
obtain a new glance at the geological situation in the deposits al the above-mentioned sites. ln our opinion. the auriferous quanz-carbonate veins at Nadak. 
Charb1, and other places. are blocks. packets. and sheets of carbonate sedimentary rocks that have been altered during the process of metamorphism, and 
under the influence of ore-bearing hydrotherms. 

In the straugraphical columns at the bases of the Akchinsk and Nadak Groups, we have noted carbonate sedimentary rocks in the form oflenses, 
blocks. xenoliths. and packets. And the ·veins· e,camined are precisely located in the Akchinsk or Nadak volcanics. 

With a series of mineralogical-geochemical methods. we have attempted to demonstrate the apo-carbonatc (sedimentary) nll\lre of the auriferous 
quartz-carbonate ·veins·. The complexity of the demonstration lies in the fact that these carbonate rocks have undergone metamorphism through the injec­
tion of younger magmatic rocks, and also hydrothermal solutions. The significant role of metamorphism may be Judged from the extensive fields ofS 
quanzites developed through the Akchinsk volcanics close 10 the Verkhnekanakashkasai prospects and the Nadak deposits. A sketch of the formation of 
the auriferous quartz-carbonate ·veins· may be presented in the following form. Onto the Akchinsk and Nadak carbonate-bearing volcanics were superim• 
posed auriferous hydrothermal. essentially silicate solutions. as a result of which the carbonale rocks. frequently with cherty concretions (analogs of the 
Sallatash limestone (Lower Carboniferous)), have been transformed into silicified porccllanous rocks resembling quartz veins. In outcrop. the surface of 
these ·veins· looks like that of the Sallyatash limestones with an upper carbonate portion and ridges of chert (?). On the fresh surface. they look like quanz 
veins. The age oflhe gold mineralization. in our view. is synchronous with that of the diabase porphyntes (Mid-Permian lo early Triassic). This is con• 
firmed by the data of Lisogor & Turlychkin ( 1975) on the innoculation of the diabase porphyrites with gold. 

In interpreting the results of analysis. we must take account of the effect of metamorphism and the supc:rimposiuon of the auriferous hydrotherms on 
the carbonate rocks. 

The thermoacoustic decrepi1a1ion curves for the Nadak chert concretions differ in the lower decrepito-,acllvity and the absence of significant peaks. 
Allowing for the similar low decrepito-activity of the: chert concretions in the standard Sallyatash limestones. we can remark on the initially sedimentary 
nature of the: Nadak chert concretions. The choice of the chert concretions and not calcite for dc:crepitation studies has been conditioned by lhe false sound 
effects produced by calcite. owing to its cleavage. 

Thermoluminescence (TL) studies of the calcites from the Nadak. Aprelevka. Kyzylcheku. Chashma•Dinar and the Sallyatash Mountains have: eslab· 
lished thal they have similarities and differences. Thus. the TL curves for the hydrothermal calcites of Chashma-Dinar are marked by the low intensity of 
thermoluminescence and by the presence of two peaks at T of250 and 32S°C. and also a single peak at JIS0C. The TL curves for the Sallyatash calcites 
differ markedly from the purely hydrothermal calcites of Chashma•Dinar. The former are marked by the high intensity of thermoluminescence with two 
peaks al 235°C. 31 s•c (Sample No. 3169) and 2S0"C. 310°C (Sample No. 3168). An intermediate position in TL intensity is occupied by the calcites 
from Nadak. Aprelevka. and Kyzylcheku. In the Nadak calcites. three-quarters of the peaks occur at 70°C. 23S°C. 32S°C and 370°C. Calcites from 
Kyzylcheku and Aprelevka. collected from similar formations. are marked by two peaks. The maxima at 235 and 32S°C correspond to the radiation bands 
of the Mn"2 centre in calcite. The Jow-T peak (at 70"C) has been associated with luminescence in the lattice defects (anion complexes). The high-T peak 
has so far no definite interpretation. and is apparently associated with certain additives or additional energy obtained as a result of some processes. 

In general. from the intensity of thermoluminescence. the calcites from Nadak. Aprelevka. and Kyzylcheku occupy an intermediate position between 
the hydrothermal calcites of Chashma-Dinar and the sedimentary calcites of the Sall)'atash Mountains. Hence. the quartz-carbonate formauons of the 
Nadal. deposit could have an initially sedimentaJ) origin. ha\·ing subsequently undergone: repeated alterations. associa1ed with volcanic and hydrothermal 
activity. 

The carbon- and oxygen-isotope composil1on of the carbonates is of important and genetic-information value (Yushkin. 1986 ). For comparison. the 
results of isotope analysis have been plotted on a Taylor diagram. with additions from Plyusnin and Saver ev, The CO2 of the Nadak carbonates is not of 
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Table 2: Average amounts of water and gases in the Ouid inclusions from the nuorite of the Karabash and 
Chilten Depressions 

Amount or gases in mols/liter of water 

Deposit Mineral Association H2O, % CO2 co CH4 Total 
gases 
Ore-prospect 

Kamyshly Quartz-barytes-fluorite 0.02'93 1.4275 0.0914 0.0885 1.60 
with polymetals 

Karabau Quartz-barytes-fluorite 0.0169 0.5355 0.1355 0.055 0.7265 
with polymetals 

Kuakol' Quartz-barytes-tluorite 0.0155 0.3813 0.21 27 0.093 0.693 
with polymetals 

Kichik-Arsagan Quartz-barytes-polymetallic 0.0260 0.3260 0.1335 0.036 0.4977 
with fluorite 

Agata-Chibargata Quartz-barytes-fluorite 0.0293 1.2314 0.1088 0.0987 1.4389 
with polymetals 

Note. The analyses were carried out on an LKhlM-8MO gas chromatograph. Analyst S.E. Lebedeva (IGG AN 
Uzbekistan). 

TS6I, et al 
Table J : Results of chemical analysis of aqueous extracts from fluorite taken from the Chilten and Karabash 
calderas (average amounts,%) 

Deposit, ore-prospect Cl· K+ Na+ ca++ I Mg* 

Agata-Chibargata 2.52 0.26 0.98 6.67 0. 18 
Kichik-Arsagan 1.80 0.18 0.36 5.02 0.11 
Kamyshly 2.47 0.26 0.56 4.58 0.13 
Karabau 2.10 0.~6 0.61 9.35 0.47 
Kuakol' 2.28 0.89 0.45 7.24 0.46 

Analyses carried out in IGG AN Uzbekistan. Analysts S.E. Lebedeva. 
Y.Yu. K.homenko, and A.O. Kosolapov. 
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nonnal scdimentational diagenetic origin, but has undergone an extremely substantial disproponionation both with respect to carbon and also to oxygen. 
At the same time. the area of distribution of the isotope values for the Nadak carbonates does not coincide with that of the pure hydrothermalites, that is. ii 
appears lhat the Nadak carbonates have an extremely complicated origin. being initially sedimentary with the subsequent effect of volcanic. hydrothermal 
(epithermal), and metamorphic processes. The Nadak carbonates. as a consequence of these processes. have undergone repeated redeposition. Evidence of 
lhis redeposition is clearly observed in the thin-sections. 

The proposed treannent of the nature of the quartz~nate veins places in doubt the existence of a pre-Nadak gold mineraliza1ion. From our data. 
gold mineralization in lhe quartz<arbona1e ·veins· is of a later Permian-Tnassic age. 
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TSOI, LA., DUNIN-BARKOVSKA\'A, E.A. and LEBEDEVA, S.E., 1998. Conditions of formation of the fluorite mineralization in the Chilten De­
pression (eastern Uzbekistan) based on a study of fluid inclusions (abst.): Second APlFIS Inf!. Symp. Mineral Forming Fluids and Ore Genesis. Oct 28-
30, 1998. Tashkent. Uzbekistan, AbslraCts volume, p. 139-143. (in Russian). Authors 81 Kh.M. Abdullaev Inst. ofGcol. & Gcophys .• Tashkent. 

Geological construction. The Chilten Depression 1s a volcanotcctonic structure of caldera type with an area of 250 km 2. It consists mainly of rocks 
of the Lower Permian rhyolite association (lavas and tuffs ofrhyolite-dacites. rhyolites. trachyrhyolites, trachytes, and ignimbrites). In the interior part of 
the depression, then: are subvolcanic and extrusive facies. and along the periphery. explosion facies (Tulyaganov. Yudalevich & Korzhacv. 1984). Two 
fluorite-bearing areas have been recognized: the Karabau-Alatan · ginsk. set in the central pan of the depression in the zone where the Chilten and the Kua­
kol'sk Faults intersecL and the Arsagansk area, in the southeastern pan. in the zone of the Arsagansk Fault. which feathers the Kokrel'sk Fault. Fluorite 
mineralization is distributed among the Lower Pennian volcanics. The largest fluorite prospects in the Karabau-Alatan 'ginsk area are: the Karabau. Ka• 
myshly, and Kuakol ' ore-prospects. and in the Arsagansk area. the Kichik-Arsagan deposit. In terms of structure. numerous fluorite prospects congregate 
around a branch of the Chilten Faull. 

Characteristics of the ore ;:one of jli,orite prospects in the Chi/ten Depression, The ore zones extend for I 00-1000 m. The ore bodies consist of a 
series of steeply-dipping lensoid veins of quartzosc. quartz-barite. quartz•barite-fluoritc. and calcite-fluorite composition with an impregnation of sulphides. 
Galena is the predominant sulphide. and there is a subordinate development of sphalente (cleiophane). pyrite. and chalcopyrite. The amount offluorite in 
the ore bodies varies from I 5 to 90%. The ore bodies are I •5 m thick. Those in the central part consist of the quartz-barite and quartz-barite-fluoritc min• 
eral associations. and toward the selvedges. there 1s an increase in the amount of quartz wnh an impregnation of sulphides. The selvedges consist of 
quartzified rocks with a breccia-like texture with a grey homfelscd quartz. 

The process of ore-deposition under conditions of active intra-ore tectonics was multiphase. Up to 3-5 fluorite generations and 3-7 quartz generations 
have been recognized. Similar paragenetic mineral associations have been developed in the Karabau, Kamyshly. and Kuakol' ore-prospects. and the 
Kichik•Arsagan deposit· I. Black-quartz• pyrite - sphalerite-molybdenite (Kichik-Arsagan deposit); 2. Quartz•barite-sulphide; 3. Quartz-barite-fluorite; 4. 
Quartz-carbona1e-sulphide. 5. Silicate-carbonate. The quartz-barite-fluorite mineral association is productive in fluorite. 

A study of the Fl by various methods of thermobarogeochem1stty has enabled us 10 obtain some idea of the composition. and the T interval for the 
formation of the productive mineral association. Fl occur m all of the mineral associations. but the largest are developed in the fluorite ( I 0-20 µm). In the 
fluorite. predominantly PS Fl with rhomboid (octahedral) and multifaceted three-dimensional morphology have been developed along with S Fl of irregular 
compressed shape, confined to scaled microcracks of different order. Apparently, the intense processes of intra-mineralized tectonics contributed to the 
elimination of the P Fl. and to the preservation of the predominantly PS and S forms. PI have been developed in the form of negative crystals (tetrahedra) 
and arc marked by a random distribution within the fluonte grains and through the zones in the case where zoned aggregates of coarsely-crystalhne fluorite 
has been developed. Such Fl have been found m fluorite from a fluorite brecc,a from the lower zones of the ore body of the Kuakol' ore-prospect (area of 
the old adit), and in fluorite from a quartz-fluorite veinlet in the Kich1k-Arsagan deposit. In the Kuakol' ore-prospecL aggregates of coarsely-crystalline 
fluorite of ·ocean-wave· color. and columnar-crystalline structure in the form of incrustations. cover altered fragments of the country rocks. creating a cock• 
ade texture. In the Kichik-Arsagan deposit. coBJSCly-crystalline fluonte of greenish color and transluccnL fills a cavity in a quartz vem. Fluorites of such 
kind contain a small number ofFI. including P F, and possibly, processes of recrystallization and redistribution of matenal had occurred. Coarsely• 
crystalline aggregates offluorite from a mineralized crush zone in the Agata-Chibargata deosit (Karabash Depression, southwestern spurs of the Chatkal 
Range). formed under such conditions. also contain P Fl in the form of tetrahedra. Apparently. preservation of the P Fl was associated with the cond111ons 
offluorite formation: deposition in a relatively qu•et tectonic environment. in the presence of free cavities with good circulation of the ore-forming solu­
tions. 

The phase composition of Fl in fluorites from the ore-prospects of the Chilten Depression: L. aq one•, two-. and three-phase Fl (with a phase of L 
COi). and rarely multiphase ( 1-2 anisotropic solid phases are presenO. have been developed. The G phase content ranges from 5 to 12% (Table I ). The 
phase ofL CO2 has been visually noted in the form of a rim around a G bubble. and during heating it has been homogenized into the G phase at a T below 
31 "C (Roedder. 1987). An analysis of the morphogenetic features of the Fl leads to the conclusion that m the later ponions of the hydrothermal solutions 
the CO2 content dimimshes: the S FI are essentially aq in compos111on, and G-L. And only in the Kamyshly ore-prospect do the S Fl contain a nm of L 
CO1 (Table I)_ 

The stage-by-stage G-chromatographic data also show that in the fluorites of the Chilten Depression there are two kinds of Fl: I. Low-T aq; and 2. 
Relatively higher-T aq Fl containing CO2• CO and CH,. COi predominates in the G component (Table 2). The largest amounts ofCOz are m the fluontc 
from the Kamyshly ore-prospect. which is comparable with those m the fluorite from the Agata-Chibargata deposit. 

Cryometric studies of Fl in fluorite from the Chilten Depression have shown that the ore-forming solutions were weakly concen1ra1ed. This 1s also 
indicated by the constant presence of 'metastable superheated ice under negative P in the L aq solutions· during the conduct of experiments (Roedder. 1984 
( 1987?)}. According 10 the results of chemical analyses of an aq extract. the ore-fonning solutions contain ions of F. Cl. K, Na. Ca and Mg. The geo­
chemical kind of aq extract is comparable with that from the Agata-Chibargata deposit: fluoride-bicarbonate-Ca Na (Dunin-Barkovskaya. Lebedeva & 
Evtushenko. 1987}. The Na· /K ">I, which suggests a deep-seated source of fluorite [sic) for most of the fluorite prospects in the Chilten Depression.. 

The determination of Th of the Fl from the fluorite in the Ch11lcn Depression shows that the low-medium-T intervals of mmeral-fonnation are 80· 
190VC (Table I). Moreover. this interval in the Karabau ore-prospect is 120-180°. at Kuakol'-120-140". and at Kamyshly- 80-160°, and in the Kich1k­
Arsagan deposit- 100-190°. PS Fl in lluroite have higher Th as compared with later S Fl-1 I0-130°C. As is l..nown. the Th of the Fl give extremely 
minimal values for the T ofmineral-forma11on (Ennakov. 1972). 

The set of da1a. obtained by various methods of T-P-geochcmistty during a study of the Fl from fluonte in the ore-prospects of the Chilten Depression. 
suggest that the formation of the productive assoc1auon of fluorite mineralization took place in the T range of 80-l 90°C from weakly concentrated ( <6%) 
ore-forming solutions. in which ions of Cl. Na. K. Ca and Mg had been dissolved. Then: is a predominance of CO2 in the gaseous component of the F. 
Mineral-formation took place against a background of overall lowering ofT of the hydrothermal solutions. A deep-seated source of fluonne 1s suggested 
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Table I: Homogenization temperatures (T..) of Fis of Chilten Depression Fluorites 

Ore-nrosnect Association Colnr Fl Kind *Ph:u:e Comnositinn 

Kuakol' Quartz-fluorite Gray-blue Primary-
Secondary 

Kuakol' Quartz-fluorite Gray-blue Primary-
Secondary; 
Secondary 

Kuakol' Quartz-fluroite Bluish-green Primary-
Secondary; 
Secondary 

Karabau Quartz-barytes Grayish-green Primary-
Secondary; 
Secondary 

Kamyshly Quartz-fluorite Violet Primary-
Secondary; 
Secondary 

Kichik-Arsagar Quartz-fluorite Blue Primary 
Secondary 

Determination of Th carried out in a VIMS thennochamber by L.A. Tsoi. 
Note. II-primary FI, 118-primary-secondary, 8-secondary FI 

[the Russian symbols for phases are not defined but probably are as follows: r~ -gas 
~ j · liquid CO2 
)ti: b - liquid H2O 

Amount of Gas Phac:e in% Th -·-
7-10 135-150 

5 I 15 

5 122-135 

5 115 

5-7 122-142 

5 I 10-115 

10 120.180 

5 115 

3-10 80-160 

5 117 

10-15 160-190 
5-7 115-135 
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The accessory minerals of pressure-dependent and refractory kinds (s11icides of metals and non-metals. metal carbides. native metals and non-metals. 
etc.) have been subJCCted to detenninat1ons of the G composiuon of the Fl. employing a VD-5 vacuum decrc:ptograph. and an LKhM-80 gas chromato­
graph. The: following data have: been obtained. 

The G composition of the I in the accessory minerals of the categories mentioned from rocks of the Tien-Shan magmatic complexes. is clearly com:­
lated with nitrogen-hydride forms during oxidizing participation of CO1 by mantle: components (s1cj, which was slabilized during the: Cenozoic Era 

The saturation of magmatic M in metalliferous volatile components ensures the: process of formation of metal-caibonaceous metaslable complexes 
with their fractionation of disunited segregations of drop-like shape. measuring 0. 5-0.6 cm and more. Under conditions of great depth and high T. mo­
lecular hydrogen acquires the significance of an active reducer of metals and non-metals. and the low oxygen fugacity related to the drop in T. favors the 
transition of the 'drop-like liquid·. metal-caibonaceous segregations into mineral crystalline units. consisting of native Fe. Cr. inter-metals. and various 
kinds ofM of metals. non-metals. etc. Metal and non-metal silicides. metal carbides. diamonds. and other accessory minerals accumulate mainly ·heavy' 
components of gaseous composition in their make-up. 

It is submitted that I) during the interval of new magmatic activity in the Tien-Shan. against a backdrop of intensification and development of overall 
degassing of the mantle substrate. the deep-seated magmatic systems and their accompanying foci were saturated wilh metalliferous F components: 2) 
during the transpon of metals and non-metals. the carbonaceous component of the G-F systems (CO. C~. CO2, etc. I was of great significance: and 3) un­
der crustal conditions. during excessive increase in the oxygen-fugacity, a transfonnation occum:d in the F systems directed toward a growth in lhe1r oxide 
components (H:O. CO2. etc.). In case of the deep-seated U-F systems. heterogeneities in composition of a lateral aspect arc suggested, with changes in the 
values of Ke (reducing nature of F) from< I up to IO and more: in the case of the rocks of the magmatic complexes and their minerals. Ke 1s estimated at 3. 
whereas in the mantle rocks of the ancient platfonns. ii 1s close: to 10. According to the compositions of the GI and the Ke values. the native: ·readily­
fusiblc' metals and non-metals (Ag. Te. Bi, Pb. Sn. etc.) arc distinguished by a predominance of'lighf over ' heavy· components. and thereby arc indicative 
of their indifference to deep-seated processes and relative)} high thennal indices. [sic) 

ZHAUTIKOV, T.M., 1998. Mineral-forming fluids and ore-genesis in the gold~re deposits ofKaz.akhstan (abst.): Second APIFIS lnt'l. Symp. Mineral 
Forming Fluids and Ore Genesis. Oct 28-30. 1998. Tashkent, Uzbekistan. Abstracts volume. p. 94-95 (in Russian). Author at K.I. Satpaev IGG Minc:ralog. 
Sci. Kazakhstan. Alma-Ata, 

The results of geological-pctrograph1cal and experimental investigations obtained in recent years have shown that the processes of ore-formauon in 
gold~re deposits arc not only complex and polyphase but also require the inscn1on of significant and fundamental corrections to the procedures for study• 
ing them. This pnmar1ly concerns thennobarogeochem1s1ry and G chromatography. the results of which mainly reflect the terminal portion of the sequen­
tially mani fcsted ore process. By their nature, the mineral-Fl. enclosed in the ore mineral associations. arc heterogeneous and have evolved in accordance 
with the dynamics of the geological processes. which has not been completely taken into account during collection oflhe samples. 

In the list of data that have fundamental significance. we must first note the results of studies of organic matter (OM). which is an imponant factor in 
the mobilizauon. transpon. concentration. reduction. and conservation of metals. It has been eslablished that the presence of OM has no (sic) significant 
effect in changing the Eh and pH of the medium of mineral-fonnation. There are also data on the use of kinds of OM and lhe level of its carbonization for 
classifying the L and gaseous hydrocaibon F lhat part1c1pate in the formation of some ore deposits. 

It is likely that there is vast ore-genetic value: in the conclusion reached by G R. Ko Ion in et al. ( 1997). on the basis of multistage thermodynamic cal­
culations that in the presence of CO2 both in a chloride and also in a sulphide F, the solubility of Au 1s significantly lowered. that is, caibonic acid during 
the process of ore-formation may play the role of a precipiwor of the metal from auriferous F. 

As is well-known. the most important component of the: ores of gold deposits is silica. which also has a heterogeneous origin. Along with the: distinc­
tive [?) category. deposits contain silica that migrated during processes of diagenesis. catagenesis. and catarnetamorphism from the country rocks in the 
fonn of a silica gel. The wide variations in their varieties, according to the degree of crystallization (opal. chalcedony, quartz) and the levels of textural 
ordering (the quartz group. coesite. stishovlle). determine the significant breakdown of compositions and quantilative values of the components contained 
in the: GU. Often. the amounts of reducing gases (CiH1. C2H6. C"4. H2. CO. N2) and other volatile components vary within a wide range of values, which 
once agam emphasizes the association of vanous kinds of silica in the single sample. 

The principal (in significance) component of the ores (gold). also evolves in accordance with the dynamics of the geological processes from its more 
metastable fonn 10 the more stable native phase. In this case, m the native phase of gold itself, there is a regular replacement oflhe relatively low categories 
of morphosigns [sic] by higher and more complicated kinds (V.N. Matvienko. 1988). Just such ·heterogeneity' in native gold dc:tennines the compositional 
variations and spread of values of the G phase. exhibited by the so-called ·monotonous· gold specimens in the deposits. 

A detailed study of the various aspects of the petrology and geochemistry (especially barogeochemistry) of the most important commercially-genetic 
kinds of gold~re deposits in Kazakhstan with sufficient coverage. demonstrate their lengthy and multistage formation with involvement of sequentially 
manifested polygenic (sedimentation. vulcanism, diagenesis. mtruSive magmat1sm. and metamorphism) geological-metallogenic processes. This deter­
mines the temporal evolution of the composition of the ore-form mg F (transfonnat1on. migration. etc.). and the regular change in PT conditions depending 
on the specific nature of each cycle of mineral-fonnauon (also including a regressive stage). and other parameters of the process of fonnation of gold-ore 
deposits. 
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YUSUPOV, R.G.: 
Table 1 

Gas composition Accretion of Ferrite, Accretion of Diamond Diamond Moissanite, Porpezite (sic] 
of inclusions, suessite, kham- A-224 josephinite, (Koshmansai), (Arkansas) K-3 K-69 
vol.% rabaevite l!raohite chromite TK-3 K-2 

02 5.2 2.2 1.3 
H2 2.1 1.4 20.2 19.4 23.7 16.4 
co 0.1 4.1 4.4 3.8 1.8 2.1 
CO2 21.0 28.8 9.2 10.3 15.5 19.4 I 5.3 
CH4 1.5 0.3 0.1 4.2 3.7 2.0 1.8 
C2H4 30.0 0.5 10.5 12.7 
CH30H + 
CH3CH20H 2.0 

H20 27.9 7.4 9.8 39.6 20.0 8.8 
N2 47.0 40.9 72.0 50.3 15.9 30.3 41.8 
Ar 0.8 0.3 0.1 0.1 
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Fig. 1. !Al Longitudinal section 
through a Quartz crystal from the 
Yankee LOde Sn deposit, ShOWlng 
numerous trails of pseudosecon­
dary fluid 1nclus1ons and three 
growth zones recording the precip­
itation of .men1te, cass1terite. and 
muscovite onto fomier crystal sur· 
faces. The fluid inc us1ons shown 1n 
the right part of the figure repre• 
sent four different stages Ill the 
evolution from a magmatic fluid to• 
ward a meteoric water-dominated, 
system. Th,

01 
corresponds to the 

final homogen,zat1on temperature. 
!Bl Photomicrograph of fluid ,nclu• 
sions formed by healing of a former 
crack witt1_n the crystal. Bnne and 
vapor 1ncluS1ons coex1st.ng along 
the same trail demonstrate that the 
hydrothem'lal fluid was oomng at the 
time of trapping. The inset shows 
laser ablation craters after analysis of 
three inclusions. 
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Fie. 11: Homogenization vs. salinity plot for inclusions from the 
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are coded to represent the different ftuid inclusion assemblages described 
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mineral failed to homogenize before decrepitation. Measurements on vapor• 
rich inclusions from assemblages 2 and 8 are not shown because salinities 
could not be determined. Data from deposits other than Vergenoeg come 
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TABLE 3. Classification of Fluid Inclus1ons Detected in Quart% in this Srudy 

Daughter minerals 
CANNELL, ET AL. 

'Iype Vapor{%) (at 20° C) Comments 

l 5-20 Absent Well-deRned trails 

2 20-90 Absent Phase separated, occurs 
in trails with type l 

3 a 5-15 ha. rarely sy. an Rarepy/hm 

3 b 5-15 >>2-8, without an; Rare py/cpy/hm :1: 

ha dominant sy. un 

3 C 5-15 »2-8, including an. Rare pylcpy/hm :1: 

ha, sy, un 

Abbreviations: an = anhydrite (CaSO,), cpy = chalcopyrite, ha = halite' 
(NaCl), hm a hematite, py ,. pyrite, sy = sylvite (KCIJ, un = unknown 
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Table 6. Calculation of the compo,hion (~l II) of wbon­
l&ic. melt during 1patitc c:s,stalllzadon 

!I 
I ·1 .II Phase ... ! I j "I .w ,. 

~ ! ,l: 
,. 

SiOz 0.00 2.a2 4,31 O,ll 0.02 7.28 
nei 0.00 0.00 0,f17 0.00 o.oo 0.07 
AliO, 0.00 o.oo 1.11 o.op 0.00 1.11 
feO 0.05 0.17 0.52 0.00 0.00 0.74 
Mao O.JS 0.83 2.21 o.oo 0.00 3.19 
MaO 0.08 0.01 0.09 
CaO 29.Jl l.3.5 0.06 15,3~ 2.90 41.77 
NaiO 0.03 0.03 0.00 0.09 0.00 0.06 
Ka<> 0.00 0.00 0.77 0.00 o.oo 0.77 
B10 0.09 0.00 0.01 0.00 0.00 0.10 
SrO 0.31 o.oo 0.02 0.00 0.03 0.36 
F 0.00 0.00 0.08 0.19 2.44 3.41 
PiO, o.oo 0,00 0.00 11.t 0.00 11.46 
COz 22.59 0.00 0.00 o. 0.00 22.59 
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TABLE I. 

Assemblage 
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TABLE I. Composiuons of homogenised melt inclusions !EMPJ 

I :! 3 4 ' 6 7 8 
Host 01 01 01 01 01 01 01 Cpx 
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VARELA, ET AL. 
TABLE I. Averaged electron microprobe analyses (wt%) of 

glasses in heated glass-bearing inclusions. 

900°c 1000°c 1200°c 
T(fin) (7) (6) (6) 

SiOl 69.9 71.1 70.0 
TiOl O. IS 0.12 0.20 
AllO) 17.6 16.4 16.8 
FeO I.IS 2.08 3.28 
MnO 0.06 0.04 0.11 
MgO 0.83 0.52 1.16 
CaO 0.81 1.24 1.31 
Na,O 3.67 3.78 3.62 
Ki<> 4.53 4.10 3.19 
Total 99.03 99.38 99.67 

Number in parentheses is the number of glass inclusions heated. 
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INDICES 
The user should keep in mind the following features of these indices. The indexing procedures and entries are continuousl> 

evolving and hence are not unifonn from one volume of Flmd Inclusion Research to the next. and even within a given volume. consistency 
cannot be claimed. The number of indexing entries has been reduced again this year, and in many entries. only the more significant 11,:ms 
are listed. Several changes have been made. Although entries under Anah•sis data have been split into aqueous and silicate melt 
categories. For some years. the rising importance of studies of mixed transitional silicate-salt-water inclusions has made it necessary to 
divide both Daughter minerals and Inclusions into three categories: aqueous ffluid. non-melt). magmatic/hydrothennal transitional. i.e .. 
.. salt melts ... and melt (nano-aqueous). Caveats: overlapping compositional ranges cause ambiguity in placement within categories. and 
some items might involve several categories. 

To keep the indexing chore manageable. I have deleted the isotopes of C. H. 0 and S except where they appear to deal with the lluid 
inclusion composition itself. not the host. Much ambiguity remains in some index entries e.g .. items on basins might be under 
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abstract. The aim has been to err on the side of completeness and convenience to the user. Thus. I have attempted to index some relarcd or 
possibly peninent items. and even ones involving negative data or evidence, under each category. The deposit-type terms such as porphyry 
copper and Mississippi Valley are used loosely. The deposit type is indexed only where it is evident without research. Analysis for 
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Khalmukhamedov. Khin Zaw. Knoll. Kontak. Lawrie. 
Leach. Lee. Leng. Li. Lindaas. Lodemann. Lu. 
Marescotti. Marignac. Marki. Manin-Izard. Mccuaig. 
Mernagh. Montomoli. Moore. Neumayr. Nonnan. 
Polito. Prokofyev. Ramsay. Sangster. Sawaki. See. 
Silva. Sun. Torok. Ts0i. Voznyak. Xu. Zangrilli 

Cl"- Stipp. Zhai. Zhang 
CIIBr- Essarraj . Giuliani. Neronsky. Rankin. Svensen. 

Viets 
Cllf - Neronsky 
Clfl- Murama1su 
Cl.fSO4- Essarraj 
cr1- Viets 
CI- Andreeva. Cathelineau. de Ronde. Eggenkamp. Feng. 

Heinrich. lT\lin. lshivama. Linnen. Marescotti. Mark!. 
McConnick. McCu;ig. Menez. Molnar. Pctrichenko. 
Polya Samson. Sangster. Sasaki. Savoyc. TOr0k. Ts6i. 
Turner. Wang. Xu 

CO-Marki. Ts0i. Xu 
CO:- Ts6i 
CO ,-C esareno 
CO/ - Vie1s 
COS-de Ronde. Graupner 
Cr~ :',knez 
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Cs- Heinrich. Sirbcscu 
Cu- Bodnar. Buehn. Frank. Gallup. Heinrich. Kasai. Kyle. 

Menez. Philippol. Sasaki 
CulCl- Viels 
Epidote Feng 
F Andreeva. Buehn. Chen. Feng. Le\\iS. Malinin. Rowan. 

Wang. Xu 
F-1- Viets 
F/Br- Nesbilt 
Fe-Coll)er. Haller. Heinrich. Kodera. Kontal.... Kyle. 

McCormick. Menez. Molnar. Philippot. Samson. 
Sangster. Sasaki. T0r0I.... Uchida 

Gamet- Feng 
Gases- Aquilina. Chomiak. Compagnoni. Dragusanu. 

Dublyansky. Frezzotti. Killawec. Lindaas. Liu. Lokhov. 
Maglambayan. Moore. Norman. Prohl. Ramsay. 
Sawaki. Siemann. Vazquez. Wang. Xu 

General- Benison. Board. Boiron. Bu,:hn. Cend6n. 
Cesaretti. Chen. Dobes. Dunin-Barko,skaya. EllendorfT. 
Fanlo. Feng. Graupner. lsmailov. Kovalevich. Parilov. 
Shepherd. Sokerina. Tsoi. Wang. Williams. Zhai 

H- Ballent i ne 
H2- Prohl 
H2O1HCI- Markl 
H~O/HF- Markl 
H:S-Chang. Chomiak. Cline. Hutcheon. Kastner. 

Komatsu. Leach. Li. Lindaas. Liu. McCuaig. Migdisov. 
Nonnan. Parilov. Sa,,aki. See. Sun. Tunks. Vazquez. 
Xu. Yardley 

HC-Mazurek. Voznyak 
HCI-Vazqu,:z 
HCO3- Buehn. Ccsareni. Chen 
He-Aquilina. Balkntine. Chomiak 
Hematite- Feng 
Higher hydrocarbons-Dublyansky. Grishina. Guilhaumou. 

Lawrie. Prohl. Voznyak 
HS-Liu 
HSO4-Benison 

HSO4-McCuaig 

Hydrocarbons- Dublyansk). Sangster 
I-de Ronde. lmin. Murarnatsu. Polya. Turner 
I/Br-Pol ya 
1/Cl-Boiron. Kendrick 
K-Ayora. de Ronde. Fabre. Ghazi. Halter. Heinrich. Irwin. 

Khin Za,,. Kodera. Kontak. Lawrie. Molnar. 
Petrichenko. Samson. Sangster. Sasaki. Shepherd. Silva. 
Sirbescu. rimofeeff. Torok. Tsoi. Vengosh. Xu 

K+-Stipp. Zhang . 

K+1-Viets 
K~~Andreeva 
K/Na-Khin Zaw 
Kr-lrnin 
Li-Dobes. EllendortT. Fabre. Silva 
LiNaKCaCIMg Taner 
Magnetite- Feng 
Mg-Ghazi. Khin Zaw. Kontak. Petrichenko. Samson. 

Sangster. Shepherd. Silva. Sirbescu. TimofedT. TsOi. 
Vcngosh 

Mg·2-Victs 
Mn-Halter. Heinrich. Kontak. Kyle. Marescotti. Menez. 

Molnar. Philippot. Sasaki. Suleimeno,. Torok. Uchida. 
Williams 

N-Khin Za1\. Xu 
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N~-Aquilina. Bakker. Chazallon. de Ronde. Dimin­
Barkovska) a. Fonarev. Giuliani. Graupner. Grishina. 
Herms. Knoll. Lindaas. Lodemann. Lokhov. Marignac. 
Marki. Memagh. Neumayr. Norman. Ramsa). Sawaki. 
See. Silva. Sol...erina. Torok 

N~ Ar-Magro. Sun 
Na-de Ronde. Fabre. Fan. Heinrich. Khin Za,\. Kodera. 

Kontak. Menez. Petrichenko. Samson. Sangster. Sasaki. 
Siha. Sirbcscu. Torok. Tsoi. Xu 

Na"-Stipp. Zhai. Zhang 
Na+I-Viets 
Na~O-Andrceva 
Na/Br-Board. Nesbitt 
Na/Ca-Essarraj. Fabre 
Na/Cl-Vengosh. Viets 
Na-Fe-K-Mn-Ca- Kasai 
Na/K-Essarraj. Fabre. Ncronsky. Rankin. Ts6i 
Na/Li-Cathelineau. Essarraj. Fabre. Rankin 
NaK-ParilO\ 
Nb-Philpotts 
NH3---Grishina. Leach 
NH/1-Viets 
NH4--<le Ronde. Parilov. Zhang 
Ni-Menez. Philippol 
Noble gases- Bach. Ballentine. Magro. Moore. Pettkc 
O~-Chazallon 
Pb-Buehn. Gallup. Heinrich. Kasai. Kyle. Molnar. Sasaki. 

Sirbescu. Svensen. Williams 
Pd-Gallup 
Pt-Gallup 
Pyroxene-Feng 
Rb-Ellendorff. Ghazi. Heinrich. Newton. Su, Walshaw. 

Wayne 
REE- Buehn. Kolonin. Lewis. Ogata. Philpotts. Rankin. 

Steinmann. Su. Takahashi 
S- Li 
S!O3

2Thiosulfatc-Xu 
S:O1·

1- Viets 
s,ol polythionate-Xu 
Sn- Sirbescu 
SOr-Andreeva 
SO,- Andreeva. Ayora. Benison. Board. Feng. Timoteeff, 

Vengosh. Xu 
SO4/CI- Lewis 
SO.IF- Lewis 
SO4~-Viets. Zhang 
Sr- Buehn. de Ronde. Ellendorff. Ghazi. Hitzman, 

Lodemann. Menez. Mresah. Philippot. Rankin, Ray. 
Rosell. Selbv. Su. Walshaw. Wavne 

sr·=-Viets . - , 

SrO-Andreeva 
Th- Buehn 
Tl- Bebie 
U-Buehn 
Xe- Irwin 
Y- Philpotts 
Zn- Anderson. Buehn. Gallup. Heinrich. Kasai. Kyle. 

Menez. Philippot. Prol-Ledesma. Sasaki. Torok. Uchida. 
Williams 

zn>- Stipp 
Zr- Phil pons 

Analysis data and discussion, silicate melt inclusions; General 
(for many constituents). Includes gas inclusions in igneous 
rocks. See also Analysis methods: Daughter minerals. Only 
special items listed under indi,idual elemcnts. Ordinaf) 
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multiple-constituent analyses listed only under General 
analyses. 

3HefHe-Matsumoto 
Ag-Xu 
Al-Grossman 
Ar- Boyce. Brooker. Burgess. Cartign~. Yusupov 
As-Traxel 
Au- Xu 
Ba-Clark. Gioncada. Perinelli. Righter. Sha~gin 
B- Belkin. Brenan. Gioncada. Metrich. ronarini. Traxel. 

Webster 
Be-Brenan. Gioncada 
Br-Burgess 
C- Agrinier. Bureau. Cartigny. Holloway. Zhang 
C?Hz-Zha(.uikov 
C?H4-Yusupov 
C?H0-Zhai.11iko\· 
Ca- Della-Pasqua Fabre. Li. Nakamura Na\·on 
Ce-Righter 
CH4-Blencoe. Charlou. Della-Pasqua. Johan. Laier. 

Navon. Orsoev. Poner. Sasaki. Tomiknko. Xu. Yang. 
Yusupov. Zhautikov 

Cl- Armstrong. Belkin. Bureau. Burgess. Cra1\ford. 
Dingwell. Frank. Fulignati. Gioncada Gun:nko. Harms. 
lzraeli. Kravchuk. Naumo,. Navon. Nidsi:n. Pak. 
Ransom. Ripley. Varela. Webster. Yang. 

C/N---Cartigny 
Co-Righter 
CO-Yusupo,·. Zhautikov 
CO:!"'""Dc:lla-Orsoe\. Pasqua. Yusupov 
COJ-lzradi 
Cs- Tra1'el. Webster 
Cu- Armstrong. Della-Pasqua. Thomas. Xu 
Eu--Gioncada. Krekeler 
F~ Belkin. Bureau. Dingwell. Gurenko. Harms. Metrich. 

Naumo,. Sharygin. Thomas. Webster 
Fe-Li. Navon 
Gases-Divaev. Eschenbacher. Orsoev. Xu. Zheng 
General- Agrinier. Armstrong. Audetat. Belkin. Bureau. 

Crawford. Chabiron. Chopin. Clocchiatti. 
Danyushevsky. Della-Pasqua.. Dietrich. Eggins. 
Gioncada. Grossman. Gurenko. Jochum. Kent.Krekeler. 
Li. Nakamura. Naumov. Nielsen. Prokol'ev. R:ifikov. 
Ruzicka.. Ryabchikov. Saal. Schiano. Sharygin. 
Shimizu. Sobolev. Sours-Page. Spandler. Thomas. 
Varela. Webster 

H~O/K?O-Wallace 
H~O-Agrinier. Bureau. Danyushevsk~. Harms. lzraeli. 

Moriizumi. Navon. Orsoe,. Sisson. Wallace. Webster. 
Yang 

H?-Poller: Yusupov. Zhautikov 
H?S-Xu. Yang 
HC-Orsoev. Tomih:nko 
He- Burgess 
Higher hydrocarbons-Laier 
I- Burgess 
KCI/HCI- Frank 
K---Cra\\ford. Fabre. Grossman. lzraeli . Metrich. Navon. 

Nielsen. Perinelli 
La/Nb-Gioncada 
La/Sm-Sobolev 
Li-Belkin. Brenan. Chou. Fabre. Traxel. Webster 
LREE- Gioncada. Perinelli 
Magnetite- Li 
Mica- Li 

Mg- Li. Nakamura Navon 
Mo-Righter 
N---Cartigny 
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N:- Blencoe. De Corte. Della-Pasqua. Yusupov. Zhautikov 
Ni A---Cartign~ 
Na-Crawford. Fabre. Perinelli 
Na/K--Gioncada 
Na-K-Fe-Mn-Pb-Chapman 
Nb-Rrenan. Gioncada. Li 
Nd- Ducea 
Ni- Della-Pasqua. Righter 
Nobh: gases-Bogard. Burnard 
0-Zhang 
O~- Yusupov 
P- Li. Nielsen. Righter. Thomas. Webster 
P~O~lark 
Pb-La} ne. Shimizu 
Quartz- Li 
Rb-Ducea. Gioncada. Perinelli. Righter. Webster 
REE---Chabiron. Clark. Krekeler. Nielsen. Ripley. Sobolev. 

Titov 
S- Armstrong. Bureau. Crawford. Della-Pasqua. Gioncada. 

Gurenko. Harms. Mandeville. Metrich. St-Almand. 
Thordarson. Varela 

SICI- St.-Almand 
~ .... ·S1oi--Gurenko 
Se- Della-Pasqua 
Siderih:- Li 
Sn- Dietrich. Thomas 
SO:;-Thordarson. Xu. Yang 
SO}-Belkin 
Sphalerite-Li 
Spinel-Li 
Sr- Belkin. Clark. Della-Pasqua. Ducea. Gioncada. 

Jochum. Metrich. Perinclli. Webster 
Ta- Gioncada 
Tll/Ba-Sobolev 
Th/La-Sobolev 
Ti- Li. Nielsen. Sharygin 
Ti/Zr-Nielsen 
U---Chabiron 
Water-Behrens. Hauri 
W- Fulignati. Thomas 
Y- Della-Pasqua. Righter 
Yb--Brenan 
Zinc spinet-Li 
Zn- Thomas. Xu 
ZriNb--Gioncada 
Zr- Belkin. Sha~'gin 

Analysis, methods 
Auger electron spectroscopy-Li 
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Atomic force microscopy (AfM) - Stipp 
Cap ii lary electrophoresis---Pironon 
Cathodoluminescence-Jarmolowicz-Szulc. Lewis. 

Motaiiez. Yanko 
Confocal scanning laser microscope-Bigge. Pironon 
Crushing procedures (for opening and for gas pressure)-­

Bigge. Chomiak. Dublyansky. Giuliani. Hall. Menez. 
Philippot. Poliquin. Qiu. Thro1\er 

Decrepitate analysis- Khin Zaw. Kontak. Savard. Su. 
Walker 

:-la/Ca-Samson 
Diamond am ii cell-Bureau. Chou. Schmidt 
Electron microprobe-Armstrong. Fulignati 
E. \-~IS-Polito 



Fluid Inclusion Research 

ESEM- Timofceff 
EXAFS-Collings. Oelkers. Ragnarsdottir. Seward 
Fourier transform infrared spectroscopy (FT-IR)-Agrinier. 

Amthauer. Bai. Behrens. Chen. Compagnoni. Crawford. 
De Corte. Eschenbacher. Faure. Guilhaumou. lzraeli. 
Komov. Li, Moriizumi. Pironon. Sun. Wang. Webster. 
Zhang 

Frozen inclusions (CRYO-SEM-EDS)-Shcpherd. 
Timofceff. Walker 

Gas chromatography-ion chromatograph~~ Andresen. 
Chen. Chi. Dublyansky. Fedorov. Graupner. Johan. 
Kontak. Orsoev. Shanina. Sokerina. Yusupov 

Gas chromatography-mass spectrometry (GC-MS~uo 
GC-MS-MS Pottorf 
lnductivity coupled plasma-emission spectroscopy (also 

ICP-AES) for atomic emission spectroscopy-Benison. 
Rankin 

Inductively coupled plasma spectrometr~ (ICP-MS>-
Ghazi. Su 

Infrared laser mass spectrometry-Khalmukhamedov 
Infrared microscopy- Guilhaumou. Li 
Ion chromatography ( IC)-Benison. Dobes. Ellendorff. 

Graupner. Siemann. Sun. Viets. Zeng 
Ion microprobe (SIMS (SHRlMP)-Armstrong. Belkin. 

Grossman. Layne. Lewis. Mandeville. Mathez. 
Philippot. Righter. Traxel. Webster 

Isotope ratio monitoring-mass spectrometry ( IRM-MS)-­
Young 

LA-HR (high resolution)-ICP-MS-Larsen 
Laser ablation microprobe ICP-MS (L-lCP-MS. LA-ICP• 

MS. LAM-ICP-MS. LAMP. ICPM. MS)--Audetat. 
Crawford. EllendortT. Heinrich. Heinrich. lshiyama. 
Jackson. Kendrick. Kurosawa. McCandless. Ogata. 
Samson. Shepherd. Takahashi. Wang 

Laser ablation stable isotope ratio micro-analysis system 
( LA-SIR-MAS)-Eggins 

Laser ablation optical emission spectrography (LA-OES)­
Fabre 

Laser Raman spectroscopy (LRS) Only special 
applications-Benison. Bernardo. Chazallon. Chou. 
Dubess~. Fournier. Frantz. Garland. Graupner. Knoll. 
Kruger. Leng. Maeda. Murphy. Philippot. Sharma. 
Slodkcvich. Walker 

Leaching-Andresen. Aquilina. Benison. Ducea. Essarraj. 
Graupner. Kendrick. Menez. Su. Sun. Taner. Zeng 

Luminescence microspectography Andresen. Buick. 
Cesareni. Graham. Jarmolowicz-Szulc. Kontak. Li. 
Parnell. Sum. Wendte 

Mass spectrometf)-Chomiak. Cline. Compagnoni. Hall. 
Lindaas. Lokhov. Mallard. Sawaki 

Multiple collector lCP-MS- Halliday 
Neutron activation (INNA). and radionuclide neutron 

activation analysis ( RNNAI-Komov. Rankin. 
Williams 

Proton induced gamma emission (PIGME)-Menez. 
Menez. Philippot. Traxel 

Proton (and deuteron) induced X-ray emission (PIXE)­
Della-Pasqua. Dietrich. Menez. Khin Zaw. Kurosawa. 
Philippot. Traxel. Wang. Williams 

SEM-EDS- Rankin 
Scanning force microscopy SFM- Stipp 
Synchrotron X-ray absorption tine structure (XAFSI-­

Anderson. Philippot 
Synchrotron X-ray fluorescence (SXRF}-{}uilhaumou. 

Jochum. Kyle. Menez. Ph1lippot. Rankin. Yanko 

Volume 31. 1998 

TOF-SIMS-Li. Stipp 
Transmission electron microscopy (TEM)-Cmiral. Vityk 
Ultraviolet laser ablation ICP-MS (UV-LA-ICP-MS: UV 

LAMP)-Brooker 
X-ray fluorescence (XRF. XAFS. and X-ray CT>­

Anderson 
Books, journal \lolumes, symposia. See also Reviews-Arehan. 

Carroll. Rongfu. Smimov. Usdowski. Usmanov. Williams 
Boreholes (land) See also Geothermal-Aquilina. Drescher. 

Lodemann. Pasteris. Van\:on 
Brines, sedimentary and igneous rocks-Appold. Benison. 

Bruce. Cathelineau. Chi. Cooke. Davidson. Egle. Everett. 
Gleeson. Guo. Hitzman. Kadko. Kasai. Mresah. Nesbitt. 
Ne\\1on. Nijland. Petrichenko. Randell. Rankin. Rosell. 
Sangster. Sangster. Savo)e. Savrd. Sheppard. Siemann. Souissi. 
Wacho\\ iak. Wayne. Wendte. Zhang 

Complues, metal-inorganic, metal oraanic, metal or1anic, 
stability, solubility-Anderson. Baker. Baranova. Bebie. 
Belevantsev. Blarney. Buehn. Cao. Choi. Choi. Collings. 
Crocket. Cunningham. Fournier. Gibert. Halter. Hanor. 
Heinrich. Jiyuan. Khalmukhamedov. Khin Zaw. Kolonin. 
Lawrie. Lewis. Mallard. M<:Cuaig. McKeagney. Migdisov. 
Mikucki. Murph). Oelkers. Ogata. Pokrovski. Ragnarsdottir. 
Ridley. Rowan. Sassani. Schofield. Seward. Shi. Steinmann. 
Suleimenov. Sun. Thomas. Tunks. Uchida. Wesolowski. Xiao. 
Yang. Yardley 

Computer pro&rams, denlopment and use, modeling. See also 
Modeling-Appold. Barker. Blencoe. Bodnar. Brown. 
Cathelineau. Clemens. Dutrow. Halter. lwamori. Kamijo. 
Komatsu. Larsen. MacGowan. Moore. Pironon. Svara Thiery. 
Timofeetl Usdowski. Walker. Yardley 

Daughter minerals in aqueous (fluid, non-melt) inclusions and 
their significance. Includes phases developed below room 
temperature. May include some trapped solids 

Albite- Svensen 
Amphihole-Svensen 
Anhydrite-Cannell. Rotherham. Sasaki. Siemann 
Antarcticitc-Taner 
Baritc-Rothcrham 
Burbankite-Rankin 
Calcite-Rotherham. Shigehiro. Svensen 
Camallite-Siemann 
Chalcopyrite-Cannell. Kozl6v 
CuFo sulfide- Svensen 
Fe chloride-Borrok 
Fe-oxide-Svensen 
Ferropyrosmalite-Rotherham 
Graphit Bernardo. Larsen. Luque. Pasteris 
Gypsum-Svensen 
Halite- Borrok. Campbel~CannelL Kozl6v. Perell6. 

Rotherham. Siemann. Smith. s~ensen. Taner. Wei. 
Willard. Wood. Yardley 

Hematite-Borrok. Cannell. Kozl6v. Perell6 
Kainite-Siemann 
K-fddspar-Svensen 
Kieserite-Siemann 
Magnesian calcite- Larsen 
Magnetite-Rotherham 
MnCl1-Rotherham 
Muscovite-Beurlen 
NaCl-Lawrie. Nijland. Pal 
Nahco I ite-Larsen 
NaKCaPbCI/Br- Svensen 
NiZnAsPb sulfide- Svensen 
Opaque- Perell6 
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Ore minerals- lsmailov 
Pseudocotunite- Kozl6v 
P} rite-Cannel I 
Pyrrholite-Frank 
Quartz-Svensen 
Scacchite-Kozl6v 
Stibarsen-Ko716v 
Sylvite-Borrok. Campbell. Cannell. Perella 
Unknown-Cunningham. Willard 

Daughter minerals in magmatic/hydrothermal transitional 
inclusions, ±salts, i.e., "salt melts. 

Amphibole---Cra,, ford 
Apatite-Buchn. Campbell 
Arsenide sulfide ofCu- Buehn 
Arsenide sulfide of Fc-Buehn 
Arsenide sulfide of Pb-Buehn 
Arsenide sulfide of Zn- Buchn 
Barite-Andreeva 
Biotite-Golo\ko 
Burbankite-Buehn 
Calcite-Andreeva. Buehn 
Carbonate-Golovko 
Chalcopyrue--t:ra,\ ford 
Clinopyroxene- Crawford. Golovko 
Cryolite-Buehn 
Fluorite-Andrccva. Buehn. Campbell. Chabiron. Solovova 
F-rich mica-Chabiron 
General-Khamrabai:v 
Halite-Andree,a. Buehn 
Hematite-Crawford 
Hornblende---Cra,, ford 
KCI- Buehn. Crawford 
K • teldspar- Drislas 
Magnetite-Crawford. Golovko 
Mica- Cra,1 ford 
NaCI- Buehn. Cm1 ford 
NaHCOl- Buchn 
Nahcolite--Buehn 
Nouvilleile Na3Ca~C03- Buehn 
Parisite---Chabiron 
Portlandite- Solovova 
Pyrosmalite hapman 
Sulfate-Cra,1 ford. Solovova 
S~ 11 ite- Buc:hn 
Titaniferous magnetitc- Dristas 
Zeolite- SolovO\ a 

Daughter minerals in melt (non-aqueous) inclusions, including 
gas, and their sienificance. Includes phasc:s developed bc:low 
room temperature. May include some trapped solids- Dunin­
Barko,skaya. lsmailov 

Albite- Johan. Turkov 
Amblygoni1e-Thomas 
Amphibole- Turko1•. Varela. Veksler. Yang 
Angditc- Thomas 
Anh~dritc:- Johan 
Apatite- Johan. Solovova. Thomas. Turl..ov. Varela 
Berlinttc- Thomas 
Beryl- Li 
Biotite-Golo1 ko. Johan 
Burangaite- Thomas 
Calcite-Solorn,a 
Carbonatc-Golo1 ko. Veksler 
Chlorides- Fulignati 
Chrome-spine I- Yang 
Clinopyroxene- Golmko. lzracli. Varela 
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Fluorite-Fulignati. Solovova 
F- Turkov 
Glass-T urkov 
Graphite- Tomilenko 
Hematite- Li 
llmenite- Turkov. Varela 
lsol..ile-Thomas 
K-leldspar- Turkov 
Lazulite-Thomas 
Magnctite-Golovko 
Muscovite- Johan 
Oliline-Yang 
Onhopyroxcne- Kamenetsl..y. Turkov. Yang 
Phlogopite- lzraeli 
Phlogopile-Solovova. Vel..sler. Turkov 
Pyroxene- Solovova 
Spinel-Turkov 
Sullide-Yang 
Sulfide globules- Metrich 
J'itanite-Johan 
Titanomagnetite- Turkov 
Tremolite- Johan 
Triplite-Thomas 
Trolleitc-Thornas 
Variscite- Thornas 

Diffusion- Aquilina. Bakker. Boyce. Burnard. Clocchiani. 
Doremus. Drescher. Edwards. Graham. Guilhaumou. Klilgel. 
Laier. Larsen. Moriizumi. Nakamura. Polya. Shail. Stipp. 
Zhang 

Equilibrium COH speciation---Chiodini. Fedorov 
Equipment for extraction, freezing, huting, crushing, etc. 

Divae\". Dimin-Barkovskaya. Crawford. Ellendorff. Levin 
Experimental systems. See also Fluids. physical and 

thermod~ namic propcnies: Gases in inclusions: Complexes­
Arano1-ich 

Aqueous-gas-Anovitz. Blencoe. Chou. Duan. Ho, 
Javanmardi. Leng. Singh 

Aqueous-metal- Baldassaro. Gibert. Mikucki. Tagirov 
Aqueous-salt(s)-Brodholt Cooper. Darling, Kriiger. 

Malinin. Oakes. Pitzer. Schmidt. Thiery. Zhang 
Aqueous-silicate (and other volatiles~ Koziol. Lee. 

Mysen. Schmidt. Stachowiak. Stalder. Uchida 
Other systems-Bai. Hu. Kooi. Linnen. Quanz. Siemann 
Rocks-Dingwell. Kravchuk. Pak. Webster. Wyllie. Zeng 

Exploration, use of inclusions in, ore deposits, petroleum­
Akande. Armstrong. Bai. Bodnar. Chen. Divaev. Dunin­
Barkovskaya. Field. Frank. Gil'. He. Hcdenquist. 
Khalmukhamedov. Khin Zaw. Li. Lin. Liao. Mango. Neronsky, 
Pal. Randell. Richards. Shi. Sillitoe. Taguchi. Warren. Xie. 
Zheng. Zhou 

Fluids and gases, equations of stat Anovitz. Duan. Dubessy. 
Mallard. Sharma. Thiery. Wiryana 

Fluids and gases, physical and thermodynamic properties­
Anovitz. Bakker. Blencoe. Bodnar. Brodholt. Driesner. Duan. 
Fournier. Helgeson. Labotka. Larsen. Mallard. Oakes. Pitzer. 
Richard. Richel. Roberts. Sassani. Schmidt. Se1\ard. Siemann. 
Singh. Thie~. Weare. Zavel'skii 

Fluid Flow. See also Origin. cracking of rocks- Allen. Andre. 
Appold. Bayuk. Beaudoin. Bodnar. Boiron. Boullier. Brantley. 
Bruce. Bukata. Cathel ineau. Chen. Chi. Diamond. Dobes. 
Dombnmski. Dutro,,. E\ans. Everett. Freuoni. Gleeson. 
Goebel. Goldfarb. Graham. Halter. Hedenquist. lwamori. 
Jenl..in. Labotka. Le,\is. Li. Lindaas. Ludemann. Morris. 
Muchez. Mutlu. Nonnan. Park. Pletsch-Rivera. Qi-Hao. 
Ramambazat~ . Roedder. Romer. Rose. RO\\an. Sangster. 
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Satish-Kumar. Schimmrich. Sibson. Stuckh:ss. Szabo. Vazquez. 
Walshaw. Wa}ne. Wilkinson. Yardley. Zhai. Zhang 

Gas hydrates-Bakker. Chazallon. Javanmardi. Kastner. Lu. Okui. 
Ripmeester. Sloan. Stem 

Gases and fluids, mantle, deep-seated. See also Inclusions in 
diamonds: Kimberlites: Xenoliths- Albarede. Bakker. Brenan. 
Brooker. Bureau. Burgess. Carroll. Chazallon. Clemens. 
D'Alessandro. Danyushevsky. De Corte. Feng. Fi~her. 
Haggeny. Hansteen. Hanner. lk Heath. Holloway. Hopp. Hu. 
Hurai. lwamori. Jambon. Javanmardi. Jochum. Kamijo. 
Kastner. Kontak. Kunz. Lokho\'. Lu. Mandeville. Mao. Marty. 
Marty. Mclnnc:s. Moreira. Navon. NC:\\ton. Nivin. Okui. Park. 
Penke. Philippot. Pineau. Pokr6vsky. Ren. Ripmeester. Sano. 
Schiano. Shi. Shimizu. Simakov. Sloan. Sobokv. Spandlcr. 
Stalder. Stem. Stuan. Szabo. Thrower. van Keken. Wada. 
Wallace. Wei. Wyllie. Yamashita. Yardley. Yusupov. Zeng. 
Zheng 

Gases (volatiles) in igneous rocks, magmas, and volcanism. See 
also Analysis. data. gases- D'Alessandro. Della-Pasqua. Frank. 
Gurenko. Hanns. Martel. Pineau. Ragnarsdouir. St. Almand. 
Sharapov. Tedesco 

Geothermal fluids and systems, active and fossil. See also 
Mineral deposits. Epithennal: Dredge samples-Abidin. Andre. 
Bargar. BrO\\n. Christenson. Darling. Gallup. lfrdenquist. 
Hopkinson. Hou. Hua. Imai. lshizuka. Jean-. Baptiste. Ji. 
Kadko. Kasai. Komatsu. Liiders. Ma. Magro. Moore. 
Murarnatsu. Muraola. Mutlu. Naden. Nonnan. Ohtani. Pang. 
Parson. Peter. Penke. Prichard. Prol-Ledesma. Sansone. Sasaki. 
Sekine. Simonov. Stuart. Taguchi. van Soest. Vanko. Viggiano. 
Xu. Yang 

Geothermometry 
Decrepitation data-Chen. Dimin-Barkovskaya. Li. 

Neronsky. Ts6i. Yusupov 
Decrepitation theory. methods. and comparison ,, ith other 

methods- Bai. Divaev. He. lsmailov. Le, in. Li. Shi 
Freezing data. interpretation (gases or liquids)--Baldassaro. 

Collyer. Killawee. Toro!.. Walker. Xiao 
Homogenization. aqueous <!'.500°C- Allen. Andreeva. 

Aquino. Audetat. Baker. Bakker. Boiron. Borrok. 
Brauer. Cassidy. Cepeda!. Christenson. Edraki. Feng. 
Fortuna. Frezzoni. Gil'. Giuliani. Golovko. Gunn. 
Hezarkhani. lshiyama. Kasai. Khamrabaev. Khin Zaw. 
Kodera. Kyle. Lang. Lu. Manin-Izard. Mikucki. 
Muraoka. Pasteris. Peng. Perell6. Poleni. Rao. 
Rotherham. Rowland. Schmidt. Sharma. Solovova. 
Sutherland. Taner. Vanko. Vazquez. Wawrzyniec. 
Willard. Williams 

Glass. propertic:s. ctc.-Kustamikova Sharapov 
Homogenization method. accuracy. comparisons. and 

factors affecting-Awwilh:r. Barker. Chi. Muchez. 
Schmidt. Vityk. Yemane 

lmmiscibility- Bastnaesite-Liu 
Silicate-carbonate-Brooker. Clark. Golovko. Hanner. Lee. 

Minarik. Ray. Saal. Wyllie 
Si I icate-s, I icate-Ne,\ ton 
Sil icatc-steam-Bureau 
Silicate-sulfide-Mc:trich. Saal. Sharapov 
O1hc:r types hou. Frank. Genge. Hurai. Ripley. Thomas. 

Yang 
Inclusions, agutous (fluid, non-melt, in host minerals, oil and 

gases and discussion) includes oil and gases in non-igneous 
materials. 

Aegirine- Smith 
Allaktile- Jonsson 
Andradite- Amthauer 
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Anh)' drite- Jarmol10,\ icz-Peter. Samson. Sawaki. Szulc 
Anker111 .. - Baker. Muchez. Nielsen. Vam;on 
Apatih:- Divae\'. Sibescu. Smith. Solovova. Warner 
Barite-Cathelincau. Deneele. Jonnson. Konlak. Lu. 

Liidcrs. Maglambayan. Mizuta. Naden. Smith. Wang. 
Zeng 

Barofa\'ourite-Yusupov 
ua.~masi1e- Smith 
Ber)' I- Giuliani. Khin Zaw 
Calcite. lshiyama. Jarmolowicz-Szulc. Jonnson. Lu. 

Mach. Maglamba)'an. Mango. Muchez. Nielsen. 
O'Reilly. Pa~. Poliquin. Richards. Rose. Savard. Stipp. 
Wendie:. Zak 

Cassiterite- Audetat 
Chromite- Johan 
Cinnahar Lu 
Colemanitc- M iranda-Gasca 
Corundum-Garland. Sutherland. Sawaki 
Diopside- Edwards. Lu 
Dolomite Baker. Cathelineau. Chi. Feng. Hi1zman. Lu. 

Luczaj. McNeil. Morrow. Nesbin. Nielsen. O'Reilly. 
Qing. Randell. Rose. Sa\ard. Walgenwitz. Wendte 

Dolomite Fl- Montanez 
Emerald-Giuliani. Menez. Moroz 
Enarg1te- Lindaas 
Epidote- Scambelluri 
Fa)'al ite- Rasmussen 
FeCl:•2H:O-Baler 
Fe-Mn-Cl'Si- Baker 
Fluorine-Rowan 
Fluonte- Borrok. Cathelineau. Chen. Cline. Cunningham. 

Giuliani. Khin Zaw. Kozlowski. Pironon. Rankin. 
Smith. Souissi. Ts6i. Wen. Wood. Zeng 

Forsterite-Gunn 
Galena Leach. Vazquez 
Gamel- Allen. Herms. Kaindl. Khin Zaw. Linnen. Liu. Lu. 

Neronsky. Niimi. Philippol. Scambelluri. Sirbescu. 
Vazquez. Vikre 

Gemstones- Liu 
General-de Ronde 
Genthelvite- Mas 
Glaucophane-Liu 
Graphite-Pasteris 
Gypsum-Rosell 
Halitc:- Baker. Bcnison. Cend6n. Fanlo. Ghazi. Grishina. 

Horita. Kovalevich. Petrichenko. Sawaki. Lowenstein. 
Prohl. Samson. Shepherd. Siemann. Steinmann. 
Timofeetl: Williams 

Helvite- Khin Zaw 
Hsianghualite- Liu 
Ice-Golden. Killawee 
K-tddspars- Luc~j 
K)'anile- Kaindl. Xiao 
Magnesite- Nesbitt 
Monazitc- Smith 
Omphacite- Philippot. Scambelluri. Svensen. Xiao 
Orpiment--Cline. Shigc:hiro 
Onhopyroxene-Bodnar. Mcinnes 
Parisite- Wood 
Pb-K chloride- Williams 
P, rite- Burnard 
r;ro~mahte- Bakcr. Williams 
P)'roxene- Allcn. Solovova. Vil..re 
Quanz-Chen. Etoh 
Realgar .Cline. Shigehiro 
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Sapphirine-Nijland 
Sarkinite-Jonsson 
Scapolite-Dombrowski 
Scheclite-Baksheev. Dunin-Barkovskaya. Graupner. 

Ogata. Singoyi 
Siderite-Garrido. Hurai 
Sphalerite--Chi. Garrido. Heimbach. lshiyama. Leach. 

Luczaj. L0ders. Maglamba) an. Mango. Naden. Ragan. 
Randell. Richards. Rose. Savard. Vazquez. Viets. 
Walsha\\. Wang. Wen. Wilkinson 

Sylvite-Baker. Grishina. Williams 
Tachyhydrite-Timofeeff 
Topaz-Halter. Khin Zaw. Kozlowski 
Tourmaline-Kozlowski. Sirbescu. Tonarini 
Vesuvian ite-C ompagnoni 
Wolframite-Chen. Gunn. Shail 

Inclusions, magmatic/hvdrothermal transitional, ±salts, i.e., 
"salt-melts." 

Apatite-Sharygin. Solo\ ova 
Diamond-lzraeli 
Diopside-Sharygin 
Fluorite-Andreeva 
Gamet-Chapman 
General-Crawford. Lin. Zhang 
Halite-Chapman 
Olivine-Sharygin 
Pb-K-CI---Chapman 
Phlogopite-Sharygin 
P)'roxene-Chapman. SolO\ova 
Quanz-Shmulovich 
S) lvite---Chapman 
Topaz-Chang 

Inclusions, melt. gas. silicate and sulfide melt in host minerals, 
and discussion. See also Silicate melt inclusions. 

AcceSSOr)- RalH.ov 
Alexandrite- Smimov 
Alkali feldspar- Rawat 
Anonhoclase- Eschenbacher. Hurai 
Apatite- Di vaev 
Barite- Kontak 
Beryl- Li 
B)1ownite- Titm· 
Calcite- Bargar. Di\·aev. Kodera. Kontak. Veksler 
Chrome-diopside-Golovko 
Chromite- Yang 
Clinop) roxene- Belkin. Crawford. Dristas. Gurenko. 

Hansteen. Hurai. Jousselin. Minarik. Saal. Sobolev. 
Stalder. Szabo. Turkov. Varela. Veksler. Webster 

Corundum- Smimov. Wu 
Diamond- Amantov. Burgess. De Corte. Divaev. Fedorov. 

Garan in. Gass) mova. Haggerty. lzraeli. Kaneoka. 
Kasimo\a. Larsen. Milledge. Navon. Simakov. 
Slodke\ich. Sobolev. Sunaga\\a. Taylor. Tomilenko. 
Wada. Wyllie. Yamashita. Yusupov. Zhang. Zheng 

Diopside- Dristas 
Emerald- Smimo\' 
F errite- Yusupo, 
Forsterite- Abe 
Gamet- Gass~mo\'a. Kasimo\a. Kodera. Linnen. Stalder 
General- Armstrong. Brennan. Dietrich 
Graphite- Larsc:n 
l{omblende---Crawford 
Josephinite- Yusupo,· 
Kaersutite-H urai 
Khamrabac:rite- Yusupo\ 

l.abradorite- Titov 
Melilite-Vel..slc:r 
Moissan ite- Yusupov 
Na-K-Ca-Vekslcr 
Na-Mg-Veksler 
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Oli\·ine-Bureau. Clocchiatti. Cmiral. Danyushe\Sk). 
Della-Pasqua. Eschc:nbacher. Ga.~s) mova. Gioncada. 
Grossman. Gurenko. Hansteen. Hauri. Jousselin. 
Kamenetsky. Kasimova. Kent. Lee. Metrich. Minarik. 
Nielsen. Ninomiya. Saal. Shimizu. Sobolev. Tedesco. 
Turkov. Varela. Veksler. Xu. Yang 

Orthop) roxene- Varela 
Perovskite-Veksler 
Penhite-Rawat 
Plagioclase- Armstrong. Belkin. Briggs. Eschenbacher. 

Jousselin. Lee. Mandeville. Nakamura. Nidscn. Orsoev. 
Prokol}ev. Thordarson. Titov 

P~ roxene-Tedesco. Yang 
Quam-Vapnik 
Rutile-Stalder_ 
Sanadine-Fulignati 
Sphalcrite-Kodera. Kontak 
Spinel-Smimov. Spandler. Thomas. Turkov. Varela 
Titanaugite- Golovko 
Topaz-Chang. Prokol'e,,. Webster 
Wairakite-Bargar 
Wollastonite- Hoisch 
Zircon---Chupin. Gassymova. Kasimova 

Inclusions in rocks. See also appropriate minerals. 
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All...aline-Bobrov. Kasimova. Lokhov. Nivin. Orsoev. 
Potter 

Andesite-Manel. Pineau. Richet. Thordarson. Ullrich 
Ankaramite-Della-Pasqua 
Anorthosite-Orsoev 
Basalt---Cartigny. Heath. Hurai. Jochum. Kamenetsky. 

Kent. Letnikov. Metrich. Nishio. Pineau. Pokr6vsky. 
Prokofyev. Ripley. Saal. Sano. Sharapov. Shimizu. 
Steinmann. Stuart. Wallace. Zhang 

Basanite-Eschenbacher. Hansteen, Ninomiya. Szabo 
Blueschist-Manning 
Boninite-Danyushe\·sky. Varela 
Carbonatite-Andreeva. Brooker. Buehn. Campbell. 

Canigny. Clark. Divaev. Harmer. Lee. Many. Ray. 
Solovova. Veksler. Wyllie. Yamashita. Zhang 

Chamockite-Satish-Kumar 
Dacite-Mandeville. Thordarson. Yang 
Diop:dde-Sharygin 
Dolerite-Cooke 
Dunite-Hansteen. Johan 
Eclog.itc-Ayc:rs. Canign~ lzraeli. Kooi. Liu. Manning. 

Philippot. Pokr6,sky. Scambelluri. Sobolev. Stalder. 
$\'ensen. Ta)lor. Xiao 

Enderbite-Fonarev 
E,aporite-Ayora. Benison. Board. Cendan. Davidson. den 

Brok. Ellendorff Fan lo. Ghazi. Grishina. Horita. Hurai. 
Ko\·alenker. Kovalevich .. Lowenstein. Marki. Nesbitt. 
Petrichenko. Prohl. Randell. Rosell. Shepherd. Siemann. 
Steinmann. Timofeeff. Usdowski. Wendte 

Gabbro--Orsoe,. Philippot. Sobolev 
Granite-Anderson. Chupin. Crawford. Dingwell. Dobes. 

Dominy. Hotta. Hurai. Khin Zaw. Komatsu. Koval. 
Kozlowski. Linnen. Lodemann. Mallard. Mas. Mikulski. 
:'\·lizota. Molnar. 1\lilller. Muramatsu. Naumov. Park. 
Peng. Philpotts. Pletsch-Rhera. Pokr6vsky. Poutiainen. 
Qu. Rankin. Rawat. Riller. Samson. Sawaki. Schmidt. 
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Sckine. Sirbescu. Thomas. Ti1ov. Vanc;on. Vapnik. 
Webster. Xie 

Granodiorite- So. Titov. Vikre. Wayne. Willard. Yazdi. 
Zacharia~ 

Granulit\."-Andcrson. Aranovich. Bobrov. Fonarev. Gibert. 
Harlov. Herms. Kolli. Larsen. Marki. Ne,~1on. Niimi. 
Nijland. Pokr6vsky. Ramambazafy. Rao. Satish-Kumar. 
Scambelluri. Touret. Xu 

Greisens- Domin,. Halter. Kozlowski. Linnen. R\Zhcnko. 
Somarin · · 

Harzburgite- Burnard. Danyushevsky. Hansteen. Johan. 
Kamenetsky. Mctrich. Nielsen. Varela 

ljolite-Veksler 
Kimberlite- Divaev. Kasimova. Slodke, ich. Yamashita 
Lamproiti:- Lokhov 

Apatite- Sharygin 
Lalite-Prol..ot~·ev 
Lamprophyre Huang 
Lherzolite- Ayers. Duci:a Matsumoto. Slodkevich. Varela 

Xu. Yang 
Metamorphic. low/medium grade-Brantley. Egle. 

Frezzotti. Maresconi. Marshall. Mazurek 
Metamorphic. medium/high-Bargar. Cassidy. Fonarev. 

Giuliani. Gleeson. Harms. Hoisch. ln\'emizzi. Kaindl. 
Larsen. Marl.I. Marshall. Narasimha. Neu ma) r. Newton. 
Nijland. Poletti. Rao. Scambelluri. Tojo. Torok. Touret. 
Xiao. Xu 

Metamorphic p. T paths-Andre. Cra,,. Herms. lnvcmizzi. 
Liu. Mandeville. Marshall. Min. Ncumayr. Satish• 
Kumar. Sharma. Xiao 

Meteorite. 1cklite. impactile. lunar-Bodnar. Bogard. 
Genge. Gros:.man. Koeber. Righter. Ruzicka Sturl..ell. 
Varela 

Migmatite-Park. Pokro\'Sk) 
MORB-Agrinier. Cartign) . Darling. Ernst. Hollowa). 

Kamenetsk). Kaneoka. Kent. Lokhov. Mart). 
Matsumoto. Philippot. Pineau. Sano. Sharapov. 
Shimizu. Sisson. Stalder. Tedesco. van Soest. Wada. 
Wallace. Yang 

Olivine-Schiano. Shar:gin 
Ongonite-Naumov 
Ophiolih:-lnvernizzi. Johan. Jousselin. Neumayr. Penke. 

Prichard. Sobole,. Yanko 
Pantellerite-Naumov 
Pegmatite-Anderson. Beurlen. Chou. Dragusanu. Khin 

Za,,. Larsen. Li. Linnen. Mas. Morales-Ah·arado. 
Naumo,. Pal. Samson. Sa,,aki. Sirbescu. Thomas 

Peridotite-Eggins. Harmer. Holloway. J<;ihan. Jousselin. 
Kamenetsk). KI0gel. Ninomiya. Simal..o, . Sobolev. 
W)llie. Yamashita Xiao 

Phlogopite-Sharygin 
Phonolite-Eschenbacher. Harms. Webster 
Picrite-Jochumk. Kent. Sobole,. Turkov 
Pyroxenite-Johan 
Quartz monzonite-Vapnik 
Rhyolite-Briggs. Chabiron. Lewis. Mande\'ilk. Naumov. 

Webster. Yang 
Rodingite-Compagnoni 
Sedimentary. authigcnic. diagenctic. cements. overgro""ths. 

basins-Akande. Aquilina A,rniller. A)ora Barker. 
Benison. Blyth. Brennan. Cathelineau. Cesaretll. Chen. 
Chi. Oa\'idson. De Ros Luiz. Deneele. Domhro\\ski. 
Duval. Eg le. Essarraj. Evans. E,erett. Fanlo. Feng. 
Fernandez-Martinez. Frimmel. Ghazi. Gleeson. 
Goodman. Guilhaumou. Guo. Hall. Jlao. Helgeson. 
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tlitzman. Horita. lfotcheon. Imai. Large. Lawrie. Li. 
Lisk. MacG1l\\an. Milodowski. Miranda-Gasca. Mrcsah. 
Muchez. Mullane. Munz. Mu1lu. Nielsen. Omar. 
O'Reill). Parnell. Pclnchenko. Ponor( Qing. Rani.in. 
Richard. Rock. Rosell. Rowan. Sangster. Savoye. 
Sheppard. Sum. Tomos. Vapnik. Vcngosh. Walgcnwitz. 
Wang. Warren. Wendte. Wilkinson. Yardley. Yemanc. 
Zangrilli. lhang. Zheng 

Shonkinite-Golovko 
Shoshonile- Proko~·ev 
Skarn-Art)kO\. Cepeda!. Edral..i. Feng. Gilg. lsmailov. 

Kodera Ko,lli\'. I\) le. Lang. Li. Ling. Lu. Mango. 
Martin-Izard. Norman. Ogata Peng. Ramambazafy. 
Singo) i. Uchida. Vazquez. Vil.re 

Speleothems. , adose zone Bums. Dennis. Gauer. Goede. 
Hill. Huang. Richards. Verhe)den. Wang 

S)enite-Shi 
Tholeiile-Clocchiatti. Lee. Rip le) . Spandlcr 
Tonalile-Bobrov. Chupin. Hurai. Poletti. Tilov 
Trai:hyte-Dhaev. Dristas. Pivec. Zhang 
lJltrabasic- Nivin. Perinell i. Veksler 

Inclusions, inherited, melt or aqueous- Briggs. Chupin. Kent. 
Krekclcr. Traxcl 

Isotopes, data. fractionation, exchange, etc. ( on inclusion fluids, 
but gases might be from glass or rock minerals, not 
inclusions). See also Anal)SIS data. noble gases. 

Argon-Boye.:. Burgess. Canigny. Hopp. Hu. Kendrick. 
Lokhm. Mart). Moore. Nivin. Qiu. Stuart. Turner 

B romi ne-Eggenkamp 
Boron-Vengosh 
Carbon-Burgess. Canigny. Darling. Fischer. He. Le\\.iS. 

Marty. Xu 
Chlorin.:- Eggenkamp. Lodemann. Lol..hov. Philippot. 

Ransom 
General principles. fractionation. exchange. anal)1ical proc .. 

equlibria Bogard. Burnard. Chi. Dipple. Doremus, 
Halliday. Hopple. Lewis. Satish•Kumar. Socki, Vaughn. 
Tum.:r 

Helium-Bach. Burgess. Charlou. Darling. Fischer. Hu. 
Jean-Baptiste. Lol..hov. Marty. Nishio. Nivin. Stuart. 
van Soest. Turner 

Hydrogen- Alderton. A.ltamura. Choi. Cline. Dennis. 
Dobes. Egle. Feng. Gleeson. Hauri. Hopple. Imai, 
Naden. Nie. Pineau. Qing, Selby. Simon. Socki. 
Vaughn. Vazquez. Vikre. Wei. Xu 

K Grossman 
Lead- Layne. Shimizu 
Lithium- Zhang 
Neod) mium- Ducea 
Neon-C'anign). Mart). l'cdesco 
Nitrogen- Lokhov 
Noble gases- Albarede. Altamura. Ballentine. Burnard. 

Drescher. Jambon. Kamijo. Kaneol..a. Kendrick. Many. 
Matsumoto. Moreira Nivin. Osenbruck. Polya. Sano. 
Stuart. Thrower. Wada 

Ox)gen- Aldcnon. Altamura. Beaudoin. Borrok. Bruce. 
Cho,. Cline. Dennis. Dobes. Edwards. Feng. Giuliani. 
Gleeson. Graham. Lewis. Naden. Nie. Salish-Kumar. 
Simon. Socki. Vaughn. Vazquez. Vikre. Walgen\\itz. 
Wei. Xu 

Strontium- Ducea. Hitzman 
<iulfur- Hu 
Xcnon- Kaneoka. Kunz. 

Magmatic differentiation- Jochum. Kent. Sobolev 
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Mantle metasomatism- Metrich. Nielsen. Sobolcv. Stalder. 
Szabo. Taylor. Varela 

Metastability- Darling 
Mineral Deposits. See also Localit~ Index: Inclusions in minerals: 

Analysis. data. for appropriate elements. 
Antimony- Bailly. Belcvantse,•. Choi. Gray. Jonsson. 

Oelkers. Ramsa~•. Yang. Zhang. Zhu 
Arsenic- Baker. Cline. Dunin-Barko,skaya. Essarraj. Gray. 

Jiyuan. Jonsson. Ramsay. Wetten 
Barite-Bruce. Cathclineau. Dobes. Everett. Hitzman. 

Kontak. Milodowski. Mizuta Mullane. Vavelldis. 
Zhang 

Beryllium- Beurlen. Chou. Zeng 
Bismulh- Allt:n. Baker. Coutinho. Dobes. Dunin­

Barkovska}a. Gao. Khin Zaw. K"zl6v. Taner. Thieben. 
Zhang 

Borate - Miranda-Gasca 
Cadmium-Coutinho 
Chromite- Johan. Yang 
Cobah- Bortnikov. Cannell. Dobes. Essarraj 
Copper- Bail!:,. Baker. Cannell. Cepedal. Choi. Dobes. 

Essarraj. Feng. Frank. Hedenquist. Heinrich. Hu. Ji. 
Khamrabae,·. Khin Zaw. Kontak. Kozlov. Lawrie. Li. 
Lindaas. Lu. Martin-Izard. Master. Molnar. Ogata 
Peng. Peter. Pivec. Polya. Qiu. Ren. Rohrlach. Shail. So. 
Taylor. Ullrich. Vila. Wacho\\ iak. Wang. Wei. Wen. 
Wenen. Yang. Zhang 

Epitherrnal and hotspring- Bailly. Cepeda). Crawford. 
Dominy. Heinrich. Imai. Kozl6v. LUders. Manin-Izard. 
McDonald. Molnar. Nonnan. Willan. Plotinskaya 

Fluorite- Bruce. Cathelineau. Cunningham. Dobes. Dunin­
Barkovska~ a. Rowan. Souissi. Tsoi 

Gennanium- Pokrovski 
Gold (major entries) 

Carlin-Brake. Cline. Khin Zaw. Liu. Lu. Prokofyev. 
Shigehiro. Su. Sun. Zhang 

Epitherrnal-Agrinier. Aissa. Alderton. Aquino. Bailly. 
Basuki. Camprubi. Cao. Faure. Gal. Ganer. 
Hedenquist. Heinrich. Imai. lshizuka. Jargalan. 
Kozlov. Lindaas. Love. Maeda. Maglambayan. 
Molnar. Naden. Noya. Perello. Petersen. 
Plotinskaya. Poliquin. Ramsay. Richards. Rios. 
Scott. Shimizu. Simon. So. Spry. Takahashi. 
Thieben. Thompson. Vikre. Wu 

Mesotherrnal-Altamura. Bai. Bain. Baker. Baksheev. 
Boiron. Bortnikov. Boullier. Dobes. Egle. Fricova. 
Gonzalez. Jargalan. Khin Zaw. Lawrie. Marshall. 
McCuaig. Memagh. Parry. Polito. Ramsay. Ramsay. 
Shi. Sibson. Sillitoe. Taylor. Wang 

Metamorphic-Baker. Buccholz. Cassidy. Coutinho. 
Dugdale. Dunin-Barkovskaya. Egle. Fan. Gao. 
Gonzalez. Groves. Khalmukhamedov. Kontak. 
Lawrie. Lee. Li. Mernagh. Nie. Peuke. Shen. Silva. 
Tian. Ts6i. Witt. Xu. Zhai 

Porph~r~-Crawford. Yazdi. Zacharias 
Skarn- Allen. Baker 
VHMS-Khin Za,,. Lawrie. Liu. Lu 
Ocher. includes unknown t~ pc-Andre. Ball. Blarney. 

Bobrov. Boiron. Burnard. Cannell. Chang. Chauvet. 
Chen. Dziggel. Fent. Gil. Goldfarb. Gray. He. Hu. 
Huanit. Jelsma Ji. Kataoka. Khamrabae,. Klemd. 
Li. u7w. Liimatainen. Lindley. Liu. Lizorkina. 
Long. Lu. Mao. Mapani. Menez. Neronsk~. 
Prichard. Rasmussen. Reynolds. Schmidt Mumm: 
See. Sillitoe. Simeone. Smith. Sokerina. Sun. Tunks. 
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Ullrich. Urbano. Vavelldis. Wei. Wellen. Xie. Xu. 
Yang. Young. Yu. Zhang. Zhautikov. Zhu 

Gold. lesser deposils. minor mention {geochemistry. elc. )-­
Altamura Badalov. Baranova. Choi. Crawford. Divaev. 
Dohes. Dunin-Bark6vskaya. Fan. Gibert. Gol6vko. 
Heinrich. Koncev. Murphy. Philippot. Prol-Ledesma. 
Qu. Schofield. Shi. Simonov. Vila. Williams. Yardlev. 
Zhang. Zhao. Zhautikov 

Graphite-Benison. Lodemann. Rowe. Singoyi. Smith. Vila 
Iron (including siderite and BIF)--Borrok. Fonarev. Kodera 
Kaolin-Domin~ 
Kuroko--lshizuka. Maglambayan. Mizuta 
Lead and lead-zinc-Appold. Baker. Beaudoin. Bechlel. 

Bruce. Chapman. Charet: Chi. Choi. Costagliola. 
Da, idson. Dobes. Everett. Fallara. Feng. Femandez­
Martinez. Frimmel. Gao. Garrido. Gaunt. Giles. Gilg, 
Goebel. Kon1ak. Kozl6v. Leach. Guan. Gunn. Hanor, 
lli1zman. lshizuka. Jiyuan. Jonsson. Khin Zaw. Kontak. 
Kyle. Mach. Mango. McCandless. Molnar. Muchez. 
Parilo\. Pi,ec. Ragan. Randell. Rohrlach. Rose. 
Sangster. Sav;ird. Sheppard. Taylor. Tomos. Vavelldis. 
Vazquez. Wachowiak. Wang. Wei. Wilkinson. 
Williams. Xu. Zhang. Zhu 

Lithium-Beurlen. Khamrabaev. Linnen. Saidyganiev 
Manganese-Jonsson. Mach. Maresconi. Wang. Yang 
Massive sulfide. VHMS-Folcy. Khin Za,,. Lang. Prichard 
Mercury-Essarraj. Lu. Viii.re. Zhang 
Mississippi Vallc~-Akande. Appold. Chi. Cooke. 

Da, idson. Goebel. Heimbach. Leach. Luczaj. Misra. 
Montanez. Muchez. Nesbitt. Pironon. Ragan. Rohrlach. 
Rose. Savard. Souissi. Thrower. Tornos. Turner. Viets. 
Wachowiak. Walshaw 

Molybdenum-Baker. Chabiron. Coutinho. Cunningham. 
lsmailov. Khamrabaev. Molnar. Molnar. Peng. Somarin. 
Taner. Walker 

Nickel-Dobes. McCormick. Molnar 
Niobium-Smith 
Platinum and PGE-Crocket. Johan, Mapani, McDonald, 

Molnar. Orsoev. Prokofyev. Sassani. Spandler. 
Pol~ metal!ic-Camprubi. Calhelineau. Chen. Dobes. Foley. 

Gal. Khin Zaw. Liu. Lu. Ulders. Mikhailova. Molnar. 
Ren. Taylor. Vikre. Wang. Wei. Wu. Xu. Yang. Zhao 

Porphyry Au-Lindaas. Maglambayan. Nikolaeva. Parilov. 
Perell0. Rowland. Schedl. Selby. So. Turesebekov. 
Willard. Yang. Yazdi. Zacharias. 

Porphyry Cu (±Au)--Aquino. Armstrong. Baker. Bodnar. 
Cepcdal. Chen. Fortuna. Heinrich. Hu. Hedenquist. 
Kaldyshkina. Khamrabaev. Kozl6v. K) le. Perell0. 
Turner 

Porphyry Cu and Mo {±Alf)--Garrido. Hezarkhani. Peng. 
Seib\'. Willard 

Porphyr)· Mo (Au)--Peng. Somarin. Spry. Thieben 
Potash-Ayora. Cend6n. Grishina 
P~ rile. Sel! also Massive sulfide- Parilov 
Quanz- Lokhov. Lueth. Mizota 
Rare earth elements (REE) -Cannell. Liu. Rankin. Smith. 

Wood 
Rare metal deposi1s {Sovie! usagel--Artykov. Dunin­

Barkovskava lsmailov 
Selenium-C~utinho. Hcdenquist 
Sedex-Baker. Fernandez-Martinez. Large. Lawrie. Wen. 

Xia 
Sih er-Alderton. Beaudoin. Camprubi. Cao. Chapman. 

Chen. Choi. Costagliola. Coutinho. Dietrich. Dobes. 
Essarraj. Faure. Gal. Garrido. Giles. Gilg. Gunn. 
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lshizuka. Ji. Jiyuan. Khin Zaw. Koni:ev. Kontak. 
Kozlov. Kyle. Mach. Maeda. Maglambayan. 
McCandless. Noya. Pivec. Polya. Rios. Rohrlach. 
Shimizu. Spry. Sun. Takahashi. Taylor. Thieben. 
Thompson. Tsoi. Vavelldis. Vazquez. Vikre. Wang. 
Wei. Wilkinson. Williams. Wu. Xu. Yang. Zhang. Zhao 

Tantalum-Beurlen. Linnen 
Tellurium-Aldenon. Allen. Cao. Chen. Coutinho. Furong. 

Gal. Gao. Hedenquist. Maglambayan. Piwc. 
Plotinskaya. Spl)'. Thieben. Thompson. Wei 

Tin-Audctat. Baker. Beurlen. Dietrich. Dominy. Fogliata. 
Haller. Khin Zaw. Linnen. Liu. Marignac. Ogata. Pal. 
Polya. Ryzhenko. Shail. Somarin. Traxel. Wang.. Zeng 

Tungsten-Audetat. Baker. Bortnikov. Chen. Gray. 
lsmailov. Ji. Khin Zaw. Lee. Linnen. Liu. Mallard. 
Marignac. Mikulski. Ogata. Polya. Sardi. Shail. Singoyi. 
Somarin. Walker. Xu. Yang. Zeng. Zhang. 

Uranium-Andre. Cannell. Chabiron. Cunningham. Dobes. 
Egle. Li. Liu. Luo. Min. Romer. Ta~·lor. Yardley. Zhai 

Vanadium-Frimmel 
Zinc-Bailly. Essarraj. Heimbach. Ma. Peter. Rankin. 

Wang. Wen 
Zirconium-Fogliata 

Modeling of ore deposits and basins. See also Computer­
Beaudoin. Cathelineau 

Movement of inclusions or bubbles-Oocchiani. den Brok. 
Komushin. Stipp 

Nuclear waste sites-Blyth. Bukata. Devidal. Diamond. 
Dublyansky. Hill. Milodowski. 0senbriick. Prohl. Roedder. 
Steinmann 

Organic compounds, bitumen, vitrinite, coal, etc.-Andresen. 
Barker. Bigge. Brennan. Buick. Cesareni. Chen. Compagnoni. 
Giuliani. Goebel. Grishina. Guo. Hao. Kontak. Laier. 
MacGowan. Muchez. Munz. Okubo. Randell. Richard. Shanina. 
Vapnik. Wang. Yemane 

Organic compounds. oil and gas fields, maturation, migration, 
exploration-Akande. Andresen. Awwiller. Bakker. Bigge. 
Brennan. Buick. Cesaretti. Chen. Chi. Darling. Duval. Feng, 
Guilhaumou. Guo. Hall. Hao. He. Jarmolowicz-Szulc. Li. Lisk. 
MacGo\\an. McNeil. Munz.. Okubo. O'Reilly. Parnell. Pottorf. 
Qing. Rock. Sum. Sun. Vapnik. Voznyak. Warren. Wilkinson. 
Worden. Yemane. Zhang. Zheng. Zhou 

Organic compounds, General. See also Analysis data. higher 
hydrocarbons. acetate. etc.-Dublyansky. Dutkiewicz. 
Fournier. Gass~ mova. Giuliani. Helgeson. Kasimo\'a. Pironon. 
Lu. Mathez. Richard. Ridley. Sum. Yardky 

Organic compounds in ore deposits- Bechtel. Cathelineau. 
Cepeda!. Chang. Chen. Chi. Cline. Gaunt. Giuliani. Ji. Kontak. 
Lawrie. Linnen. Lu. Randell. Sangster. Souissi. Sun. Zeng. 
Zhang. Zhalitikov 

Origin and Changes in inclusions: See also Synthethic 
inclusions. 

Chronolog~ of generations- Brauer 
Cracking of rocks or minerals. decrepitation in nature or 

laborato~. h~drol~1ic weakening. See also Fluid 
FIO\\.-Bakker. Bargar. Bayuk. Bodnar. Boiron. 
Brauer. Bureau. den Brok. Ferrill. Giles. Golovko. 
Herms. Le\in. Liu. Memagh. Nielsen. 0nasch. Pletsch­
Rivera Riller. Sausse. Schmidt. Sharma Zhao 

C~·stal gro\\1h phenomena Abe. Boncv. Cmiral. Coll~er. 
Davis. Gal. Johnson. Clocchiatti. Smimov. Sunaga\\a. 
Wiltschko 

Deformation. dislocations- Bone\. den Brok. Ferrill. 
0nasch. Riller. Stipp. Varela Vityk. Zhang 
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Leakage (in or out). refilling-Bakker. Brennan. Fonarev. 
Gibert. Gleeson. Nielsen. Pol)a Richards. Savoye. 
Stipp. Zak 

Recrystallization and re-equilibration effects-necking 
down-Bakker. Faure. Giles. Golden. Herms. 
lnvcrnizzi. Kaindl. Pasteris. Riller. Vityk 

Stretching (and collapsc)--Brennan. Deneele. Fonarev. 
Hansteen. lnvemizzi. Lowenstein. Schmidt. Shanna. 
Vityk. Zhang 

Trapping mechanisms-Cmiral. Davis. Della-Pasqua. 
Golden. Minarik. Nakamura 

Wetting phenomena-('miral. Gibert. Minarik 
Paleoatmosphere and paleoclimates, paleoseawater See also 

Inclusions in ice: Inclusions in rocks. speleothenns-Benison. 
Burnard. Bums. Cendon. Dennis. Dutkiewicz. Fanlo. Halliday. 
Kamijo. Kovale\ich. Lowenstein. Muchez. 0senbriick. 
Petrichenko. Qing. Sangster. Timofeeff. Vengosh. Vcrheyden. 
Wang. Willan. Zhang 

Partial pressure (also fugacity, activity) H2 (and pH)--Benison. 
Lewis. Liu. Lvov. McKeagncy. Peng. Roberts. Taylor. Thieben. 
Tunks. Wang. Xia. Yusupov 

Partial pressure (also fugacity, activity) 0 1-Beaudoin. Blarney. 
Cannell. Divaev. Fan. Frank. Gilg. Halter. Holloway. Hurai. Ji. 
Larsen. Lawrie. Liu. Maglambayan. Molnar. 0rsoev. Pastcris. 
Peng. Pokr6vsk~. Ramambazal)·. Righter. Rotherham. 
Simakov. Spandler. Taylor. Thieben. Wang. Xia Xu. Yardley. 
Zacharias. Zhautikov. Zhang 

Partial pressure (also fugacity, activity) S1, HiS, etc.-Blamey. 
Ji. Liu. Maeda. Maglambayan. Peng. Taylor. Xia. Zhang. Zhao 

Partitioning between phases. See also Isotopes. general: 
Analysis. REE-A)ers. Brenan. Frank. Heinrich. Hurai. 
Killawec. Quartz.. Siemann. Stalder. Steinmann. Uchida 

Petrography of inclusions; artifacts, sample preparation­
Bodnar. Johnson. Khamrabaev. Komov. Kormushin. Rosin 

Reviews, introductions and bibliographies. See also Books­
Bames. Benison. Bernikov. Brown. Dlinin-Barkovskaya 
Groves. Haggeny. He. Huston. lr.vin. Khamrabaev. 
Kovalenker. Kozl6v. Linnen. Lydon. Mallard. Marignac, 
Master. Mccuaig. Menez. Polickovsky. Ragnarsdonir. Shen. 
Shepherd. Sloan. Smimov. Walshaw. Wiesheu. Williams. Wm 

Rock-water interaction (alteration. exchange rates. etc.)-­
Bargar. Cathelineau. Deneele. Divaev. Deneele. Edraki. Fan. 
Giuliani. Halter. Hanor. Lewis. Lin. Lodemann. Maineri. 
McKeagne). Mysen. Peng. Prol-Ledesma. Vani,on. Vazquez. 
Xu. Zeng. Zhang 

Silicate melt inclusions, homogenintion, data and techniques­
Audetat. Belkin. Cm~ford. Della-Pasqua. Ducea Gioncada 
Koval. Ling. Poutiainen. Prokorev. Rawat. R)abchikov. 
Solovova. TurkO\. Vapnik. Varela Webster. Yang 

Silicate melt inclusions, lnterpretation- Ding,\ell. Golovko. 
Nielsen. Prokorcv. Rawat. R) abchikov. Schiano. Shmulovich. 
Thomas. Turkov 

Structural geology, use of inclusions in. See also Inclusions in 
rocks. metamorphic. P-T paths: Origin of Inclusions. 
chronolog): Fluid. llo\\-Altamura. AH: Lallemant. Andre. 
Board. Brauer. Cra,\, Diamond. Dugdale. Evans. Ferrill. Field. 
Gonzalez. Goodman. Jelsma. Marignac. Min. Montomoli. 
Morris. Mresah. Neumayr. Parnell. Parl)·. Riller. Schimmrich, 
Sibson. Sillitoe. Slobodnik. Svara. Wawnyniec. Wa)ne. 
Wendte. Wiltschko. Wyder. Xu. Zhang 

Synthetic inclusions; inclusions in synthetic materials, including 
gems-Abe. Amthaucr. Baldassaro. Chazallon. Darling. Da,is. 
den Brok. Dennis. Dubessy. EllendortT. Fabre. Fedoro\, Giben. 
Irwin. lshi)ama. Kroger. Leng. Lo\,enstem. Menez. Philippot. 
Schmidt. Shanna. Smimo\. Tomilenko. Vityk. Walker. Zhao 
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Vesiculation-Canigny. Wilson. Linnen. Manel 
Water (and OH) in magmas and minerals. See also 3. Water­

Dingwell. Gioncada. Guilhaumou. Heath. Moore. Pineau. 
Pokr6vsky. Poutiainen. Richel. Vapnik. Webster. Zavel'skii 

Water ◄ liquid and salts) in silicate melt inclusions- Belkin. 
Hauri. Koval. Moriizumi. Prokol\:,. Richet 

Xenoliths. See also Inclusions in rocks-Altamura. Bernardo. 
Bureau. Burnard. Dristas. Ducea. Eggins. Fulignati. Hansteen. 
Hopp. Hurai .. Klilgcl. Mathez. Mcinnes. Mdrich. Me1rich. 
Neumayr. Ninomi)a. Perinclli. Schiano. Simakov. Su1hcrland. 
Szabo. Taylor. Xu 
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Locality Index 

Notes: See head of Subject Index. Individual deposit place names are indexed only when significant dala are presented. Inexact 
place names (e.g .. ··soviet Far East'") are not entered. nor are individual mines in districts knowy by a district name. although some ma) be 
so entered. in error. Cyrillic (and Chinese) place names are listed as they were given in the original transliteration: various 
transliterationprocedures )'ield different spellings. e.g .. Polykovsky and Polyckovsky. For place names starting with an adjective (e.g .. 
North Pennines). see main entry also. Names s1arting with M .. Mt.. Monte. and Mount are alphahe1ized exactly as spelled. 

A 
Abitibi Au. Quebec. Canada-Boullier 
Afghanistan emeralds-Giuliani 
Ailaoshan Au. China-Burnard 
Ailaoshan Au. West Yunnan. China-Hu 
Akcha-Talbulak OD. Uzbekistan-Smimova 
Albian carbonate reservoirs. Angola margin-Walgenwitz 
Albigeois CaF~. France-Rowan 

Albigeos Pb-Zn-F·B. Massif Central. France-Bruce 
Allende chondrite-Varela 
Alpine Monte Rosa Au. ltaly- Pettke 
Amritpur granite. Lesser Himalaya.. India-Rawat 
Anambra basin-Akande 
Ana1olia geothennal. Turkey- Mutlu 
Antarctica meteorites-Genge 
Aouelloul Crater. Mauritania- Koeberl 
Appalachian Basin bentoniles- Briggs 
Apuscni Mountains Au-Ag-Te. Romania-Alderton 
Archaean oil. Australia-Dutkiewicz 
Archean lode-Au-Mikucki 
Archean oil-bearing sandstones. Australia-Buick 
Ascension Island-Irwin 
Ashanti Belt Au. Ghana-Klemd. Schmidt Mumm 
Ashele massive sulfide Cu-Zn. Xinjiang. China-Wang 
Au-Ag-Te OD. Mt. USA-Thieben 
Auminzatau-Kul'dzhuktau Au. Kyzylkumy. CIS-Lizorkina 
Australia North Wesl Shelf oil-Lisk 

B 
Bacon-Manito geothennal. Philippines-Hedenquist 
Badenian. Poland-Rosell 
Ballin Island lavas. Canada-Kent 
Baia Mare Au-Cu-Zn-Sb. Romania-Baillv 
Bainiuchang Ag polymetallic. Yunnan. PRC-Chen 
Baiyinchang Cu-polymctallic. PRC-Ren 
Balazuc borehole. France-Aquilina 
Bald Hill Au-Cu. NSW Australia-Lawrie 
Bald Mountain VMS. Me. USA-Foley 
Ballynoe barite. Ireland-Mullane 
Baltic Shield lamproites. Central Karelia-Lokhov 
Baltic Shield lamproites. Kola Peninsula-Lokhov 
Banble granulite. Norway-Nijalnd 
Bancanghe Au. Huanglin. Hubei. PRC-Chang 
Bandipur. Kamataka-Narasimha 
Bankuan Au. China-Chen 
Bannock basin. Mediterranean Sea-Vengosh 
Barberton greenstone. S. Africa-de Ronde 
Batan Island. Philippines-Metrich 
Bathurst Island Pb-Zn. NWT. Canada-Rose 
Bayan Obo Fe-REE-Nb. China-Smith 
Bayan Oho REE-Nb-Fe. Inner Mongolia. China-Campbell 
Ba~an Obo. China-Buchn 
Bendigo Au. Victoria. Australia-Li 

Benue Trough. Nigeria-Akande 
Berezov Au. Russia-Bortnikov 
Berezovsk Au. Middle Urals-Baksheev 
Bcrezovsk Au. Urals-Bakshee\ 
Berg Pb-Zn(-V)-type. Namibia-Frimmel 
Bestyube Au. N. Kazakhstan-Baksheev 
Bichanzor Au. Uzbekistan-Kozlov 
Big Maria Mountains. Ca. USA-Hoisch 
Biggenden Fe. Southeast Queensland-Edraki 
Bigham porphyry Cu. Ut. USA-Schedl 
Bingham porph. Cu. Ut. USA-Kendrick 
Bingham- Irwin 
Bishop Tuff. Ca.. USA-Boyce 
Bohemian massif. CSSR- Dobes 
Bohemian massif'.-Lodemann 
Bokan Mountain. Ak. USA-Philpons 
Bolivian Sn- Traxel 
Borborema Be-Ta pegmatites. Brazil-Beurlen 
Bostraze-Balleswidden kaolin. Cornwall. UK-Dominv 
Bou Grine Zn/Pb. Tunisia-Bechtel · 
Bouvet Triple Junction-Simonov 
Brad-Sacaramb .:pithennal Au-Ag-Te. Romania-Gal 
Brazil emeralds-Giuliani 
Brent Group oil. North Sea- Wilkinson 
Brent Group. North Sea-Guilhaumou 
Broadlands geothennal. NZ- Hedenquist. Nonnan 
Broken Hill. Australia-Gunn 
Broken Hill-type Pb-Zn-Ag deposits. Australia- Williams 
Bronzewing Au. Australia- Dugdale 
Brusson Au. NW Alps- Menez 
Brusson Au. Western Alps- Ph!lippot 
Bukit Koman Au. Malaysia~Khin Zaw 
Bulawan Au-Ag-Te. Philippines-Maglampayan 
Bushveld s1ratifonn pyroxenites. S. Africa- Johan 
Bushveld upper critical zone. S. Africa- Johan 
Butte-Irwin 

C 
Cadillac Mo-Bi. Quebec. Canada- Taner 
Calabrian Arc metamorphics. llal}- lnvemizzi 
Caledonides. Nonvay- Svensen -
Cambrian evaporites. East Siberia-Grishina 
Canary Islands xenoliths- Hansteen 
Candelaria Cu-Au. Chile-Ullrich 
Cannington Ag-Pb-Zn. Cloncurry. Queensland. Australia-Chapman 
Cannington Pb-Zn-Ag. Australia- Williams 
Cape Fold Bell Au. S. Africa Egle 
Capitan Mountains. NM. USA-Campbell 
Carlin Au. Nv. USA- Brake 
Carlin-type Au. Nv. USA- Shigehiro 
Carlin-type Au- Liu 
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Carpathians pegmatites. Romania-Dragusanu 
Cash porph. Cu. Yukon. Canada-Selby 
Casino porph. Cu. Yukon. Canada- Selby 
Catatumbo basins. Colombia-Awwiller 
Catskill. NY. USA- Zangrilli 
Celtic Sea basins. Ireland-O'Reilly 
Central African coppcrbelt- Master 
Central City district. Co. USA-Taylor 
Central Okinawa Trough geothermal. Japan 
Central Tennessee Zn- Misra 
Central Victoria Au. Australia-Ramsay 
Cerro Blanco pegmatites. Argentine-Mas 
Cerro Viejo. Argentina-Krekeler 
Chadak Au-Ag. Uzbekistan-Kozlov 
Chalk River. Canada- Bukata 
Changkeng Au-Ag. Guangdong. China-Sun. Zhang 
Changkeng. China- Norman 
Chino. NM. USA Armstrong 
Cikidang Au. West Java. lndonesia-Basuki 
Cikotok Au. West Java. Indonesia-Noya 
Cloncurry Cu-Au. Australia-Williams 
Cloncurry. Australia- Williams 
Cobar Au-Cu-Ag-Pb-Zn. Australia- Lawrie 
Colombian emeralds-Giuliani. Menez 
Comstock Lode. N, . USA- Vikre 
Congo Basin NaCl. Africa- Timotecff 
Copeton diamonds. Australia-Milledge 
Corcoesto Au. Corur'\a. Ponugal-Urbano 
Comish Sn. UK- Rankin 
Costa Rica rift geothennal- Vanko 
Cow Ark-Marl Hill Moor Pb-Zn. UK-Gaunt 
Creede- Irwin 
Cripple Creek Au. Nv. USA- Thompson 
Croydon goldfield. N. Queensland. Australia-Lawrie 

D 
Dabeiwu Au. Jiangxi. PRC- Wang 
Oaejang Cu-Zn-Pb. Korea-Choi 
Dalongshan U. Anhui Province. China-Zhai 
Dalu bastnaesite. Sichuan. PRC-Liu 
Damara orogen. Namibia- Frimmel 
Danzhai Au-Hg. PRC-Lu 
Daqing Cu. Yunnan. PRC- Zhang 
Daqinshan Au. Inner Mongolia. China-Xu 
Dashuigou Te. PRC-Wei 
Dashuigou Te-Au-Ag. PRC-Cao 
Datuanshan Cu. Anhui. PRC- Li 
Dead Bullock Soak Au. Australia- Smith 
Death Valle). Ca. USA- Lowenstein 
Diamond-bearing carbonatites. Uzbekistan-Divaev 
Oianfang Ag-Au. Henan. PRC-Zhao 
Diaspri Di M. Mn. ltaly- Marescotti 
Dinantian dolomites. Belgium-Nielsen 
Dinkidi porph. Cu-Au. Luzon-Cra,,ford 
Disu Pb-Zn. PRC-hu 
Dizon porph. Cu-Au. Philippines- Aquino 
Dongbeizhhai Au. Sichuan. China-Lu 
Donghuofang Au. Inner Mongolia. PRC-Shi 
Donglinshan Au. PRC- Li 
Dongpiog Au. 1-lebei. PRC- Nie 
Dronoiog Maud Land. Antarctica-Marki 

Duluth complex. Mn. USA- Ripley 
Dylen U. CSSR-Dobes 
Dzhelambet-Centre Au. N. Ka7..akhstan- Baksheev 
Dzhelambet-Nonh Au. N. Kazakhstan- Baksheev 

E 
E. African Rift gases- Darling 
East Kempt, ille Sn. Nova Scotia- Halter 
East Pacific Rise-Stuart. Yanko 
East Tennessee Zn-Misra 
Ehrenfrh:dersdorf Sn. Germany- Thomas 
El Abra limestone. Mexico-Brennan 
El Criollo Genthel\'ite. Cordoba. Argentine- Mas 
El Joyazo xenoliths. SE Spain- Bernardo 
El Mochito Zn-Ph-(Ag). Honduras- Vazquez 
El Muerto pegmatite. Oaxaca. Mexico-Morales-Alvarado 
El Oro. Mexico-Norman 
Eloise Cu-Au. CloncuIT) District. Queensland. Australia-Baker 
Embla oil field. North Sea- Munz 
Emperor Au. Fiji-Poliquin 
Enni Cu. Jilin. China- Feng 
Esker Mississippi Valley-type. NWT. Canada- Wachowiak 
Esztramos Hill calcne. Hungary-Gatter 
Etheridge Goldfield Au. Queensland. Australia- Baio 
Et) kin rare-metal deposit. Russia- Prokol'ev 
Eureka polymetallic. Nv. USA- Vikre 

F 
Famous basalt AL VS 19-t-l. Mid-Atlantic Ridge Shimizu 
Fort Knox. Ak. USA- Baker 
Fort)seven Creek Au-As-Sb-W. Ak. USA-Gray 
Fosten ille Au. Australia-Memagh 
Francoeur Au. Quebec. Canada-Gao 
Fresnillo. Mexico-Nonnan 
Fukasawa Kuroko deposits. Japan-Jshizuka 
Fuoiu Mountain Au. Henao. PRC-Zhang 

G 
Galapagos Platform-Sours-Page 
Gah,ay granite. Ireland-Jenkin 
Gardiner ultramafic complex. E. Greenland-Veksler 
Gays River Zn-Pb. Nova Scotia. Canada-Kootak. Sangster. Savard 
Genesis Au. Nv. USA-Brake 
Geothermal fields. Japan-Taguchi 
Getchcl Creek. Nv. USA-Norman 
Getchell Carlin-type gold. Nv. USA-Cline 
Gies Au-Ag-Te. Mt. USA-Spry 
Gilman. Co. USA-Mach 
Glen Eden Mo-Sn-W. NSW. Australia-Somarin 
Glenorch~ Au. NZ- Baksheev 
Globe Miami porph. Cu. Az. USA-Kendrick 
Golden Butterfly Au. N. Queensland. Australia-Lawrie 
Golden Mile Au. Australia-Lee 
Golden Sunlight Au-Ag-Te. Mt. USA-Spry 
Goldfield. Nv. USA- Vikre 
Gorda Ridge-Sours-Page 
Gran Canaria. Canary lslands-Gurenko 
Green Riwr oil basin. Wy. USA-MacGowan 
Green Tuff epithermal. Japan-Imai 
Greenhills PGE. NZ-Spandler 
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Greenland picrite-Turkov 
Gretla siderite, Slo\akia- Hurai 
Grotta di Ernesto. NE Italy- Huang 
Guaniamo diamond. Guyana shield. Venezuela-Sobolev 
Guantian Te. China- Furong 
Guizhou Au-Sb. China- Zhu 
Guizhou. PRC-Su 
Gulf Coast Zn-Pb-Sheppard 
Gyeongsang basin Cu. Korea-Choi 

H 
Hahajima Cu, Japan- Annstrong 
Haigou Au, Jilin. PRC- Feng 
Hannuoba xenoliths. China- Xu 
Hansonburg. NM. USA-Chomiak. Irwin 
Hamey Peak granite. SD. USA-Sirhescu 
Hartford-Deerfield oil basins- Parnell 
Hatu Au. Xinjiang. China-Fan 
Haulalai volcano. Hawa1i- Mathez 
Heletz-Kokhav oil field. lsrael-Vapnik 
Hellyer VHMS. Tasmania. Australia-Khin Zaw 
Hermosa District. Sierra County. New Mexico. USA-Mclemore 
Hishikari Au. Japan- Imai 
l-lishikari Au-Ag. Japan- Takahashi 
Hishikari Au-Ag. Kyushu. Japan-Faure 
Hogeqi Cu-polymetallic. Inner Mongolia. PRC-Yang 
Hokko epithermal Au. Hokkaido. Japan-Scott 
Hollinger Au. N. America- Baksheev 
Hongshan porph. Cu. Huichang Jiangxi. PRC-Chen 
Hoti Cave speleothems. Oman-Bums 
Houdidong Au. Jilin. PRC- Wang 
Huashugou Au. north Qilian Mt.-Yang 
Hudson Valley Fold-Thrust Belt. NY. USA-Schimmrich 
Humber Zone oil. Qm:bec-Chi 
Hunan-Jiangxi U. PRC-Li 
Huogeqi Cu-polymetalli. Inner Mongolia. China- Wang 
Hutchinson halite. Ks.USA-Timofeeff 
HYC Pb-Zn. Australia-Large 
HYC Zn-Pb-Ag. Australia-Davidson 

llimausaq intrusion. Greenland-Laier 
llkwang Cu-W. Kyongsang basin. Korea-Yang 
lndarama Au. Zimbabwe-McKeagney 
Indian Ocean Basaltic glasses-Cartign~ 
loko-Dovyren PGE. north Baikal-Orsoev 
lrazu Volcano. Costa Rica-Clark 
Irish deposits-Wilkinson 
Irish Zn-Pb-(Ba) oretield-Hitzman 

J 
Jacinto Au. Cuba-Simon 
Jade hydrothennal. Okinawa trough- Hou 
Jebel Stah Caf~. Tunisia-Souissi 
Jedl'ovec siderite-Hurai 
Jianfengliing pegmatoid. Hunan Province. PRC-Chang 
Jiaojia Au. PRC-Xu 
Jilove Au. Czech Republic-Frico,a 
Jinchangyu Au. Hebei. China-Zhang 
Jinchuan complex. China-Yang 
Jinman Cu. Yunnan. China-Ji 
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Jinshan Au. Jiangxi. PRC- Zhang 
Juan de Fuca Ridge geothermal- Kadko. Peter. Sours-Page 
Jubilee Zn-Pb. Nova Scotia. Canada- Fallara. Sangster. Savard 
Junc1ion Au. Australia-Polito 
Juneau Au. Ak. USA-Sibson 
Jwaneng kimberlite. Bots\~ana-Cartigny 

I( 

Kaba chondritc-Varela 
Kakkonda geothennal system. Japan- Kasai 
Kakkonda geothermal. Japan- Komatsu. Muramatsu. Muraoka. 

Sawaki 
Kakkonda granih:. Japan- Sasaki 
Kalgoorlie Au. Australia- Lee 
Kalkfeld carhonatite. Namibia- Buehn 
Kamineichi dolomitic skams. Iwate. Japan lshiyama 
Kangunkundc. Mala,\ i- Buehn 
Kara W. Tasmania-Singoyi 
Karashokho Diatremi: Au. CIS-Golovko 
Karashokho Diatreme shonkinite. CIS-Golovko 
Karoo Basin Au. S. Africa- Egle 
Karvakh NaCl. Yi:men- Shanina 
Kashi Depression oil. China-Li 
Kaspcrske Hury Au. CSSR- Dobes. Zak 
Kazakhstan Au-Rafailovich 
Kechmes NaCl. Komi- Shanina 
Kerala chamockite. India- Salish-Kumar 
Khibina complexes. CIS-Potter 
Khomas trough. Namibia- Dombrowski 
Kidston Au. Australia- Baker 
Kilauea volcano. Hi. USA-Crocket 
Kilauea. Hi. USA- Hauri. Wallace 
Kimberlite pipe Mir. CIS-Kasimova 
Kingking CuAu. Mindanao. Philippines-Fortuna 
Klodava NaCl. Poland-Shanina 
Knaumilhle. Germany-Anderson 
Kobuk fault. Ak. USA-Ave Lallemant 
Kokchetav massif diamonds. Kazakhstan-De Corte 
Kokomo massive sulfide-Mach 
Kokpatas Au. CIS-Dunin-Bark6vskaya 
Kola Alkaline Province. Russia~Nivin 
Kola CIS carbonatites-Marty 
Kola Granulite area. CIS- Fonarev 
Kola igneous province. CIS-Potter 
Kola Peninsula CIS-Orsoev 
Kon Kollo Au. Bolivia- Baker 
Koolau. Hi. USA- Hauri 
Kori Kollo Au. Bolivia-Petersen 
Kol)U Au-Ag. Hokkaido. Japan-Sli.imizu 
Koudiet el Ahrach Au. Algeria-Aissa 
Kovdor complexes. CJS-Potter 
Kovdor ultramafic compex. CIS-Veksler 
KTB Continental Deep Drilling Project. Germany- Drescher 
KTB deep drill hole. Germany- Pasteris 
KTB. Germany-Lodemann 
Kud~·avy volcano. Kurile Islands- Fischer 
Kuoer Zhengkuona Au. Xingjiang. PRC- Zhang 
Kuraminsl,. porph.-Cu. Uzbekistan-Turesebekov 
Kurihash1 pluton. Japan- Sasaki 
Kuroko. Al-.ita. Japan- Maglambayan 
Kunara ,olcano. Japan- Moriizumi 
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Kyaukpahto Au. Myanmar- Khin za..., 
Kyzylcheku Au. Uzbekistan- Kozl6, 

L 
La Bragada Au. Cordoba. t\rgentina-Gonzakz 
La Candelaria Au. Argentina-Gonzalez 
La Crocetta mine. Isola D'Elba-Maineri 
La Descubridora Sn. Argentina- Fogliata 
La Guitarra Au-Ag pol) metallic. r emascaltepec. Mex1co-Camprubi 
La Higuerita Au. C6rdoba. Argentina-Gonzalez 
La Palma {Canary lslands)--Klilgcl 
La Pampa trachyte. Argentina- Dristas 
La Prima~era h)drothennal. Mexico-Prol-1.edesma 
La Rioja W. Argentina- Sardi 
La Ronge domain. Saskatchewan. Canada- Field 
La Tinaja delOso borate. Sonora. Mexico-Miranda-Gasca 
La Voluntad Cu. Argentina-Garrido 
Laacher See. East Eitel. Germany- Harms 
Lac Fortune Au. Quebec-Gao 
Lachland Fold Belt. Australia-Memagh 
Ladolam Au. Lihir Island. Papua. Ne,, Guinea-Mcinnes 
La'erma Au. Qinling. PRC- Liu 
Lake Manyara emerald. Tanzania- Moroz 
Lake Shom Au. Abitihi. Quebec See 
Lang.ban Pb-Mn-As-Sb. S\\eden- Jonsson 
Lannigou AuHgSb. Guizhou. PRC- Zhang 
Lannigoug Carlin-type: Au. China-Su 
Lantern Au. Nv. USA- Brake 
Lantern Hill fault. Ct. USA- Altamura 
Laowangzhai Au. Yunnan. PRC- Huang 
Lardcn:llo geothermal. Italy-Magro 
Las Tres Virgenes geothermal. Mexico-Viggiano 
Lau Basin hackarc- Danyushevsky 
Lau basin-Bach 
Leadville. Co. USA Mach 
Leduc Simonette Pool. Alberta-Rock 
Leek oil field. North Sea-Bigge 
Lepanto Cu-Au. Philippines-Lindaas 
Lepanto epithennal Cu-Au. Philippines-Hedenquist 
Lepanto porph. Cu. Philippines- 1-ledenquist 
Lesser Antilles island arc-van Soest 
Lichuan oil-gas. Huhei-Chen 
Limpopo Belt. S. Africa-{:'hupin 
Limpopo metamorphics. Zimbabwe-Tojo 
Ling.long Au. PRC- Xu 
Liudou Au. Hubei. PRC-Tian 
Liugou Au. Henan. PRC-Zhang 
Llanos Basin. Colombia-Awwiller 
Llanos Foothills oil. Colombia-Warren 
Locknc impact. Jlim.tland. Sweden-Sturkell 
Lofoten Islands granulites. Norway-Marki 
Loihi. Hi. USA- Hauri 
Lombok oli, inc:. Indonesia-Della-Pasqua 
Lomonosov diamond. CIS--Garanin 
Lone Tree Au. l1h . USA-Young 
Lorraine evaporite basin. Spain- Fanlo 
Los Humeros geothermal. Mexico-Prol-Ledesma 
Lo,·ozero complexes. CIS-Potter 
Lower carbonitc:rous Zn•Pb-(Ba). lreland-E,erett 
Lo\\er Windsor Group Zn-Pb. Nova Scotia. Canada-Chi 
Lo,,er Windsor Zn-Pb. Nova Scotia. Canada-Sangster 

Lucky Strike site (MAR 37 17 NHean-Baptiste 

M 
Machangqing Cu. West Yunnan. China-Hu 
Machangqing Cu-Mo. Yunnan. China-Peng 
Madagascar granulites-RamambazalY 
Madagascar skams-Ramambazafy 
Magdaia Au. Victoria. Australia- Mapani 
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Maha Sarai.ham Formation NaCL Thailand-Timoreeff 
Malkangiri District Sn. Orissa. India-Pal 
Manantial Espejo Au. Argentina- Rios 
Mangaia Island basalts-Saal 
Manto Verde Cu. Chile-Vila 
Manus back-arc ba.~in geothermal. western Pacific- Yang 
Maracaibo basin. Venezuela- A\H\iller 
Mariana arc la\'as-Lee 
Mariana Trough basalts-Sano 
Maritimes Basin Zn-Pb. Canada-Chi 
Ma~ svale ll-Mo-F. Ut. USA-Cunningham 
Masaya Volcano. Nicaragua- St.-Almand 

Massif Central Pb-Zn-F·B. France-Bruce 
Masupa Au. E. Kalimantan. lndonesia-Abidin 
Matahachi Pb-Zn. Hokkaido. Japan-lshiyama 
Matalla-Santa Rosa Au. Peru- Brake 
Matsuka\\a geothermal. Seng.an. Japan-Imai 
Mauna Kc!a volcano. Hi. USA- Jochum 
Mauna Loa \"Okano. Hi. USA- Jochum 
Mauna Loa. Hi. USA- Hauri. Sobole, 
McArthur Basin ,olcanics. Northern Territory. Canada-{:'ookc 
McArthur River Pb-Zn. Australia- Large 
McArthur River. Australia- Williams 
McDame Au. Cassiar. BC. Canada- Ball 
Meatiq metamorphic dome. Egypt- Ncumayr 
Meguma Au. Nova Scotia- Kontak 
Melechm massif. CSSR- Dobes 
Mendoza. Spain-Garrido 
Messinian basins. SE Spain- Rosell 
Messinian basins. Sicily- Rosell 
Mid-Atlantic Ridge-{:'harlou. Kamenetsky. Yanko 
Midlands greenstone belt Au. Zimbabwe-Buchholz 
Mid-ocean ridge basalt- Kunz. Marty 
Milos Island Pb-Zn-Ba-Ag-Au. Greece- Vavelldis 
Mir diamond. CIS--Gassymova 
Mir kimberlite pipe. Yakutia- Sobolev 
Mir kimberlite. Yakutia. Russia Taylor 
Mission porph. Cu. Az. USA- Kendrick 
Mississippi Valley-type Pb-Zn- Muchez 
Mississippi Valley-t)pe. Wi. USA- Luczaj 
MITI-Mishima oil well. Japan-Okubo 
Mokrsko Au. Bohemia- Boiron 
Mole Sn Granite. Australia- Audetat 
Monarch Pb-Zn. Canada- Nesbitt 
Mongolia-Okhotsl.. granite. CIS- KO\al 
Mont Chemin Au. Switzerland- Marshall 
Montana sapphire-Garland 
Mont-Blanc massif. Switzerland- Marshall 
Morenci porph. Cu. Az. USA- Armstrong 
Morsleben. Germany-OsenbrUck 
Mother Lode-Irwin 
Moto~ama Kuroko. Japan- Mizuta 
Mt. Brussilof Ph-Zn. Canada- Nesbitt 
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Mt. Capanne pcgmatitcs. Elba. ltaly-Tonarini 
Mt. Emilius, Italian western Alps- Scambelluri 
Mt. Erebus. Ross Island. Antarctica- Eschenbacher 
Mt. Etna volcano. haly-Clocchiani 
Mt. Etna. ltaly- D'Alessandro 
Mt. Isa. Australia- Williams 
Mt. Kare Au. Papua New Guinea-Richards 
Mt. Mazama. Crater Lake. Or. USA-Mandeville 
Mt. Nansen porph. Cu. Yukon. Canada-Selby 
Mt. Pelee. Martinique- Martt:! 
Mt. Pinatubo. Philippines-Aquino 
Mt. Pleasant W-Mo pegmatite. Australia-Walker 
Mt. Simon Sandstone. II. USA-Chen 
Mt. Simon Sandstone. In. lJSA--Chen 
Mt. Simon Sandstone. Wi. USA-Chen 
Mt. Sinivit Au. Australia-Lindley 
Mt. Skukum epithermal Au. Yukon Territory. Canada-Love 
Mt. Somma-Vesuvius. Italy- Belkin 
Mt. Vesuvius. Italy- Tedesco. Webster 
Mulongtao Au. PRC Long 
Muray chondrite-Varcla 
Murchison chondrite Varela 
Muribeca Formation NaCl. Brazil-TimofeetT 
Muruntau Au. Middle Asia-Baksheev 
Murumau Au. Uzbekistan-Graupner 
Mushugai-Khuduk carbonatite. Southern Mongolia-Andreeva 
Mutenin Cu. CSSR- Dobes 
Myanmar pcgmatites Khin Zaw 
M) utenbai Au. Uzbekislan--Graupner 

N 
N. Tunisian Zn-Pb--Charef 
Naboomspruit hot springs. South Africa-McDonald 
Navan Zn-Pb-Ag. Ireland- Wilkinson 
Naxos marble. Greece- Lewis 
Newer Volcanics. Australia-Matsumoto 
Ngatamariki diorite geothermal. NZ-<::hristenson 
Nippewalla Group. Ks. USA- Benison 
Nojima geothermal. Japan 
North China Platform sediments-Feng 
North Fiji basin basalt- Nishio 
North Hebai Ag. PRC- Yang 
North Peak Au. Nv. USA Young 
North Qilian Mountains cclogites- Liu 
North Sea oil-Andresen 
North Victoria Land. Antarctica-Frczzotti 

0 
ODP Sites. lrminger Basin. offshore Greenland-Zhang 
O1-.ete basanite. NZ- Ninomiya 
Olkiluoto nuclear waste site. Finland-Blyth 
Oman ophiolite geothermal- Yanko 
Ontkobe geothermal. Japan- Sawaki 
Opeche Shale. ND. USA- Denison 
Orcad1an oil- Parnell 
Oregon 3 pegmatite. South Platte. Co. USA- Samson 
Oriskan~. Central Appalachians-Evans 
Osikonmaki Au. Finland- Liimatainen 
Osilo Au. Sardinia- Simeone 
Otago Au. NZ- Sibson 
Otoge caldera-Hona 

Overlook Au. Wa. USA- Rasmussen 

p 
Pacific Rim Au-Goldfarb 
Paddington Au. W. Australia-Lee 
Pakistan emeralds-Giuliani 
Palabora. RSA-Buehn 
Palaborwa carbonatite. S. Africa-Solovova 
Palo Duro Bains. Tx. USA- Ghazi 
Panasqueira W-Sn. Portugal- Polya 
Pangea evaporites. Ukraine- Ko\a)evich 
Parana Basin. Brazil- De Ros Luiz 
Parhat metamorphks. Pakistan--C'ra\\ 
Patagonia. Argentina- Varela 
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Pcgmont Pb-Zn. Cloncurry. Queensland. Australia Williams 
Penedono Au-Urbano 
Penggou Au. Henan. PRC- Zhang 
Permian cvaporites. Gcrmany-Siemann 
Permian Paradox. Tx. USA- Ghazi 
Persani Mountains xenoliths. Romania- Althaus 
Pctr:ichkova hora porph. Au. Czech Republic-Yazdi 
Pikes Peak granite. Co. USA-Samson 
l'ine Point Ph-Zn. Canada-Qing 
Pino Au. Zamora. Portugal Urbano 
Pinto Valley porph. Cu. Az. USA- Kendrick 
Piton de la Foumaise volcano. Reunion Island-Bureau 
Polaris Zn-Pb. Canada- Randell 
Pollone l'h-Zn-Ag. Tuscany. Italy-Costagliola 
l'olynesian basalts Saal 
Porgera Au. Papua New Guinea-Richards 
Porphyry-Cu. Uzbekistan- Nikohieva 
Pozo Escondido oil. Argcntina--C'c:sareni 
Prairie evaporites. Canada- Horita. Kovalevich 
PRC Au- Liu 
Presqu'ile barrier reet: \\CStern Canada-Qing 
Pribram. CSSR Dobes 
Pripyat-Dnipro-Donets evaporite basins. Ukraine-Belarus­

Petrichenko 

Q 
Qiaogashan Au. Xinjiang. PRC-Yang 
Qinling Au. PRC- Zhang 
Qixia Au. PRC- Zhai 
Qixia Au. Shandong. China-Xu 
Quebrada Blanca porph-Cu. Chile-Rowland 
Questa Mo-Yanko 

R 
Ramsev. Nv. USA- Vikre 
Ra~ p~rph. Cu. Az. USA- Kendrick -
Rccsk-Paradt1lr0 Au. Hungary-Ganer 
Red Chris porph. Cu-Au. BC. Canada-Baker 
REE carhonatite. Namibia- Rankin 
Renazzo chondrite- Varela 
Reunion Island- Hopp 
Rio Grande Do Sul geodes. Brazil- Lueth 
Rio Narcea Au-Cu. Asturias. Spain-Martin-Izard 
Rocciavn: massif. Italian Alps-Philippot 
Roseber: Massh·e sulfide. Tasmania-Khin Za\\ 
Rotlieg.cnd sandstones. :-.lorth Sea- McNeil 
Rotliegendes sediments. SW Poland-Jarmolo\\icz-Szulc 
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Roztoky Pb-Zn-Cu (Ag. Te). Czech Republic-Pivec 
R uapehu Volcano. NZ-Thordarson 
Ruby Hill polymetallic. Nv. USA-Vikrc 
Rudnany siderite. Slovakia-Hurai 
Ryuo Au-Ag. Hokkaido. Japan-Maeda 

s 
Salado Formation NaCl. NM. USA-Timofeeff 
Salar de Hombre Muerto. Argentina-Lowenstein 
Salave Au, Spain-Baker 
Salmi Batholith. Karelia. Russia-Poutiainen 
Salton Sea-Irwin 
Samoa xenoliths-Bumard 
San Joaquin oil basin. Ca. USA-MacGowan 
San Matin skams-Norman 
Sanbaqi U. PRC-Min 
Sandia pluton. NM. USA-Pletsch-Rivera 
Sanqilinyi U. PRC-Min 
Santiago basin. Peru-Awwillcr 
Silo Geraldo Do Araguaia quartz vein. Para-Brazil-Coll~ er 
Saqisan U. PRC-Min 
Schellerhau granite-Muller 
Schirmacher leucogneisses. cast Antarctica-Rao 
SE Australia peridotite xcnoliths-Eggins 
SE Seamount-Stuart 
Selinsing Au. Malaysia-Khin Za,, 
Sellafield Ba. Cumbria. UK-Milodowski 
Serid6 bdt Au. NE Brazil-Silva 
Seto Porcelain Clay Formation. Japan-Mizota 
Shamva Au. Zimbabwe-Jelsma 
Shandong Au. PRC-Sun 
Shanggong Au. Henan. PRC-Fan 
Shavaz Li. Uzbekis1an-Saidyganiev 
Shengli oil-field. China-He 
Shengli oil-gas pro\ ince. China-Li 
Shershne\sk Au. Urals-Baksheev 
Shetland Island volcanics-Willan 
Shibangou Au. Hcnan. PRC-Wei 
Shimanto sedimentary complex. Shikoku. Japan- Sakaguchi 
Shizhuyuan W-polymetallic. PRC- Liu 
Shizuoyuan W-Au. Hunan. China-Ji 
Shkol'noe Au. Uzbekistan- Kozl6v 
Sichuan basin oil. PRC- Zhang 
Sichuan basin. PRC-Wang 
Sierra Nevada xcnoliths. Ca. USA-Ducea 
Silesia-Craco,, Zn-Pb. Poland-Leach 
Sine Basin. Libya-Mrcsah 
Smackover Formation. Ms. USA-Barker 
Smoky Bune lamproites. Mt. USA- Sharygin 
Sno,,bird REE. Mineral County. Mt. USA- Wood 
Sopron-area Eastern Alps metamorphics- T0r0k 
Soufriere \'Olcano. St. Vincent. Lesser Antilles- Heath 
Soultz Granile. Rhine Graben. Germany-Cathelineau 
Soultz-sous-Forcts granite. France- Sausse. Vam;on 
South Norway pegmalites-Larsen 
South West Massif Central. France-Bruce 
Southern Alps metamorphics. NZ-Craw 
Southwest England fluids-Gleeson 
Spain Zn-Pb-Tornos 
Specogna Au. Canada-Kataoka 
Spotted Horse-Kentucky Farnrile Au-Ag-Te. Mt. USA- Sp!} 

St. Austell. Cornwall. UK-11'\,in 
St. Cloud. N.:w Mexico. USA-Norman 
Statte-Flcmalle Anticline. Belgium-Slobodnik 
Stepnyak Au. N. Kazakhstan-Baksheev 
Stribo Pb-Zn. CSSR- Dobes 
Stripa- 11'\,in 
Subiza potash. Navarra. Spain-Cend6n 
Subpolar Ural quartz. CIS-Lokhov 
Sudbury Basin. Ontario. Canada-Riller 
SudbuT) complex. Ontario. Canada-Warner 
Sudbury Ni. Canada- Molnar 
Sudbury Ni. Ontario-McCormick 
Sukhoi Log Au-PGE. Russia-J>rokofyev 
Sumba,,anga emerald. Tanzania-Moroz 
Suria evaporite. Spain-Cendon 
SW England W,Sn-Cu- Shail 
SW Tauem ,,indo,\. Switzerland-Poleni 
Sv.an llills Ante Cn.:ek pools. Alberta-Rock 
s,,an l-lills platfonn. Alberta Canada-Wendte 
s,,eet Home Au- Reynolds 

T 
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TAG hydrothermal. N. Mid-Atlantic Ridge-Hopkinson 
Taibci Au. PRC- Xu 
Taihang Mountains- Feng 
Taihangshan Au. PRC- Zhu 
Takidani geothermal. Japan-Sekine 
Talapoosa. Nv. USA- Vikre 
Tanami Au. NT. Australia-Tunks 
Tangshan Cave. Nanjing. PRC-Wang 
Tanjianshan Au. Qinghai. PRC-Yu 
Tasmanian speleothem-Goede 
Tave1sch basement rocks. Swiss Alps- Wyder 
Taylom ille Basin. Va. USA-Omar 
Tayoltita. Mexico-Norman 
Tennant Creek Au. Australia-Khin Zaw 
Thailand Sn belt-Linnen 
The Geysers geothermal. Ca USA-Moore. Norman 
Tiamwan Ag-Au. Sichuan. PRC-Wu 
Timna Igneous complex. southern lsrael- Vapnik 
Tiwi geothermal. Philippines-Moore. Norman 
Tocota As-Cu-Au. Argentina-Wenen 
Togo polymi::tallic. Central Cily. Co. USA- Taylor 
Tokaj Mts. cpithermal Au. NE Hungary-Molnar 
Tombstone Au. Yukon. Nv. USA- Baker 
Tomir'\o Au. Pontevedra Portugal-Urbano 
Tonga forearc- Danyushevsky 
Tongling skarn. Anhui. PRC-Ling 
Transdanubia. Hungal}·-Tarnai 
Trenton Canyon Au. Nv. USA-Young 
Tri-state Mississippi Valley-type-Goebel. Ragan 
Troodos ophiolite. Cyprus-Prichard 
Troodos Ophiolite-Danyushevsky 
T ro~ a Zn-Pb. Spain-F emandez 
Tsagaan tsakhir uul Au. Mongolia-Jargalan 
Tsumeb-type Pb-Zn-Cu- Frimmel 
Turk Au. Zimbabwe- Dziggel 
Turquoise Ridge Au. Nv. USA-Shigehiro 
Tuscan domain. northern Apennines. ltaly- Montomoli 
Twin Creek. NV. USA-Norman 
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u 
Udachnaya diamond. CIS--Gassymova 
Ukrainian shield Au-Bobrov 
Uksichan Volcano. Kamchatka. Russia-Prokofyev 
Ulakan ( Bali) ankaramite-Della-Pasqua 
Uluguru Mts. granulites. Tanzania 
Urania basin. Mediterranean Sea-Vengosh 
Uwamuki. Akita. Japan-Maglambayan 

V 
Vacikov-Petrackova hory Au. Czech Republic-Zacharias 
Val D'Aosta rodingite. ltaly-Compagnoni 
Vanuatu arc ankaramite-Della-Pasqua 
Vaulry Sn-W. France-Marignac 
Velence Mts. Mo. Hungary-Molnar 
Velence Mts .. W. Hungary-Molnar 
Venezuela oil basin-Goodman 
Vesuvius. Italy-Belkin. Fulignati 
Viburnum Trend. Mo. USA-Appold 
Victoria Au. Australia-Sibson 
Victoria Land xenoliths. Antarctica-Perinelli 
Vilkov U. CSSR-Dobes 
Vizcachitas porphyry Cu. Chile-Willard 
Vulcano. Aeolian Islands. ltaly--Gioncada 
Vulsini Volcanic District. ltaly-Metrich 
Vyhne-Kloko Fe skarn. WeMern Carpathians-Kodera 

w 
Walford Creek Zn-Pb-Cu-Ag. Ml. Isa Basin. Australia-Rohrlach 
Walton Ba-Pb-Zn-Cu-Ag. Nova Scotia. Canada-Kontak 
Walton Zn-Pb. Nova Scotia. Canada-Sangster 
Wangleng Au. Xinjiang. PRC-Chen 
Waulsonian limestone. Ireland Hitzman 
Wendeng Au-pol)metallic. PRC- Lu 
West Cumbrian hematite. UK Rowe 
West of Shetland oil region-Parnell 
Western Gneiss. Noma)- Larsen 
Winnats Head Cave. Peak District. UK-Richards 
Witwatersrand basin Au. S. Africa-Yardley 
Witwatersrand basin. S. Africa- Blarney 
Witwatersrand Supergroup. S. Africa-Chupin 
Woodcutters Pb-Zn-Ag. Northern Territol)--Giles 

X 
Xianghualing area. Hunan. PRC- Liu 
Xiaoqinling Au. China- Bai 
Xiaoqinling Au. llenan. PRC- Xie. Xu 
Xiaorequanzi Cu. Xinjing. China- Wen 
Xiazhuang U. Guangdong. PRC- Liu 
Xiazhuang U. Jiangxi. PRC- Liu 
Xikuangshan Sb. China-Yang 
Xinjiang pegmatites. Hunan. China- Li 
Xinjiang pegmatites. Yunnan. China-Li 
Xuguang U. Guangdong. PRC Luo 

y 
YA 13-1 gas tidd. S. China Sea-Chen 
Yacheng gas field. South China Sea- Hao 
Yamaguchi W-Cu skam. Japan-Ogata 
Yanaco)a ~ '. La Rioja. Argentim:- Fogliata 
Yangla Cu.Yunnan. China- Lu 

Yata Carlin-type Au. China-Su 
YC 13-1 gas lield. South China-Guo 
Ydlowstone geothermal Wy. USA-Xu 
Yellowstone Nat'I. Park. Wy. USA-Le,, is 
Yilgam Craton Au. Australia-Cassidy 
Yilgarn Craton Au. W. Australia-Lee 
Yilgam Craton. Australia-Witt 
Yinggehai oil basin. South China Sea-Sum 
Yingshan corundum. Hubei. PRC-Wu 
Yingzuishnn Au. Gansu. PRC- Mao 
Yinshan polymetallic. Jiangxi. China-Zhang 
Yinshan pol~metallic. Jiangxi. PRC-Wei 
Yucca Mountain. Nv. USA-Dublyansk) 
Yucca Mountain. Nv. USA-Rocdder 
Yuerya Au. lkbei. China-Liao 
Yukon porph. Cu. Canada-Seib) 
Yukon ZN. Canada-Heimbach 
Yuxi Ag. Xinjiang. China-Ji)uan 

z 
Zacatecas. Mexico-Norman 
Zaire diamond-Wada 
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Zarnowiec oil. N. Poland-Jarmoto,,icz-Szulc 
Zentralgneis. Taucm Windo\\. Italian Eastern Alps- Poletti 
Zgounder Ag. Anti-Atlas. Morocco-Essarra_j 
Zhang Quan Zhuang Au. He Bei Province. China- Li 
Zhangjiagou pyrite. Liaoning. PRC- Xia 
Zhengcha Pb-Zn. Jilin. China-Feng 
Zijinshan Cu-Au. Fujian. China-So 
Zijinshan Cu-,\u. PRC-Wei 
Zimapan Pb-Zn. Mexico-Mango 
Zimapan skams-Norman 
Zimbab\\e emeralds-Giuliani 
Zinkgruvan Pb-Zn-Ag. Sweden-Gunn 
ZonmaniLandusk) Au-Ag-Te. Mt. USA- Spry 
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