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NOTICES TO SUBSCRIBERS 

This is a yearly volume to provide communication between workers 
in various fields of research on fluid inclusions, using the term in 
its broadest sense to embrace inclusions of any fluid, gas, liquid, or 
melt, and in any natural material, terrestrial or extraterrestrial. 
Privately published each year, starting with 1968, at Washington, o.c. 
Subscriptions u.s. $3.00 per year. A very limited number of press 
overruns of the previous volumes are still available at $3.00. 
Standing orders are gratefully received. Make checks payable to COFFI 
and address all correspondence to: 

Edwin Roedder, Editor of COFFI 
U.S. Geol. Survey Natl. Center Stop 959 

Reston, Virginia 22092, USA 

Publication of this issue of Fluid Inclusion Research - Proceed
ings of COFFI, as with the previous issues, has been unfortunately 
delayed by a series of circumstances. Host of the material for the 
issues for 1971 and 1972 has already been collected and it is hoped 
that they can follow this one in close succession, to bring the 
Proceedings up to date and hence more useful. As this is essentially 
a one-man, non-profit, after-hours operation, the Editor would very 
much appreciate assistance, particularly in covering specific journals 
and in the translation of abstracts. All subscribers can help by 
requesting standing orders and by paying for each volume as received 
(or in advance), without waiting for separate billing. This will give 
the Editor more time for such operations as bibliographical searching 
and selecting, cross-checking, transcription, editing, proofing, 
pasting printers copy, indexing, recording subscriptions, banking, 
addressing, and mailing, etc., that now occupy his spare time. 
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EDITOR'S PREFACE 

Fluid Inclusion Research-Proceedings of COFFI was started in 
1968 as an offshoot of the Commission on Ore-Forming Fluids in Inclu
sions (COFFI) of the International Association of the Genesis of Ore 
Deposits (IAGOD). Although closely connected with COFFI and IAGOD, 
the publication of the Proceedings is an independently arranged, 
nonprofit operation, and was separately financed with a loan from the 
International Union of Geological Sciences. The original plan for 
these Proceedings was that they would provide three main types of 
material to inclusion workers: 

1. Abstracts or annotated bibliographic notes of papers published 
during the volume year that either contain inclusion data or are 
pertinent to inclusion workers. 

2. English translations of inclusion papers from foreign languages, 
where available and not otherwise published. 

3. Notices and programs of forthcoming meetings and symposia. 
Originally a Board of Associate Editors was established, each 

member of which was to cover a specific segment of the literature. 
Wi.th this issue, however, each contributor is credited individually 
for each abstract he has made, and the Editor hopes that these 
individual acknowledgements will suffice to express his appreciation. 
The Editor wishes to acknowledge, in particular, the help of Dr. M. 
Fleischer, who provided translations of many Russian titles, and most 
of the translations of complete articles given here, as indicated at 
the end of each. Chemical Abstracts, of Columbus, Ohio, has most 
graciously permitted the use of a limited number of their copyrighted 
abstracts (indicated by "C.A.", or the full abstract citation). 
Translations of several abstracts from the Russian original by Asoke 
I.ahiry are also gratefully acknowledged, as well as individual abstracts 
translated by others, as indicated. Many other individuals, too 
numerous to list, have helped by sending the Editor books, reprints, 
references, and copies of abstracts. He is particularly indebted to 
Prof. Errnakov for copies of Russian books. To authors of pertinent 
articles that have been omitted or are misquoted here in his haste, 
or through language difficulties, his apologies and his request to 
have these things called to his attention; to authors whose Authors' 
abstracts have been drastically shortened, edited or revised, 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. Some of tre Russian articles listed in the 
previous issues by title only have since been obtained as translated 
abstracts, and hence are given again here, as abstracts. As before, 
the Editor will be glad to furnish free photocopies of the original 
Russian text of articles or abstracts that have not been translated, 
in exchange for partial or full translations for use in future issues. 
Otherwise, photocopies of the originals can be provided at $.25 per 
page. 
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NOTICE OF FOURTH SOVIET ALL-UNION CONFERENCE ON THERMOBAROMETRY 

The following announcement has been received from Prof. Ermakov: 
The Fourth All-Union Conference~on Thermobarometry will meet in the 
second half of September, 1973, in Rostov-on-Don, USSR. The areas in 
which papers are specifically requested are as follows: 

1. Thermodynamic factors in mineral formation in terrestrial and 
extraterrestvi"'1. conditions. 

2. Geocncmistry and cosmochemistry of mineral-forming media in 
inclusions. 

3. Application of inclusion study to petrology. 
4. New methods of research in study of inclusions. 
5. Use of inclusions as a tool in exploration of mineral deposits. 

Registration fee for individuals who are not members of the Soviet 
Section of COFFI will be 10 rubles. Excursions are planned, before the 
Congress, by steamer on the Don and Sea of Azov to historic sites and 
mariupolites (2 days), and after the Congress to ore deposits of the 
northern Caucasus, with examination of the laccoliths at Pyatigorsk 
and Mt. Elbrus (5 days). The deadline for abstracts has already 
passed. Those interested in attending should contact Prof. N.P. 
Ermakov, Geological Faculty, Moscow State Univ., Moscow 117234, u.s.s.R. 

(It should be notea that prior to the above, a meeting on 
"Volcanism and associated metallogenesis" is to be held at Bucharest, 
Romania, on 3-8 September, 1973, under the a~spices of the International 
Association of Volcanology and Chemistry of the Earth's Interior. It 
also will have pre- and post-session field excursions of 7 days each. 
All correspondence should be addressed to the Secretary General, 
Prof. Dan Radulescu, Faculty Geology and Geography, Bul. Balcescu l, 
Bucharest, Romania.) 
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ABSTRACTS, TRANSLATED ABSTRACTS, OR ANNOTATED 

CITATIONS TO WORLD LITERATURE 

Editor's notes: 

Although most of the references that follow are dated 1970, a 
few earlier ones are included which were missed in earlier issues of 
COFFI and are particularly pertinent or had only been given before as 
a literature citation, without abstract. In general, older literature 
citations are not given if they are also to be found in the extensive 
bibliography in the Editor 's publication: Data of Geochemistry, Sixth 
Edition, U.S. Geological Survey Professional Paper 440JJ, composition 
of Fluid Inclusions (available from the U.S. Government Printing 
Office, Washington, o.c. 20402, $2.75, Stock no. 2401-1211). 

The Editor acknowledges that his lack of adequate time has 
resulted in gross inconsistencies in the methods of citation, 
transliter~tion, abstracting, and indexing. This lack of time (and 
a modicum of personal bias) has also resulted in giving rather short 
shrift to articles based on decrepitation. There may also be short
comings in some author's English abstracts (to foreign language 
publications), but these in general are presented as given. 

ALYEKI-lIN, Yu.V., PASHKOV, Yu.N . and DISTLER, V.V., 1970, Characteristics 
of greisenization, as indicated by gas-liquid inclusions in minerals: 
Geolog. Rudnykh. Mestorozh., 1970, no. 3, p. 33-40 (in Russian);trans
lated in Internat. Geol. Rev., v.14, p. 639-644, 1972. 

Conditions of origin of metasomatic rocks, in a greisen ore dep
osit in eastern T n1,H b<i°ik'r.l are characterized. Temperatures, pressures, 
pH levels, and CO2 content of the rnineral-fotming fluid, as captured. 
are determined by microscopic, cryometric, and thermome~ric studies of 
such inclusions in quartz from different hydrothermal-i,ietasomatic for
mations which were identified. CO2 varies from low to > 16 mole % • 
Homogenization and decrepitation data are given. (Authors' abstract 
extended). ~ 
ANDRUSENKO, N.I., 1970, Geological (and) structural features of deposits 
of Iceland spar of dike-type of the Siberian platform: VNIISIMS, 
Geology and Experimental Studies, v. 12, p. 3-13 ("Nedra" Press, Moscow; 
·in Russian) 

(These are the deposits from which were obtained the specimens for 
many Soviet inclusion studies, E ~ J 
ANDROSENKO, N.I., and KIEVLENKO, J.E., 1970, Thermobarogeochemistry of 
hydrothermal solutions connected with paleovolcanism of central part of 
Siberian Platform (abst.), in Collected Abstracts, IMA-IAGOD Meetings 
'70~ Tokyo, Science Councilof Japan, p. 250. 

During the basaltic stage of the earth development (late Pz, Mz, Tr 
era) in certain parts of the world (Indo-China, India, South Africa, 
Siberia) gigantic effusion of basic lava took place. Paleovolcanic hydro
thermal activity of the basaltic magma resulted in mineralisation of traps 
of the platforms of Siberia, Deccan, Karroo, etc., whi~h may be explained 
by enriching the base magma with volatiles, Cl, CO2, H2o, etc. , high 
percentage of calcium in basaltoids, ancl favourable structural-tectonics. 

Specific features of trap mineralization of the central part of Siber
ian platform are due to subvolcanic character of hydrothermal activity 
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going on under comparatively low temperature, and pressure dropping 
very fast. This resulted in many deposits such as iron ore, polymetals, 
accumulation of Ba- and sr-minerals-zeolites and especially Iceland 
spar (optical calcite), which deposits are the largest in the world. 

The authors managed to settle successfully the problem of genesis 
thanks to a great many investigations of gas-liquid inclusions in calcite 
(the main mineral of the traps), analcime, apophyllite, quartz, barite, 
celestite, garnet, viluite (sic.) etc. 

Thermornetrics of gas-liquid inclusions in paragenetic minerals, except 
zeolites with nonhermetic inclusions, made it possible to find out the evo
lution of hydrothermal solutions and the ranges· of temperature for the 
stages of mineral formation. There are two main mineral phases: subvol
canic ferro-carbonate, and a near surface zeolite-calcite one. Mineral
ization went on in three stages corresponding to thermodynamic phases 
of the solutions: 1) garnet-magnetite stage corresponds to the phase of 
high temperature (520-400°) solutions; 2) silica-carbonate stage corres
ponds to the zone of boiling (300-200.0 ) solutions; 3) zeolite-calcite 
stage corresponds to cold (200-50°) solutions. Their chemical composi
tion evolved from complex-component sulfate-chloride-carbonate weakly 
acidic-weakly alkalic solutions to simple bicarbonate-chloride calcium
sodium or sodium-calcium weakly alkalic or weakly acidic (pH• 4,S-5,5) 
solutions, the concentration of which was constanly dropping from·2so-
to 100 g/1. The range temperature (according to the inclusions) of 
productive calcite formation is 180-50°. The presence of oxygen in gas
phase inclusions points to the oxidizing conditions of crystallization 
of Iceland spar. Together with the (chemical) evolution and dropping 
of the main thermodynamic parameters of the mineral-forming medium, 
fluctuations took place, i.e., sudden changes in the density, temperature 
and concentration of the solutions as a result of discovering fractures 
and increase of volume of cavities. (Authors' abstract.) (Editor's note: 
this abstract may contain typographical errors, as the original printing 
was partly illegible.) 
ANGRELL, C.A, and SARE, E.J., 1970, Vitreous water: Identification and 
characterization: Science, v. 168, p. 280-281. 

Of pertinence to inclusion cryometry. (ER). 
ANTHONY, T, R., and CLINE, H.E., 1970, The kinetics of droplet migration 
in solids in an accelerational field: Philos. Mag., v. 22, p. 893-901. 

Careful experimental study of migration of liquid inclusions in KCl 
crystals in fields up to 50,000 G. Some study of movement in thermal 
gradients as well. Of pertinence to possibility of movement of inclusions 
in soluble salts in nature. (E.R.) 
APFEL, R.E., 1970, Vapor cavity formation in liquids: Harvard Univ., 
Acousticl?. Research La.boratory, Tech. :Iemorandum 62, 207 pp. 

This work is devoted to the experimental and theoretical study of 
vapor cavity formation in pure and impure liquids. A novel experiment
al technique has been devel9ped for stuslving the_pr9perties of liquids 
under conditions that are not ordinarily accessible. This technique 
involves the use of an acoustic standing wave field established in a 
column of one liquid in order to trap an immiscible droplet of another 
liquid. In this experiment an ether droplet suspended in glycerine was 
superheated and acoustically stressed until the combination produced an 
explosive liquid-to-vapor phase transition. The measured trade-off 
between tensile stress and super:heat as causes of this vapor cavity 
formation is in gratifying agreement with the theory of homogeneous nu
cleation in liquids. The theoretical efforts go beyond this study of 
nucleation in pure liquids to consider the nucleation of vapor cavities 
from imperfectly wetted solid impurities (motes) in liquids. The qual
itative conclusions of this theory bring some semblance of order to a 
wide variety of observations of statically-induced cavitation and low
frequency acoustic cavitation reported in the literature. A theory for 
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the frequency dependence of the acoustic cavitation threshold, based on 
numerical solutions for the motion of a vapor cavity in a viscous, im
compressible liquid subjected to an acoustic field, also yields results 
consistent with the available experimental data. (Author's abstract. 
This work has considerable pertinence to many aspects of metastability 
in fluid inclusions, both under natural and laboratory conditions. E.R.) 
AlU<HIPCHUK, R.z., 1970, Formation conditions of western Transbaikalia 
fluorite mineralization: Akad. Nauk SSSR, Otd. Geol. Buryat. Filial, 
Sib. Otd,, 1970, No. 2, 83-89 (in Russian). CA 75 (9) 72 (1971). 

'Fluorite mineralization is paragentically related to post-Cretaceous 
microsyenite dikes and Na syenites. High-temp. (260-275°) pneumatolytic
hydrothermal deposits show dark-violet disseminations of fluorite in 
quartz syenites and syenite-porphyries. The co2 inclusions in fluorite 
suggest a mineral-forming soln. pressure of 200-440 atm with a corres
ponding depth of formation of 800-1700 m. The K-Ar abs. ages of quartz
syenites and syenite porphyries (135-188 million yr) yield a Jurassic 
age. Vertical mineral zoning in the fluorite deposit is discussed in 
relation to the temp. gradient. 
ARKHIPCHUK, R. z. and ROSIKHINA, A. I., 1969, See Translations Section 
ARNOLD, R. G. and RUTHERFORD, M. J., 1969, Data for brine and carbon 
dioxide filled liquid inclusions in quartz veins from the Coronation 
Mine: Symposium on the Geol. of Coronation Mine, Saskatchewan. Can. 
Geol. Surv. Paper #68-5, p. 213-228. 

Liquid inclusions occur in quartz veins cutting the ore bodies 
in Coronation mine. Hand specimens collected from seven levels were 
examined and the contained liquid inclusions were found to be of three 
general types - brine-gas, brine-CO2 fluid-gas and CO2 fluid-gas. 
Interpretation of the observations permitted approximate estimates of 
the composition of the inclusion fluids and the conditions of trapping 
of the fluids, assuming the inclusions to be prilllary. Sphalerites and 
silicate gangue in the ore body were also examined for liquid inclusions, 
but without significant results. (Authors' abstract) 
BABAEV, K.L., IBADULLAEV, S.I., POLYKOVSKII, v.s., and SMELJANETS, v.r., 
1970, The application of mathematical analysis to the complex utilization 
of decrepitation and geochemical methods for exploration for hidden 

,fluorite deposits (abst.), in Collected Abstracts, IMA-IAGOD Meetings '70: 
'Tokyo, Science Council of J apan, p. 255. 

Formation of the ore bodies was accompanied by form~tion halos which 
are discovered as a result of spectral analysis of the containing rocks, 
with statistical treatment. Halos of decrepitation activity, from hydro
thermal impregnation, show asymmetric lognormal distribution. The dis
tribution of F, Cu, Pb, Hg, Y, Sc, Ga and some others i s clos e to hyper
bolic. Statistical significance of various correlations of e lement dis
tributions with decrepitation activity is g ive n for s ever.\ country r ock 
types. Major element indicators in the halos of fluorit e mineralizati on 
are Cu, Be, and Y, and minor indicators are Pb, F and Hg. (Authors' 
abstract, abridged by Ed.) (Editor's note: This abstract may contain 
typographical errors, as the original printing was partly illegible.) 
BABKIN, P.V., SIDOROV, A.A., and GONCHAROV, V.I., 1970, The comparative 
analysis of physico-chemical conditions of minero-genesis on the mercuric 
and gold-silver deposits of the north-east of the USSR and in modern hydro
thermal systems (abst.), in Collected Abstracts, IMA-IAGOD Meetings '70: 
Tokyo, Science Council of Japan, p. 248. 

The results of explorations of gas -·liquid inclusions in the minerals 
of mercuric and gold-silver deposits and the analysis of the available 
data on the modern hydrothermal systems allow us to compare some physical 
parameters of the mineroformational solutions of the areas of meso-cenozoic 
volcanism development and modern thermal regions of Kachatka, New Zealand 
and Southern California. 

Zonation of the type argillization-adularization on the studied deposits 
and in the regions of the modern hydrothermal systems is characterized by 
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the resembl-nce in composition of the primary/sodium-chlorid·e /hydrotherms 
and also by the similar ways of their evolution and differentiation. 

The ore-forming solutions of the gold-silver deposits are characterized 
by the complex hydrocarbonate-sulphate-chloride-sodium-calcium composition 
and the alkali~c medium. In the supra-ore zone of argillization with 
the antimonial-mercuric mineralization the solutions had ,~ sulphate 
ccxnposition proper with low values of pH. Mercuric and antimonial
mercuric proper deposits have been formed out of the solutions changing 
from alkal1:-..C. to subacid. 

Zones of argillization on the gold-silver and- mercuric deposits are. 
characterized by the greater depth of formation/usually, under the 
screen/, than it is in the areas of the development of the modern hydro
therms, The minerogenesis in these zones proceeds at the temperatures 
of 1B0-l60°C. 

The peculiarities of minerogenesis in the near-surface zone of the 
tr0dern hydrothermal systems to a certain extent are similar to the 
conditions of mineralization in the supra-ore zone of gold-silver deposits. 
However, in the ore zone of the latter these analogies are far from evi
dent. Te~erature;regime and the composition of solutions of the modern 
hydrothermal systems, sedimeqting the cinnabar, are in resemblence with 
the corresponding parametres of the explored ore deposits of the North- . 
East of the USSR, though the sedimentation of cinnabar in present condi-
tions, usually, takes place at lower temperatures and pressure. 

It is supposed that metasomatites of the contemporary hydrothermal 
systems to some extent are analog~ to metasomatites of the pre-ore 
stage of the develpment of the zones of hydrothermally changed rocks of 
meso-cenozoic deposits. In the contemporary circumstances metasomatites 
zones can be referred to the category of uncompleted development, i.e. 
in them the essential concentrations of ore elements are absent. (Authors' 
abstract.) 
BAKUMENKO, I,T., 1970, The study of crystallized and glassy inclusions in 
magmatic minerals, in Problems of Petrology and Genetic Mineralogy, 
Sobolev's Volume _n::: Moscow, "Nauka" Publishing House, p. 259-271 
(in Russian). 

Some peculiar features of crystallized and glassy inclusions in the 
effusive rocks as well as in the minerals of alkaline, acidic~neutral 
and basic rocks are reported. Temperatures of homogenization are given 
for the inclusions in the disseminated deposits of quartz, plagioclase, 
nepheline, olivine, pyroxene and leucite from the measurements made by 
the author and previous investigators. They are all above 1100°, indi
cating very small water contents in the vein rocks and its progressive 
accumulation in the ,process of magma crystallization. Nine analyses of 
the gas phase are given for some magmatic inclusions. Other than water, 
CO 2 and/or N2 predominates in the gas phase . Small amounts of acid ga ses 
were found in two samples; no heavy hydrocarbons , o2 , CO, or H~ was found. 
From the study of the above inclusions, t he present au t hor considers the 
possibility of differentiating silicate magma by means of liquid 
immiscibility as unlikely. (Author's abstract. extended by E,R,) 
BALITSKII, v.s., 1970, Content and solubility of silica in natural thermal 
waters and gas-liquid inclusions in minerals: VNIISIMS, Geology and 
Experimental Studies , v. 12, "Nedra" Press, Moscow, p. 7<.·87 (in Russian). 

An examination of the solubility of silica in a variety of experimental 
hydrothermal systems, and in four analyses of fluid inclusions (by Maslova). 
(E.R.) 

BARKER, Colin, 1970, The gases in rocks and their contribution to the 
earth's atmosphere (abst.): Geel. Soc. Amer. Abstracts with Programs, 
v. 2, no. 7,-p, 489 (Author-at Department of Chemistry, University of 
Tulsa, Tulsa, Oklahoma 74104). 

The analysis of volcanic emissions gives the current composition 
of volatiles reaching the earth's atmosphere b~t provides no information 
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about the-composition of past additions. Analysis of gases trapped by 
crystallizing magmas, i.e., the gases in rocks, provides information 
about the volatile components associated with magmas generated up to 3 
h.y. ago. Few systematic studies have been made but the available data 
indicates a trend of increasing gas content with age for carbon gases, 
inert gases and nitrogen. This has important consequences for theories 
concerning the origin of the earth's atmosphere. If the entire mantle 
has been degassing and if crustal material has been derived ultimately 
from the mantle then the changes in the gas content of crustal rocks 
with time show that the amounts of nitrogen and carbon dioxide supplied 
to the earth's surface would be too large by a factor of 105 • An al
ternative model, in which mantle material is added to the crust and then 
~urther degassed in subsequent remeltings, can be used to calculate the 
volume of rock which must be degassed to provide the volatiles now at 
the earth's surface. This model gives 2.6 x 1025 g*for carbon dioxide 
and 2.1 x 1025g for nitrogen. These values are in good agreement with 
each other and with the volume of the crust which is 2,4 x 1025g, 
However these are maximum amounts because of the effects of degassing 
which occurred before the formation of the oldest rocks analyzed. It is 
concluded that the volatiles now at the earth's surface could have been 
produced by outgassing a mass of rock equal to, or less than, the mass 
of the crust. (Author's abstract). (¥. of- Yeck.) 

BARSUK0V, V. L,, V0LOSOV, A.G., KOZE.RENK0, S. V., SUSHCHEVSKAYA, T. M., 
and BARAN0VA, N. N., 1970, Scientific basis of geochemical methods of 
prospecting for deep ore deposits: in Scientific basis for geochemical 
methods of prospecting for deep ore deposits: Acad. Sci. USSR, Siberian 
Division, Institute of Geochemistry, Irkutsk, p. 79-98 (in Russian). 

(Some decrepitation data on polymetallic deposits, and analyses of 
ions (Cl, Hco3 , F, S, Cu, Pb, Ag) in solution in inclusions in five 
samples of quartz from cassiterite deposits. Some of these same sample 
numbers are listed by Sushchevskaya, 1971, in a different format, with 
other ions analyzed as well. E.R,) 

BARTHOLO~, P., and PIRMOLIN, J., 
mineralization at Kamoto, Western 
in Collected Abstracts, IMA-IAGOD 
of Japan, p. 249. 

1970, Fluid inclusions and stratifonn 
Katanga, Republic of the Congo (abst.), 
Meetings '70: Tokyo, Science Council 

At Kamoto, copper and cobalt are found as sulfides in two stratifonn 
orebodies. The host rock is dolomite, chert or shale, and is conspicuously 
laminated. There is no metamorphism and no schistosity. It has been 
proven that mineralization was emplaced before tectonic deformation. 

The two ore bodies are separated by a few meters of a barren dolomitic 
chert. The texture and structure of this rock will be described in detail, 
more particularly the chalcedony remnants, the large dolomite crystals 
which reach several centimeters in size, and the interstitial calcite. 
The dolomite is ordered. 

Fluid inclusions have been found in the large dolomite crystals. Some 
of them contain a bubble and three daughter minerals; two of these have a 
cubic morphology and the third one is tabular. The behavior of these 
inclusions on heating is described. The bubble disappears at 140°C and the 
last crystal at 240°C. By leaching the crushed dolomite with double dis
tilled water, a solution is obtained where Na:K is about 1.4 and (Na+K) :Cl 
is about 0.4. 

The meaning of these data is discussed with regard to the genesis of 
the ore, especially in the light of the close association between minerali
zation and sedimentary structures on one hand,'Yof the evidence, presented 
earlier, for an economically important diagenesis on the other. (Authors' 
abstract.) 
BART0SHYNSKY, Z. V., GRYGORTCHUK, G. U., S0L0MIN, U.S., and 
SOL0MINA, T. A., 1970, Gold from the Aleksandrovsk deposit in East 
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Transbaikal: L'vov,Gos. Univ. Mineralog. Shornik, v. 24, no. 3, 
p. 322-325 (in Russian). 

Most often gold forms irregular crystals, and well-formed crystals 
are rare. From homogenization of fluid inclusions, this gold-bearing 
mineral association was formed in the temperature interval of 
410°C-260°C, first from gas and then hydrothermal solutions. (Authors' 
abstract), 
BAZAROV, L. Sh., and MOTORINA, I.V., 1970, Study of mineral inclusions 
by freezing technique,~ Problems of petrology and genetic mineralogy, 
V ,S , Sobolev Memorial Volume II: Moscow, "Nauka" Publishing House, 
pp. 282-292 (in Russian) 

Study of the phase transformations observed in the process of 
freezing of artificial and natural inclusions makes it possible to 
determine uniquely the solid phase composition in the multi-phase 
gas/liquid inclusions as well as that of predominant salts in two-
phase inclusions and to evaluate concentrations of different unsat
urated salts present in the inclusions. It also makes possible a 
rough estimate of the general salt concentration of solutions in the 
inclusions. As a diagnostic technique one used incongruent KCL· 11,.0 

at -. 6.6°C~ NaCl·.1H20 at -o 0 c, MgCl2 at -3.4°C etc. It was estab
lished that there are present no nonfreezing inclusions. Methods of 
suppressing resist~nce to freezing (metastability) were developed. 
Necessary and sufficient criteria for the rapid distinguishing between 
the ice phase (H20) and saline phase NaCl, KCl, CaCl2, etc. are estab
lished. Four types of solutions are separated as a function of phase 
composition as well as methods of their investigation (Authors' abstract, 
modified b:, 1-=::, ~) A< 5 ic. 

BAZAROVA, T.Yu. and KOSTYUK, V.P., 1970, A review of the results of 
the study of conditions of some alkaline rock formation in Siberian 
folded areas

1 
in Problems of petrology and genetic mineralogy, 

Sobolev's Vol. II: Moscow,"Nauka" Publishing House, p. 235-245 (in Russian) 
The geological state and composition of Paleozoic (seldom Mesozoic) 

alkaline rocks, widespread in the old folded belts of Siberia;are pre
sented: Kuznetski Alatau and Minusinsky Basin as well as Tuva, Eastern 
Sajan, and Sub-Baikal regions. 

The data concerning mass determinations of the homogenization temp
erature of included gases and fluids in the nepheline and other rock form
ing minerals (650-900°C ancp-iigher) are listed; accordingly the pressure, 
which is determined from the density and composition of solutions 
in the high-temperature inclusions in the nephelines of a number of alka
line massifs (1350-1470 atm), allow us to consider that these parameters 
reflect the crystallization conditions of minerals derived from magmatic 
melt. At the same time, homogenization temperatures for inclusions in 
nephelines of some alkaline massifs (Kuznetski Alatau) were 400-420°. 
Therefore, the above c.lidence suggests.~'strong effect of processes of 
metasomatism on the formation of such rocks. 

In the composition of inclusion cations, Na (8-13 wt, %) noticeably 
predominated over K, Ca, Si, Al, etc. Among the anions, Cl (3.40-6.40%) 
predominates over HC03 , SO~, and F. 

In the gas phase of the primary inclusions CO2 constitutes 75-97 
volumetric % ; the remainder is nitrogen and rare gases. _(Authors' abstract, 
modified by ER). 

BOCHKAREV, A.I., 1969, On the source of silica in the formation of cav
ties with crystals in carbonate rocks:Izv. Vyssh. Uchebn. Zav. Geologiya 
i Razvedka, 1969, no. 10, p. 56-59 (in Russian; translated in Internat. 
Geol. Review, v. 12, no. 9, p. 1018-1021, 1970). 

Quartz crystal deposits are usually found in quartz bearing rocks. 
There crystal cavities are mainly late relative to quartz-veins, and the 
source of silica lies in the surrounding rocks (Karyakin 1955-1958). 
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Jut in quartz free rocks where is the source of silica? The answer was 
found in a quartz crystal deposit in dolomitic marble from South Ural. 

Geometric relations of cavities to quartz veins show that cavities 
are late relative to veins. Decrepitometric study demonstrates clearly 
two 1enerations of quartz: quartz veins giving one peak which begins at 
35o•c, and transparent crystals from cavities giving one peak which be
ains at 150/180°C; quartz layers with large grains at the boundary be
tweeen cavities and veins show both peaks. Chemical analyses were made 
at different distances from quartz veins and cavities. It appears that 
the Si02 content of the marble increases close to the quartz veins, 
from 0.6/1.0 to 35/54%, but decreases at the near contact of cavities 
(down to 13%). So the source of silica for the formation of quartz 
crystal cavities in carbonates lies in the zone of silification associ
ated with early quartz veins (B, Poty). 

BOGOLEPOV, V.G., NAIDENOV, B.M., and POLYVYANNYI, E. Ya., 1970, Isotopic 
composition of argon of gas-liquid inclusions in Akchatau quartz deposit: 
Akad. Nauk Kazakh. SSR, Vestnik, v. 26, no. 12, p. 58-60 (in Russian). 

Widely different isotopic ratios were determined for argon from two 
groups of inclusions, one that decrepitated at 280-300°, and another at 
400-440°C. (E.R.) 
BUZINOVA, V.M., 1970, Relics of fluid channels in salt of the Gaurdak 
formation: Akad. Nauk SSSR Doklady v. 194, no. 1; p. 153-154; trans. in 
Doklad.Y 

1

Acad. Sc~, USSR, Earth Sci. Sect., v. 194, p. 25-27. 
Several varieties of trains of gas or liquid plus gas inclusions in 

halite from Turmenia and UZ:,bekistan are described and attributed to 
"compression bands". Some traces of methane were found by gas chroma
tography. (E .R.) 

CARSTENS, Harald, 1968, The lineage structure of quartz crystals: 
contr. Mineral. and Petrol. v. 18, 295-304. 

Etching and optical methods have been applied to study the 
lineage structure of quartz crystals from the Swiss Alps. It is 
shown that lineage boundaries fonn during growth in crystals of 
high dislocation density by a rearrangement of dislocations in 
low angle boundaries. The boundaries usually consist of parallel 
lines and' are supposed to be nearly pure tilt boundaries. (Author's 
abstract) 

CLOCCHIATTI, R., 1970, Study of glass inclusions and theitalteration, 
a regional example from the Dolomites (Bolzano, Italy): S~weiz. Mineralog. 
Petrog. Mitt. v. 50, pt. l, p. 159-166, (in French). · 

The glass inclusions in quartz phenocrysts from Permian porphyries 
and detrital volcanogenic quartz in Triassic carbonate rocks are of the 
following types: 
1, Single phase glass inclusions. The glass has magmatic rock composi
tion compatible with the tcfal chemistry of the host rock. This has been 
established by microprobe ;tudies. 
2. Similar glass inclusions (also negative, high temperature quartz 
crystals) with a shrinkage void of 1/10 of the inclusion size. 
3, Solid crystalline inclusions: rutile zircon, baddeleyite. 
4. Glass alteration products. 

The alteration of the included glass depends upon the following 
factors: 
a. age of the inclusions; 
b, size, both factors facilitate an auto-devitrification; 
c, accessibility of solutions. Lavas with abundant secondary fluid in
clusions show frequent devitrification of glass. Rocks more likely to 
fracture like igneous rocks provide access to altering solutions. 
More ductile material like the detrital quartz in carbonate rocks shows 
better preserved glass inclusions (P.J.M. Ypma). 
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CLOCCHIATTI, R., and TOURAY, J.-C., 1970, Remarques sur la note "Aluminum 
in quartz as a geothennometer" by W. H. Dennen, W. H. Blackburn, and A. 
Quesada: Contr. Mineral. and Petrol., v. 27, p. 332-342 (in French). 

The propo.S?,1 qeothe:rmometer is very difficult to use, particularly for 
magmatic quartz, because such quartz always contains aluminous glassy and 
and crystalline melt inclusions. (Authors' abstract). 

COVENY, R.M. and KELLY, W.C., 1970, Quartz as a geologic barometer: Mich . 
Acad., v. 3, no. 3, p. 45-56. 

A re\i.Vl!W of the possibilities of use of fluid inclusion data and other 
data to determine pressures of formation. LE .R.) 
CZAMANSKE, G. K. and RYE, R. 0., 1970, (Calibration of a sulfur 
isotope geothermometer): U.S. Geol. Survey Prof. Paper 700A, Geological 
Survey Research, p. Al35-136. 

A series of hydrothermal coprecipitation experiments were used to 
establish sulfur-isotope fractionation factors between sphalerite and 
galena as a function of temperature. As indicated by theoretical 
calculations and analyses of coexisting mineral pairs, sphalerite 
preferentially concentrates s34. The applicability of the experimental 
curve to natural samples was tested on large crystals of sphalerite 
with included galena from several ore bodies. Filling temperatures of 
fluid inclusions in various generations of sphalerite range from 225° 
to 365°C. Maximum discrepancy between filling temperatures and 
temperatures indicated by 6s3 4 values of apparently contemporaneous 
sphalerite and galena is about 40°C. Where sphalerite and galena 
precipitated at nearly the same temperature but clearly not 
contemporaneously, the isotope temperatures do not always agree well 
with the filling temperatures. (Authors' abstract, shortened) 

DASHDAVM, s., 1970~,Types of inclusions of mineralizing solutions in 
wolfrarnite and origin of quartz-wolfrarnite veins in the Ikh-Khairkhan 
deposit (Mongolia): L'vov. Gos. Univ.,Mineral. Sbornik, v. 24, no. 2, 
p. 236-238 (in Russian). 

Pseudosecondary inclusions (liquid-vapor} homogenize at 275-340°C and 
pressures of 600 to 25 atrn. (E.R0 

DASHDAVAA, s., 1970,6-,0n tourmaline from quartz pegmatites of Mongolia: 
L'vov. Gos. Univ. Mineralog. Sbornik . v. 24, no. 3, p, 355-357 
(in Russian) . ' 

Tourmaline (schorl) crystals from quartz pegmatites of the Dzun
Bat~ massif contain primary inclusions with a temperature of 
homogeni~ation of 186-245°C., in the liquid phase. The solutions are 
characterized by a high content of fluorine. Nine analyses for Na,1~ 
Li, Ca, Mg, HC03, C03, Cl, F, s04 and HSi03 are presented. (Author's 
abstract, extended by ER). 

DEICHA, G., 1970 i;1., Present development in inclusion research and the prob
lem o~ their futu{e coordination: S~weiz. Mineralog. Petrog. ~itt., v. 
50, pt, 1, p. 3-11 ,(in French). 

A review of inclusion studies indicate~progress in the following 
Uelds: 

1. Technical improvement of methodology and physical and chemical 
analysis of inclusion content. 

2, Expansion into regional studies (with as an example the Alps) 
and application in igneous and metamorphic petrology. 

3. Genesis of host minerals, and its application in geochemistry 
and geophysics. 
Proposals are made to avoid duplication and increase the international 
cohesion of research by: 

1. Establ~shing information centers on techniques, equipment, and 
nature of studies of the participating laboratories, 

2. Regional inventory of location of inclusion material. 

13 



J, Distribution of bibliographic and photographic documentation. 
material. (P,J·,M, Ypina), 

DEICHA, G., 1970~The degree of freedom of geochemical solutions in min
eralogy; retation between the genesis of mineral phases and fluid in
clusions: S~weiz. Mineralog, Petrog. Mitt. v. 50, pt.l, p. 25-35, (in 
French). 

A review article on the role fluid inclusions play in our under
standing of the geochemistry of mineral forming solutions, and the phys
ical chemistry of rock formation, Mere observation of inclusions fur
nishes data on composition, viscosity (Brownian movement), palaeolevels 
and convection in the inclusions by light-induced thermal gradients. 
The study .of dynamic phase equilibria is facilitated by boiling effects 
of phases on homogenization, and flow due to concentration differences. 
The nature of the physical phase boundaries can also be directly ob
served in fluid inclusions. These data enable reconstruction of move
ment of fluids in the earth's crust by data on the fluid density and 
temperature gradients, concentration differences and diffusion rates, 
and fluid flow data because of inhomogeneity of the entrapped fluids 
(carrying lighter or heavier particles). (P.J .M. Ypma) 

DEICHA, G,, 1970,, Crystallogenetic d i:sequilibrium and fluid inclusions, 
(abst.), in Collected Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science 
Council ofJapan, p. 239. 

The state of perfect equilibrium between free moving geochemical flu
ids and crystalline matter is an ideal, never fully reached within the 
EartnsCrust. The importance of a varying degree of supersaturation is 
particularly evident in the case of ascending hydrothermal or pneuma
tolytic solutions; fluctuations of undercooling are ob;yious in erupting 
magmas. 

I. In the laboratory, equilibrium is also sometimes difficult to 
achieve, but d1sequilibri'um during crystallogenesis is also not easy to 
bring under full control, A .. number of experimental data, on crystalliza
tion out of artificial melts, as well as out of liquidJand gases of var
ious compositions have shown that the gradients of undercooling, or of 
supersaturation, are the main factors of the diversification during nu
cleation and growth, The initial ha6it, as well as habit changes, of 
indiyidual crystals and the inter-and overgrowth.of crystals (such as 
m_eta and paragenetic tw.inning and epitaxy)_ are a(~ected in the first line 
~ixth. Jnternat. Congress ~or Electron Micros.copy, Kyoto, 1966, 481) • 

. Although considered of lesser importance, minor irregularities in 
the growth topography, sometimes connected ·to dislocations, also lie 
under the direct influence of the same crjstallogenetic factors. Such 
superficial departures from the geometric order are responsible for the 
formation, within the more or less disordered crystalline architecture, 
of cavities filled up with mother-solution or melt. The calibration, 
shape, abundance and distribution of such primary inclusions reflect the 
fluctuations of the physico-chemical disequilibrium during the whole 
genesis. 

II. The results of "in vitro" experiments can be paralleled with 
"in crystallo" observations dealing with the dimensions, number, morph
ology and mutual relations of primary fluid and glass inclusions in min
erals, ,gang1:1e and .rocks (Colloque des Inclusions, Schweizerische Miner
alQgische und Petrographische Mitteilungen, 1970, vol. 50), On the other 
hand, inclusions offer a wide range of possibilities to investigate the 
thermal behavior of natural magmatic melts, as well as that of hydrother
mal and pneumatolytic solutions trapped within the host minerals. 
From 'the very start of heating and cooling observations on microscopic 
inclusions, it appeared that valuable information about the ability of 
geochemical fluids to remain unde~cooled, or supersaturated, could be 
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obtained, A number of fluid inclusions specialists (Fluid inclusion Re
search - Proceedings of C.O.F,F.I,, Washington, 1969) have already stress
ed the wide range of temperatures, or concentrations, attained by crys
tallogenetic disequilibrium in the "microcosm" of these small cavities, 

The problem of the relations between the enclosed mother-liquid and 
the host-mineral is particularly interesting: combined dissolutions and 
redepositions of crystalline matter on the walls of the cavities, shape ' 
them to "negative crystals". Such recrystallizations affect as well 
intergranular inclusions (primary and secondary) as intergranular pores, 
The perfection of the crystallograplJic habit, toward which such cavities 
do trend (Fifth internat. Congress for Electron Microscopy, Philadelphia, 
1962, vol. 1, GG4), shows the ultimate possibilities of a near ideal 
equilibrium in the mineral realm of Nature, but on a reduced scale and 
involving sealed off geochemical fluids, 
D~ ISEMME, A.H. and ~GER, A., 1970, Superdense water ice: Science, 
v. 167, p. 44-45. 

Ice of density 2.32 + 0.15 g/cm2 was formed at very low pressures 
and temp.< 100K. It is probably amorphous. (ER). 

DEMIN, Y., 1970, Structure of the aureoles of evaporation around the ore 
bodies of some polymetallic ore deposits of Rudni Altai (abst.), in Col
lected Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council of 
Japan, p. 256. 

In spite of the fact that the possibility of the utilization of the 
methods of study of the gaseous-liquid inclusions during the searching 
of hydrothermal ore deposits were shown by N.P. Ermakov already in 1954, 
the methods of study and characteristics of the structure of the aureoles 
of evaporation around ore bodies are insufficiently worked out to this 
day. 

The aureoles of evaporation on three polymetallic ore deposits of the 
Rudni Altai (Tyshinski, Starkovski, and Strejhanksi) were studied. The 
traditional decrepitational investigations were followed by the study of 
homogenization of the inclusions and of the geochemical characteristics 
of area of the development of aureole of evaporation, which included the 
study of behaviour of the main rock-forming and ore-forming elements. 
The main results of the investigations carried out by us are as follows: 

1) invisible aureoles of evaporation, exceeding 7-8 times the width 
of ore bodies, surround all the ore deposits; 

2) aureoles of evaporation of simple morphology, developed around ore 
bodies, are almost symmetrical and are characterised by clear zonal 
structure, which is revealed by a gradual drop in decrepitational activity 
and a decrease of decrepitation and homogenization temperature gradients 
along the direction from the ore bodies to the aureoles. The structure 
of aureoles around the complex ore bodies are complicated, but the general 
behaviour of temperature gradient and decrepitational activity are pre
served; 

3) a close relation between the width of aureole and physical-mechanical 
properties of wall rocks, especially the effective porosity, is determined; 

4) Sio2 , Ti02, Cao, and Na2o are taken out of the zone of the aureole 
of evaporation, whereas Al20 3 , MgO, and K2o are added. Th.e iron oxides 
are removed on the edges of the aureoles, whereas they are collected on 
the central part; 

5) the decrepitation intensity and decrepitation temp~rature are in 
positive correlation with the content of Cu, Pb, Zn, Ba and in negative 
correlation with Ni, Co, V, Ti, As. (Author's abstract.) (Editor's not~: 
this abstract may contain typographical errors, as the original printing 
was partly illegible.) 

DERJAGUIN, B.V., 1970, Superdense water: Sci. American, v.223, p. 52-71. 
A popular account of experiments concerning preparation anct prop

erties of "anomalous water". (that may also occur in fluid inclusions) 
(ER), ( Set c,1so''l)u f" 'j ,'" ., ) 
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DER.YAGIN, B.V. and CHURAYEV, N.V., 1968, Do we know water?: Priroda 
(Nature), 1968, no. 4, p. 16-22 (in Russian}jtranslated under title 
"Phenomenon of anomalous water described", by U.S. Joint Pubs. 
Research Service, Dept. of Commerce, JPRS 45~=989, July 25, 1968, 14p. 

>n excellent summary of the Russian work on the preparation and 
properties of anomalous water, and the evidence for its occurrence, 
of possible pertinence to inclusion cryometry (ER). 
DM:J:.TRIEV, s. D., 1970, Reliabil:lty of methods for studying mineralizing 
solutions and ,Pneumatolytic mineralizatipn; tzv. Vyssh. Ucheb. Zaved., 
Geol. Razved 1970_, v. 13., no. 4, p. 81-86 (in Russian}. CA 72(;;:)116(1970). 

Two types of homogenization of a~. and gas inclusions in minerals 
exist, according to Ermakov (1966}. The 1st, typical of essentially 
liq. inclusions, suggests (according to E,l a hydrothermal (aq) origin for 
the mineral. The 2nd, typical of gas-liq. inclusions, indicates formation 
of the mineral in a gaseous medium. This interpretation is based on the 
assumption of the homogeneity of the soln., auring -mineralization, with 
the soln. considered as a liq. in the 1st type and as supercrit. steam in 
the 2nd. The interpretation, however, contains 2 errors: (1) homogenous 
gas solns. in inclusions, homogenizing accordinq to the 2nd type, are not 
supercrit. steam possessing crit. parameters (t~~374.2° and Pc~l8.2 atm) 
because horoogeneous gas soln. can exist at any temp. depending on the 
pressure and (2) gas-liq. inclusions of the 2nd type can form from hetero
geneous solns. In addn. the pH of gas-liq. inclusions is usually detd. 
at room temp. without consideration for the fact that pH of soln. depends 
on the temp. and pressure. 

OOLGOV, Yu. A., 1970~~Inclusions in the metamorphic rock minerals as 
indicated by conditions of netarnorphism, in Problems of petrology 
and genetic mineralogy, V.S. Sobolev Memorial' Volume II: Moscow, 
"Nauka" Publishing House, p. 272-281.(in Russian with English abstract) 

Use of high resolution microscopy made it possible to find inclusions 
in minerals of metamorphic origin. Inclusions are high density 
liquids of aqueous salt brine solution or CO2 (carbonic acid). 
Inclusions were also found consisting of two immiscible liquids 
(aqueous brine ~olutions - CO2 ) as well as containing solid phase. 
The characteristic feature of such inclusions is the lack of gas 
bubbles. CO2 densities of inclusions in kyanite were determined by 
the cryometric method. CO2 density agrees with temperatures and 
pressures characteristic of almandine garnet from amphibole 
metamorphic facies. Beryl andalusite, sillimanite and quartz were 
studied in similar way. The new type of inclusions and the suggested 
methods of investigation may be used to evaluate conditions of the 
origin metamorphic and metamorphogenic deposits (Author's abstract). 

OOLGOV, Yu. A., 1970.lr,oeep intrusions and ore veins connected with them 
(abst.), in Problems of hydrothermal ore deposition, z. P'.hba and M. 
Stemprok,-;ds.: Internat. union of Geolog. Sciences, Series A, no. 2, 
p. 60-61 (in English). 

Temperatures alone, as a result of the homogenization of the inclusions 
in minerals of ore veins, cannot serve as a basis for the extrapolation 
of the depth of formation (Dolgov, 1965). 

A method of determining pressure (Bakumenko, Dolgov, and Bazarov) 
was used in st~dJing inclusions of granites and pegmati tes. Temperature, 
pressure and aggregate state of homogeneous solutions have been determined. 
For quartz from the block zone of pegmatite (body 1) the depth of form
ation with a lithostatic pressure of 1390 atm. is 6400 m. For the 
earliest cavity quartz the pressure is 640 atm. and depth is 6020 m. 
For pegmatite (body 2) from the same intrusion, the difference is greater. 
Other data for T and Pare presented in a table (Bazarov, 1965). At a 
depth of about 6000 m, the aggregate state was gaseous but the density 
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was very near to critical. 
A second case refers to Coarse-grained (pegm.atoid) nepheline s yenites. 

Using a high-temperature method ot studying inclusions (Dolgov & Bazarov, 
1965), a thermometric analysis of the inclusions i n nepheline was made 
(Kerkis & Kostyuk, 1963). Results obtained were T = 840°, P = 1750 atm., 
depth = 7500 m. Temperature of formation is somewhat hi gher. Inversion 
of nepheli ne occurred at 850°. Temperature of inclus ions is 84 0° . Ac
cording to the pa leogradient nepheline syenites had no pneumatolytic stage. 

For hydrothermal ores the dept.h of formation can be extrapolated 
in terms of hydrostatic pressure. For granite pegmatites Bazarov deter
mined temperatures o f homogenization and pres sures. For fluorite the 
range i s 460°-220°C and 400 to 30 atrn. Fluorite in hydrothermal condi
tions t herefore was formed at 4000 m to 300m. (Author's abstract~ 
DOLGOV, Yu.A., POCREBNYAK, Yu.F. and SHUGUROVA, N.A., 1969, Composition 
and pressu·r e of gases i n inclusions in tektites: Geokhimiya, 1969, no. 
5, p. 603- 609 (i n Russian; translated i n Geochem. Internat., v. 6, no. 
3, p. 525-531, 1969). 

The composition of ,~ases in inclusions ol; var i ou s tekti tes : 
mol dayites, indoc hi nites , phil i ppinites, and austra l ites, has been ana
lyzed and the pr esss ures of the gas es determined. It is shown that 
very l ow pressures i n gaseous inclusions of tektit es may be t he result 
bo t h of their f ormation at pressures below l atm a nd of a rapid cooling 
of the tektite material. A conclusion is made about the small changes 
of compositions and pressures of gases in inclus ions of t ekt ites since 
their formation (Authors; abstract). 

DOLIDZE , I.D., 1970, Temperature conditions of format i on of t he Ad zharian 
distr i ct copper-polymetall i c deposit s : Akad. Nauk Gruz. SSR Soobshch, 
v. 60, no. 2, p . 373 - 376 (in Russian). 

Homogenization s tud i es on a large number of i nclusions (mainly in 
quar t z and s phaleri t e ) show a range of temperatures from 280 to 60°C. 
Each of three stages of mineralization start at a (decreasingly) high 
temperature, which drops with continued crystallization . (E.R) 

DOLIDZE, I.D., and GARICHVADZE, A.A., 1970, Chemical composition of the 
mineral forming solutions at the Adzharian district copper-polymetallic 
deposits: Akad. Nauk Gruz, SSR Soobshch., v. 60, no. 3, p. 621-624 (in 
Russian). 

Aqueous extraction and a~lysis were made of inclusion fluids from 
' crushed samples of various gangue minerals. (E.R.) 

DOLOMANOVA, E .I., ELINSON, M.M., GASOIAN, M.S., and KOROLEV, N. V., 1970, 
New data on hydrothermal quartz in ore deposits of Transbaikal area (abst.), 
in Collect ed l\.bstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council 
of Japan, p. 262. 

A study .of the physioal ·p,roperties of quartz and of the composition 
·of gaseous-liquid inclusions in .- this mineral enabled -us ta establish the 
following regularities: 

In the ga s phas.e CO2 , H2, N2, and, on rare occas i c>ns , CH4 a nd 02 have 
been folll)p_ . . Ga~ _s{l_turation is greater in high-temperature qua+tz t han 
in low-tempe r a t ure var ieties . . It . is higher' in. q11artz that forms vein 
s elvages a nd Ln quartz crystals from caviti ea than i n• other parts of the 
vei ns. The gas s'a t ura tion c:,f quartz ch<!J'.lg es -along the s t r ike a nd dip of 
the veins . It drops •i-n ·1 nte.n_:,e·1y broken up quartz. _The composition of 
gas and i t s satUJ:a t i on depend upon . the composit i on ~nd physical p r oper
ties of the vein-encl osing rocks, upon the sequence of quartz crystalli
zation, upon the temperature and pressure under which crystallization 
is taking ·place. Quartz of di f ferent deposits differs by the H2/C02 
ratio, which indicates different conditions of its formation. 

In the liquid phase of gaseous-liquid inclusions the emrnission micro
spectral analysis determined: Cl, B, s, CN, C, K, Na, Li, Si, Al, Ca, 
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Mg, Ti, Fe, Cr, Ni, Zn, Sn, Pb, Ag. The amount of the Hquid phase in 
quartz increases with a drop in the temperature of its formation. 

The composition of gaseous-liquid inclusions changes substantially 
depending upon the rocks in which the vein formation is taking place and 
how intense the interactions between the hydrothermal solution and the 
enclosing rocks have been. The solutions enclosed in the vacuoles of 
quartz reflect the composition of hydrothermal solutions, from which 
metalliferous veins were formed and the local changes in the compositions 
of these solutions in -an interaction with enclosing rocks. 

For the first time by the use of infra-red spectroscopic methods ways 
have been worked out to determine quartz subjected to an inversion (S
modificationl in hydrothermal granular vein aggr,~gates of quartz. It 
has been established that at some deposits the hydrothermal process began 
at a temperature higher than the inversion temperature of quartz (> 573°C). 
(Authors' abstract.) 

DOLOMANOVA, E.I., GASOYAN, M.S., PJJDNITSKAYA, E.S. TYUTNEVA, G.K., and 
USPENSKAYA, A.B., 1970, Possibility of using the method of infra-red 
spectroscopy for the determi nation of temperatures of formation of mas
sive vein quartz: Akad. Nauk SSSR Doklady, v. 192, no. 1, p. 155- 158 
(in Russian); translated i n Doklady Acad. Sc i . USSR, Earth. Sci. Sects., 
v. 192, p. 88-90, 1970 (published 1971). 

Variations in the IR absorption stiectra appear in the 3),1"? region. 
r.as~liquid inclusions did not affect the absorption intensity but did 
modify it by spreading out the individual peaks. The spectra are rec
ognizably different for different samples, and may·be categorized into 
four different temperature-geologic occurrence groups (and hence might 
be used in connection with fluid inclusion studies, E.R.). 
DOLOMANOVA, E.I., KOROLEV, N.V. and RYUKHIN, V.V., 1969, ~!.icros¢pectral 
determination of the composition of gas-liquid inclusions in qu:...artz: 
Akad. Nauk SSSRm Izvestia, Seriya Geol., 1969, no. 87, p. 72-84 (in 
Russian). 

Description of a qualitative to semi.qualitative method, using 
emission spectrography for the analysis of leachates of fluid inclusions. 
Two small amounts of quartz are crushed and leached in 0.1 cmJ double 
distilled water and, when dried, are transported to two copper electrodes. 
The spectrum is taken in the range 440 to 880 nm{ i;~.,41· fV<it; ... 9 .spcc.'rroscop,i). 

29 samples of quartz were studied for 16 elements: Cl, F, B, S, Na, 
K, Ca, Mg, Al, Be, Fe, Cr, Mn , Ni , Ga, Sn. The samples came from: 
pegmatites of the Adun-Tcholon deposit; 
5herlovaia Gora deposit (cassiterite, quartz, sulfides-type); 
Zun-Undur deposit (wolframite, cassiterite, quartz-type); and 
Ozernoe (Moscow region). 

Results are tabulated in five categories as follows: abundant, 
present, 5mall amount, traces, not detected. (the limit of the method 
is 10-9 gm). Cl is frequent; Fis rare, fo und only in the early stages 
of mineralization; Band 5 are frequent in t he late stages of minerali
zation; Na was usually detected except when CO2 is abundant or inclu
sions are essentially gaseous; K is somewhat rarer, sometimes lacking 
in low temperature quartz veins; Ca and Mg are usual and abundant; Al 
is frequent, Be f ound only when Be mi nerals are present, Fe, Cr, Mn, are 
usual; and Sn was found only i n the early stages of mineralization. (B. 
Po·ty). 

DUNIN-BARKOVSKAYA, E.A., GOLOVANOV, I.M., and POL'iKOVSKII, V $. , 1970, 
Temperature conditions of quartz vein fonnation with bisml:4fh and copper 
mineralization in the Cha t kal - Kurama Mountains: Uzb. Otd. Vses. Mineral. 
Obshchest. Zap., 1970, No. 23, p. 86-96 (in Russian). CA 75 (10) 105 
(1971). 

Cu and Bi-bearing quartz veins occur in the Chatkal-Kurama sulfide 
deposit, ranging from high-temp. Bi-contg. quartz~scheelite and quartz 
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molybdenite veins to low-temp. quartz-Cu veins. Decrepitation data: 
chalcopyrite-bismuthinite (200-700°) , quartz-fluorite-bismuthinite 
(200-500°), quartz-Au-tetradymite (200-500°), quartz-scheelite-bis
muthinite (270-450°), quartz-carbonate-chalcopyTite (200-490°), and 
quartz-bismuthinite-chalcopyrite-hematite (250-380°). The total de
crepitation activity· in ore-bearing veins increases with depth, Exptl. 
data show that the compn: of the country rocks (granites, andesite, por
phyries) does not affect the decrepitation pattern of quartz. 

EL GHOZI, T., 1970, Simplified method for the preparation of material 
for rapid investigation of fluid inclusions: · Schweiz. Mineralog. Petrog. 
Mitt., v. 50, pt . l, p . 81-83 (in French). 

The fact that many minerals produce smooth and flat cleavage or 
fracture fragments can be used to investigate for fluid inclusions with
out polishing or immersion media (P .J .!t. Ypma) 

ELINSON, M .M., 1970 o. To the geochemistry of a gas phase, contained in 
inclusions of some minerals (abst . ), in Collected Abstracts, IMA-IAGOD 
Meetings '70: Tokyo, Science Council of Japan, p. 264. 

The choice of research methods on the gas phase of inclusions in min
erals depends upon t~e natu~e of purpose, for which the study is made 
upon the needed detljization . When it is necessary to obtain a complete 
and detailed composition of gas components , including He and Ar determina
tions - a bulk analysis of a qreat number of incluions is used. In this 
case the samples should be correspondingly selected to establish an aver
age gas composition from primary inclusions. 

Research on the distribution of separate gases (CO2 , H2s, o2 , H2 , CO 
and heavy hydrocarbons} within a mineral by relatively large inclusions 
(0.01 mm) is advisable by the method of studying individual inclusions. 

In determining the direction of the process it is possible to· use only 
the characteristic ratios of sueh gases as H2 , H2 , N2 and then no 

. 012 He ,rr 
greater deta;tization of the analyses is needed, but it is necessary to 
obtain characteristic mean data on the composition of these gases, which 
can be done by 2-4 analyses of bulk samples of typical rocks or a study 
of 10-20 primary gaseous-liquid inclusions of a va.rying size for each 
typical sample. 

The following components have been determined 5.n the gas extracted from 
gaseous-liquid inclusions of different hydrothermal rocks by grinding 
samples with varying sizes of inclusions: H2 , co2 , H2, o2 , co, CH 4 , N2 , 
Ar, He, heavy hydrocarbons, sulfur-organic and fluoride-bearing compounds 
of boron and chlorine . some gases (CO2 , tt 2 , N2 , Ar, He a. oth.J are, 
apparently, syngenetically associated with mineral-fonning melts-solu
tio~s, _w~ile o~her g~ses are, p~ssibl]t.)~f :ufecondary origin. In gases 
of ind1.v1dual 1.nclusJ.ons exceed1..ng sd?•a:ciat o2 , CO, hea-yy hydrocarbons, 
rarely hydrogen and an inert residue (N2+Ar+He) have been found. 

A low frequency of hydrogen occurrence in such investigatio?f indi
cates, probably, its occurrence in inclusions lesser than s6':big. 

Preliminary data have been obtained on the effect on the composition 
of gas extracted from inclusions of various geological and geochemical 
factors, like texture of the mineral body, composition -and permeability 
of enclosing rocks, etc. (Author's abstract.) 

ELINSON, M.M . , 1970V,The problem of zonation in the light of new data 
about the gaseous composition of solutions , taking part in formation of 
greisens and quartz-wolframite veins of West Tien Shan (abst.), in Col
lected Abstracts, IMA-IAGOD Meetings '70: Tpkyo, Science Council of 
Japan, p. 258. 

According to investigation of one of West Tien Shan's regions pecu
liarities of the local endogenic zoning of greisens and quartz wolframite 
veind.ng, whose formation is co·nnected with the concluding stage of forming 
Permotriassic igneous complex in Maidantal are characterized. 
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Nature of zonation of greisens and quartz wolframite veins is condi
tioned by pneumatolitic:- hydrothermal solutions, whose gaseous composition's 
study witness about the following: 

The predominant components of gaseous phase of pneumatolit.ic. hydrothermal 
solutions are hydrogen, nitroge. n and ca.rbonic-acid gas, hydrocarbonic gases, 
carbonic oxide, helium and argon are not discovered in gaseous phase of 
solutions. 

Gaseous components of high-temperature pneumatolitic: hydrothermal solu
tions of the ea.rly stage of greisenization took an active part in meta
somatic alterations of enclosing granite. 

I.ow-gaseous saturation of qreisens can be caused by transition of some 
gases (hydrogen) from pneumatolitjc hy!lrothermal solutions to mineral com
position of greisen facies and by peculiar conditions of forming matters. 

Pneumatolitit. hydrothermal solutions of the young stage of forming 
greisens, which took part in formation of quartz-reefs with wolfram min
eralization, had heightened gaseous saturation . 

Nitrogen and hydrogen prevailed in composition of gaseous components, 
taking part in forming rocks of low horizons of quartz greisen bodies 
and hydrogen and carbonic-acid gas - in upper horizons . 

Total gaseous saturation of rocks of lower wall of quartz greisen 
~ies is higher than gaseous saturation of hanging wall. 

Peculiarities of local zonation exposed· in process of study of physico
geochernical conditions of forming greisens and quartz wolfram veining have 
important significance for search of latent endogenic mineralization in 
West Tien Shan. (Author's abstract.) 
ELINSON, M.M. POLYKOVSKIY, V.S. and SHUVALOV, V.B., 1969, Composi tion 
of the gas phase in solutions which formed maydantal gretsen and 
quartz-tungsten veins: Geokhimlya, 1969, no . 5, p . 571-581 (in Russian; 
translated in Ceochem. Internat., v. 6, no. 3, p. 493-503, 1969). 

The composition of gases and its change during the formation of a 
quartz vein with wolframite mineralization under conditions of granite 
greisenization is considered. The main gas components, H2, CO2, and 
N2, are connected with the mineral-forming solution and take part in 
the greisenization process. It has been established that earlier solu
tions contained more gas and that hydrogen penetrates into country 
rock to a greater extent than CO2 and N2, The data obtained widen our 
ideas about the geochemistry of the greisenization process. (Authors' 
abstract, edited E.R . ). 

ELLIS, A.J., 1970, Quantitative interpretation of chemical characteris
tics of hydrothermal systems: Geochermics (1970) - ~pecial Issue 2. U.N. 
Symposium on the development and utilization of geothermal resources, 
Pisa 1970, v. 2, pt. 1, p . 516-528. 

A review (44 references) of the surprisingly extensive quantitative 
data on natural and laboratory hydrothermal systems. the equilibria 
controlling the composition of che fluids, and the relationships to ore 
fluid (and fluid inclusion) composition. (E.R.) 

EPPLER, W.F., 1970, The German journal ;,Goldschmiede Zeitung" y1Ablishes 
more or less regular short communications under the title ".Das Edelstein
bild - eine Bildfolge interessanter Edelstein-1-,1.ikroaufnahmen'', a suite 
of interesting gen,microphotographs about solid and fluid inclusions, by 
W.F. Eppler. In 1969/70 the following titles appeared : Wachscunsrohren 
(growthtubes) in natural a~d synthetic aquamarines and emeralds, 'J/69, 
p. 211; Flussspat (pictures of fluid inclusions in fluorite), 4/69, 
p. 347; Sonderbare EinschlUsse (strange inclusions in gems produced by the 
immersion oils. Separate title) 9/70, p. 1043-44; Ein Heilungsriss im 
blexandrit ( a healing-fissure in alexandrite) 9/70, p. 1045 and 10/1211; 
R,'9""' r-Jb:9r 11 Eis und .Schnee im Aquamarin (different forms of tube inclu
B1ons •in aquamarines) 11/70, p. 1333; Amethyst und Rosa-Beryll mit 
"Tigerstreifung" (amethyst and pink beryl with "tiger stripes") 
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12/1471, p, 1471'.. (P,J,M, 'lpma), 

EJU:1AKOV, N,P . ,, 19700,..,Correlation of stages of veined or#ormation and 
alterations of host rocks (as indicated by gas-liqui.d inclusions), (abst.), 
in Collected Abstracts, IMA-lAGOD Meetings '70: TQkyo, Science Council 
of Japan, p. 240. (Transliterated Yermakov in original) 

For the complex poiygenetic ore deposits and ore~ields on the ground 
of invest i gations of melt · and solution incl us.ions in minerals "'"'ci o r<.>..s we 
have suggested (l950, 1957). the following division o~ hypoendogenetic 
ore process in time and space. . 

The period of perimagmatic a~ti,vity charact~rizes all mi~eral associa-
tions found in the ore deposits .. as connected witti the derivatives from 
an intrusion of def inite age. An etap of or-e-fcmation expresses itself 
within the period in tne action of the solutions pertaining to the~3gregate 
state; supercritical fluids correspond to the pneumatolytic etap and 
aqueous solutions. to hydrothermal. The sta$.e o~ 11\ineralization only char
acterized wi thin the. etap certain differences in -tlie physico .,. chemical 
pa1:ameters of the changing ore-t'or-ming medium as-well as the discontinu
ity of the proces s, ~sually ascribed to int~~ o~c adjustments . The level 
o~ mineralization, being a part of the stage i s traced liy relatively 
small pulsations -and changes- in P-T-C of chemi>ttj', , 

Tne perciods, etaps, stages and levels may be orebearing or 
barren of ore, 6ut all of them are accompanied 6y characteriztic rock 
alter:.Stions, witn tooR place under the action of melts and their dif
ferent gaseous and liquid der i vatives. 

The levels of mi neralization in ore bodies and wall rocks can be 
ascertained only with the help of elaborate mineralogical and mi crotherm
ometrical i nvestigations of gas - liquid inclusions of the solutions. 

Under the guidance o-f the author complex deposits of differen t ~eneti c 
types were .r-t-.... c.,tJ. With the help of R. W. Kcnolmsky (1965) and L. 
I. Koltun (1957) materials on some gold-bearing deposits: Kluchy in 
Zabajcalie, Beresowskoje and Kochcar in the Urals, were collected and 
studied. Similar to the polystaging process of endogenic format i on of 
ore deposi ts for the wall rocks.,we distinguish periods, etaps; stages and 
levels of pneumaColytic - hydrothermal transformation s Y" 'i< nd;, wi th 
mineralizat i on . They are ascertained with the help of careful geologi c
mineralogic study and comparison of ore-paragenesis and altered rocks and 
parallel thermometric investigation of gas-liquid inclusi ons of oreforma
tion and mineral forming solutions . It is necessary to differentiate 
and prove with the help of these methods the relation of discrete metaso
matic alteration of rocks to the different etaps and stages of the mineral
ization process·, since many of these changes have no direct connecti on 
with crystallization of ore veins. The most intensive and seemingly 
characteristic wallrock alter o.itions are rE!lated to the preore 
stages of the process while the;r most widespread development is connect
ed with the non-metall i ferous pneumatolytic exhalation, steaming of rocks. 
The phenomenon of beresitization fr a complex

1
mainly preore, process of 

regular changing of granitoid rocks in time; albitization, silifica-tion, 
tourmalinizat i on, sericitization, and py:ritization, of which the la_tter 
together with late silification, and carbonization is synchronous w.ith J 

the formation of lo~·emperature hydrothermal gol{bearing veins in t.he 
Beresowskoje deposit and in a number of other deposits. · 
ERMAKOV, N.P., 1970},The stages of ore formation, rock alterati. on, 
and beresitisat:',on phenon:enon, i n Problems of petrology and genetic 
mineralogy, V, S , Sobolev Memor i al Volume II : Moscow, "Nauka" Publish
ing House , p . 229-234 ( i n Russi an with Engl i sh abstract). 

The periods, stages and steps of pneumatolitic hydrothermal 
transformat i ons whi ch are synchronous to mineralization are distin
gui sed in the mult i -stage process of endogenous ore deposits forma
tion and in country rocks. They can only be recognized by careful 
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geologic and mineralogical study as well as by parallel thermometric 
investigations of the gas-liquid inclusions of ore-forming and 
mineral-forming solutions. The·se methods are used to distinguish 
and to prove the connection between some metasomatic rock alterations 
and some definite stages of the mineral.ization process, because many 
of these processes have no direct connection with vein ore bodies' 
crystallize.ti.on. Most intensive near-ore alterations often belong 
to pre-ore stage processes. Their wide regional distribut1on ts not 
oaused by ore-bearing pneumatolytic vapors in the rocks. The beresiti
zation phenomenon is mainl.y a pre-ore process which took place at 
the same time as pyrd.tization, late silificati.on and ca.rbonatization 
(Author' s abstract, modified by ER). 

ERMAKOV, N. P., BOGOYAVLENSKAYA, I. V., and MEL'NIKOV, F. P., 1970, 
History of the use of inclusions of mineral-forming media in the 
development of the theory of endogenous ore-formation (abst.): in 
History of concepts on mineral deposits, Int. Syrnp., sum. Pap. 
p. 162-165, Int. Comm. Hist. Geol . Sci . , Freiberg. 
ERMAKOV, N.P. and DOLGOV, Yu.A., 1970, The future of applying mineralog
ical thermobarometry to the solution of petrological problems: Akad. 
Nauk SSSR Izvestia, 1970, no . 5, p. 48-57 (in Russian). 

A review with two tables (31 references) of the published litera
ture on the temperatures of homogenization of magmatic melt inclusions 
(range 600 to 1400°C) and of the composition of the gas in the bubbles 
in these inclusions (E.R.). 
ERMAKOV, N. P . , et al. (ed.) , 196861,,Mineralogical Thermometry a,io 
Barometry, vol. 2, New methods and results of study of the parameters 
of ore formation: Moscow, Izd . Nauk~, 310 pp .(,.., Kw.s .. ·,.,). 

The individual papers from this volume have been entered under the 
individual authors' names. 

"'' ERMAKOV, N. P., et al., 1968 /r. Second All-Union Conference ,geothermometry-
geobarometry and inclusions of ore-forming solutions in minerals; Summary 
and resolution of concluding session: Mineralogical Thermometry and 
Barometry, vol. 2, p. 296-307, Moscow, Izd. Nauka {in Russian) 
FISCHER, J,f., 1970, Fluid inclusions, uralitization and grain size, 
Carbon !liver stock , Washington (i9-bst.)· Ceol. Soc. Amer., Abstracts 
with Programs, v.2; no.2, p. 91-92. 

The Carbon River stock is a small granodiorite body almost seven 
square miles in extent, located along the northwestern boundary of 
Mount Rainier National Park, Washington. Three petrographic features 
of this hypabyssal stock show a rough correlation. These are grain 
size of groundmass minerals, degree of uralitization of intratelluric 
augite and hypersthene crystals, and concentration of inclusions in 
quartz. 

The grain size of the groundmass minerals does not bear a consis
tent relationship with the margins. Variations within single outcrops 
can be pronounced, suggesting that cooling rate may not have been a 
controlling factot', The uralite is of two forms. Augite produces col
orless single crystal amphibole pseudomorphs which apparently replace 
the former pyroxene in a cell-by-cell process. Hypersthene alters to a 
colorless fibrous amphibole mass with slightly higher birefringence 
than the single crystals . The finest-grained rock studied has minimal 
formation of uralite. Coarser-grained rocks have higher degrees of 
uralitization. Concentrations of fluid a11d glassy inclusions in quartz 
grains f.ollow the previous two trends. The finest-grained rock has 
2xl03 inclusions per cubic centimeter in quartz; the highest concentra
tions, 2xlOS inclusions per cubic centimeter of quartz,occurs in the 
coarsest-grained rocks. The correlation of these factors suggests that 
!) volatiles were not evenly distributed in the magma; 2) volatile con
tent was the most important single factor in influencing magmatic crys-
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tallization; 3) uralitization was caused by the volatiles inherent in a 
given volume of rock, not volatiles which were "passing through". 
(Author' s abstract ). 

FIUEDLAENDER, C.G. I., 1970a, Brownian movement in quartz, an attempt at 
quantitative evaluation; Schweiz. Mineralog, Petrog. Mitt., v. 50, pt. 
1, p. 13-20. 

Evaluation of a movie film of the movement of a gas bubble in a 
liquid inclusion in quartz from Dunbrack Prospect, tfusquodoboit River, 
Halifax County, Nova Scotia, resulted in the tentative determination of 
the viscosity of the liqu.id,(l\ .. fh. ,'. c,\Js~e..(t). 

FRIEDLAENDER, C.G.I., 1970b, Brownian movement in liquid inclusions 
in quartz: some quantit,ative observations; Canadian Mineralogist, v. 10, 
pt. 2 , p. 272-274. 

The viscosity of the liquid in an inclusion in quartz from Dun
brack Prospect, ~usquodoboit River, Halifax County, Nova Scotia, has 
been tentat i vely calculated based on the evaluatio{l of a movie film of 
Brownian movement of a gas bubble. (A-..n'!Cd: qbd<"«<TJ, 

GAVRILYUK, P .S., et .al., 1970, Temperature formation canditions of 
barite veins i n the BashkislUag deposit, Lesser Caucasus: Akad. Nauk 
Azerb. SSR, lzv., Ser. Nauk Zemle 1970 , no. 5, p. 25-32 (in Russian). 
CA 75 (4) 137 (1971 ), 

The Bashkishlag deposit is located in anticlinal!y folded volcan
ic-sedimentary rocks and intruded by subvolcanic intrusions and basic 
dikes. The barite-complex ore ve i ns, 0.2-0.6 m thick,contain barite, 
quartz, calcite, pyrite, chalcopyrite, sphalerite, galena, bornite, 
and tetrahedrite. Decrepitometric and homogenization studies of gas
liq, inclusions in barite indicate that the veins were f ormed from hy
drothermal solns. in a wide range of temp. (500-480° to 80°). The bar
ite veins were aligned in a vertical temp. zoning caused by the decreas
ing temp. of solns. during their upward ascent. The vein deposit was 
formed under subsurface conditions. 
GIGASHVILI, G. M., 1969, See Translations Section 
GIGASHVILI, G, M., 1970, Thermodynamic conditions of metasomatic 
formation of ~;derite in Volhyn pegmatites: L'vov. Gos. univ. 
Mineralog. suornik, v. 24, no. 3, p. 346-347 (in Russian). 

Data on the temperature (280°-290°C) , pre,ssure (280 + 20 atrn) and 
phase state of solut ions (boiling carbonic-water acid sol;tions) are 
given. These conditions lead to a metasomatit: replacement of lithium
ferrogeneous biotite by hydromica and siderite. (Author's abstract) 
GORNITZ, V. M., 1969, Mineralization, alteration and mechanism 
of emplacement, orphan ore deposit, Grand Canyo·n , Arizona (abst.): 
PhD dissertation! Columbia Univ., 196 pp.; Dissertation Abst. 
Intern., Sect B, Sci . and Eng ., v. 30, no. 4, p . 1753B 

The Orphan Mine uranium orebody occurs in a nearly circular, 
vertical pipe structure, about 350 feet in diameter, which 
penetrates Permian strata in the Grand Canyon, Arizona . 

Uranium ore is concentrated along the pipe margins and also 
within the pipe. Primary metallic minerals include uraninite, 
chalcopyrite, bornite, chalcocite, tennantitE!, pyrite, and 

· lesser amowits of sphalerite, galena, and rammelsbergite, in a 
zoned sequence. 

Temperatures of formation determined by fluid inclusion 
thermometry of calcite range from 60 to ll0°C. The estimated 
minimum temperature from burial of the sediments and the geothermal 
gradient is 58 't 5°c. 

U/Pb ages show that the ~nium is much younger than the 
enclosing rocks. Sulfur isotope ratios are enriched in 532 over 
s34 . Although the p ipe structure, ore distribution and mineralogy 
suggest an origin from ascending hydrothennal solutions, the lack 
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of a nearby igneous source of appropriate age , apparent low 
temperature conditions and sulfur isotopes enriched in s 32 , 
which imply bacterial reduction of s ulfate, wc>uld make a direct 
magmatic hydrothermal origin unlikely . '.L'he ore solutions may 
have been derived fr,:un a distant hydrothennal source, and then 
have mingled with gr<Jund water. (Author' s abstract, shortened), 

GOVOROV, I.N., 1970, Theroodynamics of aluminosilicate rock greiseniza
tion, in Ocherki Fiz,-Khim. Petrologii, v. 1970, no. 2, ed. by V.A. 
Zharikov: Moscow, "Nauka" Press, pp. 15-27 (in Russian). 

Geothermometric and thennobarometric studies o f the greisenization 
of aluminosilicate rocks in pneumatolytic deposits are made. Gas-l iquid 
inclusions in the greisen and quartz-vein minerals are composed o f Na+, 
I(+, ca2+, Mg 2+, c1-, and p- ions. The g-reisen minerals include topaz, 
tourmaline, fl uorite, andalusite , pyrophjllite, and cassiterite. 
Greisenization is accompanied by the addn. and removal of certain ele
ments. Stability fields of topaz, muscovite, biotite, and tourmaline 
are calcd·,, under different pressure-temp. conditions (Chem. Abstracts}1 
GOVOROV, I. N., FLIPPOVA , T. G., EFIMOVA, M. I., et al, (3), 1970, 
Geochemical types and depth parameters of Far East ore-bearing 
hydrotherrns (from data on gas-liquid inclusions in minerals): 
Vop. Geol., Geokhim,Metallogen. Sev.-zapad. Sekt. 'l'ikhookean. 
Poyasa, Mater. Nauch.Sesj.l969 (Pub. 19 70~p 218-224 (in Russian). 
Edited by Govorov. I . N. 1 Dal'nevost. Geol . Inst.: Vladivostok, 
USSR. CA 75 (7) 80 (1971). 

TWo geochem. series of ore-bearing hydrothermal solns. were 
sepd ., from data on gas-liq. inclusions in minerals: (1) alkali
halogen granitogenic and ( 2) alk. earth-s related to granites of 
elevated basicity , intermediate magma, and solns. of deep-seated 
and vadose origin. The 1st series contain 3 geochem. types of 
hydrothermal solns: alkali-halogen-bicarbonate (al.bitite-greisen 
formation), Na chloride (quartz vein-greisen and cassiterite-silicate 
formations), and alk.-F (apogranite fluoride greisens). The 2nd 
series contains 4 types: (1) ca-Na-S-bicarbonate (cassiterite 
quartz veins of sulfide formation, skarn-sulfide-scheelite, quartz
scheelite, and Au-quartz-formations ), (2) Ca-Mg-bicarbonate-s 
(Sn- sul£ide ores), (3) Ca-S-bicarbonate (skarn-galena-sphalerite 
formation), and (4) alk.-Mg-Ca-S-halogen (skarn-greisen-sulfide 
i;ormation) . Contrary to greisen and cassiterite-silicate formations, 
related to the 1st series of the hydrothermal solns., the 
cassiterite-sulfide deposits are related genetically to more 
deep-seated intrusions of granodiorite-tonalite or diorite-monzc~,te 
compns. providing the res idual hydrothermal solns. of cassiterite
quartz stage with an elevated concn. of S compds. and lower content 
of halogens . 

GROVES, D.I., SOLOMON, M,,and RAFTER, T.A., 1970, Sulfur isotope fraction
ation and fluid inclusion studies at the Rex Hill Mine, Tasmania: Econ, 
Geol., v. 65, p. 459-469. 

Fluid inclusion stud ies on quartz and fluorite from the Rex Hill 
orebody i ndicate that they were deposited from aqueous solutions of var
iable salinity and relatively high K/Na a nd Li/Na r atios. Corrected 
filling temperatures of the inclusions (assuming a pressure of 300 at
mospheres) indicate that the formation of quartz and fluorite varied 
from about 260° to 410°C with most deposition occurring between 330° and 
350°c. · 

Fractionation of 532 and 534 between coexisting sphalerite and ga
lena, which are intimately intergrown with the quartz and fluorite, is 
relatively uniform. This confirms that there was no marked departure 
from equilibrium during thei·r deposition, t hus s upporting independent 
evidence of textural equ ilibrium . Fra.ctionation factors from coexisting 
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galena-sphalerite pairs indicate a ge112ral range of temperature of depo
sition from 33S 0 to 460°C with a mean of 392°C. This temperature is at 
least S0° higher than that expected from the fluid inclusion studies al
though the temperature ranges do overlap. 

The FeS contents of sphalerites show no correlation with their forma
tion temperatures indicated by isotope fractionation, and their erratic 
compositions are consistent with the te«tural disequilibrium they display 
with respect to pyrite, The compositions of arsenopyrites are broadly 
compatible with the temperature ranges indicated by fluid inclusion data 
and isotope fractionation. Authors' abstract. 

GUBELIN, E., 1969, On the nature of mineral inclusions in gemstones 
(Pt. 1): Gem~ and Gemology, v. 13, no. 2, p. 42-56j(Pt. 2) 
ibid, no. 3, p. 74-88. 

A fairly extensive review (49 references) of the various 
types of solid inclusions in gemstones and their identification, 
with 80 excellent color photographs, (E.R.). 

GUNTHER, R. T., 1939, Dr. William Thompsen, F.R.S., a forgotten English 
mineralogist, 1761-c 1806: Nature, v. 143, p. 667-668. 

Of historical interest, in that Gunther found that Thompson proveq the 
presence of "naphtha" droplets in quartz crystals from Tuscan and other 
localities, by grinding the inclusions open with an emery wheel. (E.R.) 
GUROVA, E. P. and YAL'TER, A. A., 1968, On formation temperatures of 
fluorite from Lower Cambrian sandstones of Podviia: Geologiya Rudnykh 
Mestorozhdenii, v. 10, no. 2, p. 84-86 (in Russian). Homogenization 
temperatues were measured1 most were <200°C, (E.R.J 

HAAS, J~ L., Jr., 1970a, The effect of salinity on the maximum thermal 
gradient of a hydrothermal system at hydrostatic pressure and near 
boiling (abst.): Amer. Geophy. Union Trans. (cc5), v. Sl, no. 4, p. 453. 

The effect was determined to 325°C and 28.4 wt. % salts by approxi
mating the natural brines with data for density and vapor pressure of 
NaCl solutions. In a truly open hydrothermal vein system having fluid 
at constant salinity, the nearest approach of the 200°, 2S0°, and 300~ 
isotherms to the ground water table (p~l atm) is given below. If salin
ity varies, the nearest approach is fixed by the thickness of· each near
ly isochemical layer and the interface temperature. 

Wt, per cent Salts 0,0 s.o 10.0 15.0 20.0 25.0 
(as Na "c1) 

\J 

Depth, 200° isotherm (ft) 530 492 455 419 381 342 
Depth, 250°isotherm (ft) 1505 1390 1280 1175 1070 965 
Depth, 300°isothenn (ft) 35S0 324S 2970 2705 2455 2205 

Convection in an isochemical system leads to geysers. Dissolved 
volatiles more strongly affect pressure than density, lowering the 
above gradients (Author's abstract). 

HAAS, J.L,, Jr., 1970b, An equation for the density of vapor-saturated 
NaCl-H20 solutions from 75° to 325°C: ·.Amer. Jour. Sci., v. 269, p. 489-
493. uf 

Literature values of the density vapor-saturated NaCl-H20 solu-
o . 0 \ 

tions between 75 and 325 C and up to saturation or 7,3 molal, whichever 
is lower, were correlated hy the use o( the empirical Masson's Rule: 
4i7"1* + s m1 /2 1 where q, is_ the apparent molal volume 2f NaCl I m is the 
concentration, ~*= -167 . 219 + 448 . 55 V - 261 . 07 V , s= (-13.644 + 
13 . 97 V) • (Vc/(Vc-V0 ))

2 , and V and v/are the spegifi.c volume and the 
criticaY volume of H20, respect~vely. The standard deviation between' 
the calculated db,~sities and the source data is 0.002 g/cm3, (Authoris 
abstract). 

HAAS, J,L., Jr., 1970c, Fugacity of H20 from 0° to 350°C at the •liquid- . 

25 



vapor equilibrium and at 1 atmosphere: Geochim, Cosmo, Acta, v. 34, 
p. 929-932, (Author~ name incorrectly spelled "Hass" in original). 

The fugacity and fugacity coefficient of H20 at the liquid-vapor 
equilibrium, the fugacity

1
and the Gibbs free energy of formation of 

H20 at 1 atm (1•01325 bars) total pressure have been calculated from 
published data on the physieal and thermodynamic properties of H20 and 
are presented at ten-degree intervals ·from 0° to 350°C (Author's 
abstract). 

AT.:f',, 
HAYWARD,~ 1970, Negative pressure - Suction pump with 17 metre lift: 
Nature, v. 225, no. 5230, January 24, p. 376. 

Contains a discussion of negative pressure in general, hence pert
inent to fluid inclusion metastability. (ER). 

HELZ, G,R, and BARNES, H.L., 1970, Hydrothermal solubility of magnetite, 
(abst.): Amer. Geophy. Union, Trans. (F.OS), v. 51, no. 4, p. 436. 

Hagnetite solubility has been measured from 25° to 500°C in aque
ous solutions with a vapor phase present; acidity, oxygen fugacity and 
NaCl concentration were varied. Under these conditions, magnetite sol
ubility increases rapidly with acidity and with temperature above 300°; 
below 300°, variation of solubility with temperature is small. Solu
bility is independent of chlorinity and oxygen fugacity. These results 
indicate that magnetite solubility is controlled by hydroxyl complexes 
containing Fe2+ in the ratio 1:2. Dissolving of magnetite involves 
neither oxidation-reduction reactions nor the formation of chloride 
complexes. Of the variables temperature, acidity, chlorinity, and ox
ygen fugacity, only the first two can be principal controls of magne
tite solubility in natural hydrothermal solutions. At 500°, solubil
ities in excess of 1000 ppm were observed in mildly acidic solutions. 
Cooling such solutions to 300° or below causes precipitation of roughly 
half the iron, whereas neutralization causes virtually quantitative 
precipitation. In the neutral to alkaline region, solubility is less 
than 1 ppm. (Authors' abstract). (Particularly pertinent to the occur
rence of magnetite as a daughter crystal; Ed.). 
HEMMINGSEN, E.A., 1970, Supersaturation of gases in water: absence of 
cavitation on decompression from high pressures: Science, v. 167, p. 
1493-1494. 

H. achieved 140 atm. for Q7 and 270 atm. for He in water. 
Of pertinence to inclusion metastability. (ER). 

HEYL, A.V., 1970, Some aspects of genesis of stratiform zinc-lead.,.. 
barite-fluorite deposits in the Mississippi Valley, United States, p. 
95-99, in Problems of hydrothermal ore deposition, ed. by Z. Pouba and 
M, Stemprok, Int. Union of Geol. Sciences Series A, no. 2, 1970. 

A review (33 refs.) of a large number of occurrences of Mississ• 
ippi Valley type ore deposits throughout central and eastern U.S., in
cluding data on fluid inclusions (E.R,). 

~ILL, R.E.T., and BOETTCHER, A.L., 1970, Water in the earth's mantle: 
Melting curves of basalt-water and basalt-water-carbon dioxide: Science, 
v. 167, p. 980-982. 

At depths below about 45 kilometers in the earth, the presence of 
high proporltions of carbon dioxide does not significantly affect the 

,temperature""'of· t-he beginning of melting of basalt-water compositions. 
Water must be present only in trace amounts in the solid part of the 
s~licate mantle if it contains appreciable proportions of basaltic 
composition,(Authors' abstract). (Pertinent to the study of CO 2 inclu
sions in olivine nodules; Ed.). 

HOLLOWAY, J.R., 1970, Fluid compositions in a basalt-HzO-C02 system 
(abet,): Geol. Soc. Amer. Programs with Abstracc., v.2, no. 7, p. 579-
580, 

Three gms 1921 Kilauea basalt were equilibrated with 1 gm HzO and 
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2 gms CO2 (60 mole% H20, 40 mole% CO2) at 800°, 900°, 1000° and 
1100°C and 2, 5 and 8 kb, Oxygen fugacity was buffered by Ni/NiO. 
The resulting fluid was separated and analyzed for Si, Ti, Al, Fe, Mn, 
Mg, Ca, Na, K, Ba, and Sr. 

Total solute content tends to decrease with T and increase with P; 
it ranges from 0.5 to 2 wt% of the fluid. Si02 (27-67), A1203 (6-34) 
and MgO (9.5-18 wt%) constitute more than 75 wt% of all solutes. Large 
variations in fluid composition occur with changes in P and T, but no 
obvious correlations exist between fluid compositions and condensed 
phase assemblage. The following ranges in oxide ratios (wt% in solute/ 
wt% in basalt) were observed: Fe203=0.07-0.5; Sr0=2-3; Na20=1.2-4,0; 
K20=5 at 800°C, 2-3 at higher T; Si02=0.5-0.9 and Al203=2-3 at 2 kb; 
Si02=1,0-l.4 and A120 3=0,5-l.5 at 5kb. Correlations in the fluid are 
positive between the following: (Ti, Al), (Mn, total Fel, (Mn, Sr, Al); 
and negative between (Si, Al), (Si, Mg), (Si, Mn), (Si, Sr). 

Gas transfer appears to be ruled out as a mechanism for differen
tiation at least under conditions similar to those of this study. 
This is due to the very high Mg/Ca and Mg!Fe ratios in the fluid phase 
solutes and the low total solubility, Iron deposits, such as Cornwall, 
Pa., may form when aqueous solutions from a mafic magma contact carbon
ate wall rocks;_ the increase ~n CO2 in the fluid would greatly decrease 
Fe solubility, {A,dhor'.l. c;,brY"°"ctJ. 

HOLSER, W.T. and ANDERSON, R.Y., 1970, Bromide distribution in Castile 
halites, Delaware basin, Texas (abst.): Geo 1, Soc, Amer,, /lbslYqcct.s with 
Pro~/Cltv1S, v,2, no. 7, p. 580. 

A nearly complete core of the Castile evaporite has for the first 
time allowed detailed study of bromide distribution in the halite. 
The general bromide concentration in all three halite units on a samp
ling scale of 30 cm is very smooth, with trends in the range 25 to 45 
ppm over 30 m or more. It rem~ans at this low level through the 
Castile halites and the first fe~ hundred feet of the overlying Salado 
Formation. The trends in Castile bromide profiles are related to vari
ations in halite varve thickness, which continue oscillations of varve 
thickness in the contiguous anhydrite units, and have a period of about 
1000-3000 years. Oscillations with this period culminated in the major 
halite units of the Castile, but the general bromide level in succes
sive halite units does not show the progression expected if brines were 
accumulating in the basin. 

Shorter oscillations, with a period of about 200 years, observed in 
thicknesses of both anhydrite and halite units, are not evident in 
bromide profiles, 

Halite varves 2 to 6 cm thick were sample& on a millimeter scale. 
In the uppermost halite unit, bromide microprofiles show a decrease in 
bromide immediately adjacent to anhydrite lamellae; in deeper halite 
units no variation can be detected. (Authors' abstract). (Of pertinence 
to the Cl/Br ratio.;; in inclusions in NaCl and elsewhere; Ed,) 

IKORSKII, S.V., 1970, The inclusions of hydrocarbon gases and bitumens in 
the minerals of some igneous rocks (after an example of the Khibini 
alkali massif) (abst.), in Collected Abstracts, IMA-IAGOD Meetings '70: 
Tokyo, Science Council ofJapan, p. 265. 

The Khibini alkali massif (the Kola Peninsula) is an example of the 
thorough study of hydrocarbon gases and bitumens in the igneous rocks. 
This report summarises the results of examinations the gas and bitumen 
inclusions in the rockforming minerals of the Khibini massif such as 
nepheline, kali-soda fedlspar, eudialyte, enigmatite, arfvedsonite,o.e~irin~, 
sphene, albite, hackmanite and natrolite. The microexaminatioris of min
erals (nepheline and eudialyte) were carried both in the common and 
ultra-violet light by ordinary temperature and by heating to 600°C. The 
recovery of gases from minerals was accomplished by grinding of samples 
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in the hermetically sealed mill, the isolation of bitumens--by extraction 
with chloroform. The composition of the bitumen "A" chloroform extract 
was studied by means of chemical and spectral analyses • 

,0 • J 0 ,.. 

" 0 ~ , • 
~.-:.J 0 

Fig. 1. Faceted gas inclusions 
in nepheline, x 1000. 

_foP;j~ --·~· ~ -
,>t/ ~ ~-......... -I,...,,... 

~ 

Fig. 2. The gas inclusion in 
eudialyte with drops of bitumen on 
the walls of a cavity. Photographed 
in ultra-violet light, bitumen in 
luminous, x 220. 

Nepheline contains gas and gas-liquid inclusions (fig. 1); in eudia
lyte thereare apart from them vacuoles containing a bituminous substance 
luminous in ultra-violet light (fig. 2) and remaining preserved within 
the temperature range to 580°C, Gas and bitumen inclusions in minerals 
spatially are closely connected with ~~,irin~1 feldspar and villi~~ite 
inclusions. All of them are disposed along cleavage or along the dif
ferently oriented zones. High contents of hydrocarbon gases (methaneand 
homologues--etharu;, propan~ buthant,i are characteristic only of several 
minerals (nepheline, eudialyte, enigmatite) having been crystallized on 
the early stages of the massif formation, and practically are absent in 
those formed due to the pcstmagmatic processes. The hydrocarbons repre
sented by high-molecular paraffines and sometimes by aromatic compounds 
were also recognized present in the bitumen extracted from nepheline, 
kali-soda feldspar, eudialyte, and l),,£9irins. 

The close paragenesis of hydrocarbon,gas and bitumen inclus ions in 
primary minerals (nepheline, eudialyte) with u '1~ ri~ and villi\'tni te inclu
sions suggest that the formation of inclusions in crystals occurred at 
the stage of the magmatic minerogenesis transient to hydrothermal one. 
The data obtained assume that the accumulation of bitumens and hydro
carbon gases inside the inclusions cavities might have happened at the 
expense of carbonaceous substance (probably seized in the form of dis
persed particles by minerals in time of their crystallisation) during 
autometamorphous alterations of alkali rock. At the same time hydrocar
bon gases and bitumens are supposed to have been originated as a conse
quence of interaction between the volatile components of the alkaline 
melt-solution and minerals at the f~l stage of magmatic minerogenesis, 
(Author's abstract.) 

IMAI, Hideki, KATAYAMA, Nobuo and FUKUOKA, Isao, 1970, Geology and 
mineral deposits of the Akenobe mine and the Ningyo-Toge uranium 
deposits: Guidebook 8, Excursion B 4, IMA-IAGOD Meeting Tokyo-Kyoto, 
23 pp. 

Imai presents otherwise unpublished S isotope data of Sakai and 
YamamotoJand decrtpit~tion data (66 samples) from an earlier paper 
by Takahashi et al (1955, in Japanese), on the Akenoke mine, 
Temperatures range from 150-350°C. (E. R.) 

IMAI, H, and TAKENOUCHI, S,, 1970, Fluid inclusion study at the Taishu 
mine, Japan, as related to geologic structure, (abst,), in Collected 
Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council of Japan, 
P• 237. 

The Taishu mine is a zinc and lead deposit, belonging to mesotherm
al vein type. Veins occur in the Paleogene sediments around the granit
ic mass, The vein fissures are classified into two types, (A) gently 
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dipping reversed bedding fault, (B) strike-slip fault. 
The ore-forming fluid would flow upward and outward from the granite 

magma along the fissures of type (A), and pour into the fissures of type 
(B), The deposit reveals the zonal distribution of minerals. The distri
bution of minerals is, from lower to upper pa.rt, barren quartz, pyrrhotite, 
sphalerite, galena and barren calcite zone. 

Fluid inclusions in quartz crystals from some parts of the veins and 
of the granite mass in the mining area are studied by volumetric measure
ment under the microscope and be means of heating stage- and freezing 
stage-microscope. Some of the results are shown in the following table. 
No. l is the quartz in the granite in the mining area. No. 2 is the vein 
quartz near the granite mass. No. 3 is the vein quartz farther away from 
the granite mass than No. 2 vein quartz. 

From these data, it is recognized that the temperature of the ore
forming fluid drops and the salinity of the fluid diminishes upward and 
outward from the granite mass. (Authors' abstract) 

Kind ofquartz. 

No.I quartz in 
the granite in 
the mining area. 

No,2 vein 
quartz from 
the Shintomi 
vein,-70mL 

No.3 -vein 
quartz from 
the Shirodake 
vein, OmL 

Homogenization 
temperature(°C). 

350°-500°C 

350°-370°C 

250°-310°C 

235°-250°C 

Phase3 in 
incltJsion 

Freezing 
point (°C) 

L l(ZIA ,d I 

vapor, halite, 
calcite(?), 
undetermined 
opaque mineral 

same as ab.oye 

NaCl salinity 
(%) 

31-56% (calcu;_ 
lated by volum
etry) 

30-33% (~alcu
lated by volum
etry) 

liquid, vapor, 
':"'J~,_.,.13,6qc 

(~alcite en) 5-20% 

liquid, ,vapor- -4.5°C 7.2% 

KAMB, B,, 1970, Superheated ice: Science, y. 169, p. 1343-1344. 
A discussion of the interpretation of some experiments by Schubert 

and Lingenfelter (Science, v. 168, p. 469, 1970) on the superheating of 
water and ice during pressure drop. Similar phenomena, under even more 
striking conditons, ha'Je been observed in fluid inclusions in minerals 
by Roedder (Science, v. 155, p. 1413-1417, 1967). (ER). 

KARPOV, G.A., 1970, ~ecent fluorite in core sample from Bolshe-Bannoe 
deposit of hydrothermal waters, Kamchatka, i n Mineral. Gidroterm. Sist. 
Kamchatki Kuril'skikh Ostrovov, ed. S.I, Naboko: Moscow, "Nauka" Press, 
p. 110-116 (in Russian) (C.A. v.74, no. 18, 1971). 

Fluorite is described from hydrothermally metamorphosed andesites, 
dacites, and tuffs in the deposits of hydrothermal waters (hvdrocarbon
ate-sulfate) with mineralization of 1.4 g/1, 165°C,and pH 7.5-8. Fine 
grained octahedral crystal-aggregates are isotopic with n=l.435. 
Fluorite is assocd. with quartz, stilbite, anhydrite, chlorite, and 
analcime. The chem. compn. of the thermal water show,NH,+ 17.2, Na+ 
198.4, I~ 11.51, Ca 2+ 64.13, Fe3+ 3.~, Cl- 106.4, F- 2.0, 4 HCo3- 197.U, 
S042- 344.9, and s2- 5.0 mg/1. The temp. of homogenization of the gas
liquid inclusions i n fluorite is detd. to be 160°. The cubic crystals 
of fluorite form at a lower temp. than octahedral cryst·a1s. 
KARTSEV, A.A., ABRA.MOVA, O. I. and DUDOVA, ,!. Ya., 1969, Organic sub
stance(s) in mineralized waters: Akad. Nauk SSSR Izvestia, Ser. Geol., 
1969, no. 7, p. 137-138 (in Russian); translated in Internat. Geol. 
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Review, v. 12, no. 3, p. 270-271 (l970). 
Analyses are presented for organic carbon in mineralized waters 

squeezed from a series of rocks (36-118 mg/liter). (Of pertinence to 
analyses ofj>rganic materials in lfduid inclusions from many samples; 
Ed) (E.R.) 

KARZHAVIN, V.K. and VENDILLO, V.P., Thermodynamic equilibrium and con
ditions for existence of hydrocarbon gases in a magmatic process: 
Geokhimiya, 1970, no. 10, p. 1165-1173, (in Russian; translated in 
Geochem. Internat., v. 7, no. 5, p. 797-803, 1970). 

Results are given from mathematical processing of two systems rep
resenting a mixture of gases under conditions of thermodynamic equilib
rium over a wide range of temperatures and pressures. The first sys
tem reflects the thermodynamic scope for formation of methane in the 
crust from a gas containing CO and H2 at high P and T. The second 
system concerns the possible formation of hydrocarbons with many car
bon atoms from methane in response to P and T. The application of the 
results to natural conditions is considered. The computer calculations 
were performed by Newton's method for P from 1 to 5000 atm and T from 
500 to 1500°K, (Authors' ab~tract) (Ed.note: Of pertinence to the ori
gin of the organic gases in inclusions in alkalic rocks). 

KASTNER, Hiriam, 1970, An inclusion hourglass pattern in synthetic 
gypsum: Amer. Min., v. 55, p. 2128-2130. 

Gypsum crystals grown in a fine-grained calcite mud trapped solid 
inclusions of calcite as an hourglass in the portion formed by the 
fastest-growing face when growth was fast; slower growth yielded clear 
gypsum crystals. (Similar phenomena are noted for liquid inclusions in 
hourglass patterns in some synthetic crystals. Ed.) 

KELLY, W. C. and GODDARD, E. N., 1969, Telluride ores of Boulder 
County, Colorado: Geol. Soc. Amer. Memoir 109, 237 pp. 

Pages 173-177 (and plate 12) deal with fluid inclusion 
thermometry on these deposits, and include description of the heating 
stage and calibration methods used. Some rough determinations of 
salinity (low)by freezing were made. Homog{nization temperatures 
of 237-315°-are recorded and compared with a wide variety of other 
geothermometers. (E.R.) 

KELLY, W,C, and TURNEAURE, F.S., 1970, Mineralogy, paragenesis and geo
thermometr.y o~ the tin and tungsten deposits of the Eastern Andes, 
Bolivia; Econ. Geol., 'V, 65, p. 609-680-. 

Numerous geotliermometers were applied to ores of the Eastern Andes 
of Boli'Via in order to evaluate temperature as one factor in zoning 
and paragenesis of the deposits, and also to test the tnermometers them
selves where results could be checked against available field evidence. 
Some 225 specimens were analyzed representing 53 deposits and several 
ore types, chiefly the tin and tungsten ores. 

The stratigraphic record suggests that ores of the subvolcanic set
ting of central and southern Bolivia formed at depths on the order of 350 
to 2,000 m and at total pressures of approximately 30 to 500 bars. 
Comparable estimates for the somewhat deeper deposits of plutonic associ
ation in the Cordillera Real are depths of 2,000 to 4,000 m and pressures 
of about 190 to 1,000 bars. 

A similar,paragenesis is indicated for the tin and tungsten deposits 
and consists of (1) an early vein stage in which most tin and tungsten 
w~s deposited, (2) a base-metal sulfide stage, (3) hypogene alteration 
of pyrrhotite to pyrite, marcasite, and siderite and (4)_1ate crusts and 
yeinlets of siderite, fluorite, and a variety of hydrous phosphate min
erals some of which are supergene. 

The Bolivian ores contain most of the sulfide minerals proposed, at 
one t!me or another, as geothermometers, but present attempts to use them 
have been largely unsuccessful, Pyrrhotite compositions were modified 
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during replacement by pyrite, marcasite, and siderite and most do not re
flect intitial depositional temperatures. Arsenopyrite gave only rough 
indications of temperature and was essentially useless as a geobarometer. 
Sphalerite displays complex polytypism in the Bolivian ores, but this 
could not be correl2ated with variables of geologic interest. The pre
sent iron content of sphalerite reflects initial equilibrium with pyrrho
tite , but its significance in terms of temperature is debatable . Miscel
laneous thermometers such as sulfide invariant points, the high-low 
quartz inversion, melting of native bismuth and sulfide exsolution temp
eratures are considered and some yield useful temperature limits. 

Fluid inclusion studies reveal highly systematic nends of salinity 
and depositional temperature during formation of the tin and tungsten 
ores . Tin-bearing fluid of the early vein stage were complex , NaCl-rich 
brines of low CO2 Ccnte~t. Duriag precipitation of cassiterite and early 
quartz, salinities reached values as high as 46 weight percent, but the 
later ore fluids were more diluc and gradually approached fresh water 
1n closing stages of minerali~ation . Depositional temperatures first 
increased from about 300° to 530°C during the early vein stage and then 
declined steadily to less than 70°C in the later stages . Minerals of 
the main sulfide stage formed as tempe~atures declined from about 400°C 
to 260°C. Fluid inclusions in siderite indicate temperatures of 260°C 
to 200°C for the hydrothermal alteration of pyrrhotite. Late fluorite 
of the Colquiri lode was precipitated at temperatures between 200°C and 
133°C . The late hydrous phosphate minerals formed below 70°C. tlany 
even ts of the hypogene sequence could be attributed chiefly to cooling 
of the ~ein fluids and are so interpreted, but little is known of the 
wall rock alteration and its influenc,c on paragenesis. 

Active bDiling of the early yein fluids. is. indicated b.y the Uuid 
inclusions in quartz and cassiterite. This bQiling upgraded salt contents 
oe the early vein floids while dr-:i,vi.ng CO? into the associated vapor 
phase. This vapor transport ed some mineral matter, as evidenced by 
daughter minerals in gas-rich inclusions, but the identity and qua~ti
tative significance of this material are unknown. The early boiling 
favored precipitation of quartz and cassiterite and may explain the 
restricted vertical distri.buc·on of very high-grade tin ore in several 
deposits of shallow origin in central and southern Bolivia. Evidence 
of boiling in several major deposits of the Cordillera Real suggests that 
these ores, though formed in the plutonic setting, were still deposited 
at depths of less than 3,000 m. This limit is compatible with that 
based on stratigraphic reconstructions of rock cover at the time of min
eralization. 

All data gathered in this study are consistent with a single, pro
longed "event" of mineralization for the individual tin and tungsten de
posits throughout Bolivia. The deposits could differ in age, but there 
is no convincing evidence that they are hybrid products of hydrothe.rmal 
regenerative processes. A magmatic source is preferred for the mineral
izing NaCl brines and their contained metals, but the progressive cool 
ing and dilution of these brines may reflect gradual influx of meteoritic 
water to the magmatic hydrothermal system . (Authors' abstract). 
KHETCHIKOV, L.N., DOROGOVIN, B.A., KOK.AREY, G.N. and HALYSREV, A.G., 
1970, Relations between temperature of homogenization and decrepitation 
of gas-liquid inclusions in quartz of crystal-bearing deposits: VNIISIMS, 
(Vses. Nauch.-Issled. Inst . 'iin . '.liner. Syr'ya) Trudy, 
Geol . and Experimental Studies , v. 12, p. 88-92, (in Russian). 

A compar ison of decrepitation and homogenization temperatures for 
inclusions in quartz from Kazakhstan reveals several errors. A possi
ble way of avoiding such errors is discussed. (ER). 

KHETCHIKOV, L.N., DOROGOVIN, B.A. and SAMOILOVICH, L.A., 1968, nepend
ence of corrections for homogenization and decrepitation temperatures 
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of gaseous-liquid inclusions in quartz on pressure, density, and comp
osition of solutions: Geol, Rudnykh Mestorozh.,1968, no, 3, p. 87-97 
(in Russian); translated in Int. Geol, Review, v. 12, no. 4, p. 412-
420. 

The temperature (T) corrections for pressure (P) determined from 
study of the thermodynamic properties of mineral-forming solutions and 
homogenization of gaseous-liquid inclusions in quartz, are similar to 
each other. 

The homogenization temperature (TH) of solution in inclusions is 
always lower than the formation temperature (Tp) of quartz and the 
value of the temperature correction (Tc) increases with the P. 

Tc for Palso depends on the solution density and composition, but 
· the effects of these factors are considerable only at high P. In determ

inations of the true TF of minerals of hydrothermal deposits from the 
gaseous-liquid inclusions, it is therefore sometimes sufficient to make 
corrections for TH which depend only on P, disregarding the effect of 
the solution density and composition. 

The temperature of decrepitation (T0 ) of gaseous,-.liquid inclusions 
in synthetic quartz differs from TF of the minerals and depends on the 
conditions of growth. 

At P<700 atm during synthesis of quartz TQ of the start of decrep
itation is higher than Tp. At P >900-1000 atm it is below this value. 

The correction for To decreases with increasing Pin the first 
case, but increases with Pin the second. 

To depends on the solution density: the difference between To of 
the inclusions and the synthesis T decreases with increasing solution 
density (at a constant P during mineral formation). 

To of inclusions depends on their size and the position in the 
grain. The extent by which Tn exceeds TH is determined by the ratio of 
R, the distance from the inclusion to the nearest grain edge, tor, the 
radius of the inclusion, With r=const., an increase in R leads to an 
increase in To; with R=const., an increase in r reduces T0 • 

Thus, TH and T0 of gaseous-liquid inclusions in minerals are af
fected by many factors, which, if disregarded, may lead to considerable 
errors in determinations of Tp by the homogenization and decrepitation 
methods, (Authors' conclusions). 
KHETCHIKOV, L. N., OOROGOVIN, B. A., and SAMOILOVICH, L, A., 1968, Depen
dence of correction for homogenization and explosion temperatures of gas
liquid inclusions in minerals on pressure, density, and composition of 
solutions: Geologiya Rudniykh Mestorozhdenii, v, 10, no. 3, p. 87-97 
(in Russian) . 

KHETCHIKOV, L.N., DOROGOVIN, B.A. and SHATAGIN, N,N., 1970, Multiple re
gression ~nalysis for determining mineralization pressure: Geol. Rudnykh 
Mestorozh,

7 
1970, no. 6, p. 112-114 (in Russian). 

Data from decrepitation and homogenization temperatures, and other 
factors such as inclusion size are used to calculate pressure in inclu
sions of several classes in terms of volume precent vapor phase. (ER) 

KHETCHIKOV, L.~l., ONTOYEV, 0.0. and DOROGOVIN, B.A., 1970, Genetic fea
tures of rare metal deposits of the Transbaikal from study of gas-liquid 
inclusions in quartz: Geol. Rudnykh Mestorozh., v. 12, no. 4, p. 71-83 
(in Russian). 

A detailed study of a series of deposits by homogenization (470-
1900C), type of homogenization, and the analysis of the gases in the in
clusions (for acid gases, co2 , CO, and N2) (E.R.). 

KHETCHIKOV, L.N. and SAMOILOVICH, L.A., 1970~,Thermodynamic parameters 
of solutions having the composition of gas-liquid inclusions in quartz: 
Vopr, Geol. 1 Geokhimii Metallogenii Sev.-Zap. Sektora Tikhookean. Poyasa 
1970, p. 246-248, (in Russian). From Ref. Zh,, Geol., V.1971, Abstr. 
No, 2Vl77. 
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Apparently very similar to the material given by the same authors 
below in the following item (Khetchikov and Samoilovich, 1970b). 

IQlETCHIKOV, L.N. and SAMOILOVICH, L.A., l970if' The possibiliti-es of the 
decrepitation method in mineral thermometry: Akad . Nauk S.~.S . R,, Izvest., 
Ser. Geol., 1970, no. 7, p. 92-98, (Sc<: TY-anslc,t,on.i S e:d1t\,.. ) . 

, JCHETCHIKOV, L.N., and SAMOILOVICH, L.A., l970e Experimental data for the 
· solution density, concentration and composition effects on the homogeni
.zation temperature (abst.), in Collected Abstracts, IMA-IAGOD Meetings 
'70: Tokyo, Science Council of Japan, p. 267. 

The general effect of density, concentration and composition of the 
solution on the homogenization temepratures is well known, but. the data 
on this dependence is still insufficient. We have no experimental proof 
on the P-F-T-X dependence for the multi-componen;:;t systems, that are in 
c'lose compositional relationship with the natural mineral-forming solutions. 

Some previously elaborated methods become of use in the thermodynamic 
parameter determination (P-F-T-X) for the water solutions of the sodium, 
potassiurp, lithium and calcium chlorides as the most frequent components 
in . the mineral forming hydrothermal solutions. Studies have been sue-

. cessfully performed over chloride-carbonate-sodium multi-component 
systems, having the rate of mineralization of 50 and 150 gr/1. These 

·-systems are compositionally identical to the quartz crystal fluid inclu
slons content. Other studies were pertaining to the mineralized waters 
of the presently functioning Eastern Siberia sources. The experimental 
temperatures ranged of 160 to 550°C under the pressures up to 1500 atm. 

It is established that the homogenization temperature changes with 
the solution density variations, the latter being conditioned by the sys
tem filling factor. Thus, the homogenization temperature for an 8% 
potassium chloride solution was found 348°C, the filling fator F being 
0.70; and 193°C with F=0.90. The same temperatures for the multi-compo
nent chloride-carbonate-sodium solutions, mineralized in the rate of 50 
gr/1, was found to vary from 353°C (F=0.65) to 170°C(F=0.90). In deter
mining the mineral fanning temperatures on the homogenization temperature 
basis one must make account of the fact that the correction imposed by 
the density variations depends on the pressure developed. The pressure 
being close to that of the homogenization, the value of the correction 
grows with the increase of the solution density. Under more severe 
pressure conditions this dependence is inverse. 

An increase in the salt concentration always implies an increase in 
the homogenization temperature, the importance of this dependence being 
also in the inverse relation with the solution density. Thus the exten
tion of the concentration from O (pure water) to 15%, with F=0.65 in
creases the homogenization temperature by 100°C, the same experiment 
with F=0.9 resutls in 20°C increase only. 

The composition of the solution produces another effect on the homoge-
nization temperature. For monomolar solutions of the univalent metal 
chlorides in particular, the highest homogenization temperature is that 
of potassium chloride, the sodium chloride revealing the lowest (F-eaual). 
A change in the anion composition alters the homogenization temperat~e 
too. 

The weakly mineralized solutions of the natural Eastern Siberia sources 
differ just slightly from the pure water, as regards their thermodynamic 
parameters. The rate of mineralization increased, the difference becomes 
more important. (Authors' abstract.) 

KHETCHIKOV, L.!'l. and TASHKER, E.!-1., 1970, :1echanism of (study of) gas
liquid inclusions in quartz from crystal-bearing veins: VNIISIMS, 
(Vses, Nauch.-Issled. Inst. Sin. Miner. Syr 1 ya), Trudy, v. 13, p. 68-
74 (in Russian). CA 75 (11) 106 (1971). 

The method of investigation of gas-liq. inclusions in SiOz crys
tals in veins is given. Chem. anals. of these inclusions are pre-
sented. 33 



KHITAROV, N.I., KHUNDADZE; A.G., SENDEROV, E.E, and SHIBAYEVA, N.P., 
1970, The effects of volcanic rocks on the compositions of hydrothermal 
solutions: Geokhimiya, 1970, no . 6, p. 678-692, (in Russian); translat
ed in Geochem. Internat., v. 7, no.3, p. 469-482. 

A systematic study of the effects of water and solutions of NaCl, 
KCl, CaC1 2 , NaOH, KOH, Na2co3 , and NaHC03 on volcani c rocks and glasses 
made from them was completed under dynamic conditions at 200° and 300°C> 
at 300 atm. The relative decomposition rate of ac i d i c (essentia lly 
vitreous) to basic (essentially crystalline) rocks by alkal i solutions 
decreased in tha t sequence, while attack by water and chloride solutions 
was nearly constant. The initial glass content contr olled the overall 
solute content and produces supersaturation in silica , while rock type 
and nature of -initial solution controlled chemical composition of the 
final solute. 

Silica and alkali entered neutral and acidic solutes while Al, Fe 
and Mg accumulated in the residue. Calcium entered the solute in appre
ciable amounts in the presence of chloride. - J.L. Haas. 
KINES, Tuncay, 1969, Geothermometry of the Keban Mine area, Eastern 
Turkey: Bull. Miner. Res. ~xplor. Inst. Turk. 1969, No. 73, 
p. 28-33 (in English). CA 75 (3) 164 (1971). 

The Keban Mine is 1 of the most important Pb and Zn producers 
in Turkey. The Keban metamorphic massif consists of calcschist, 
dolomite marble, phyllite, and marble. Skarn zones have developed 
in assocn. with the intrusion of quartz-syenite porphyry. The 
magnetite deposit of Zerevandere, the sche:elite deposit of 
Kebandere, and the main sulfide deposit were formed as part of the 
process of skarn formation. Minor amts. of some Mn minerals, and 
the minerals vanadinite and descloizite derived from the main 
sulfide deposit, are also found in the district. A temp. ~ange of 
formation of 78-620° is estd. for the ore minerals of the main 
sulfide deposit. For the ore minerals of the scheelite and magnetite 
deposits the temp. range is 225-743°. 
KISSLING, AL., andPDMIRLEANU, v., 1970, On the formation temperature of 
minerals from the Ocna de Fier - Dognecea Skar~, Romania (abst.), in 
Collected Abstracts, IMA-IA.GOD Meetings '70: Tokyo, Science Council of 
Japan, p. 275. 

Ocna-de-Fier and Dognecea (Moravitza, Vasko, Dognacska in old litera
ture, respectively) are situated in the soath-west of Romania :~•mineral 
sequence corresponds to a zonality dependent upon volumetric lattice en
ergy and upon formation temperature. 

The formation temperatures of minerals were determined by the homogeni
zation and decrepitation method, pressure cor r ections omitted. 

The temperature ranges determined were: Calcite (2131): 232°-278°, 
blue 236°-285°, white 50-70 cm crystals 266°-308°; Dolomi te : 212°-308°; 
Quartz: Japanese twin 280°-290°; cover ed with palygorskite 310° - 335 ° 1 

biterminal 285° - 290° ; in paragenesis wi t h hematite 300°-310°; Hede obergi te; 
285°-320°; Diops i de : 384°-450°; Andra di t e (110): 379°-406° I (211) i n 
paragenesis with helnatite 402°-51 5°, (211) in paragenesis with magnetite 
483°-504°; Hema tite : 355°-416° in paragenesis with andradite'fll'lagnetite 
(110) in limestone 332°-402°, in paragenesis· with andradite 493°-517°. 
Ludwigite: finely needle-shaped 490°-520°, fibrons crystals 403°-422°; 
Wolframite 380°-470°. Epidote from endoskarn 358°-402°. 

The temperatures determined are in agreement with those established 
for other s imilar deposits ; f or Kuga , Yamaguchi tiedenbergite (Imai and 
Ito, Mining Ge ology Japan . Journal, 9 , 27-32, 1959) and for mineraliza
tion at Conception de l Oro (Buseck , E~ n. Geology, 61, 97-136, 1966), 
as well as Wi th those es t ablished by other authors:- (Authors' abstract.) 
(Editor's note: this abstr act may conta in typographical errors, as the 
original print i ng was part ly i llegible .) 
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KLU[H, I!.!,, H•,9. P.,ul·!l]es 11.1 solids: Science and Technology, no. 93, 
October 1969, p. 5-13. 

A review of the many poorly understood phe11omena involving nuclea
tion and growth of gas inclusions in solids. Although it deals mainly 
with hydrogen in metals, it is pertinent to some natural fluid inclu
sions (E.R.). 
KLYAKHI N, V. A. and LEVITSKIY , N.F . , 1968, Possible role of NH! in the 
hyd r o thermal process : Akad. Nauk SSSR, Sibir. Otdel., Geolog. i Geofiz., 
1968, no. 9, p. 10-15 (in Russi.a n . ; t r anslated in Geochem. Internat., 
v.6, no. 1 , p . 193-198 , 1969 ). 

~nalyses (17) of aqueous extracts from fluorite and other minerals 
f r om s . Gissar and other localities show NH4 to constitute from 1.2 to 
20. 4 percent of total c3tion equivalents. From this a review of ex
perimen tal work show · ng Large increase in the hydrothermal solubility 
of various h•Avy metals 1.n the presence of NH4, Cl, the authors con
clude t hat NH! has been i.mporcant i11 ore transport and should be looked 
for regularly in fluid inclusion analyses. (E.R.). 

KOGARKO, L.N. and KRIG}L\'.'i, L.D., 1970, Phase equilibria in the system 
nepheline-NaF: Geokhimlya, l.970, no.2, p. 162-168, 1970, (in Russian); 
translated in Geochem. Internat., v. 7, no.l, p. l1JJ-lt'1, 

This system h.:is a wide region of coexistence of two immiscible 
liquids. The system is not binary, and there is a comparjtively small 
region where nephel ine is in equilibrium 1vith two liquids. This region 
and the liquation region together indic.:ite that immiscibility effects 
should occur in the formation of fluorine-rich agpaitic .:ilkali rocks. 
(Authors' abstract). (Ed. nucc: Such imrniscibility should be found in 
heating experiments on melt inclusions ,~ the~e rocks.). 

KOGARKO, L.N., and ROMANCHEV, B. P., 1970, The inves~iqations of micro
inclusions in minerals bearing on the genesis of Khibina apatite deposits 
(abst.), in Collected Abstracts, IMA-IAGOD Mc,etings '70: Tokyo, Science 
Council of Japan, p. 253. 

Apatite deposits in Chibina alkaline massif represent the stratified 
ore body, placed in hanging part of apatite-nepheline intrusion. The 
main rock-forming minerals of these deposits are nepheline and apatite. 
The prim:,~ inclusions in the r.tipr:cline ana th•=! apatite are multipha!"e 
and usually horno-:,enized into :"elts at t!.e terr.ueratures 750-930°(. O:,e 
can observe the regular decrease in the temperatures of tho microinclu
sion homogenization in mirce:cals fl:om the contact rocks of the apaticc, 
deposits to the center of apatite-~epheline intrusion. The investiaution 
of the mineralogical compositi o n of the microinclusions in apatites 
showea the presence in them; ·such minerals as sodali te, pot ass iurn feldstlar 
and villiaurnite. 

The investigation of the rrjr.roinclusions and having the experimental 
data by melting diaqram containinq apatite confirms the origin of 
the apatite deposits by a crystallization aifferentiation. The crystalli
zation of the apatite-nepheline intrusion took place in the airection 
from the lower and upper contacts to the central part. This is confirned 
by the distribution of rare earths in the apatite rocks ana deposits of 
apatite-nepheline intrusion. (Authors' abstract) 
KOGARKO, L.N. and RYABCHIKOV, I.D., Differentiation of alkali magmas 
rich in volatiles: Geokhimiya, 1969, no. 12, p. 1439-1450, (in 
Russian; tra~slated in Geochem. Internat., v. 6, no. 6, p. 1113-1123, 
1969). 

Accumulation of volatiles (Cl, F, Pz05, COz) gives rise to immis
cibility during the crystallization of alkali rocks. r-esults are 
given on immiscibility in the systems Na, Al, Si P, i' and Na, Al, 
Si 0, Cl, which explain the origin of some fluorine-bearing rocks and 
sodalite syenites in massifs or agpaitic alkalic rocks. (Authors' 
abstract) (Ed. note - such immiscibility should be found in heating 
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experiments on inclusions in such rocks), 

KOKORIN, A, M, and KOKORINA, D. K., 1970, Temperature formation 
characteristics of the l<hrustal'noe tin deposit: Vop. Geol., 
Geokhim. Metallogen. Sev.-Zapad. S4kt. Tikhookean. Poyasa, Mater. 
Nauch, sess, 1969 (Pub. 1970) ,~284-6 (in Russian). Edited by 
Govorov, I. N.,Dal'nevost, Geol. Inst,; Vladivostok, USSR 0 CA 75 
(7) 80 (1971). 

The temp. formation characteristics of the deposit were studied 
by decrepitation and homogenization of inclusions in minerals of 
the Volkovsk and No. 17 ore veins. The quartz of the Volkovsk vein 
is heterogenous according to the formation temp. with a predominance 
of early pre-sulfide quartz which formed at 300-400°. A high-temp. 
quartz (370-410°) is present in vein parts rich in cassiterite. 
The quartz thermometer suggests that temps. >360° were the most 
favorable for deposition of cassiterite. Vein No, 17 was formed at 
80-360°. Th~ vein has horizontal temp. zoning coinciding with the 
distributio~~ore mineralizations. · 

KOLTUN, L. I., PIZNYUR, A. V., 1970 1 The results of inclusion study 
of mineral associations from the Buhdaja molybdenum polymetallic 
occurrence: L'vov Gos. Univ. Mineralog. Shornik, v. 24, no. 3, 
p. 274-284 (in Russian). 

The Buhadaja molybdenum polymetallic occurrence is connected 
with the crater of a volcano. It was formed with the help of 
pneumatolitic and mainly hydrothermal solutions the temperature of 
which dropped from 450° to 46°C. The pressure during the formation 
period changed from 850 to 200 atm and only at the moment of the 
explosion it reached 2500-2600 atm. (Authors' abstract_ ccrrccl'cd.), 
KOMATSU, Hasayuki and YAJIMA, Junkichi, 1970, Chemical composition of 
glass inclusions in the phenocrysts of some volcanic rocks: Proc. Japan 
Acad., v. 46, no. 7, p. 672-677 (in English), 

Eight electron microprobe analyses are given of glass inclusions 
in phenocrysts of olivine, hypersthene, and quartz from a series of 
basalts, and are related to the host rock (ER), 

KORMUSHIN, V.A., 1970, Geochemical characteristics of the high tempera
ture quartz-forming solutions of the chamber-pegmatites on the data of 
the study of gas-liquid inclusions (abst.J, in Collected Abstracts, 
IMA-IAGOD Meetings '70: Tokyo, science Council of Japan, p. 266. 

In the chamber-pegrnatites we often find quartz crystals with the charac
teristic combing structure. The forming of the combing structure appeared 
as a result of the crack curing in quartz origined by the a-8 transforma
tion (Dolgov, Mineralogical Collection of the L'vov's Geological Society, 
.2., 1957). 

It is possible to observe numerous gas-liquid inclusions on the cured 
cracks the composition of the inclusions reflects the quartz crystalliza
tion conditions at the temperature nearly 573°C. If to take into consider
ation that the quartz of the combing structure is situated in the quartz 
crystals foundation then the quartz-forming solutions of inclusi9ns charac
terize the most high temperature solutions of the pegrnatitous process. 

As the object for studying there was taken the combing quartz of the 
pegmatites of the Central Kazakhstan and the Ukraine granite massives. 

On the data of the results of the water extract chemical analysis and 
of the micro gas analysis in accordance with the author's method the 
determination of the weight qualities of the componen~ts in the quartz
forming solution was made. 

On these data it was determined that the crystallization of quartz 
originated from the high-dense gas solutions in the environment of sulphur
hydrogen and carbon dioxide in the presence of the sum of ions Na+, :i<+, 
ca++, c1-, HC03-, _so4 about 15-20 gr, per litre. The relation of K/Na 
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in the solution was less than 1.0. The absence of Fis characteristic 
of the solutions. 

The high containing of sulphur-hydrogen and the presence of the small 
quantity of so4-- ions lowers the containing of the s-- ions in the quartz
forming solution in a considerable degree and this .lncreases the contain
ing of the HS- ion (Betechtin, 1953). 

The gas-saturity of the solution ("the degree of fluidity") was being 
evaluated as the relation of the gas weight in the solution to that of 
the water. For the studied solutions the degree of the gas-saturity was 
being changed from 3.64 to 2.33. (Author's abstract;s1c.) 

KORYTOV, F. Ya., 1970, Types of vertical temperature zoning in 
fluorite deposits (abst.), in Collected Abstracts, I MA-IAGOD Meetings 
'70: Tokyo, Science Council of Japan, p. 257. 

The study of fluorite deposits of some provinces (Transbaikalia, etc. J 
shows that alongside wi th lateral temperature zoning (stage-by-stage and 
facies) there is vertical zoning in them. There are the several types of 
such zoning (direc t, reverse, concentric, compound, etc.). R1feerse 
temperature zoning is the most widespread. It is zoning whereA~pper level 
of deposits (and of indi vidua'l ore bodies) is mainly high-temperature 
minerals of the early s tages of mineralization. Toward lower levels of 
the deposits these e arly minerals (quartz, octahedral fluorite with 
rich colour, etc.) were gradually or sharply changed by late and more 
complex associationsof low-temperature minerals (cubic fluorite with 
light colour, quartz, bari te, calcite, sulphides, sometimes gearksut_i te 
etc.). In these cases the average temperature of ore formation as well 
as temperature of crystallization of the mineral s belonging to separate 
stages fall downwards (in ore bodie s ) with temperature gradient 5-60°C 
and more per l0Om. This zoning is often unde rlined by conforming changes 
of types of hydrothermal alteration of the wall rocks and change of 
structures of ore. 

Reverse temperature zoning is the most widespread in the fluorite 
deposits in Transbaikalia (Kalangui, lbagaitui, 0sugly, Garsonui etc.), 
Middle Asia (Takob, Bigar etc.), Mountain Altai (Kayancha etc.). It is 
apparent from analysis of available materials that such zoning exists in 
some foreign fluorite deposits (USA, Mexico, Germany, England, France, 
Czechoslovakia, etc.). The distinctive vertical temperature zoning in 
which the most upper and lower parts of deposits represent chiefly 
minerals of late low-temperature stages is more rare. The mid levels of 
these deposits have mainly minerals of early high-temperature stages of 
mineralization (Brikachanskoe in Transbaikalia). There are also rare 
fluorite deposits with direct vertical temperature zoning where downwards 
in ore bodies the role of minerals of early stages of mineralization 
rises with corresponding increase o .f temperature of ore emplacement 
(Mogov in Middle Asia). Some fluorite deposits (Agata-Chibargata in Mid
dle Asia) have compound ~ertical temperature zoning representing various 
combinations of · some prece:::ding types of zoning. 

Types and distinctness of vertical temperature zoning are sometimes 
various in different parts of fluorite deposits or ore bodies. For instance 
there are ore bodies where reverse zoning is on one flank but direct or 
compound zoning exists on another flank. 

The principal cause of the origin of temperature zonine in fluorite 
deposits is successive laying and opening of ore-containing fissures 
parallel of the evolution of ore-bearing solutions (stages of mineraliza
tion) . (Author's abstract.) 

KOSTYUK, V.P, and PA.NINA, L.I., 1970, Crystallization temperatures of 
alkalic rocks of the Gulinskaya intrusion: Akad. Nauk SSSR, Doklady, 
V, 194, p. 919-921 (in Russian); translated in Doklady Acad. Sci. U.S. 
S.R., Earth Sci. sects., v. 194, p. 164-165 (1971). 

The homogenization method was applied to melt inclusions (both 
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glassy and wit~ daughter crystals) in nepheline, olivine, and pyroxene 
from the alkalic rocks, Homogenization temperatures of 950--1230°C 
are reported. Secondary inclusions of saline fluids in late potassium 
feldspar homogenized at lower temperatures. (ER). 

KOTOV, E,I., et. al., 1970, Pormation temperatures of some hydrothermal 
uranium deposits: Ocherki ·Geol. Geokhim. Rudnykh Mestorozhd., 1970, 
F.I. Vol'fson, Ed., "Nauka" Press, Moscow, p. 146-154 (in Russian). CA 
75 (4) 135 (1971). 

Decrepitation and homogenization data of ankerite, fluorite, cal
cite, sphalerite, galena, pyrite, and quartz indicate 3 groups of hy
drothermal U deposits and fluorite deposits. The U deposits of U-Mo 
formations are formed in the range 330-100° corresponding to the bere
sitization temp, The decrepitation temps. of uraninite from quartz 
porphyries (210), intrusive rocks (205), metamorphic rocks (200), gran
odiorites (185), mudstones (200), and sandstones (195°) are calcd (7). 
Paragenetic mineral assemblages in different stages are described. 
Hydrothermal deposits of geoanticlinal blocks occur in Middle-Upper 
Paleozoic sedimentary and effusive rocks. 

KOZLOV, Ye,K. , BELYAYEV, K.D., SHOLOKHNEV, V.V., and DOKUCHAYEVA, V.S., 
1970, Nitrogen and hydrocarbon gases in ultramafic rocks of the Sopcha 
stock of the Monchegorsk pluton, Kola peninsula: Akad. Nauk SSSR Doklady, 
v, 194~ no. 5, p. 1190-1193 (in Russian); transla ted in Doklady Acad. 
Sci. USSR, Earth Sci. Sects., v. 194, p. 200-203 (1971). 

Organic gases, consisting of approx imately two-thirds CR4 and one
third N2 ; with ~ 4% each of He and C2H5; ~1% Hz; -~ 0.1% c3H8 ; and 
~0.017. of the other constituents (10 analyses), f low from 64re holes 

and mine workings in these ultramafic Proterozoic intrusives. Mineral
ized waters (two analyses) also flow from these rocks. The gases, 
which resemble those from some gas-oil fields, are believed to have mi
grated into the stock along faults considerably after its consolidation(e:i?J 

KRANZ, R. L., 1968, Participation of organic compounds in the 
transport of ore metals in hydrothermal solution: Inst. Mining 
Metallurgy Trans., sec. B, v. 77, p. B26-B36. 

The re~ints of a former crystallization event have remained 
trapped in the gas and liquid inclusions of minerals. It is therefore 
understandable that these inclusions have aroused increasing interest. 
It is hoped, from the analysis of these inclusions, to gain new 
insight into the chemi stry of the gases and solutions present during 
mineral formation. The gases present as inclusions in the crystal 
lattice of fluorite and feldspar samples were extracted, by grinding 
under a vacuum, and finally subjected to mass-spectrometric analysis .• 
Primarily inorganic gases and traces of low molecular weight 
hydrocarbons were obtained from the light-coloured fluorite samples 
and measurable quantities of fluorinated hydrocarbons, in addition to 
sulphuryl fluoride and thionyl fluoride, were found in the deep violet 
coloured varieties. Furthermore, in the uraniferous fluorites some 
amino acids and in the feldspar samples many organic a:mino compounds 
as amines and nitriles of low molecular weight could be detected. A 
direct relationship between organic matter, especially of amino 
group:s, and the uranium and thorium content could be observed. These 
results make very plausible the hypothesis that the substances found 
are due to radiation-chemical products formed from high volatile 
hydrocarbons, ammonia and water inside the mineral inclusions, and 
that even amino acids could be formed in this way during geological 
time. That the occurrence of amino acids in rock-forming minerals 
offers a proof of a former life must be viewed with caution since an 
abiogenic, radiation-chemical origin of these compounds is possible. 
'l"he influence of these compounds on t l-e solubility and recrystallization 
of mineral material is discussed. Some model-experiments prove 
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the high solubility of mineral matter in very dilute solutions of 
amines, amino acids and nucleic acids. The influence of such trans
port reactions on the distribution of the radioactive nuclides of 
the uranium and thorium series and the age determination by lead~ 
lead and uranium-lead methods should be borne in mind. (Author's 
abstract) 
KRANZ, Reim~r, 1969, Chapter 21, Organic compounds in the gas-inclusions 
of fluorspars and feldspars, p. 521-533 in Organic Geochemistry, G. 
Eglinton and M.T.J. Murphy, eds.; New York, Springer-Verlag, 828 pp. 

A review of the experimental procedures and analytical results obtained 
in a study of several samples of fluorspar from Wolsendorf (Kranz, 1965, 
1966, 1967) and ceramic feldspar from the Oberpflaz district that evolved 
enough gas during melting to cause manufacturing problems. A variety of 
hydrocarbons and fluorinated hydrocarbons were found in the fluorite, 
possibly formed by natural irradiation. The feldspar evolved hydro
carbons, low molecular weight amines and ammonia (in addition to CO, 
CO2 , H2N2 , He and Ar). (E.R.) 

KRANZ, R.L., 1970a,Organic geochemistry and radioactive disequilibrium 
in the Ag-Co-U-ore-veins of Wittichen, Black Forest, Germany (abst.), 
in Collected Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council 
of Japan, p. 261. 

Organic compounds are present in minerals. Our investigations concern
ing organic compounds were conducted on qaseous and liquid inclusions 
present in mineral fractions containinq radioactive metals. The inclu
sions here investigated are separate phases within the solid mineral 
material. The gases and liauids present were extracted by a vacuum 
grinding technique and analysed by gas-chromatographic and mass-spectro
metric means. In contrast to the organic species present in all rock 
samples like volatile hydrocarbons, the investigation performed revealed 
measurable ouantities of organic amino compounds as amines and nitriles 
of low molecular weight in uranium, thorium, and radium containing miner
als. It was found, that the content of organic matter especially of 
amino-groups depends on the radioactive metal content of the mineral. 
It is suggested that this kind of organic substances associated with 
radioactive nuclides is formed by irradiation of hiqhly volatile hydro
carbons, ammonia, and water within the mineral inclusions (Kranz, Natur
wissenschaften, 53 , 593, 1966: 54, 469, 1967; Ber. Dtsch. Keram. Ges., 
44, 430, 1967; Applied Earth Sci, 77B, 26, 1968). In some highly radio
active feldspar samples taken from the wall-rock of the ore-veins of 
Wittichen amino acids like glycine, alanine and amino-butyric acid were 
isolated; the analysis indicates the presence of a sulfur containinq 
amino acid (methionine). Furthermore nit~ogen containing heterocyclic 
compounds as pyrrole, p~rrrolidine and 8-picoline, and its fluorinated 
derivatives were found. 

It was shown by Neuberg, Mandl and Grauer (Biochim. Biophys. Acta,~, 
654, 1952; 10, 540, 1953) as well as by Evans (Bull. Inst. Mining Met., 
.§2., 13, 1955), that the organic compounds change the solubility and re
crystallization characteristics of Jlli oera 1 material. They found a con
siderable increase in the solubility of various rock-forming minerals 
and ores in very dilute aqueous solutions of amino acids, nucleic acids, 
and the so-called "humic-acids". These results were confirmed by inves-

• tigations on feldspars by Kranz (Schweiz. Mineral. Petrogr. Mitt., in 
press). In the investigations conducted on the Ag-Co-U-ore-veins of 
Wittichen it was observed, that the organic fraction present effects the 
migration of the radioactive nuclides of the uranium series. In this 
way uranium, radium, and radio-lead are transported separately into 
different minerals of the wall-rock, while other nuclides remain in the 
original ore-vein. Such transport reactions do change the state of 
radioactive equilibrium of the uranium ore and the age determinations 

39 

k .. L. 

r 



by lead-lead and uranium-lead methods are affected, as shown in the 
case of torbernite. (Author's abstract). 

KRANZ, R,, 1970, First results of an organic-geochemical investigation 
of the pegmatite of Hagendorf-South: Schweiz. Mineralog. Petrog, Mitt. 
v, SO, pt. 1, p. 173-182, (in Germa111). 

The Hagendorf pegmatite body has been investigated for the volatile 
content of the fluid inclusions in feldspar, quartz and triphyl1t_g • 
The extraction procedures involve high vacuum ball-milling (l~to- Torr) 
and gaschromatographic and mass spectrometric a nalysis of the contents ·. 
Fl ui d inclusions were not ac t ually observed in the feldspars . Gas re
lease is in the order of 500-2500 mm 3/g material (at normal P and T), 
The main constituent is water, followed by 15-30mm3 H , N and CO2 and 
100-500 ppm (volume fraction) of organic compounds, the feldspar or
ganic extract shows variations with depth, 

Organic content is highest in the eutectic zone (in triphylite), in 
feldspar in the phosphate zone, and near the quartz core. The presence 
of l ow molecular hydrocarbons C1-C4, ethylene, ethyl- and ethylamines, 
NH3 and CR3F has been demonatrated, but also indications for heterocyclic 
nitrogen compounds like pyrrol, pyrrolidine and pyridine-derivates have · 
been obtained. There exists a positive correlation between radioactive 
elements and organic compounds. ( H-~ -S~11lde.,) 
KRENDELEV, F. P., ZOZULE N KO, and ORLOVA, See Translations Section 
KIJLIK, N,A., 1970, Simultaneous growth of uraninite and brannerite Q~d~cr, 
mation conditions of uranium minerals, in Geokhim. tlineral. Radi6}tiv. 
Elem. Sib., A.S. Mitropol 'skii , ed.: "Nauka", Sib. Otd.: Novosibirsk, 
p. 17-53 (in Russian). Chem. Abs , 74, no. 10 (1971). 

Brannerite is formed when titania reacts with U02 under hydrotherm
al conditions - 2Ti02 + UOz -~ UTi206 • U mineralization is described 
in the quartz-carbonate veins assoco. with quartz-chlorite-sericite 
schists and dikes of quartz-diorite-porphyry. Uraninite and brannerite 
are accompanied by pyrite, chalcopyrite, native Au, and tellurides of 
Ni and Au. The nature of the common grain boundary suggests that uran
inite and brannerite developed simultaneously. Petrographic and optical 
data of the ore zone are given. The min and max temps. of U minerals 
formation are detd. by the mineral assemblages. Homogenization temps. 
of gas-liq. inclusions fall in 2 intervals, 210-250° and 300-310°, de
pending upon the gas/liq ratio·, The pressure, pH, and Eh (redox) 
conditions of deposition are discussed. 

KIJZNETSOV, V.A., VASIL'EV, V,I, and OBOLENSKII, A.A., 1970, The sources 
and conditions of deposition of ore matter in mercury deposits, p, 137-
140 in Problems of hydrothermal ore deposition, Internat. Union Geol. 
Sci.-:-Series A, No. 2, ed. by Z. Pouba and M. Stemprok, 1970, 

Studies of inclusions in quartz, calcite, and cinnabar, by both 
homogenization and decrepitation methods, show that the probable temp
erature of formation of the deposits ranged from 210 to 70°C, with the 
bulk of the cinnabar at 120-70°C (E,R,). 

KVENVOLDEN, K.A., and ROEDDER, Edwin, 1970a, Hydrocarbons in fluid in
clusions of quartz crystals from South West Africa (abst.): Geol. Soc. 
America Abstracts with Programs, v. 2, no. 7, p. 599-600, 

Preliminary abstract of material given in more detail in article 
of somewhat different title in Geochim. Cosmochim. Acta, v. 35, p.1209-
1229, 1971. 

LEACH, D.L., NELSON, R.c., WILLIAMS, D.L., and McCLURE, J.W., Fluid 
inclusion study of the ~orthern Arkansas zinc district (abst.): Paper 
presented at Third International COFFI Symposium on Fluid Inclusions, 
Montreal, Aug. 22-23, 1972. (This abstract received too late for inclu
sion in full program presented in previous issue of COFFI). 

The ore deposits of northern Arkansas, located on the southern flank 
of the Ozark Uplift, are stratiform in nature, and are believed to be 
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part of the general Mississippi Valley type mineralization. 
Sphalerite mineralization was by hot, strongly saline brines as shown 

by homogenization and freezing point depression determinations made on 
many primary and pseudosecondary fluid inclusions from 21 mines within 
the district. Primary and pseudosecondary inclusions in sphalerite 
homogenized in the range 84° to 132°C. Pressure corrections probably 
do not exceed +10°c. 

With few exceptions, the freezing data show that the salinity of the 
inclusion fluids is greater than 22 weight per cent salts, havi ng freezing 
points in the range -19.5° to -23°C. The exceptions include some sets 
of primary and pseudosecondary inclusions with freezing points of -11.5° 
to -12.4°C (15 - 16% NaCl equivalent weight per cent). 

Homogenization temperatures of 85° to 133°C and freezing points of 
-18.5° to -21.0°C from primary inclusions in quartz from the Monte Cristo 
mine are essentially identical to the data obtained f~, sphalerite. 

The mine r aliza tion in t he no r t hern Arkansas ~inc distri ct is probably 
geneti cally r elat ed t o t he mi nerali zation i n t he Tri-State district t o 
the nort hwest as sugges ted by the close simi l ar i ty of flu i d inclusion 
data, mine ralogy , a nd gener al habi t at of the or e s. 

LEBEDEV, L.M . , 1970, ~e t a ll i f erous thermal brines of the Chele ken pen
i nsul a and mode rn or e deposition (abst.): Inter nat. Symp. on Hydrogeo
chemistry and Biogeochemis t ry , Tokyo, 1970, Abs t r acts, p. 24. (Author 
at Ins titute of Ore Deposi t s Geology, Petrography, ttineralogy and Geo
chemistry, US SR Academy of Sciences, :foscow, USSR). · 

Highly-mineralized thermal waters found in the Cheleken are 
confined to a large brachyanticlinal fold, situated in the western 
part of the Cis-Balkhan depression. They are contained in the safldy
argillaceous red-coloured Neogene strata. The brines are of intrinsic 
chloride calcium-sodium composition with a bulk mineralization of 150-
290 g/1. Hydrocarbons,+less oft en hydrogen and hydrogen sulphide are 
major constituents of the dissolved gases. The pH varies from 5.5 to 
7 in different aquifers. The Eh value changes from +100 up to +185, de
creasing in the sulphuretted waters down to -95. The temperature does 
not exceed 100°C. A characteristic feature of brines is their high 
metal-bearing capacity. Besides the major components they contain (in 
mg/1) Pb - from 0.5 to 200; Cu - from 0.05 to 15; Zn - from 0.1 to 8; 
Cd - from 0.01 to 8.5; As - up to 1.0. Rather elevated amounts of Mo, 
W, and Sn are present as well. These metals occur in the brines as 
negatively charged chloride complexes. In the. course of discharging, 
those brines, which are integral part of the Cheleken geothermal sys
tem, are carrying away substantial amounts of metals, ranging as 
follows (in tons per year): Pb - 300-350; Zn - 50; Cu - 35; Cd - 20 and 
As - 8. In a great quantity of wells native lead is deposited ,it 
an exceedingly high rate, reaching occasionally 1.5 and up to 4.5 tons 
per year. When mixed with the sulphides of hydrogen, these metal car
rying b.rines do favor the sulphide-zinc ores deposition. (sic). (Author's 
abst ract). 

LIDSTROM, Lars, 1968, Surface and bond-forming properties of quartz and 
silicate minerals and their application in mineral processing 
techniques: Acta Polytechnica Scandinavica, Chemistry including 
Metallurgy Series No. 75, Stockholm, 149 pp. (in English) . 

In the grinding of quartz and silicates, surface layers with a 
disrupted lattice or of a gel-like nature up to 0.15 µm thick, 
depending on the method of grinding, are formed on the particles. These 
surface layers have been studied by various microscopic methods and 
their thickness has been determined by X-ray diffraction and DTA as 
a function of the method of grinding. A strikingly large proportion 
of the grinding energy input can be stored in the disrupted~lattice 
layer produced by rapid dry grinding. The liberation of this energy 
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at elevated temperature has been studied by DTA. When stored in water, 
the disrupted-lattice quartz releases the stored grinding energy within 
24 hours, reverting to crystalline form. 

The binding of water to quartz has been studied by NMR, and the 
results show that the disrupted-lattice quartz, when wetted, surrounds 
itself with a zone of interface-stabilised water up to 2 µm thick, 
while gel-like and amorphous surfaces collect much thinner water 
envelopes. The thickness of the water layer can in this case be said 
to reflect the reactivity of the particles in a water phase. 

The reaction mechanisms involved in flotation with amine collectors 
have been established by potentiometric titration performed direct 
on the mineral and by flotation experiments, and it has been found 

-that these reactions obey chemical laws. At pH levels below 9 it is 
primarily aminium ions that react with the silicate ions of the 
mineral, while at higher pH the reaction is between free amine and any 
silica present on the particle surfaces. The higher the Si02 content 
of the mineral, the better it floats. 

The electrokinetic potential of dry- and wet-ground quartz at 
various pH levels has been measured by electrophoresis and the thick
ness of the rigid water layer that accompanies the particles has been 
calculated. 

Experiments performed have shown that the reactivity of freshly 
ground quartz and silicate minerals can also be utilised to absorb 
large quantities of metallic ions from metal-ion-rich water, e.g. 
mine water, or to remove mercury from polluted waters. 

The disrupted-lattice quartz, which is reactive and forms strong 
water bonds, is found to cause silicosis much more rapidly than normal 
quartz of similar particle size. In the manuC.facture of autoclaved 
lime-quartz products, too, the disrupted-lattice quartz is found to 
give a higher compressive strength than normal quartz, thereby 
permitting shorter hardening times. (Author's abstract, included 
here because of its pertinence to a variety of inclusion extraction 
problems (Ed.)). 
LE MAHIEU, G. c., (compiler), 1970, Tin mineralization of the world 
arranged geographically, an annotated bibliography derived from 
Chemical Abstracts and Mineralogical Abstracts, 3 vols. (approx. 500 p): 
The Hague, Netherlands, The Billiton Maatschappij N.V •. 

Those studies of tin ores including work on fluid inclusions in 
which the inclusion data are mentioned in the published abstract will 
all be found here, but mainly scattered. (E.R.). 

LERAY, J.L., 1970, Some physical-chemical processes involved in the gen
eration of vacancies during crystal growth: Schweiz. Mineral. Petrog. 
Mitt., v. SO, pt,l, p. 21-24. 

Review of some physical and chemical processes contributing to for
mation of vacancies during crystal-growth as observed on dihydrated 
copper chloride: diffusion of solute and impurities; absorption of 
additives in the course of regular growth; oriented dendriti~ growth in 
heterogeneous solutions; spherolithic growth. (Author;s abstract; the 
term "vacancies" refers here to inclusions. Ed.) 
LEZIER, J.C. and YAJIMA, J., 1970,Thermometric studies of two fluorite 
veins from the Achem~che massif (central Morocco): sd~eiz. Mineralog. 

,\ 
Petrog. Mitt., v. 50, pt. 1, p. 85-90, (in French). . 

Two types of primary fluid inclusions were encountered in the Djebel 
Bergamon and Djebel Kifane near El Hamman in the massif of Schemeche: 
one undersaturated with NaCl and another saturated at homogenization 
temperatures. Some seemingly two-phase inclusions appeared to be super
saturated at room temperature after thermal (cooling) shock treatment. 
The difference in temperatures between disappearance of the solid phase 
(Ts) and disappearance of the vapor phase (Tb) allows for pressure .esti
mation, Temperatures of formation are between 105° and 140°C. Salini-
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ties are up to 30% equiv. NaCl. The Tb-Ts difference (30°C) points to 
undersaturation in the higher T reaches and saturation near 100°. 
(P ,J.M. Ypma). 

LITVINOV, V .L,, LYAKHOV, Yu. V. and Popivnyak., !. 1/, , 1970, Paleotemp-. 
erature zoning in the Kariisk gold deposit (eastern Transbaikalia): 
Geolog, Rudnykh Mestorozh., 1970, no. S, p. 96-101 (in Russian). 

Homogenization temperatures of 500 to 370°C were determined and 
pressures of Y760 to 300 atm. were calculated (E.R.). 

LOFOLI, P., 1970, Internal characteristic of detrital minerals as exem
plified by the deposits of the Congo Basin: Schweiz. Mineralog. Petrog. 
Mitt,, v. SO, pt. 1, p. 37-40, (in French). 

The presence and size of fluid inclusions might be used as a trans
port parameter for detrital quartz grains. Mechanical abrasion seems 
to favor parts rich in fluid inclusions. Depositional sequences from 
early fluid inclusion-rich quartz to a later barren one have been no
ticed in the Congo Basin. (P.J.M. Ypma). 

LOVE, J.D. and GOOD, J,:f., 1970, Hydrocarbons in thermal areas, north
western Wyoming: U.S. Geol. Survey Prof. Paper 644-B, p. 1-23. 

Five natural occurrences of hydrocarbons are reported~associated 
with sulfur, in active thermal areas. Four are underlain by young. vol
canic rocks. The origin of the hydrocarbons is presumably by distilla
tion from underlying sediments. (E.R.). 

LYASHKEYICH, Z. M., and KOVALEVICH, Y. M., 1970, On genesis of 
nepheline in rocks of the Oktjabrsky massif: L'vov. Gos. Univ. 
Mineralog:, Shornik, v. 24, no. 3, p. 342-345 (in Russian). 

Nephel~ne fro".1 ~,~J~~~r.t~~t--~~e Octjabrs~y ~assif is. de~cribed. in the 
paper. Solid (aegirine/~tancrinite), gas-liquid, and liquid-gas inclu
sions occur in the nepheline. The gas-liquid inclusions homogenize at 
a temperature of 120°-450°C and correspond to the stage of albitization, 
which is widely manifested in the massif. Analyses of water leachates 
of inclusions from nepheline and albite are given for Na, K, Li, Ca, Mg,M~ 
Fe, Al, Cl, so4 , Hco3 , C03, BO, r', SiF6 , and pH. The liquid-gas in- ' 
clusions homogenize at 650°-77d°C, obviously corresponding to nepheline 
crystallization. _The crystal-chemical formula of nepheline is 
Na 0, 74KCHSA10 _35si1 _05o4 • Crystal-chemical and thermometric data prove 

nepheline to be of primary, magmatic origin. (Authors' abstract, extended 
by E.R.). 

MACHAIRAS, G., 1970, The association of fluid inclusions and gold part
icles in auriferous quartz: Schweiz. Mineralog. Petrog. Mitt., v. SO, 
pt, 1, p. l67-171, (in French). 

A direct correlation between gold content: 30-40 g Au/ton and CO2-
bearing inclusions has been established for S. American, French and 
Canadie.n quartz ,veins. This quartz contains 0.26-0.31 mg COz/g of quartz. 
The latter has been determined colorimetrically after crushing and release 
of co2 from the host mineral within the test tube, (P.J.M.Ypma). 

'MALININ, S.D. and KHITAROV, W.I., 1969, Reduction of sulfate sulfur by 
hydrogen under hydrothermal conditions: Geokhimiya, 1969, no. 11, p, 
1312-1318 (in Russian; translated in Geochem. Internat., v. 6, no. 6, 
p. 1022-1027). 

Of pertinence to all analyses of inclusions for both sulfate and 
hydrogen. (ER). 

MALYSHEV, A,G,, 1970, The possiliility of the (study) of crystal bearing 
pegmatites and quartz v.eins by chemical analyses of aqueous extracts 
·from quartz: VNIISIMS, Geology and Rxpe1:irnental Studies, v. 12, p. 14-
21 ("Nedra" Press, Moscow; in Russian). (See Translations Section). 

MANUCHARYANTS, B.O., NAillf.OV, V.B. and KHODAKOVSKIY, I.L., 1970, Physico-
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chemical conditions of formation of hydrothermal deposits of antimony 
and mercury: Geokhimiya, 1970, no. 11,-p. 1291-1301 (in Russian); 
translated in Geochem. Internat., 1970, p. 911-923. 

Investigation of gas-liquid inclusions in minerals of hydrothermal 
antimony-mercury deposits shows that the temperature of formation of 
stibnite and cinnabar did not exceed 250°C (in most cases, the minerals 
crystallized at temperatures between 75 and 200°C) and the pressure of 
solutions ranged from a few tens to 1500 atmosphere~. Determination of 
carbon dioxide content in the inclusions and thermodynamic analysis of 
mineral equilibria indicate that mercury and antimony sulfides crystal
lize mainly from acid solutions (Aub~ors' ~bstract). 

MELNIKOV, F.P., 1970.,..,Freezing investigations of mineral-forming solu
tions in inclusions (with a film), (abst.), in Collected Abstracts, IMA
IAG0~ ~eefings '70: Tokyo, Science Council of Japan, p. 242. 

( 'iiYbmetric method, without opencasting, investigat,~J .solution inclu
sionB 'i n minerals and rocks under negative temperatures making use of 
specially constructed devices, when previously cooled gaseous and liquid 
solutions locked in inclusions are being cooled and heated, there occur 
different physico-chemical phenomena making it possible to obtain im
portant data about concentration, density and chemical composition of 
these solutions. 

Under cooling, the solutions having considerable concentration with
out attaining supersaturation, there is observed a subsequent evolution 
of crystallohydrates of different salts, the consequent cooling resulting 
in the formation of ·cJ;"yohydrates. When the temperature rises different 
compounds.being formed in the process of cooling begin to melt or dis
solve by stages, the fact testifying the multicomponentcy of the given 
solution. 

No crystallohydrates are formed in inclusions when cooling 
weakly concentrated solutions. At a definite temperature point the crys
tallohydrate solutions get quickly and entirely frozen. When performing 
experiments the change in cooling and heating regime would give approx
imate data of the water and salt amounts wiohin inclusions. 

While cooling essentially-gaseous inclusions some gases, locked in 
inclusions, l~quify. Cooling such inclusions without carrying out any 
special chemical determinations, it is possible to rev_eal the presence 
and approximate amount of carbonic acid and sulphuretted hydrogen within 
gases locked in inclusions. 

The solution cryohydrate points in inclusions obtained from the 
crystal growth zones of different minerals makes it possible to appreci
ate the approximate concentration of minel;'alogenetic solutions in the 
process of mineral crystallization. 

ME~NIKOV, F. P., 19701,- The dynamics of physico-chemical processes in mineral
forming solution inclu~ions under temperature changes (with a film) (abst.1, 
in Collected Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council 
of Japan, p. 259. · 

The interpretation of the results of various investigations of inclusions 
depends upon the understanding of their character and of the mechanism of 
their formation. When investigating inclusions by different methods, it 
is possible to obtain data on temperature and pressure during the process 
of endogenic mineral formation, concentration, pH, and chemical composition 
of mineral-forming solutions. 

Inclusions,as closed natural physico-chemical systems, make it possible 
to obtain·not only their statistical characteristics of filling but their 
thermodynamical parameters as well, to observe also the different physico
chemical processes within them which take place under changing temperatures, 
and to clearly show the dynamics of these processes. 

We present a diagram of the changes of the aggregate state of mineral
forming environment in inclusions, within a great range of positive and 
negative temperatures. 
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The diverse character of the aggregate state changes,under different 
temperatures in inclusions both containing and not containing a gaseous 
carbonic acid under room temperatures,has already been elucidated. 

The film presents different types of crystallization and recrystalliza
tion of 'mineral-prisoners' in inclusion solutions under negative tempera
tures, which depend upon the concentration and chemical compositio~ of 
these solutions. 

It has been shown that while cooling inclusions under lower than average 
temperature, to the freezing point a change takes place (increase and 
decrease) of solution densities in inclusions. Sometimes, before freezing, 
the solution becomes even viscous. 

While heating inclusions unde9higher than room temperature, one can 
observe an intensive movement of liquids within them, this results in a 
circular rotation of microminerals in inclusions. 

The changes in the inclusion heating and cooling rate control the 
crystallization and dissolution of solid phases, induce their spontaneous 
crystallization>and the formation of two-phase inclusions of the matrix 
solution within the 'micrornineral-prisoners' themselves. 

While heating inclusions.of different gas-liquid co2 ratios under 
room temperature one can observe both the processes of homogenizing and 
gaseous or liquid carbonic acid, as well as a microsystem behaviour under 
critical state. 

As the film shows, the elucidation of the processes taking place in 
inclusion microsystems under temperature changes, promotes the building 
of a model of endogenic mineral and ore forming processes in rnacrosystems. 
(Author ' s abs tr act. ) 

MILLER, S.L. and SMYTHE, W.D., 1970, Carbon dioocide clathrate in the 
Martian ice cap: Science, v. 170, p. 531-533. 

Data are given on the dissociation pressure for CO 2 hydrate (given 
here as coz.6Hz0), that may be useful to inclusion cryometry. (ER). 

tUYAZAWA, T., 1970, Lowest limit and depth of formation of hydrothermal 
veins, p. 204-208 in Problems of Hydrothermal Ore Deposition, ed. by 
A. Pouba and M. Stemprok, Internat, Union of Geol. Sci., Ser. A, no.2 
(1970). 

A short review of extensive work in which homogenization tempera
tures of inclusions in quartz (and also barite, fluorite, calcite, 
rhodochrosite, and sphalerite), from a series of Japanese ore deposits, 
were used to plot isotherms on vein maps. and hence to determine therm
al gradients. These gradients ~-1r:; from mine to mine but ~•I' generally 
in the range of 3-5°C per 10m, up to 7°/10~. These temperatures are 
also used to estimate the depth of formation and the lower limit of min
eralization. (ER). 

MIYAZAWA, Toshiya, HASHIMOTO, Mitsue and HARADA, Ka;tuo, 1970, Crystalline 
schists of the Nagatoro area, and geology and ore deposits of the 
Chichibu mine: Internat. '.lin. Assoc. - Internat. Assoc. Genesis Ore 
Deposits 7th Gen. !'.eet:ing, Japan, Guidebook 5, Excursion AB, 49pp (in 
English). 

Quotes decrepitation data (from Takahashi, et.al., 1955) and homo
genization data (from Hiyazawa and Park, 1970). (Both of these refer
ences were in Japanese). (ER). 

MIYAZAWA, T., TOKUNAGA, M., OKAMURA, S. and ENJOJI, M., 1970, Formation 
temperatures of veins in Japan, (abst.), i n .Collected Abstracts, IMA
IAGOD Meetings '70: Tokyo, Science Counci~f Japan, p. 241. 

Numerous veins of various linds are known in Japan. Among them, 
veins of copper, lead-zinc, gold-silver, manganese (rhodochrosite) and 
tin-tungsten are important economically. For the past ten years we have 
been studying the temperature of formation of these veins, using the heat
ing microscope stage. More than thirty veins have been studied and rnA~j 
data on their formation temperature have been accumulated. Minerats used 
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tor the temperature measur.ement were quartz I bar,ite I fluorite I calcite 1 

rhodochrosite and sphalerite, 
According to .. the data I ttie fol'mation temt>eratur-es ot: copper I lead'1", 

zinc I gold-silver• mangane·s-e and tin-tungsten veins or .. sub-volcanic· type 
ran2e from 320° to 170°C, 240° to 180°C, 230° to 180°C, 180° to 120°c. 
a.nd 155° to 80.°C r-espectiyely., and those o~ lead-zinc yein~. of plutonic 
trpe ~r-om ab.out 390.0 to 25Q'lC. fo1:111ation teDJJ?e:i;ature~. o~ ~luorite yeins 
range from 160° to 50°C, Judging fr-om the modes ot occurrence of the veins, 
etc, 1 these values may be considered reaslllna!Ue as to their• tormation 
temperatures, .. 

Moreover, on the oasis of the isothermal curves drawn from the temp
erature data of the veins, we will discuss the direction of flow of the 
ore solution. (/JIAlh.,.-i,' 4-b\"ff.;.(t\ 
MOMICCHIOLI, F., DEVOTO, O., GRANDI, G., and COCCO, G., 1970, 
Thermodynamic Properties of concentrated Solutions of Strong Electrolytes 
I. Activity Coefficients of Water Fram Freezing-Point Depressions for 
Alkali Chlorides: Berichte du Bunsen-Geseu.a.._challi v. 74! no. 1, 
p. 59-66 (in English). Cflir ~k'~l*h~ (her-,i.:., 

A systematic study of thermodynamic properties of concentrated 
solutions ~f strong electrolytes is undertaken. Accurate freezing
point depressions for all the alkali chlorides up to very high 
concentrations (>3m) are measured and the corresponding rational 
activity coefficients of the water determined. "Best" values are 
recalculated for the parameters of the Debye-Huckel theory (short
range interactions Leing accounted for according to the "effective 
dielectric constant" model and the effects of "higher terms" being 
included). Curve-fitting procedures are carried out for various 
concentration intervals so as to test the theory with increasing 
concentration. The ~on size parameter~ is found to be almost 
independent of the concentration interval for all of the salts 
considered, but for lithium chloride. Standard deviations change 
from+ 1.10-3°c to+ 1.10-2°c in passing from the smallest to the 
largest concentrati;-n interval, whereas they are nearly the same for 
all of the alkali chlorides at any one concentration interval. 
Author~• abstract. 

MONTORIOL-POUS, Joaquin, 1970, Nota sobre la decrepitometria de la 
celestina (Note on the decrepitation of celestite): Acta Geol. Hispan., 
v, 5, no, 3, p. 70-71 (in Spanish). 

Four morphologically different types of celestite from Barcelona 
yielded too high temperatures, but the 4 decrepigrams were characteristic 
of the four types. (ER). 

MORGENSHTEIN, L.E., 1970, New empirical formulas and curves for calcu
lating the probable homogenization temperatures of gas-liquid inclusions 
in quartz and calcite (southern Fergana, Abshir-Austan ore field): Uzb, 
Geol. Zh. 1970, v. 14, no. 3, p. 39-45 (in Russian). CA 73 (9) 131 
(1970).(Author at Inst. Geol. Geofiz. im Abdullaeva, Tashkent, USSR). 

A logarithmic treatment of the homogenization temp. (t) and the vol. 
of the gas phase (g) in a gas-liq. inclusion is presented. The tin 
primary minerals is calcd. based on an empirical formula: log t -;- q log g 
+ log k. The value oft increases with the g content (%). The tin 
quartz and calcite is increased vith a decrease in the Hg component,{,:t). 
Curves are presented for interpreting the physiochem. conditions of ore 
genesis. 

MOSKALYUK, A. A., 1970, Study of mineral-forming solutions by the 
method of aqueous extraction (with examples fran pegmatites and crystal
bearing quartz veins): Autoreferat (author's abstract) of a 
dissertation for degree of Candidate Geol.-Min. Sci., ~nder A. I. 
Zakharchenko: Leningrad, 1970, VSEGEI, 26 pp (in Russian). 
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An extensive study, particularly of water leaches of quartz. 
Includes 5'S' analyses, for Li, K, Na, Mg, Ca, Ba, Sr, Cl, F, SO4, HCO3, 
Sio2, and pH (although not all on every sample). (E.R.) 

MUELLER, George, 1969, Hydrothermally differentia:,ted carbonaceous 
complexes from the Illinois-Kentucky fluorspar district (abst.) 
Geol. Soc. Amer. Abstracts with Programs for 1969, Part 7, 
p. 154-155. 

The inclusions of organics within the gangues of the orefield 
differ from all the hitherto described sediments in being differ
entiated into two principal phases which, under the microscope, 
reveal sharp boundaries against each other. The inclusions are 
filled with a mainly paraffinic, vaselinous oily phase, and they 
are lined with microspheres and rounded microparticles of a solid 
organic phase, into which the aromatic and the polar molecules are 
concentrated. In the fluorite crystals, both the elaborate 
distribution patterns of four-fold symmetry, and the habits of 
the individual organic microparticles are governed by the 
crystallographical orientations of the host. The latter phenomenon 
of crystallographical ordering of microparticles is absent in the 
quartz and the calcite crys'tals of the orefield. The theoretical 
implications of the above outlined phenomena are discussed. The 
separation of a mainly paraffinic oil through the effects of 
hydrothermal agencies may be of significance in relation to the 
genesis of some petroleums. The concentration of the bulk of the 
polar molecules, including amino acids into a distinct phase and 
the crystallographical ordering of this phase may prove to be 
stages of chemical evolution. (Author's abstract). 

NABOKO, S.I., 1968, Chemistry of natural mineral-forming solutions: 
Geolog. i geofiz., 1968, no. 3, p. 3-13 (in Russian); translated in 
Internat. Geol. Rev., v. 12, no. 1, p. 26-33 (1970). 

The author reports considerable data on the chemistry of modern hy
drothermal systems and relates it to the mineralogy of the host rocks 
and their alteration products. (ER). 
NADEAU, J.E., 1968, Temperatures of fluorite mineralization by 
fluid inclusion thermometry, Sweetwater barite district, East 
Tennessee (abst.): Geol. Soc. Amer. Spec. Paper 115, p. 490. 

Mineralization in the Sweetwater barite district is present in 
three belts of early Paleozoic rock separated from each other by 
parallel thrust faults. Thirty-one samples for the visual study of 
fluid inclusions were taken from two mines in the eastern belt and one 
mine in the western belt. Primary mineralization consists of pyrite, 
sphalerite, barite, and fluorite which fill cavities in a breccia 
of the Kingsport Formation. In the eastern belt three stages of 
fluorite mineralization are evidenced with green fluorite being earliest, 
purple fluorite next (coincident with barite deposition), and clear 
fluorite latest and present within vugs in earlier formed minerals. 
Green and purple fluorite are not present in samples from the western 
belt. 

Temperatures were measured by means of an iron-constantan 
thermocouple inserted through the observation port of the heating 
stage and placed in contact with the specimens near the inclusion 
being observed. Uncorrected temperatures of vapor bubble 
disappearance from inclusions in fluorite ra~ged from 170°C to 195°C 
for specimens from the eastern belt and from 115°C to 145°C for 
specimens from the western belt. Assuming a similar temperature 
correction for the effects of pressure is required for both the 
eastern and western mineralized belts, a temperature zonation for 
fluorite crystallization is indicated. (Author's abstract) (Ed. 's 
note: The higher temperatures here were found to be in error - see 
Econ. Geology, v. 68, p. 113, 1973.) 
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NAIBORODIN, V. I., and GONCHAROV, V. I., 1970, Temperature conditions 
of the A9atovsk gold-silve~ deposit formation, Northeastern USSR: 
Geol. Rudnykh Mestorozhd~','"no. 6, p. 46-51, (in Russian). 

Homogenization of flu1d inclusions in various minerals from 
epithermal Au-Ag mineralization of volcanic affiliation. (E.R.) 
NASH, J. T., 1970, (Fluid inclusions in some Nevad~ore deposits): 
U.S. Geel. Survey Prof. Paper 700A, Geological Survey Research, p. A2. 

Gold-quartz-adularia veins occur in phyllitic rocks of the 
Raspberry Formation (Triassic) near a Tertiary granodiorite intrusive 
in the Tenmile district near Winnemucca, Humboldt County, Nev. Fluid
inclusion studies show that the mineralizing fluids were of very low 
density, near 0.65 g/cm3, the lowest observed to date for this type 
of deposit. Homogenization temperatures for the gold stage of 
mineralization range from 270°C to 330°C for eight deposits; a pressure 
correction of about 15°C should be added to obtain crystallization 
temperatures. Depression of freezing-point determinations range from 
-0.2°C to -4.4°C, equivalent to 0.4 to 7.3 wt percent NaCl. Most 
values for the gold stage are in the range 0.9 to 2.1 wt percent NaCl. 

In the Copper Canyon district, Lander County, Nev., fluid
inclusion studies revealed a district fluid zonation. A dense brine 
occurs in inclusions in the contact zone near the intrusive, and a low 
density, moderately saline fluid in those peripheral to the contact. 
Economic copper values are restricted to the brine environment, whereas 
precious metal, lead, and zinc values are related to the less saline 
fluids. In this district, thermal zonation is not as conspicuous as 
fluid-density zonation. (Author's abstract) 

NAUMOV, V.B., 1969, Thermometric investigation of quenched magma in
clusions in the quartz phenocrysts of rhyolites: Geokhimiya, 1969, no. 
4, p. 494-498 (in Russian; translated in Geochem. lnternat., v. 6, no. 
2, p. 379-383, 1969). 

Homogenization temperature of gas+ glass inclusions in quartz 
phenocrysts have been ~~tcrmined. The glass inclusions begin to melt 
at 680-700°C; homogenization temperatures range from 1030 to 1320°C, 
but most occur in the 1200=1320°C range. (L.P. Greenland). 

NAUMOV, V.B. and MALININ, S.D., 1968, A new method for determining 
pressure by means of gas-liquid inclusions: Geokhimiya, 1968, no. 4, 
p, 432-441, (in Russian, translated in Geochem.. Internat., v, 5, no. 2, 
p, 382-391, 1968]. 

The method makes use of inclusions containing liquid CO2, liquid 
water, and vapor. It is based on a straight-line extrapolation, on a 
P~T plot, from the point representing partial homogenization (liquid 
and gaseous CO2), through the temperature of decrepitation (assumed to 
be always at 850 atmospheres for quartz), on to the temperature, and 
hence pressure, at homogenization. The errors are stated to be less 
than 10 percent. (E,R.) 

OHMOTO, Hiroshi, 1969, The Bluebell mine, British Columbia, 
Canada, (Parts I and II) (abst.): PhD dissertation, Princeton 
Univ. 206 pp. Dissert. Abst. Internat. Sect. B, Sci. and Eng., 
v. 30, no, 3, p. 1204B. 

Part I: Mineralogy, paragenesis, fluid 
inclusions, and the isotopes of lead, 

carbon, oxygen, and hydrogen. 
Pyrrhotite, sphalerite, and galena are the major sulfide 

minerals, and knebelite, calcite, and quartz the major gangue 
minerals in the massive lead-zinc ore bodies of the Bluebell 
mine, British Columbia, which have replaced metamorphosed 
limestone of Cambrian age. 

Detailed paragenesis study and filling temperature mea-
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surements of fluid inclusions in ore and gangue minerals indi
cate that the massive replacement ores were deposited at tem
peratures between ca. 500°C and ca. 430°C, and that the later 
minerals in vugs were deposited at temperatures between ca. 
430°c and 320°c. 

Freezing temperature measurements on inclusion fluids 
showed that the salinity of the hydroT'1 ermal fluids changed 
from ca. 10 wt.% to ca. 3 wt.% NaCl equivalent during a decrease 
of the fluid temperatures from ca. 450°C to ca. 320°C. 

The fugacity of sulfur in the ore fluids, indicated by the 
iron content of sphalerite and the temperature data, ,was shown 
to have been within 1.5 orders of magnitude of the pyrrhotite
pyrite boundary during the entire period of ore deposition. 

Tht isotopic composition of lead in the ore galena and the 
"lamproplre" dikes, which are closely related in time and space, 
indicates that the ore leads are not genetically related to 
the "lamprophyre" dikes. The large variation in lead isotope 
ratios of the galena suggests that the lead was not derived from 
a homogeneous source. 

0018 measurements on quartz and calcite samples, and the 
filling temperature data for these samples showed that the 
0018 values of the hydrothermal solutions changed gradually from 
ca. +5 ·o/oo (SMOW) at ca. 450°C to ca. -13 o/oo at ca. 320°C 
during the earlier stages of quartz, carbonate, and sulfide 
precipitations in vugs. During the same period the carbon isotopic 
composition of the carbonates was nearly constant at 0013 values 
of -7 + 2 o/oo (PDE); and o D values of fluid inclusions in 
calcit; and quartz are in the range -147 o/oo to -157 o/oo (SMOW). 

During the last stage of quartz, calcite, and pyrite deposi
tion between ca. 360°C and 320°C, the 0018 value of the solutions 
returned to ca. +6 0/00. During this stage the o c13 value of 
the calcite was quite variable, but tended to become more positive, 
reaching values as large as +4 0/00. 

There is a strong resemblance between the salinity - o D 
-0018 relationships during the later stages hydrothermal solutions 
in the Bluebell mine and those of Salton Sea brines (Craig, 1966) 
and other normal chloride or near-neutral hot springs described 
by Craig (1963). 

These results suggest that the hydrothermal solutions re
sponsible for at least the later stages of mineralization in the 
Bluebell mine were largely meteoric in origin. The observed 
variations in 0018 and 0013 values of the solutions are inter
preted as the result of different degrees of isotopic equilibra
tion of meteoric waters with a variety of country rocks over a 
considerable range of temperatures. 

Part II: Chemistry of the hydrothermal fluids 
(Gases and salts in fluid inclusions). 

Gases and salts in inclusion fluids from the hydrothermal 
mineras (knebelite, galena, sphalerite, pyrrhotite, arseno
pyrite, quartz, and calcite) of the Bluebell. mine were analyzed 
by mass-spectrome ter and atomic absorption techniques. 

H20 comprises over 93 mole percent of the total. gases from 
the fluid inclusions, CO2, 1-12 , a nd Clf4 are the other principal 
gases . CO , C2H~ > other hydrocarbons, and N2 were also observed . 
The mole ratio of mco2/mH 2o is between 0.5 x 10-2 and 4 x 10-2 
for all samples excep t one knebelite sample which gave a value 
of ca. 10-4 . mfl /mii~O and m~H 4;mR O values ranged from 3 x 10-4 
to 2 x 10- 2 and from~'l x 10- to 16-2 respectively for all samples . 
No H2S was detecteo in the fluid inclusions implying that mn25;mH 20 values are below 10-5. 
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The calculations for gas equilibria for the principal compo
nents indicate that the observed gas compositions are nonequilibrium 
assemblages at temperatures below the homogenization temperatures 
of inclusion fluids. At temperatures ca. 50°C above the homogenization 
temperatures most of the observed gas proportions can be interpreted 
as being in equilibrium. 

The calculated fugacity of oxygen in the hydrothermal fluids 
is between 10-29 and 10-25 atm. at ca. 450°C, and ca, 10-35 atm. 
at ca. 300°C. 

Concentrations and concent~ation ratios of Na, K, Ca, Mg, 
Fe, Zn, and Cl in the fluids showed wide variation. The total 
salt concentration, and the K/Na and ca/Na atomic ratios appear 
to have decreased with time during the hydrothermal mineralization, 
from above 10 wt. percent to ca. l wt. percent, from above 0.6 to 
ca. 0.03, and from above 4.0 to ca. 0.02, respectively, 

Comparison of the gas compositions and the salt chemistry 
of the inclusion fluids suggests that during the sulfide deposition 
and the early stage quartz-calcite deposition in vugs the 
hydrothermal fluids were distinctly different in chemistry from 
the fluids of the later quartz-calcite deposition. The later 
fluids are most likely to be meteoric water. The fluids responsible 
for the sulfide deposition could be magmatic, connate, or meteoric 
water which had a history entirely different from the later fluids. 
(Author's abstract) 
OHMOTO, Hiroshi, 1970a, Fluid inclusions and isotope study of the lead
zinc deposits at the Bluebell mine, British Columbia, Canada (abst.): 
Internat. Symp. on Hydrogeochemistry and Biogeochemistry, Tokyo, 1970, 
Abstracts, p. 23. 

Mainly covers material given in Ohmoto and Rye, 1970. 

OHMOTO, Hiroshi, 1970b, Influence of pH and fo2 of hydrothermal fluids 
on the isotopic composition of sulfur species (abst.): Geol. Soc. Amer., 
lP~_o_gramsJwith IAb.ftllµ~t-~, v. 2, no. 7, p. 640. 

Available thermochemical data and isotopic fractionation factors 
permit quantitative evaluation of the effect of the chemistry of hydro
thermal fluids on isotopic composition of sulfur beari~g minerals. 

When isotopic and chemical equilibria are attained among sulfur 
species in solutions (H2S, HS-, s=, so4, KS04, and NfS04) and between 
these species and precipitating mineral phases, ~ s3 values of minerals 
are controlj~d mainly by: 1) isotopic composition of total sulfur in the 
fluids ( b s 25 ), 2) temperature, 3) fugacity of oxygen, and 4) pH. 
The ionic strength and the salt composition (e.g., K/Na ratio) can 
effect the !s34 values slightly, The l, s 34 values of minerals,however. 
are not directly dependent on the fugacity of sulfur nor on the total 
sulfur content of the fluids. 34 At 250°C in geologically important pH-fa regions, the 6s value 
of ~rite precipitating from a solution in w~ch the mean value of 
S S is zero can vary from +S to -26 °/oo: an increase in f 02 of one 
log unit or of pH by one unit can decrease the Es~~ value by as much 
as 20 permil. Sulfides off s 34=0 O/oo need not have precipitated 
from solutions in which bsis = 0 °/oo, This conclusion casts rather 
serious doubts on many genetic interpretations currently placed on 
the isotopic composition of sulfur in sulfide minerals, (Author's 
abstract). 
QHMOTO, Hiroshi, 1970 v,~luid inclus,iqns and isotope study o~ the lead
zinc depos,its at the Bluebell Mine, Bi;itish. Columb.ia, Canada, (Ab.st.), 
in Collected Abstracts, IMA.-IAvOD Meetings: '70': Tokyo, Science Council 
or Japan, p. 132. . . 

At tne Blueliell mine, ,,pyrrhotite, spnalerite, and galena occur as 

so 
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the major sulfide minerals, and knebelite, quar-tz, - and calcite as the 
major gangue minerals in the Tertiary lead-zinc ore bodies, which re
placed Cambrian limestone beds. 

A detailed study of the paragenesis, and filling-temperature meas
urements of fluid inclusions in ore and gangue minerals have indicated 
that the massive ores were deposited at temperatures higher than 450°C, 
and that the later minerals in vugs, which make up about 10 percent of 
the hydrothermal minerals, were deposited at temperatures between 450°C 
and 320°C. Pressure on the hydrothermal fluids was estimated to be in 
the range 300 to 800 atms. 

Freezing temperature measurements, and the analyses of gas and salt 
composition of inclusion fluids by mass-spectroscopy and atomic absorp
tion spectroscopy have shown the gradual change of the chemical compo
sition of the hydrothermal fluids with time and with temperature. 

Stage T(°C) Salinity K/Na Ca/Na Zn CO2 Hz CH
4 H2S 

(:zK+Na+Ca+cl) (atomic) (ppm) 
(wt.%) (moles/kg H

2
0) 

Early 500-4 50 15- 10 .6 4.0 <2200 1.3 1.0 .20 . ~ .001 
Last 350-320 3-1 .03 .20 100-20 1.3 .05 • 014 <.:. 001 

The gases did not re-equilibrate to room temperature during c ooling 
and define a range of oxygen fugacity of t he hydrothermal fl uids i n e
quilibrium with the mineral phases of the ore bodies . 

The ~D v.alues of water from fluid inclusions of different genera
tions are constant in the range -155±5 o/oo (SM0W). Oxygen isotope

8 measurements of quartz and carbonate samples indicated that the{; o1 

va l ues of the hydrothermal fluids changed grad ually from + 6 o/oo ( SMOW) 
at 450°C to -13 o / oo at 320°C . The b S34 values of the hydrothermal 
f luids idicated by the sulfur · sotopic composition of sphalerite , galena , 
pyr r hoti t e , and pyrite also changed gradua l ly from +12 o / oo at t he ear ly 
stage to +5 o / oo at the last stage of or e deposition . The lead isotopes 
of galena belong to B-type anomalous lead . 

All t hes e data s uggest a meteoric origin for t he water , and a sedi
mentary origin fo r the dissolved gases and salts i n the hyd r otherma l 
f luids from which the Bluebell lead-zinc ores were deposi t ed . 
OHMOTO , Hiroshi , BORLS1K , .Maria , and l!OLLAND , a. o., 1969 , Chemistr y 
and orig in of hydrothermal fluids at the Bluebell mine , British 
Columbia (abst . ): Geol . Soc . Ame.r . Absts . with Programs 1969 , pt . 7 , 
p. 165 . 

The composition of i nclusion fl uids in minerals of the Bluebell 
mine has been determined by mass spectroscopy and atomic absorption 
spec trometry: 

CO2 
H2 
CH4 
fl 2S 
Total 
K/Na 
Ca/Na 
Zn 

Component 
(mole~kg H20 l 
(moles/kg H20 l 
(moles/kg H20) 
(moles/kg H20l 
salts (wt. %) 

(atomic) 
(atomic) 
(ppm) 

Early Stage Fluids 
1.3 + 0.5 
1.1 + 0 . 2 
0 . 5 + 0 . 3 
<;0 . 001 
>10 
0.7 + 0.2 
>4 
<2000 

Late Stage Fluids 
1. 3 + 0 . 5 

0 . 03 + 0. 02 
0 . 004 + 0 .001 

<0. 001 
2 + 1 

0.03 + 0.01 
0.15 + 0.05 

<300 
The gases did not reequilibrate to room tempenature during cooling, 

and define a range of oxygen fugacity in equilibrium with the mineral 
phases of the ore bodies at temperatures between 350 and 500°C. 

The chemistry of fluids and the isotopic composition of hydrogen, 
carbon, oxygen, sulfur, and lead suggest a meteoric origin for the 
water and non-juvenile origin for the dissolved gases and salts in 
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the fluids from which the Bluebell lead-zinc ores were deposited. 
(Authors' abstract). 
OHMOTO, Hiroshi, KAJIWARA, Yoshimichi and DATE, Jiro, 1970,The Kuroko 
ores in Japan: Product of sea water? (abet.): Econ. Geol •• v. 65. 
P• 738-739. '-l 

The mode of occurrence and textures of stra~bound copper-lead
zinc deposits in the northern parts of Japan, the Kuroko, suggest that 
the ore deposition was associated with submarine volcanic activity dur
ing Middle Miocene time, and that the ores ~ere formed on the sea floor 
and/or in unconsolidated sediments. 

(534 values of pyrite (36 samples from 7 mines) show a gradual 
decrease towards top of the sequence: +8.2 to +6.5 in disseminated ores 
and veins in the footwall rhyolite; +7.1 to +4,6 in stratiform pyrite 
ores and yellow ores; +7.0 to +3.0 in black ores; -5.0 to -6.0% in hem
atite-rich layers. The changes ~n ~s34 values of other sulfide minerals 
(45 SIJ.qlples) farallel the 6 s34 values of pyrite with .a.,values, .c., = 
6SpyJ4

_ J's13 of 1.3±<),4 for sphalerite, 1.4± 0.2 for chalcopyrite and 
3 . 9+o . 20 / oo for galena . The temperatures of deposition indicated by 
t he &s34 values of coexisting sulfides are between 200 and 300°C com
pared to a temperature range, 100 to 265°C, indicated by the fluid in
clusion filling temperatures of quartz, barite, and sphalerite. 

~o18 values of fluid inclusions from 4 samples of pyrite from 
the yellow ores are between -1.6 and -0.1°/oo (SMOW). The~ 534 val
ues of sulfides, and the mineralogy and chemistry of the ores can be 
best ex_plained if the ·sulfur in solutions was around +200/00 (i.e., the 
value of present-day sea water)and if the minerals precipitated at 
around 250°C in chemical and isotopic equilibria with solutions of sea 
water composition. (Authors' abstract). 
OHMOTO, Hiroshi, and RYE, R. O., 1969, The ores of the Bluebell mine 
British Colwnbia - a product of met3fic water? (abs.): Geol. Soc. 
America Spec. Paper 121, p. 222-223. 

Pyrrhotite, sphalerite, and galena are the major sulfide minerals, 
and knebelite, quartz, and calcite are the major gangue minerals in 
the massive lead-zinc ore bodies of the Bluebell mine, British Columbia, 
which have replaca:l metamorphosed limestones of Cambrian age. 

The ao(SMOW) values of five samples of water from primary fluid 
inclusions in calcite and quartz fell in the range-152 + 5%,,. 0018 
measurements on 54 samples of quartz and calcite, and filling temperature 
measurements for the same samples showed that the oo18 tsMOW) values 
of the hydrothermal solutions changed gradually from+ 5%0 at ca. 430°C 
to -l3!iic7at ca. 300°C during the earlier stages of quartz, calcite, and 
sulfide precipitation in vugs. The decrease in temperature and 0018 
value were accompanied by a decrease in the salinity of the fluids from 
ca. 10 wt percent to ca. 2 wt percent equivalent NaCl. During the 
same ~eriod the isotopic composition of carbon was nearly constant at 
-8%11 (PDB) in calcite and near -6%• (PDB) in the solutions. 

During the later stages of quartz and calcite deposition between 
350°c and 300°C, the 0018 value of the solutions returned to ca. +5%d. 
During this stage the ocl3 value of the calcite was quite variable, 
but tended to become increasingly more positive, and reached values 
as large as +4%o. . 

·Thes·e results suggest that the hydrothermal solutions responsible 
for the stages of mineralization studied by us were largely meteoric 
in prigin and that the observed variations in 0018 and ocl3 are the 
result of different degrees of isotopic equilibration of meteoric 
waters with a variety of country rocks. (Authors' abstract). 

OHMOTO, Hiroshi and RYE, R~O., 1970, The Bluebell mine, British Columbia. 
I. ~ineralogy, paragenesis, fluid inclusions, and the isotopes of hy
drogen, oxygen, and carbon: Econ. Geol., v. 65• p. 417-437. 
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At the Bluebell mine, pyrrhotite, spha.lerite, and galena occur as 
the major sulfide minerals, and knebelite, quartz, and calcite as the 
major gangue minerals in the Tertiary lead-zinc replacement ore bodies. 

A detailed study of the para.genesis, and filling temperature mea
surements of fluid inclusions in ore and gangue minerals have indicated 
that the massive ores were deposited at tem~ratures higher than 450°C, 
and that the later minerals in vugs which make up approximately the 
final 10 percent of the hydrothermal minerals, were deposited at temp
eratures between 450°C and 320°C. PH?S in the hydrothermal fluids was 
esti'Dl$ated to be in the range 300 to 8 0 atms, and the depth of the 
ore deposition approximately 6 km. 

Freezing-temperature measurements on inclusion fluids have shown 
that the salinity of the hydrothermal fluids changed gradually from 
about 10 wt percent to about 3 wt percent equivalent NaCl during a de
crease of the fluid temperatures from 450°C to 3~ , ,. 

Analyses of oxygen isotopic compositio ;_; :' qc,artz ,: ,nd carbonate 
samples, and the temperatur e data for these ,-:amples indicate that the 
3018 values of the hydr r. ~; ' rmal. fluids change.i gradually from +so/oo 
to -130/oo (SMOW) accom ·ani ·, : by the decreas e of the fluid tempera
tures from 450°C to ., O"C during the earlier stages of quartz-carbon
ate-sulfide preci ,: ation in vugs. During the same stages the isotop
ic composition of t1ydrogen in the fluids was nearly constant at a ~ D 
value of -152+5° /oo (SMOW). The isotopic composition of carbon in the 
fluids was also uniform at a icl3 value of 5.5-!:_0 /oo (PDB). 

During the last stage of mineralization at temperatures between 
360°C and 320°C, the oxvgen and carbon isotopic composition o f. the 
fluids both became more- positive, reaching ~ 018 and <\ c13 values as 
large as +6°/oo. 

There is a great similarity between the temperature-salinity- Jo18-
[.D re{t'~tionships in the hydrothermal solutions at the Bluebell mine 

and those of the Salton Sea brines described by Craig (1966). This 
similarity suggests that the hydrothermal solutions responsible for 
at least the later stages of mineralization in the Blueb~_ll l§ine were 
largely meteoric in origin. The observed variations in o o1 , temper
ature, and salinity values of the solutions can be interpreted as re
sulting from initial uniform me§eoric water that obtained a variety of 
temperature, salinity, and .~o1 values due to diffeting·degrees of 
equilibrium with a variety of rocks. The data can also be interpreted 
as the result of mixing of two meteoric waters, one hot and well equil
ibrated with country rocks, the other cooler and less we ll equilibrated. 

The & cl 3 values of the earlier fluids reflect carbon from a ju-
.venile source, carbon from graphite, and/or carbon from a limestone 
source that re-equilibrated with graphite in the country rocks. 
(AUbQors' abstract). (Note-the design of the heating stage is also 
given. ED.). 

0:<'1NG, Milton and TAI, King Lien, 1969, Gas-Filled Bubbles in Ionic 
So.i. i.ds: J. Amer. Ceramic Soc., v. 52 no. 10, p. 559-562. 

:\ device to selectively introduce gases into a melt: of KCl from 
·,1h ' ,:, single crystals or oriented bicrystals are oe ing pulled is 
de::; ·: ·:i bed. The insoluble gases (e.g. Ar, Cl2, N2, crnd CO2) were 
incoLporated into the growing crystals in the form of bulk and grain 
boundary bubbles having a d~~ided crystallographic appearance. The 
as-grown bubbles of Ar and Cl 2 , were extended along the growth axis, 
whereas those of N2 and CO2 were compressed in this direction. The 
bubble shapes are expected to depend on surface energy considerationa 
and on the way in which the gas interacts with the solid; the bubble 

. L . . . . geometries were qu~itatively consistent with available data on the 
theoretical adsorption behavior of these gases on (100) crysta l faces 
of KCl. On annealing under load, the bubbles became highly ~aceted. 
Only the very stable (100) plane developed; this indicates the 
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extreme anisotropy of the surface energy even at temperatures 
approaching the melting point. The failure of bubbles to evolve 
completely into cubes is probably due to the difficulty of establishing 
growth habits normal to the (100) plane. (Authors' abstract) 

PAWLOWSKA, Jadwiga, 1969, Significance and methods of geother100metry and 
geobarometry in a study of endogenetic deposits, Przegl. Geol., v. 17, 
no, ll, p. 552-555 (in Polish). A review (E.R,). 
PERING, Katherine, and PONNAMPERUMA, Cyril, 1969, Alicyclic 
hydrocarbons in the immediate geologic environment of a bitumen 
deposit in north Derbyshire, England (abst.): Geol. Soc. Amer. 
Abstracts with Programs for 1969, Part 7, p. 172. 

Within the lead-zinc ore field of North Derbyshire, England, 
are deposits of several morphologically distinct solid and liquid 
bitumens. Earlier work in this laboratory showed that the bitumens 
in the largest of these deposits, near Castleton, exhibit two 
different types of hydrocarbon distribution patterns, one of which 
is a very complex mixture of isomers which does not resemble 
those from typical sediments. Possible explanations for these 
differences are being investigated to obtain a clearer understanding 
of the means by which compo~ds of biogenic significance can be 
altered in geologic environments. The stratigraphic placement 
of the bitumen is in the ore-bearing horizon of the lower Carboniferous 
limestones near their contact with the overlying shales. This 
placement, and the presence of free crystals of fluorite, calcite, 
galena and mar,_~site in the bitumen deposit suggest two possible 
explanations for the hydrocarbon differences: selective alteration 
by hydrothermal fluids, or fluid transport of organic matter into 
the deposit from two or more points of origin. Analyses show that 
one type of alkane distribution pattern is almost identical to 
those isolated from the overlying shales. However, analysis of 
limestone, fluorite, clay and crude oil samples reveals no 
distribution similar to the more complex type of alkane mixture 
also found in the deposit. (Authors' abstract). 
PERNA, Guiliano, 1970, Fluid inclusions in crystals: Atti Accad. 
Roveretana Agiati 1968 (Pub. 1970), V. 8, p. 11-21 (in Italian). 
A review with 13 references (ER} 
PETERSIL'E, I.A. and SORENSEN, H,, 1970, Hydrocarbon gases and bitumi
nous substances in rocks from the Ilimaussaq alkaline intrusion, South 
Greenland: Lithos, v, 3, p. 59-76. 

Samples of poikilitic sodalite syenite (naujaite) 1 sodalite foyaite 
and augite syenite from the Ilimaussaq alkaline intrusion in South 
Greenland contain hydrocarbons in vacuoles in the minerals and in inter
granular micro-pores, Samples of lujavrite and gabbro have very low 
gas contents. Methane is the predominant hydrocarbon; the contents of 
CO2 and CO are insignificant. The carbon of the hydrocarbon gases of 
naujaite is enriched in cl3, The rocks contain disseminated bituminous 
substances composed mainly of oil, alcohol-bensol resins and asphaltenes, 
The hydrocarbon gases and the bituminous substances are thought to be of 
inorganic origin, The methods of examination are described, (Authors' 
abstract), 

PHILPOTTS, J ,A,, SCHNETZLER, C.C. and PHILPOTTS, A.R., 1970. Monteregian 
mixed rocks: some trace element data (abst.): Geol. Soc • .tuner,, Abstr4 ct.J 
w,-rh Pr~r,rn.,.,...sJ v. 2, no , 7, p. 652-653 . 

These and other studies support t he hypothesis that silicat e 
liquid immiscibility ls i nvolved in the origin of these rocks. Evi
dence should be looked fo r i n melt inclusions . (Jl:,R,). 

PINCKNEY, D,M, and HAFFTY, Joseph, 1970, Content of zinc and copper in 
some fluid inclusions from the Cave-inRock District, Southern Illinois: ... 
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Econ. Geol,, v. 65, p. 451-458. 
Zinc, copper and chlorine analyses have been made of fluids included 

in crystals of fluorite, quartz, and barite. The objectives of the study 
were to determine the amount of zinc and copper in the fluid inclusions, 
and to see if the amounts of these metals changed with time of deposition 
and location. 

The crystals are from hydrothermal deposits characterized by fluor
ite, sphalerite, galena, and minor chalcopyrite. The inclusion water 
was recovered by crushing the crystals in a vacuum line, and the salts 
were recovered by leaching the crushed sample with water. The leach solu
tions were analyzed by atomic absorption spectroscopy. 

The ranges of concentration in the inclusions are: zinc, 10 to 1,040 
ppm (parts per million); copper, undetectable to 350 ppm; and chlorine, 
2,500 to 152,00 ppm. 

Variations in the base metal and chlorine content were found rel
ative to periods of deposition of sphalerite. In one ore body the amount 
of base metals. and chlorine was greater- in the interior than at the e~ges 
of the body. 

A good correlation exists between zinc and chlorine for the sulfide
ore solutions as samples with high zinc- concentrations also have corres
pondingly high chlorine concentrations. (Authors' abstract). 

PIRMOLIN, J., 1970, Inclusions fluides dans la dolomite du gisement 
stratiform de Kamoto (Katanga Occidental). Annttles Soc. Geol. Belgique, 
v.93, pt. II, p. 397-406 (in French). 

In the dolostones and shales of the "Mines Serie" at Kamoto, two 
strata-bound orebodies are found. Between them, there is a thick bed 
of unmineralized cherty dolostone, with locally large dolomite crystals. 
In these crystals, fluid inclusions have been observed which contain a 
bubble and three daughter crystals. The three daughter crystals dis
solve at about 55°C, 120°C, and 200°C. (Author's abstract, modified). 

PIZNYUR, A. V., 1970, Thermodynamic conditions of formation of mineral 
associations of the molybdenum polymetallic occurrence Shahtama 
(Eastern Transbaikal): L'vov. Gos. Univ. Mineralog. Shornik, v. 24, 
no. 2, p. 207-213 (in Russian). 

The deposit is related to eruptive breccia and was formed during 
five stages. Before· the time of the explosion the pressure reached 
2300-2550 atm. The temperature of the mineral formation of 
pneumatolytic and sodium-rich hydrothermal solutions varied from 
400° to 45°C. (Author's abstract). 

PIZNYUR, A. V., and SOLOMIN, Y". S., 1969, Mineralogy and genesis of molyb
denum deposits: L'vov Gos. Univ.,Mineral. Sbornik, v. 22, no. 4, p. 378-
385 (in Russian). 

Mainly a study of fluid inclusions in quartz f?:10m the five sta,e!S of 
mincr.µization in the Davenda deposit in the Eastern Transbaikal. Homogeni
zation temperatures ranged from 435° to 80°C, and the inclusion fluid 
density ranged from low (hence "pneumatolytic") to high ("hydrothermal") .(ER) 
POKROVSKIY, P. V., and PURTOV, V. K., See Translations Section 

~ A y 
PmfIRLEANU, V. and MINZARARU-JUDE, L. , 1970, Sur les inclusions f luides 
presentes dans les cristaux d'apatite de quelques pegmatites de · 
Roumanie (Fluid inclsuions in apatite crystals from Roumanian pegma
tites): Acta Geol. Acad. Sci, Hungaricae, v. 14, p. 63-70 (in French). 

Two-phase (water plus vapor), and three-phase (liquid co2 + 
liquid water+ vapor) inclusions from apatite are illustrated and homo
genization data reported. The co2 phases homogenize at 23-29.5°C and 
complete homogenization occurs at 322-390°C (ER) • 

... 
POM.IRLEANU, V, and MOVILEANU, A., 1970, Geothermometry of some pegmatites 
in Romania, (ab.st.), i n Collected Abstracts, IMA-IAGOD Me~tings '70: 
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Tokyo, Science Council of Japan, p. 135('T\.I• :<1c-..,+ic<l\ "bsYClcT~p~f<lrJ '"P,2.S"~t1\s0 
With a view to determine the formation temperature of some granitic 

pegmatites of the Carpathian Arc of Romania, the fluid inclusions occur-
ring in quartz, apatite, tourmaline, spodumene, beryl and muscovite WP.TP. 

studied. The fluid inclusions are considered as "actu~l samnles of the ore
forming fluids" of the media from which minerals have crystallized 
(Roedder, Genetic Problems Ores, XVI, 218, 1960; Yermakov, Research Ore
Forming Solutions IX, 5-7, 1966).According to the types and features 
of fluid inclusions, most minerals (quartz, apatite, tourmaline, spodu-
mene and beryl) formed from aqueous solutions CO2-saturated and from salt,
aaturated solutions (quartz, beryl, muscovite), 

The mineral formation temperaturesdetermined by the fluid inclu
sion homogenization and decrepitation method (pressure correction ex
cepted) ranged between 530° and 300°C, Minerals depositing during the 
pegmatitic process took place within this temperature inter-val. Lower 
temperatures (300°C to 100°C) obtained by studying secondarv fluid inclu
sions are characteristic for the action of the hydrothermal replacement 
process which led to foming of some neoformation minerals on account of 
the preexistent minerals. 

The temperature of DI11scovite formation was determined by studying 
fluid inclusions and also by applying the paragonite.-muscovite system di
agram, Pegmatite muscovite occurring in Sadul valley formed between 
360°C and 425°C, while muscovite from paragneisses and mic~chists 
frocks_ suppos.ed to enclose the. paragonite1"111uscoyite assemb.lage) in 
pegmatitic b.od_: es proxi111ity, ~onned b.etween 570~C and 60.0°C. 

PO~RLEANU, Vasile and MURARIU, Titus, 1970, Summary of 
studies of tourmaline from pegmatites in Romania: Ber. deutsch. Ges. 
geol, Wiss., B, ~iner. Lagerstlttenf,, v, 15, no. 2, p. 175-186 (in 
German), 

Primary inclusions of several shapes with combinations of various 
amounts of COz and water solutions, are reported. Some develop a vapor 
bubble only on cooling to below 18°C, Deer-epigrams show maxima at 275-
3750C, (E,R.), 

POTY, Bernard, 1968, La croissance du quartz lamellaire sur l'exemple 
des cristaux de la Gardette (Isere, France)(The growth of lamellar 
quartz as examplified by La Gardette quartz crystals, !sere, France), 
in Papers and Proceedings of the 5th Meeting of Internat. Min. Assoc., 
Cambridge, 1966: London, The Mineralogical Society London, p. 54-62. 

Quartz crystals from La Gardette (Dauphine, France), have a lamel
lar structure and were formed in a medium the characterisitics of which 
varied suddenly a number of times. This produced a zoned structure 
through irregular .adsorption of impurities, Chemical analyses of layers, 
in the positive rhombohedron sector, show that the rate of growth is 
the parameter which controls the impurity content (Al, Li) of the 
crystal. A layer grows between two movements of the fault in which the 
vein lies. At the beginning quartz traps some 400 ppm of Al, but at 
the end we find only half of this amount. Hemihedral faces, sand x, 
appear only when the rate of growth is low, and tend to disappear ai 
soon as it increa·ses ~ Indeed it is observed that they appear and disap
pear many times during the growth of one crystal, (Author's abstract), 
(Ed!s note: this is a short version of the material presented in much 
greater detail (162 pp) by Potyl 1969- see Fluid Inclusion Research -
Proceedings of COFFI, 1969, p. 62). 

POTY, B, and STALDER, H,A,, 1970, Cryometric determinations of salt
and gas-contents of fluid inclusions in quartz crystals from mineral 
fissures of the Swiss Alps. Preliminary ·Note: Schweiz, Hineralog, 
Petrog, Mitt., v. 50, pt. 1, p. 141-154(inGerman). 

Freezing stage data on quartz inclusions from the Swiss Alps fall 
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in two categories: formation of gas hydrates and freezing point depres
sion of the brine because of salts (NaCl). The COz-hydrates from the 
Penninikum and Gotthard Massif melt between +7.2° and +ll.4°C, The CH4-
hydrates from the Helvetikum melt between +16° and +18°C. An unknown 
hydrate (possible from a high pressure hydrocarbon compound) melts be
tween +2° and +6°C. Salts occur in varying concentrations, but no sat
urated solutions were found. Some frozen inclusions melt below -21.1°C 
(the eutectic of NaCl and HzO) indicating other saline constituents than 
NaCl. The freezing stage data can be correlated with the following ge
ologic setting: 
1. High salt contents occur near evaporite deposits (7-13% NaCl). 
2. In the presence of CO 2 , the salt content in.the same group of mater
ials is lower (12% versus 9% NaCl; Aar Massif). 
3. Increase of metamorphic grade: zeolite facies minerals contain 2% 
NaCl, green schist - stilpnomelane facies 6-9% NaCl. 
4. Influence of the country rock: granites have inclusions with 6-10% 
NaCl, amphibolites 2-6% NaCl. 

The retrograde vein minerals in Tessin reflect greenschist rather 
than sillimanite facies and have accordingly lower salt content: 3-6% 
NaCl. (Authors' abstract, modified by P.J.M. Ypma). 

POWERS, H.E.C., 1970, Sucrose crystals: inclusions and structure: Sugar 
Technol. Reviews, v. 1, p. 85-190 (dated 1969/1970). 

A very extensive review (108 references and 97 photomicrographs) in
to the growth of crystals of sucrose and the nature and origin of vari
ous solid, liquid, and gaseous inclusions in sugar. Of pertinence to 
many studies of fluid inclusions in minerals, particularly in the prob
lems of the mechanism of trapping of inclusions. (ER). 

PRASOLOV, E.M. and TOLSTIKHIN, I .N., 1969, Isotopic composition of helium 
and argon in the fluid inclusions in rischorrite: Geokhimiya, 1969, no. 
2, p. 231-234, (in Russian; translated in Geochem. Internat., v. 6, 
no. 1, p . 163-166, 1969). 

,w.ss spectrometric analysis of fluid inclusions in rischorrite 
gives a He3/He4 ratio of 85 x 10-8 and an Ar40/Ar3 6 ratio of 2380. 
The Ar36 content was 0.5 x 10-8 cm3/gm and was apparently initially 
present in the inclusions and not a result of air contamination. The 
source of this included Ar36 is not yet known with certainty. (F.J. 
Pearson, Jr.) 

PRASOLOV, E. M., and TOLSTIKHIN, I. N., 1970, Isotopic composition 
of helium and argon from roicroinclusions in quartz: Alcad. Nauk 
SSSR Doklady, v. 191, no. 3, p. 653-655 (in Russian). 

A review of the literature plus two new analyses of quartz from 
the Aldan. (E. R. ) 

PULOU, R., deCROISANT, J, and GRITTI, C., 1970, Apparatus for the regis
tration of decrepitation and its application towards the determination 
of deposition temperatures of minerals: Schweiz. Mineralog. Petrog. Mitt., 
v. 50, pt. 1, p. 59-66, (in French). 

An instrument is described that registers decrepitation sounds as a 
function of temperature. The temperature range is 20-450°C. Sample 
size is 2-3 grams. Different gra"in sizes are used: between 1.2 and 0.2 
mm, Barite and fluorite give cle·arly reproducible results: peaks at 200 
and 290°C for barite and a broad• peak near 300°C for fluorite (P,J,M. 
Ypma). 

PURTOV, V.K., 1970, '.[ode of origin of quartz crystals at one south Ural 
deposit: Akad. Nauk SSSR, Doklady, v. 194, no. 6, p.1415-1417 (in Rus
sian); translated in Doklady Acad. Sci. USSR, Earth Sci. Sect~., v. 194, 
1970, p. 204-206 (issued 1971). 

Two types of CO 2-bearing fluid inclusions are found, homogenizing 
in the liquid and in the gas phase. Both types show similar tempera-
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tures of homogenization (CO2 phases at 27-31°C and complete homogeniza
tion at 300-315°C), but the variations are systematic through the crys
tals, indicating systematic changes in T and particularly in P (ER). 

RABIDEAU, S,W, and FLORIN, A.E., 1970, Anomalous water: characterization 
by physical methods: Science, v. 169, 48-52. 

(Editor's nete - this is only one of many papers published in this 
general period discussing the evidence for or against .,anomalous 
water" (see Deryagin, 1970).) This one suggests it is a sodium borate 
solution, (ER). 
RADKEVICH, E.A., GOLOVKOV, G,S., KOKORIN, A.H., KOKORINA, D.K., 
KOROSTELEV, P,G. and STEPANOVA, M,V., 1970, Vertical scope of mineral
ization and distribution of trace elements in mineral~of deposits of 
different depth formation (stanniferous Zones, Komsomolsk District) 
(abst,), in Problems of hydrothermal ore deposition, Z. Pouba and M. 
Stemprok,--;d~.: Internat. Union of Geolog. Sciences, Series A, no. 2, 
p. 217-218 (in English). 

In the Komsomolsk district stanniferous quartz-tourmaline zones of 
Upper Cretaceous age intersect Upper Cretaceous effusive sheets about 1 
kilometer thick; mineralization is developed over a vertical interval 
of about 1200 meters. 

Type A deposits (Tab. 1) occur in Jurassic sediments and were em
placed at a depth of about 1 kilometer. Type B deposits, also in 
Jurassic sediments, were emplaced at shallower depths, probably within 
a few hundred meters of the surface. Temperature of deposition is re
markably similar in both types of deposits indicating easy movement of 
the ore forming fluid along vertical fractures. Commencing at about 
360°C in the tin-tourmaline phase, temperatures declined to 285°C in 
the sulphide phase as measured by fluid inclusions. Type B deposits 
are notably enriched in the trace elements niobium and tungsten. (11.,1h,·r. 1', 

,:.. ~) N's t"t l 

Table 1. The temperature of homogenization of gas-liquid inclusions in 
quartz and content of trace elements in cassiterite of deposits of var
ious de -th of formation. 

temperature of homogenization 
•c 

horizons Quartz-cassiterite quartz-
sul hide 

I II III 

type B deposit 

l 363-301 286-238 

2 294-285 261-230 

3 359-290 268.-221 

4 

tvoe A deposit 

1 338 350-361 291 

58 

trace elements content in 
cassiterite; numerator-
average content 
denom. - no, 
Nb 0 WO 

0.028 0.314 
-6- -6-

0.021 0.228 
-4- -4-

0.016 0,285 
-3- -3-

0,019 0.147 
-3- -3-

0,007 0,090 
-4- --4-

of 
in wt % ; 
sameles 
In 

0.005 
-6-

0.006 
-4-

0.004 
- 3-

0.003 
-3-

0.,003 
-4-

.LL 



2 340 367.-371 285 0.009 0.040 0,003 
---r- ---r- -2-

3 346 380-384 279 0.011 0.112 0.004 
-r- -r --z. 

4 0.015 0.132 (),005 
-5- -3- -3-

5 344 281 

RASUMNY, Janine, 1970, Methode de reconnaissance du milieu de genese 
initial des quartz authigenes: Bull. Mensuel. Soc. Linn. de Lyon, 
V. 39, no. 1, p. 45-48. 

A short review (12 references) of the use of the crushing stage 
(E, R,) 

RAZIN, L.V., 1968, Problem of the ori~in of platinum metallization of 
forsterite dunites: Geolog. Rudnykh Ndstorozh., 1968, no. -6, p. 10-25 
(in Russian); translated in Internat. Geol. Review, v. 13, no. 5, p.776-
788 (1971). 

Refers to studies of the homogenization of inclusions in dunite 
forsterites at?700-800°C by Lesnyak, 1962 (Significance of inclusions 
of solutions and melts in minerals as one of the basic factors in the 
classification of hypogene deposits: L'vov Gos. Univ. Mineral. Sbornik, 
no, 16) (E.R.) 

K~cusc, H,R, 
ROBINSON, B,W. , r'RI TZ, Pe ter, ,.and MORTON, R.D., 1970, Stable isotopes 
of the Echo Bay deposit, N. W.T., Canada (abst.): Geol. Sec. Amer., 
Abstracts with Programs, v. 2 , no . 7 , p. 665. 

The Echo Bay vein-t ype uranium, deposit (U-Pb age of 1450 m.y.) 
occurs within an area of Proterozoic sediments, volcanics and intrusives. 
The sequence of deposition, from early to late, is: pitchblende, Co-Ni 
arsenides, dolomite, sulfides with dolomite and calcite, and native 
silver with minor quartz. 

S isotope measurements on co-existing sphalerite and galena (2 pairs) 
for early and intermediate sulfide stage give temperatures of 200°C and 
180°C respectively. Primary fluid inclusions in intermediate sulfide 
stage dolomite (21 measuremen t s) and late qua r t z (10 measurements ) repre
sent a saturated brine and give homogeniza t i on t emperatures of 165+10°c. 

fS2 and f02 as i ndica ted by the Fe content of sphaleri t es and-by 
the mineral parageneses decrea sed during t he s ul fide and s ilver deposi
tion from log-13 to -17 and log-39 to -44 respect i ve l y . b s 34 values of 
the sulfides changed from -30/00 in the early stage to +270/00 in the 
late stage (35 samples). This change can be explained by the decreases 
in f02 values of a solution which initially contained sulfur of +27°/oo 
and moved from a So4-- species enriched state to a HS- enriched state. 
The sulfu~ is probably of non-juvenile oriP,in. 

b oltl values of the dolomites are. +220/oo (.SNOW} for 2 samples of 
pre-s ulfide s tage and +14-20/oo for 7 samples of intermedia te sul fide 
stage. bC13 values are unifo rm at -3-1 ° (PDB) for all 9 s ampl es . 
The change in .) 018 va lues possib ly represents a lower t empe-rature for 
the pr e-sulfide stage . Calci tes are isotopically l ight e r than corre
sponding dolomites, possibly due to recrystallization by ground water. 
(Authors' abstract). 

ROEDDER, Edwin, 1969, Varvelike banding of possible annual origin in 
celestite crystals from Clay Center, Ohio, and in other minerals: The 
Amer. Mineral . , v. 54, p. 796-810. 

Some celestite shows a rhythmic, paired band i ng that may be of an
nual origin, visible with well-collimated transmit t ed light as strai~ht, 
parallel, alternately darker and lighter bands, ma i nly parallel {210j. 
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Although the thickness of the individual bands and of band pairs varies 
widely within a given crystal, these thicknesses are very uniform for se
quences of hundreds of pairs. Individual pairs range from 3-70µm 
total width, and may be traced laterally without thickness change for 
0,5 cm; some continue over former crystal terminations. They are visi
ble owing to minute differences in index of refraction (proven with 
Nomarski interference contrast illumination) arising from variable sub
stitution of barium for strontium (proven by electron microprobe). 
Somewhat similar banding is found in agate and "colloform" sphalerite 
from other localities. · 

Of eight mechanisms proposed,only one, annual seasonal variation, 
seems appropriate for these samples. It is hence concluded that the 
warm brine from which the celestite grew was diluted with surface water 
that varied in composition or amount over a yearly cycle, causing the 
compositional banding. If the band pairs are truly annual, i.e., if 
they are "varves", they yield valuable rate data on diagenetic process
es and the hydrologic regimen, and should be searched for in other 
samples. (Author's abstract). (Note: A very similar abstract was pub
lished as part of the IMA meeting scheduled for the 1968 IGC in Prague, 
but never held. The planes of secondary fluid inclusions in this mater
ial have coalesced into perfectly regular "beads", one for each pair of 
bands crossed, and hence makes the presence of the banding much more 
visible. E,R.). 

ROEDDER, Edwin, 1970Q.,Metastab.ility in fluid inclusions, (s1b.st.), in 
Collec;ted Ahstracts, IMA,-.IAGOD M_eetings '7U; Tokyo, Science Councilo~ 
Japan, p. 238. . .. 

Fluid inclusions in minerals are exceedingly -small chemical systems, 
very effectively isolated fr-om their surroundings. As- a result, they 
frequently exhibit metastaole equilibria, generally from lack. of nucle
ation of those stable phases that should form after some change in 
conditions. Metastability may persist over extensive ranges of tempera
ture and pressure, and for geologic time. Metastability in natural flu
id inclusions, as found, provides several types of otherwise unobtaina
ble data (such as on cooling rates), and metastability induced by labor
atory conditions can also provide useful information. Both varieties of 
metastability, however, can and frequently do cause erroneous conclusions 
when they are not recognized. 

The most common and potentially useful types of metastability are 
from failure to nucleate: 
1) a vapor bubble or daughter crystals on cooling, (both in melt and 
aqueous inclusions); 
2) ice or other crystal phases on cooling aqueous inclusions below room 
temperature; and 
3) a vapor bubble on heating frozen aqueous inclusions. 

Other, laboratory-induced nonequilibrium conditions, particularly 
from sluggish mixin_g in frozen aqueous inclusions that became stratified 
during melting, or sluggish solution of daughter minerals at high temp
eratures, can cause experimental difficulties but have no known compen
sating usefulness. 

As long as an assemblage remains static, there is no valid criteri-
on for determining if it is stable or metastable, If, however, there 
are differences in behavior of otherwise similar inclusions, or a given 
inclusion behaves .differently in sequential but apparently duplicate ex
periments, metastability may be involved. Any sudden or irreversible 
phase change other than from leakage in an inclusion under constant 
temperature conditions signifies that the former assemblage was metastable. 

ROEDDER, Edwin, 1970v,Natural and laboratory crystallization of lunar 
glasses from Apollo 11, (abst.), in Collected Abstracts, IMA-IAGOD 
Meetings '70: Tokyo, Science Council of Japan, p. 7. 
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Many different types of glass are found in the lunar samples, formed 
by a variety of processes. As a result of the very wide range in 
composition of these galsses, rates of nucleation and growth of crystals 
in them vary over many orders of magnitude. In addition, individual 
fragments or rocks have been exposed to a wide range of thermal histories, 
yielding a spectrum of degrees of devitrification and crystallization 
textures. 

Individual samples of lunar glasses were subjected to various thermal 
treatments, in vacuum, for periods of a few seconds to days. Interpre
tation of the resultant data is fraught with considerable difficulty, 
but a few limits can be placed on both thamaximum and the minimum 
cooling rates. Phenocrysts of olivine in some of the crystalline rocks 
must have cooled relatively slowly to somewhat below 1100°,and then 
relatively rapidly. On the other extreme, some of the high-index glass 
particles in the lunar soil must have cooled at least hundreds of degrees 
per second. A few of the glass spheres have crystallized to form 
structures resembling meteoritic chondrules. This may only signify, 
however, that some aspects of the cooling history of the two types of 
materials were similar. (author's abstract). 

ROEDDER, Edwin, 1970~ Application of an improved crushing microscope 
stage to studies of the gases in fluid inclusions: Schweiz. Mineralog. 
Petrog. Mitt., v. 50, pt. 1, p. 41-58. 

Ever since Deicha (1950) described the use of his crushing stage 
to detect the presence of gases under pressure in fluid inclusions, this 
techniqui (crushing a sample in oil between glass plates) has been ap
plied in a variety of inclusion studies. Several new versions of 
Deicha's stage have been constructed; they are inexpensive, easy to use, 
and adaptable to a variety of situations. The devices consist, in 
essence, of a pair of metal plates, joined by a horizontal hinge pin at 
one end and a vertical screw at the other. The lower plate is heavy, 
to provide stability without clamping when placed on the stage of the 
microscope. The glass plates with sample are placed between the metal 
plates, and centered on a vertical viewing hole. Crushing force is ap
plied by the screw. Automatic aligning and correction from simple ro
tary to partially translational movement of the glass plates is achieved 
by mounting the support for the lower plate on a round, segmented hori
zontal pivot pin, whose axis is parallel with the hinge axis. The axis 
of the pivot pin is interrupted where it crosses the optical axis. 
Ordinary glass microscope slides are used for most operations, so that 
loss from scratching or breaking will be of no concern. 

The crushing technique permits the recognition of the presence of 
as little as 10-14 grams of noncondensable gases (less than a billion 
molecules). In this low range its use has placed some exceedingly low 
limits on the maximum rate of leakage of certain fluid inclusions, 
based on the complete absence of noncondensable gases. Its use has also 
placed extremely low limits on the maximum rate of diffusion of air 
through obsidian glass, both anl1ydrous and hydrated, at surface temper
atures. 

When the embedding oil is replaced with appropriate solvents or 
nonsolvents for specific expected gases (methane, CO2, etc.), the tech
nique permits some qualitative "analysis" of the gases evolved, and 
even the recognition of some mixtures of several gases. Its greatest 
usefulness lies in providing estimates of gas pressure at room temper
ature (permitting better extrapolations to that at the time of trap
ping), and in the ease with which useful data may be obtained on the 
many samples that are too small for quantitative analysis by more ele
gant methods such as mass spectrometry. (Author's abstract). 

ROEDDER, Edwin, 1970~,Laboratory studies on inclusions in the minerals of 
Ascension Island granitic blocks, and their petrologic significance, ·in 
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Problems of petrology and genetic mineralogy, Sobolev'eYol.Jr, p. ·247_ 
258 (in Russian with English abstract). 

Quartz and alkali feldspar from vuggy ejected granitic blocks found 
in trachytic breccias at Ascension contain large numbers of fluid inclu
sions of three main compositional types, I, II, and III, presumably the 
result of trapping at depth, of three discrete, immiscible, individually 
homogeneous fluids. These fluids were !--silicate melt; II-dense aqueous
saline fluid with 50-70 weight percent NaCl; and III--dense water-rich 
steam or vapor, with co

2
• In addition, a number of mixed type I-II 

inclusions were trapped, providing verification of the existence, at depth., 
of immiscible droplets of aqueous-saline fluid in the silicate magma from 
which the granite crystallized, 

Homogenization temperatures and devitrification experiments on the 
inclusions indicate that the solid granite was hot at the tim,~ it was 
broken and erupted as blocks, and place some limits on the possible rates 
of cooling of the blocks. The inclusion studies also have bearing on 
the problems of the validity of the decrepitation method, the pressure 
during crystallization of the granites, the change in shape of inclusions 
after trapping, and the possibility of leakage of inclusions in nature. 
(Author's abstract). 
Ed~. note: This title and abstract are given here ~s originally submitted 
for publication. The English title and abstract in"i,ublished version 
(p. 258) were erroneous. " 

ROEDDER, Edwin and WEIBLEN, P.W., 1970a, Silicate liquid immiscibility 
in lunar magmas, evidenced by melt inclusions in lunar rocks:Science, 
v. 167, p. 641-644. 

This is in effect a long abstract of material given in more de
tail in the following citation, 1970b. 

ROEDDER, Edwin and WEIBLEN, P.W., 1970b, Lunar petrology of silicate 
melt inclusions, Apollo 11 rocks: Geochim, Acta, Suppl. 1, Pro~. Apollo 
il Lunar Sci, Conf., v. 1, p. 801-837. 

Silicate melt inclusions, now consisting of glass±. daughter miner
als, in 92 sections from 26 rocks and 76 sections of soil fragments pro
vide the following data on lunar petrology; 

Abundant evidence exists of late-stage, silicate liquid immiscibil
ity in all sections examined from 15 crystalline roc~s, in the fr~g
ments of crystalline rocks from the lunar soil, and in most breccias. 
The glasses resulting from the quenching of these liquids are found to 
differ widely in index of refraction and color but vary little from the 
following normalized averages of 39 microprobe analyses (high- and low
silica glasses, respect i vely): SiOz 76•2, 46·4i Alz03 11•6, 3•1; 
FeO 2,6, 32•3; HgO 0•3, 2•2; CaO 1•8, 11•3; NazO 0~4, O•l; KzO 6•6, 
0•3; TiOz 0•5, 4,3. Compositionally, these are essentially potassic 
granite and pyroxenite. The high-silica glass constitutes only about 1 
per cent of the rock, as inclusions and as vug lining. The immiscibil
ity. which has been verified with quenching runs on synthetic melts 
held in pure iron containers in vacuum in tk<?. range of 1045-1135°C, may 
be important in the distribution of lunar highlands and tektites, 

Sequential heating experiments (in vacuum) to determine the cryst
allization or melting of daughter minerals in multiphase inclusions in 
early olivine phenocrysts from rock 10020 yield the following approxi
mate temperatures for the magma: ilmenite liquids - 1210°C; joined by 
pyroxene - 1130°C; joined by plagioclase - 1105°C; solidus - < 1065°C, 
These data refer to olivine-saturated liquids, as the runs were made in 
olivine "containers", Inclusions with similar daughter minerals occur 
in olivine phenocrysts from several other lunar rocks. 

Heating experiments show that there are small amounts of volatile 
constituents in these inclusions. Also, a few gas-filled inclusions were 
found. 
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Devitrification of the glasses, and the formation of inclusion 
daughter minerals, both before sample collection and in the laboratory, 
place some limits on both the maximum and minimum cooling rates. 
(Authors' abstract). 

ROEDDER, Edwin and WEIBLEN, P.W., 1970c, Silicate immiscibility in lunar 
rocks: Geotimes, v. 15, no. 3, p. 10-13. 

A short, popularized account of material in previous item. 

ROEDDER, Edwin and WEIBLEN, P.W., 1970d, Silicate melt inclusions in 
Apollo-12 rocks similar to those in Apollo-11 rocks and in some ter
restrial basalts (abst.): Amer. Geophys. Union Trans. (EOS), v. 51, p.583. 

Preliminary abstract of material given in more detail in article 
of somewhat different title in Lunar Sci. Conf. 2d, 1971, Proc., v. 1, 
Geochim. Cosmoch. Acta Supp. 2, Cambridge, Mass., MIT Press, p. 507-528. 

ROEDDER, Edwin and WEIBLEN, P.W., 1970e, Lunar petrology of silicate 
melt inclusions, Apollo 11 and 12, and terrestrial equivalents (abst.): 
Geol. Soc. America Abstracts with Programs, v.2, no. 7, p. 666. 

Invited paper at symposium - essentially same material as in item 
1970d. Similar abstract printed by NASA in their 1971 Lunar Science 
Conference, Abstracts of Papers. 
ROSE, A.W., 1970, Zonal relations of wallrock alteration and sulfide 
distribution at porphyry copper deposits: Econ. Geol., v. 65, p. 920-
936. 

Host of the porphyry copper deposits ar-e characterized by a similar 
pattern of lateral zoning involving sulfides and silicate alteration 
assemblages. A central zone of biotite-orthoclase alteration is surround
ed by a partial to complete halo of quartz-sericite alteration. 
Propylitic alteration commonly forms a further halo if rocks of appro
priate composition are present. The hypogene sulfides also are zoned, 
from a central zone with a low pyrite/chalcopyrite ratio and generally 
low total sulfides, through a zone of moderate sulfides with dominant 
chalcopyrite, then to a halo of high pyrite/chalcopyrite and high total 
sulfides which grades outward to lower total sulfides. The highest 
copper content normally occurs within the biotite-orthoclase zone or at 
its outer borders with quartz-s~ricite alteration. The silicate and 
sulfide zoning is generally centered on a granitic porphyry stock. 

Lead and sulfur isotope data, as well as the zoning, suggest that 
the ore fluid traveled outward from the porphyry, starting at high temp
eratures and relatively high K/H ratios in the orthoclase field, there
by forming the biotite-orthoclase alteration. In order to form the 
strong sericite alteration, cooling of the fluid is concluded to be the 
most probable means of changing mineral equilibria. A model calcula
tion, for a large porphyry copper ore body, of heat losses to wall 
rock during outward flow of the solution shows that this mechanism can
not be the major means of cooling. The calculation also demonstrates that 
mineral deposition from solutions as dilute as 1-100 ppm base metals 
encounters grqve difficulties in cooling from temperatures of 500°C or 
above, because of the huge volumes of solution involved to form a porph
yry copper orebody, and the resulting huge amount of heat that must be 
dissipated. Copper concentration in the ore fluid on the order of 1,000 
ppm or higher are therefore suggested. Cooling by expansion or by 
mixing with cool ground water seems an attractive means of bringing the 
high temperature ore fluid into the muscovite stability field. These 
processes are probably also instrumental in causing metal sulfide 
precipitation. (Author's abstract). 
RUCHKIN, G. V. 1 and NIKOLAYCHUK, G.V., 1968, Zoning of sulfide deposits 
in the ore-bearing district of Blyava (southern Urals}; Geology of Ore 
Deposits, v. 10, no. 6, p. 49-60 (in Russian, English abstract i~ . Econ. 
Geology, v. 65, p. 229, 1970). 

A series of deposits were examined oy various procedures, including 
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dec~e~tion analysi~ (260-3Ba•cJ. (E.'R.J 

RYABCHIKOV,I.D., 1970, Zinc concentrations of chloride solutions in 
equilibrium with granitoid minerals at high temperatures and pressures: 
Akad, Nauk SSSR Doklady, v. 194, no. 6, p. 1418-1420 (in Russian); 
translated in Doklady Acad, Sci. USSR, Earth Sci. Sects., v. 194, 1970, 
p. 207-209 (issued 1971). 

R shows that concentrated chloride solutions should oe capable of 
extracting significant amounts of Zn from rocks, and hence canoe re
garded as potential ore fluids. (ER). 

RYE, R.O. and CZAMANSKE, G.K., 1970, Experimental determination of 
sphalerite-galena sulfur isotope fractionation and applications in 
geothermometry (abst.): Internat, Syrop. on hydrogeochemistry and bio
geochemistry, Tokyo, 1970, Abstract of Papers, p. 130. 

Sulfur isotope fractionations between sphalerite and galena in the 
temperature range 600 to 225°C have been determined by a series of co
precipitation experiments. The experimental technique involved simul
taneous solution, transport and coprecipitation of galena and sphalerite 
in 10 cm platinum tubes charged with 6N NH4Cl . Experiments were run 
under temperature gradients of about 5°C over the length of the tubes. 
The fractionations are considered to be equilbrium factors because 
they were approached from opposite sides of the equilibrium distribu
tion, The experimental fractionations are represented by the equation 
1000 ln ~sl- n = 0,691 (106 T-2), 

The app!icability of the experimental curve to natural samples was 
tested on large crystals of sphalerite with intergrown galena from sev
eral ore deposits. By sampling from polished plates of zoned crystals 
it was possible to obtain nearly contemporaneous sphalerite and galena. 
Temperatures of deposition were determined from filling temperature 
measurements of fluid inclusions in sphalerite. Filling temperatures 
of fluid inclusions in the various samples range from 365 to 200°C. 
Maximum discrepancy between filling temperatures and temperatures in
dicated by 634S values of apparently contemporaneous sphalerite and 
gal~na is about 40°C, Where sphalerite and galena precipitated at near
ly the same temperature but clearly not contemporaneously the isotope 
temperatures do not always agree well with the filling _temperatures 
(Authors' abstract). 

RYE, R. 0. and SAWKINS, F. J., 1970, (Nature of ore fluids at 
Calsapulca Ag-Pb-Zn-Cu mine, central Peru): U.S. Geological Survey 
Prof, Paper 700A, Geological Survey Research, p. Al36. 

Studies of primary fluid inclusions indicate that the temperature 
of the hydrothermal fluids dropped from 370° to 260°C and that the 
salinity of the fluids varied erratically from 4 to 40 equivalent 
weight percent NaCl. 0018 values of quartz and early calcite indicate 
that the 0018 of the hydrothermal fluids was nearly constant (7.5 + 0.5 
per mil relative to SMOW) and that the hydrothermal fluids were -
derived from a high-temperature silicate source. 0018 values of the 
late calcite, however,indicate that late hydrothermal fluids were 
distinctly different from the early fluids. The ocl3 values of calcite 
indicate a deep-seated source for the early hydrothermal carbon but 
a limestqne .source for the later hydrothermal carbon. The narrow 
range of os34 values for the sulfides indicate a deep-seated source 
for the hydrothermal sulfur. The oD values of inclusion fluids 
indicate that the ore was deposited from deep-seated waters distinctly 
different from the surface waters that deposited the late-stage gangue 
minerals. (Authors' abstract) 
SABOURAUD-ROSSET, C. and TOURAY, J.C., 1970, The conditions of growth of 
quartz in evaporite sedimentary environment according to fluid inclusion 
studies (with examples from Vancise and Corbieres, France): Schweiz, 
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Mineralog. Petrog. Mitt,, v. 50, pt. 1, p. 91-97 (in French). 
Fluid inclusions in quartz from gypsum, dolomite or halite beds, 

indicate NaCl saturated brines. Homogenization reveals significant dif
ferences between disappearance of the vapor phasP.: Tb (between 100° and 
150°C) and the disappearance of the solid phase: Ts (between 150° and 
350°C). which indicates saturation with NaCl at entrapment and a pressure 
of more than 1 Kb. Hematite is a common daughter mineral. The Corbi~res 
quartz has lower temperatures (Ts): around 200°C,and contains anhydrite 
crystals in the fluid incluRions, The quartz occurs in Triassic evapor
ites and is supposed to have formed epigenetically from brines resulting 
from dissolution of halite beds. (P.J.M. Ypma). 

SAMOILOVICH, L.A., 1970, The relationship of the thermodynamic parameters 
P-F-T for aqueous solutions of Na2C03 at high temperatures and pressures: 
VNIISIMS, Geology and Exper imental Studies, v. 12, p. 93-100 (in 
Russian). 

Experimental data on the systems Na2C03-HzO and Na2C03-NaOH-H20. 
at pressures up to 182 Kg/cm3 and temperatures up to 361°.(ER} 

SAMOILOVICH, L.A. and GORDIENKO, L.A. 1970, Some methods of study of 
optical inhomogeneities in crystalline quartz: VNIISIMS, Geology and 
Experimental Studies, v. 12, p. 116-120 (in Russian). 

Of pertinence to recognition of growth zones, etc. (ER). 

SATO, Takeo, 1970, Physicochemical environments of "Kuroko" mineraliza
tion at Uchinotai deposit of Kosaka mine, Akita prefecture, (abst.), in 
Collected Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council of 
Japan, p. 143. 

Uchinotai deposit of Kosaka mine is a typical example of "Kuroko" 
deposit, which is a stratabound lead-zinc-copper mineralization related 
to the Miocene submarine volcanism. 

The ore bodies can be classified by the following characteristics: 
(1) the uppermost bedded ore which is a complex mixture of galena, 
sphalerite and barite with considera.ble amounts of pyrite and chalcopy
rite (Kuroko or black ore), (2) bedded, rather monotonous ore of pyrite 
and chalcopyrite underlying the Kuroko (Oko or yellow ore),· (3) the 
lowest impregnated and network ore of pyrite and chalcopyrite which is 
characterized by strong silicification and-which grades downward into 
barren rock (Keiko or siliceous ore) and (4) massive gypsum ore separ
ated from the above sulfide ores by clay zone. The boundaries of the 
former three varieties are rather sharp. Textural and structural fea
tures of Kuroko and a p.art of Oko suggest their sedimentary origin. 

On the basis of detailed mineralogical investigations of the coex
isting minerals in the ores together with the aid of fluid inclusion 
-studies, the depositional conditions of the ores are inferred as 
follows: 

Kuroko (upper) 
(galena-sphalerite
barite) 

Kuroko (lower) 
(sphalerite-pyrite
chalcopyrite-barite) 

Oko (pyrite
chalcopyrite) 

100.-150 

150.-200 

fl 200 

pH -log fo2(~tm) 

5 .. 6 rl 58 (~t 100.0 C} 

4-5.5 .v44(at 200°c) 

Keiko (pyrite-
ch_alcopyr.ite-:-qua1,tz)_ 200 . .-JO.O. 4,5.5 -vJ6.(~t 250°C)_ 
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It is- concluded .. that the oi;e'"4;01:J11in$ solution i ~: sul~r-pooJ," 
(15•111""3- · 10·-0 m at 250 .. CI and that 6.ari-te in the K1111oko (in strict 
senseJ has lieen precipitated not in equilili11i11111 witn. sulfide minerals. 
Observed mineral zoning is most reasonalily explained in -tel'llls of temp~ 
erature decrease of the ore-forming solution containing the metals as 
chloride complexes. 

SAWKtNS 1 F,J. and RYE, R.O., 19704,The Casapalca silver-lead-zinc-copper 
deposit, Peru: An ore deposit formed by hydrothermal solutions of 
deep-seated origin? (abst.): Econ, Geol. 1 v. _65, p, 740. (Also printed 
in Geol, Soc. America, Abstracts with Programs, v. 2, no, 7, p, 674-
675. 1970), 

The extensive Casapalca vein system occurs in Tertiary red beds and 
volcanics, The deposits contain primarily pyrite, sphalerite, galena, 
and tetrahedrite, accompanied by quartz and minor calcite gangue; vugs 
are common in many parts of the vein system. 

Studies of fluid inclusions in quartz, sphalerite 1 and calfite 
crystals indicate that ore deposition took place over the temperature 
range 370 to 280°C, by hydrothermal solutions whose salinity varied 
erratically from 4 to 40 equivalent weight percent NaCl, The distribu
tion of vapor phase inclusions in main-stage minerals indicates sporadic 
"boiling" of the hydrothermal fluids, The temperature data suggest a 
progressive drop in temperature with time, but preclude the existence of 
sharp temperature gradients within the vein system during mineralization. 

Stable isotope measurements on vein minerals indicate a deep
seated source for sulfur ( 6S34 values of sphalerite range from -0,4 
to +1,2~ and for hydrothermal carbon in earliest calcite (6c13 values 
range from -9.9 to -7.2%, (PDB)), and a very uniform high temperature 
silicate source for the hydrothermal solutions (6 olB values of hydro
thermal solutions based on fluid inclusion data range from +7 to +Bi~ 
SMOW). 

SD values from inclusions in sphalerite range from -51 to -65%~ 
distinctly different from the -118 and -144%.average values obtained 
respectively from present-day local meteoric waters and from inclusions 
in post-sulfide calcites. The stable isotope data imply a deep-seated 
origin for the main-stage inclusion fluids, and indicate that mixing 
with meteoric waters was restricted to the final stages of hydrothermal 
activity (Authors' abstract), 
SAWK!NS 1 Frederick J, and RYE, Roberto., 1970):Fluid inclusion and stahle 
isotope studies of the Casapalca silver-lead-zi~c-copper deposit, Central 
Andes I Peru 1 (ab.st, 1, in Collected Abstracts, IMA-IA.GOD Meetings '70: 
Tokyo, Science Council of J•apan, p, 133. 

The extens;i.ve Casapalca vein system occurs in Tertiary redbeds and 
volcanics and has produced about 10 mil lion tons of ore. The -deposits 
contain primarily pyrite, sphalerite, galena and tetrahedrite, accompanied 
by quartz and minor calcite gangue; vugs are common in many parts of 
the vein system, ~artz was precipitated throughout th~eriod of sul
ftde. derositipn, but calcite de1:1os.ition w,as restricted to the late and 

final stages. o~ hydro t hermal actiy ity , 
Studies. otl flu i"d incl us ions i n quar-tz, sphaler-1:1:e and calcite 

crystais f ndicate t hat or-e depo s i tion took.place over.the temperature 
range 370-280°C, tiy hydrotHevmal solutions whose salinity ~aried errat
ically from 4- 40 equivalent weight percent NaCl. The distrioution of 
vap~r phase inclusions i n main s t age minerals indicates sporadic "boil
ing of the hydrothe rmal J:luids . The temperature data suggest a pro
gressive drop in temp era t ure wi th time , but preclude the existence · of 
sharp tempera ture gradien ts wit hin t he ~ein sys tem during mineralization. 

Stable ~sofope measuremen ts on ve in minerals indicate a deep source 
for sulfur (~S3 values of sphalerite range from -0;4 to +1.2 o/oo) 
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and for hydrothermal carbon in earliest calcite (Jc13 values range ·from 
-9.9 to -7.2 o/oo (PDB)), and a very uniform high temperature silicate 
source (&o18 of hydrotherma l solutions range from +7 to +8 o/oo SNOW). 

&D values from inclusions in sphalerite range from -51 to -65 0/00, 

distinctly different from the -118 and -144 o/oo average values obtained 
respectively from present day local meteoric waters and from inclusions 
in post-sulfide calcites. The stable isotope data imply a deepseated 
origin for the main stage inclusion fluids, and that mixing with ambient 
meteoric waters was restricted to the final stages of hydrothermalactivity. 

SELLA, C, and DEICHA, G., 1970,Electron microscopy of a calcite sample 
from Vaduz (Liechtenstein): Schweiz. Mine·ralog. Petrog, Mitt., v. 50, 
pt. 1, p. 155-158 (in French). 

Elec tron microscopical observation (10,000x) of a replica of a cal
cite fragment shows intra- and i nter-granular cavities and effects of 
secondary solution corrosion. (P .J·.M. Ypma), 
SENDEROV, E.E. and KHITAROV, N.I.,1970, Zeolites, their synthesis and 
conditions of formation in nature: Moscow, "Nauka" Publishing House 
283 PI?• (in Russian). 11 Includes a section (pp. 177 ... 188 )_ on · Pai;ameters. 4t phys_ico-chemical 
conditions, ~or zeolitization b.y geological inyestigation of; recent forJ11a
tion and data on inclus.ion study," ('E.R.). 

SHAPOSHNIKOV, A.A .--and KHETCHIKOV, L.N., 1970, Influence of concentra
tion of solutions on the temperature of homogenization of gas-liquid 
inclusions in quartz: VNIISIMS, Geology and Exper i mental Studies , v. 12, 
p. 100-103 (in Russian). 

Inclusions in (synthetic) quartz with high salinities have higher 
homogenization temperatures, approaching the temperature of formation, 
so the salinity must be considered in homogenization studies. (ER). 
SHCHERBA, G.N., 1968, Greisens, chap. 6 of Genesis of Endogenetic Ore 

Deposits: ~lo scow, "Nedra" Press, 720 pp . (in Russian); partial trans
lation, part 1, of p. 378-420, in Internat. Geol , Rev., v. 12, no.2, 
p. 114-150, 1970 . 

A review of greisen processes, including the evidence from fluid 
inclusion study (ER). 

SHEPPARD, S.M.F., NIELSEN, ~.L. and TAYLOR, H.P., Jr., 1969, Oxygen ~nd 
hydrogen isotope ratios of clay minerals from porphyry copper deposits: 
Econ, Geol., v. 64, p. 755-777. 

An extensive study of pertinence to fluid inclusion work in that it 
results in a model " .•. that involves the sinking and influx of cool 
meteoric waters into shallow hot granitic stocks. Heated ground waters 
(brines?) rise through the periphery ... (and) form kaolinites and mont
morillonites at temperatures below about 350°C, Thus the massive hy
dration of the stocks, and in certain cases at least some transport of 
base metals, has been produced by recycled meteoric waters rather than 
solely by deep-seated primary magmatic waters." (ER). 

SHILO, N.A., SIOOROV, A.A., GONCHAROV, V.I., and NAIBORODIN, V.I., 1970, 
The development of the classification of gold-ore deposits on the base 
of explorations of gas-liauid inclusions (abst.), in Collected Abstracts, 
IMA-IAGOD Meetings '70: Tokyo, Science Council ofJapan, p. 252. 

In the North-east of the USSR there are singled out the following 
principal gold-ore formations: 

Plutonic Volcanic 
gold-raremetal gold-argentic 
gold-quartz gold-sulphidic 

The formational regime of gold-ore deposits is characterized by 
temperatures from 450 to l00-50°C and different pressures/from 1500 to 
10-12 atm/. The magnitude of pressures affects to a considerable extent 
the depth of deposits formation. As for the temperatures, practically 
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within the limits of almost each ore formation there can be defined high-, 
middle- and low-temperature formations. 

The formation of plutonic deposits is notable for its consistency and 
the evolutionary trend of ore process. Pneumatolytic phase of mineral 
formation is characteristic for the high-temperature deposits, though its 
role in the ore sedimentation is insignificant. 

The temperature pulsation fixed in the kind of inter- and even intra
stadial temperatures inversions is peculiar for the deposits 0£ gold-argen
tic formation, which is considered in the paper in detail. The classifi
cation of these deposits on the basis of temperature formations of the 
main mineral parageneses is shown in the figure. 

Teiqperature classification of gold-argentic for
mation deposits of the North East of the USSR 

Groups of deposits according Type of 
Temperature 
interval of 

to the temperature of formation deposits minerogene
sis, °C 

High temperature 

Middle temperature 

Low temperature 

Gold- argentite 
(with rhodonite) 410-250 
Gold-sulpho
antimonite-
argentite 
Gold-galenite-
sphalerite 
Gold-argentite 
(with adular) 
Gold-sulpho-
a ntimonite 

325-130 

360-50 

240- 80 

270-80 

Temperatures of 
sedimentation 
of productive 
associations, °C 

up to 400 

320-290 

300-210 

220 

240-220 
Thus, the results of thermometric explorations favour the development 

of the genetic classification of deposits on the oreformational basis. 
(Authors' abstract.) 

SHREVE, R..L., 1967, Migration of air bubbles, vapor figures, and brine 
pockets in ice under a temperature gradient: Jour. of Geophys. Res., 
v. 72, p. 4093-4100. 

Equations are derived for the speed and direction of migration of 
air-, vapor-, or brine-filled triaxial ellipsoidal cavities of any ori
entation, and expected v~locities are computed for the spherical, cylin
drical, and discoidal cases that have been investigated experimentally. 
In the case of air bubbles ayreement is onlv fair for aooroxi_ms:1telv 
spherical bubbles trapped during freezing and is somewhat better for 
drilled cylindrical holes open to the atmosphere. The lack of agree
ment and the considerable scatter in the data are probably due to un
controlled variations in pressure and shape and to the slow accumula
tion of frost. In the case of discoidal vapor figures the agreement 
is much ~poorer and the scatter is much greater, probably because of 
large uncontrolled variations in shape, air content, and temperature of 
the figures. Calculation of the effect of small size, for which vis
cous flow of the vapor is important, shows it to be negligle for the 
figures used in the experiments. For spherical brine pockets at temp
eratures a few degrees or more below freezing agreement is fairly good, 
considering the uncertainties in the diffusion coefficient, but at the 
ice point the predicted speed is about 5 times that observed, probably 
because the brine concentration in the pockets at this temperature was 
not in fact zero as required by the theory (Author's abstract). 

SILLITOE, R.H. and SAWKINS, F.J.,1970, Geologic, mineralogic .and ~luid 
inclusion studie's of copper-hearing tourmaline oreccia pipes, Chile, 
(abst.), in Collected Ahstracts, IMA-IAGOD Meetings '702 Tokyo, Science 
Council ofJapan, p. 134. 
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In north and central Chile, groups of tourmaline breccia pipes are 
located in a 2000 km long, north ... south-trending b.elt. The pipes cut 
small, granitic, epizonal plutons of Lower Tertiary age, Individual 
pipes, cicular to elliptical in plan~ approximately vertical, and bounded 
by closely spaced vertical fractures, contain angular to sub-rounded 
f;ragments of the hos.t rock.. Sll\all hodies of; porphyritic-aphanitic tex..-. 
tured granitic rock w_ere inti;uded l<lith close spatial and tepiporal rela-
tion to the. b.recciation. " · 

Tne nydrother:mal mineralization of the pipes may. lie di,vided into an 
early replacement stage, followed b.y openr-space filling-, Initial frag
ment replacement produced aggregates o~ quartz-sericite, and was suc
ceeded by silification and tourmalinization, accompanied oy specularite. 
The filling stage resulted in tourmaline, followed principally by euhe
dral quartz, scheelite, chalcopyrite, pyrite, -molyodenite, galena, and 
finally rare anhydrite, baryte and carbonates. 

The pipes are interpreted as hydrothermal collapse breccias, formed 
during the removal of rock by the corrosive action of hydrothermal flu
ids, which subsequently mineralized the columns of breccia. This pro
posal is analogous to the "mineralization stoping" mechanism of Locke 
(Econ. Geo!., Q, 431, 1926). 

Studies of primary and pseudo-secondary fluid inclusions in quartz 
crystals indicate that quartz precipitation occurred over the temperature 
range of approximately 450-300°C. Certain inclusions also indicate that 
both sub- and supercritical fluids were present at times during quartz 
deposition, and that strong salinity variations occurred, Many inclu
sions contain no daughter minerals, especially those with filling temp
eratures in the 360-300°C range, Many of the inclusions that homogen
ize at temperatures over 400°C contain complex daughter mineral assem
blages including cubes of sodium chloride and several birefringent min
eral phases. 

The geologic, mineralogic and fluid inclusion data suggest a close 
genetic relationship between the breccia pipes and the associated intru
sive rocks. 
SKINNER, B.J, and PECK, D.L., 1969, An immiscible sulfide melt from 
Hawaii, in Magmatic Ore De~osits, H,D.B, Wilson, ed.: Econ. Geology 
Monograph4, p. 310-322 

The basaltic lava trapped in Alae pit crater from the August 1963 
eruption of Kilauea volcano, Hawaii, produced an immiscible sulfide melt 
during a late stage of the cooling of the lava. A differentiated 
siliceous liquid confined within interstices of the upper crust of the 
lava lake became saturated with r~spect to sulfide sulfur at a temper
ature of 1,065°C and a sulfur content of 0.038% S by weight. Precipi
tation of two sulfide-rich phases, one an immiscible sulfide-rich li
quid, the other a copper-rich pyrrhotite solid solution, followed. 

The sulfur-rich liquid, which quenched to a mixture of pyrrhotite, 
chalcopyrite, and magnetite, is estimated to have a composition of ap
proximately 61% Fe, 4% Cu, 31% S, and 4% 0 by weight. The copper-rich 
solid sulfide that coexisted with the sulfide liquid has an estimated 
composition of 5'3% Fe, 91: Cu, Jt Ni, and 35% S by weight. 

The basaltic liquid from which the sulfide-rich phases precipitated 
does not contain abnormally high contents of either Cu or Ni. Theim
portant conclusions to be drawn from the samples are: 

1) Immiscible sulf.ide-rich liquids separating from basic magmas are 
always FeS-rich and always contain a significant oxygen content, an 
impor.tant factor in depressing the sulfide liquidus surface. The oxygen 
content will appear as an iron oxide, generally magnetite in the cooled 
and crystallized sulfide mass, and all ores formed in this manner should 
therefore contain significant amounts of an iron oxide. 

2) The compositions of most sulfide-rich liquids are such that the 
first phase to crystallize is a copper- and nickel-rich pyrrhotite solid 
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solution, leaving the remaining liquid progressively enriched in oxygen 
and depleted in Cu and Ni until its composition reaches a cotectic be
tween pyrrhotite and magnetite, when a pyrrhotite-magnetite mixture in 
the approximate ratio 2:1 will crystallize. 

3) The pyrrhotite solid solutions crystallizing from and coexisting 
with the immiscible sulfide melts preferentially concentrate copper and 
nickel, so the early formed phases in a crystallizing immiscible sulfide 
melt will form the richest ore pockets, Authors' abstract. (Ed!s note: 
This is of pertinence to many studies of silicate melt inclusions in 
magmatic minerals, both terrestrial and lunar, where such immiscible 
sulfide&separate out either before or after trapping.) 
SLIVKO, M. M., _1969, See Translations Section 
SMIRNOV, v.r., 1968, Pyritic deposits. (Part II, Conclusions), chapt.X 
of Genesis of Endogenic Ore Deposits: Moscow, "Nedra" Press, 720 p. (in 
Russian); translated in Internat. Geol. Rev~v.12,no.9,p.1039-1058, 1970. 

A review of this type of deposit, including evidence from fluid 
inclusions as to T,P and X of the ore fluids. (ER), 
SOBOLEV, V.S., 1970, The origin of le~citic rocks: Akad. Nauk SSSR 
Doklady, v. 194, no. 4, p. 922-925 (in Russian); translated in Doklady, 
Acad, Sci, USSR, Earth Sci. Sects., v. 194, p. 166-168 (1970), 

Author expresses some doubt as to the extremely high homogenization 
temperatures ( >1600°C) reported by Bazarova and Dmitriyev (Dok!. Akad. 
Nauk SSSR, v, 177, no. 1, 1967) (ER). 
SOBOLEV, V.S, BAZAROVA, T.Yu., SHUGUROVA, N.A., BAZAROV, L. Sh., 
DOLGOV, Yu.A, and S0RENSEN, H., 1970, A preliminary examination of fluid 
inclusions in nepheline, sorensenite, tugtupite and chkalovite from the 
Il!maussaq alkaline intrusion, South Greenland: :Ieddel. Gr¢ nland, v. 
181, no. 11, p. 1-32, plus 4 plates. 

A preliminary examination has been undertaken of fluid inclusions in 
four minerals from the 11{maussaq alkaline intrusion. The apparatus 
used in the study has been developed in the Institute of Geology and 
Geophysics of the Siberian Branch of the Academy of Sciences, Novosibirsk, 

Primary three-phase inclusions (liquid-gas-crystals) in nepheline 
from naujaite homogenize in the liquid phase at 850-1040°C. The gas 
phase in one analyzed inclusion is dominated by CO2, Primary gas-liquid 
inclusions in nepheline from green lujavrite homogenize at 910-970°C 
in the liquid phase. These temperatures are in agreement with temp
eratures obtained on nephelines from Lovozero, Miask and Synnur and 
with data from fusion experiments on the rocks in question, 

Primary gas-liquid inclusions in sorensenite and tugtupite from 
late analcime-albite veins homogenize at 400-460°C. The liquid phase 
of fluid inclusions in tugtupite contains 21 ~e:f.ght; per cent of salts -
sodium chloride is assumed to be predominant. ··The gas phase in one 
primary inclusion in tugtupite is dominated by CO2 • Secondary fluid in
clusions in the two minerals homogenize at 350-100°C, The temperatures 
obtained are in agreement with those estimated from mineralogical evi.de~ce. 

A big crystal of chkalovite from an ussingite-analcime vein con
tains several generations of fluid inclusions, The primary liquid-gas
crystal inclusions homogenize at 860-980°C. The solid phase is dis
solved at 330-360°C, two immiscible liquids appear at 700-800°c. 
Half of the ca. 250 fluid inclusions examined belong to this category. 

The several generations of secondary inclusions which embrace 
liquid-gas-crystal inclusions, gas-liquid inclusions and gas inclusions 
homogenize in several groups between 760°C and 100°C. 

The liquid phase of the high temperature inclusions contains 40-
44 weight per cent NaCl, The pressure at the temperature of homogeni
zation is estimated to be higher than 1000 atm. The gas phase is dom
inated by CO2 and N2+inert gases. 

The unexpectedly high temperature of homogenization of the primary 
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inclusions of the chkalovite is difficult to explain, A detailed study 
of this problem is in preparation. (Authors' abstract). 
SOKOLOV, s. v., 1970, Possible application of decrepitation methods 
to minerals having perfect cleavage: Eksp. Issled. Protsessov 
Mineraloobr2az'J,;~,; 121-125 (in Russian). Edited by ovchinnikov, L. N.: 
Moscow, Izd. "Nauka". 

Homogenization of gas-liquid inclusions in minerals having perfect 
cleavages (carbonates, fluorite, barite, sphalerite, and galena) is 
studied by decrepitation methods. Decrepitographs of calcites from 
rare-metal carbonatites show a peak at 500°. A relationship is 
established between the intensity of decrepitation and the type of 
cleavages. C.A., v. 74, no. 4 (1971). 

S0RENSEN, Henning, 1970, Internal structures and geological setting of 
the three agpaitic intrusions - Khibina and Lovozero of the Kola penin
sula and Ilimaussaq, Sou~h Greenland: The CanaditUl Mineralogist, v. 10, 
pt, 3, p. 299-334. 

The sites of the three largest intrusions of agpaitic nepheline 
syemites, Ilimaussaq, South Greenland (ca, 1000 m.y.) and Khibina and 
Lovozero, Kola Peninsula (ca. 300m.y.) are first of all determined by 
intersecting fault systems ' and by discordances ~arating peneplaned 
Precambrian metamorphic complexes from overlying penecontemporaneous 
supracrustal rocks, including lavas. Il1maussaq is associated with a 
rift zone. The three massifs represent the latest stages of intrusive 
activity in the two alkaline provinces, which explains their character 
as products of consolidation of residual melts derived from primary al
kali basaltic magmas. The intrusions are of permitted discordant type. 
Khibina is a ring intrusion, Lovozero and Ilfmaussaq are stratified 
intrusions, which were at least partly emplaced by stoping. All three 
intrusions are composite, the indivi.dual complexes often display rhyth
mic layering. The intrusions are mineralogically, petrologically and 
geochemically related. The three intrusions may be interpreted as rep
resentatives of three stages of evolution of an agpaitic magma with 
Khibina representing the first stage, Ilfmaussaq the second and Lovozero 
the third, (Author's abstract). (Ed. note: Pertinent here is that there 
are extensive inclusion studies of all three of these intrusives, and 
this comparison is hence exceedingly useful). 

S0RENSEN, H,, LEONARDSEN, E.S. and PETERSEN, O.V., 1979, Trana and ther
monatrite from the Ilimaussaq alkaline intrusion, South Greenland: Geol, 
Soc, Denmark, Bull., v. 20, p. 1-19 (in English). 

Powdery trona and thermonatrite have been found as crusts on the 
walls of cavities in ussingite in a drill core in the northern part of 
the Il1maussaq intrusion. The ussingite forms the core in a thin vein 
intersecting naujaite enriched in villiaumite. 

The optical and X-ray data of the two minerals are identical to 
those of trona and thermonatrite from saline deposits. The aggregates 
of sodium carbonate contain a few grains of ussingite, villiaumite, tug
tupite, analcime, sodalite (?) and natrolite(?), 

The sodium carbonates are considered to have been deposited at low 
temperature from strongly saline "brines" trapped in cavities in ussingite. 
The villiaumite was formed at higher temperatures and appears to be 
ealier than the ussingite. 

The drill core in question, like all other villiaumite-bearing 
drill cores from Ilim~ussaq, is covered by an efflorescense of sodium 
acetate trihydrate which also is associated with the sodium carbonates. 
This substance was clearly formed after the collecting of the drill 
core. (Authors' abstract). · 

STALDER, H.A. and TOURAY, J.C., 1970, "Fensterquarz" with methane-bearing 
inclusions from the western part of the northern sedimentary Swiss Alps: 
Schweiz. Mineralog. Petrog. Hitt., v. 50, pt. 1, p. 109-130{,·.., ... ~-um cr ,,). 
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Quartz crystals are found in several fissures in the northern sedi
mentary part of the Swiss Alps. Two main groups of different forms can 
be distinguished: Normal, prismatic crystals, and small bipyramidal 
quartz crystals with more or less skeletal habit. This latter crystal 
habit occurs as individuals or in aggregates, When they overgrow the 
normal rock crystals, they form sceptre quartz. The two quartz gener
ations have different fluid inclusions. The first generation shows 
normal aqueous, two-phase inclusions, Under the crushing microscope 
stage gas under pressure escapes, In the second quartz generation al
ways two sorts of inclusions are detectable: One-phase inclusions with a 
gas under pressure and normal two-phase aqueous inclusions. According 
to the determination in a mass spectrometer the gas is nearly pure meth
ane, All arguments support the assumption of a phase-separation of the 
mineral forming solution during the crystallization, And it seems that 
the phase-separation is always in relation with the change of the quartz 
habit, 

A map shows the distribution of the methane-bearing quartz and two 
diagrams of mass spectrometic analysis after extraction by heating are 
given, Data from cryometric and heating stage investigations complete 
this study, ( 1-4. ~- Sf'c:1locf) 

STAROSTIN, V.I., 1969, Ilor and Majdpanpek copper deposits in Yugoslavia: 
Moskovskogo Unita, Vestnik, 1969, no, 3, p, 24-37, (in Russian); 
translated in Ihternat. Geol. ~ev., v. 12, no. 4, p. 370-380. 

Decrepitation data are presented for enargite, pyrite, covellite, 
chal~opyrite, and chalcocite from Bor, and for chalcopyrite from Majdpan
pek. (ER), 
SUSHCHEVSKAYA, T.M., 1970, The chemical composition of high-temperature 
hydrothermal solutions, forming the deposits of tin (abst.), in Collected 
Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council of Japan, p. 260. 

I. The results of studies of natural and artificial minerals show 
that gaseous-liquid inclusions can be used for estimation not only of the 
temperature and pressure of hydrothermal solutions but also of their chemi
cal composition. The hydrothermal tin deposit., h<l~EQS the most high-tempera
ture interval of their formation 4S0-150°C,and for cassiterite deposi
tion 450-300°C. The formation of cassiterite and wolframite in the depo
sits of quartz-cassiterite type, genetically connected with albitized 
and greisenised granites is accompanied by crystallization of muscovite, 
topaz, fluorite, K-feldspar. In the deposition of cassiterite-sulfide 
and cassiterite-silicate type, usually associated with granitoid hybrid 
intrusions, the precipitation of cassiterite is closely associated with 
deposition of various sulfides, and tourmalines, chlorites, carbonates. 

The composition of the inclusions of some typical tin deposits has 
been studied for the determination of chemical composition of the tin
bearing solutions. Analytical data have been obtained by the water ex
traction method I described in the previous work. Special attention 
has been paid to ways of elimination of various errors, which can appear 
at different stages of the analysis. 

'II. Sodium, potassium and calcium were found to be the major compo
nents among the cations and chlorine and bicarbonate - among the anions 
in the investigated solutions. The average concentrations of the major 
components are close to: Na -0.5 mol/1, K - 0,14 moJ/1, Ca - 0.06 mol/1, 
Cl - 0,45 mol/1, Hco3 - 0.30 mol/1. The ratios of these components in 
the ore-forming solutions do not correlate with the mineral composition 
of ore .deposits and their evolution with temperature decreas~ can 
be different. Magnesium and such important for metal transport components 
as fl.uorine and sulfur are always present in the solutions. For both 
groups of tin deposits, the concentration of fluorine is rather hi9h and 
is approximately 0.1 rnol/1. The content of sulfur, usually present in such 
solutions in the sulfide form, is slightly less, but sometimes reaches 
0.1 mol/1. 
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III. Comparatively little information on minor elements in tin-bearing 
hydrothermal solutions is avalable. Lithium was found to be one of the 
typical minor components. Its concentration lies in the range 10-100 
mg/1, but sometimes can increase up to 1.5 g/1. In such cases lithium 
becomes one of the major cations, ~~d results in crystallization Li-micas 
instead of muscovite. The minimum concentration of boron in the solutions, 
formi119 quartz-cassi teri te-wolframi te ores with ~trmaline, redeposited 
from previously formed ~urmaline from wall-rock metasomatites, is near to 
several mg/1 (Na/Band Cl/B 100). The same order of concentration was 
found for the ammonia-ion. It was possible to determine the concentra
tion of some ore elements by carefully controlled studies. The contents 
of Pb, Cu and Ag are 10-3 mol/1 (before the precipitation of metal) and 
10-S mol/1 (after precipitation of metal). 

IV. Tin-bearing hydrothermal solutions are characterized by a such 
high average of carbon dioxide as 1-2 mol/1, sometimes it reaches 8-9 
mol/1, so it is quite possible to consider the high-temperature solutions 
as carbon dioxide-water-salt systems. The pH-values, estimated from 
analytical concentrations of co 2 and HC03 of the solutions in the inclu
sions and from data on the dissociation constants of carbonic acid and 
ionic ptfi)duction of water at elevated temperatures lie in the slightly 
alkaline, near neutral field. 

Y. The average mineralization of the solution in the inclusions (with
out the contents of such components, whose concentrations can not be 
correctly determined by water extraction method, as Si, Al, Fe) vary from 
30 g/1 to 70 g/1. This is the most typical value for the majority of 
the hydrothermal deposits. (Author's abstract.) 

SUSHCHEVSKAYA, T .M., SINYAKOVA, S. I. and MARKOVA, I.V., 1970, Experi
mental data on the concentrations of certain ore elements in hydrotherm
al solutions: Geokhimiya, 1970, no. 6, p.693-700, (in Russian); trans
lated in Geochem. Internat., v. 7, no. 3, p. 483-489. 

Polarography with accumulation has been used to determine the con
tents of Pb, Cu, and Ag in water extracts from inclusions in quartz 
from tin-sulfide and polymetallic deposits. Concentration limits for 
these elements that correspond to' the initial and final stages of form
ation of the ore mineralization were determined (from fluid inclusions·) 
to be in the range of 1 to 100 mg/l(ppm). (Authors' abstract, extended.) 

st":l v TAKENOUCHI, Sukune, 19700,,Fluid inclusion~ by means of heating-stage and 
freezing-stage microscope: Mining Geology (Japan), v. 20, no. 103, p. 31-
40 (in Japanese with English abstract) (alternate pagination - p. 345-
354). 

Fluid inclusions in quartz, sphalerite and cassiterite from various 
types of post-magmatic ore deposits were studied by means of the heating
stage and freezing stage microscope. The cooling medium used was alcohol 
cooled by dry ice. Thus it was possible to maintain the temperature of 
the stage as low as -50°C. The salinity of fluids was inferred from the 
melting point of ice in the inclusions. 

From the results of the •investigation, it was found that the meas
ured salinity of inclusions in ore minerals was higher than that of 
quartz. The filling temperature and the salinity of inclusion fluids in 
quartz from hypothermal molybdenite-quartz veins in granite were the 
highest among the measured samples of quartz. Also a direct correlation 
between the filling temperature and the salinity was recognized in this 
sample. 

Generally speaking, the salinity of the inclusions which were con
sidered to be related to the mineralization at several ore deposits was 
in a range between 5 to 10 wt. % in NaCl equivalent concentration at 
various filling temperatures. However, some quartz crystals from vuggy 
druses in skarn and granite showed a wide variation of the filling temp
erature, but a constant low salinity. (Author's abstract). 
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TAKENOUCHI, S,, 1970~Fluid inc-lusions in minerals from the Takatori 
Mine, Ibaragi Prefec ture : Jour. Soc. Mining Geol. Japan, v. 20, (99), 
p. 54 (in Japanese) (AuJ.'{¢or at Dept. J#.ineral Development Engineering, 
Univ, of Tokyo). -

The Takatori mine is located about 30km to the northwest of Mito 
city, The ore deposit ·belongs to the hypothermal wolframite-quartz 
veins which were formed in Paleozoic rocks striking N45°E and dipping 
30°-60° NW. The veins are classified into two t/Jfi,es, i, e., steep 
veins which strike N45•w, dipping steeply, and flat veins which dip very 
gently. Stocks of granite rock are found to the northeast of the mine 
about 4km apart, Inclusions in quartz, cassiterite, fluorite, and topaz 
collected from the major vein of the mine were studied by means of the 
microscope heating stage and freezing stage. The filling temperature of 
incl~sions in cassiterite was between 250°C and 280°C, and the NaCl 
equivalent concentration was in the range of s~10 weight percent, whereas 
the filling temperature of topaz was 265°~280°C and the concentration was 
2.5~3.5 wt. %. In the case of fluorite, the filling temperature was be
tween 170°C and 220°C, and the concentration was 6~7 wt. %. The filling 
temperature and the concentration of - inclusions in quartz varied in the 
range of 170° ~60°C and of 1 ~ wt, %,, respectively. When the inclusions 
in quartz are cooled to a.. temperature lower than room temperature, 
solid CO gas hydrate formed along the boundary between the gas and 
liquid plases. This fact indicates that the ore-forming solution contain
ed a certain amount of co2 . (li,Imai), 

TAKENOUCHI, S. and IMAI, H., 1970, Fluid inclusion study qt some tungsten~ 
~ua~tz veins in Jap~n, ~hs.t.}, in Collected Ahstracts, IMA-IAGOD Meetings 
1 701 Tokyo 1 Science Council o~ Japan, p. 243. 

Fluid inclusions from the..:Takatori mine, Iliaragi rrefecture, and 
from the Ohtani mine, Kyotoiof Japan were studied by means of the heating 
stage and freezing stage microscopes. 

The quartz veins of the Takatori mine are found in the Paleozoic 
formation which consists mainly of chert and sandstone, whereas the ore 
deposit of the Ohtani mine is c0mposed of quartz veins which have been 
formed in the late Cretaceous or early Tertiary-granitic rocks. The main 
ore mineral of the Takatori mine is wolframite and that of the Ohtani 
mine is scheelite. These ore deposits contain a small amounts of cassi
terite and sulfide minerals. 

The filling temperature and freezing temperature of fluid inclusions 
in quartz, cassiterite, topaz and fluorite from the Takatori mine, and 
in quartz, cassiterite and scheelite from the Ohtani mine are shown in 
the following table. 

quartz 
°C 225-320 

topaz fluorite 
330-350 215-270 

UJ 

Takatori mine 
Filling temp. 
Freezing temp. 
NaCl Equi. cone. 

° C -0. 5 N -5. 7 
wt.% 1.0"" 9.0 

cassiterite 
300-350 
-5.3-v -6.4 
8,5,.., 10.0 

-1. l,v -2. 3 -3. 6 N -4. 3 
2.0 111 4.0 6,0'V7,0 

Ohtani Mine 
Filling temp. °C 
Freezing temp, °C 
NaCl equi. cone . ..;r.':1. 

quartz 
225-360 
-2,3N -3,9 
4.0"' 6. 5 

cassiterite 
285-340 
-3.0,.J-5,7 
5,l,v 9.0 

scheelite 
270-330 
-3.6111 -5.3 
6,0N 8,5 

The filling temperature of inclusions in cassiterite, scheelite, and 
topaz was generally high, whereas that of fluorite was low. Meanwhile, the 
freezing tempP-rature of inclusions in cassiterite and scheelite was low, 
but that of topaz was fairly high. The filling and freezing temperatures 
of inclusions in quartz were various. 

In~considerable number of fluid inclusions in quartz from these 
ore deposits, the CO2 gas hydrate formed along the boundary between the 
gas and liquid phases, when the inclusions were cooled to tempera-
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tur~lower than 10°C. The volume of the gas hydrate formed in the in
clusions was not large and, in general, liquid CO2 was not visible 
when the gas hydrate disappeared. From the phase diagram of the H20-C02 
system, it inferred that the total concentration of CO2 in the inclusions 
is less than several weight percent. Some inclusions in rock crystals 
from druses, however, formed liquid CO2 around the gas bubble at 
temperatures lower than 31°C. In most of these inclusions, the liquid 
CO2 phase homogenized to the gas phase at a temperature lower than 31°C, 
but in some of them the gas phase homogenized to the liquid CO2 phase. 

From the results of the investigation, it is. concluded that the 
temperature and the concentration of the ore-forming solnti'ons which- have 
formed these ore deposits, were almost the same in spite of the different 
geological setting, and that CO 2 would have been an important gas comM 
ponent at the formation of these ore deposits. (Authors' abstract) 
(Ed. note: The filling temperatures given here are new, revised data, 
and not as printed in the cited reference.) 

TAYLOR, H.P., Jr., 1970, Oxygen isotope evidence for large-scale inter
action between meteoric ground waters and Tertiary diorite intrusions, 
Western Cascade Range, Oregon (abst.): Amer. Geophys. Union, Trans. 
(EOS), v. 51, no. 4, p. 45}. 

Extensive analyses show that convective circulation of ground waters 
in the vicinity of the stocks must have occurred throughout a large 
~rt of their crystallization and cooling history. The amounts of HzO 
involved are estimated to '._,e about equal in volume to that of the ex
changed rock. Hence, much so-called "deuteric" hydrothermal activity 
is probably caused by such heated ground waters rather than by HzO re
leased during magmatic crystallization. (Author's abstract, shortened). 
TAYLOR, L.A., 1970, Smythite, Fe3+xS4, and associated minerals from the 
Silverfields mine, Cobalt, Ontario; Amer. Min. v. 55, p. 1650-1658. 

Most of the fluid inclusions in the calcite and quartz containing 
the smythite contain brine, a large crystal of halite, and no bubble. 
Others contain small bubbles, homogenizing between 40° and 120°C, 
These low temperatures (and possibly high pressures) are compatible with 
other data on the stability of smythite.CG,R) 

TENDER, O.V., 1967, Gas-liquid inclusions in calcium carbonate crystals 
from mercury deposits in northern Caucasus: Geologiya Razvedka, 1967, 
no. 7, p. 46-49 (in Russian), translated in Internat. Geol. Review, 
v. 12, no. 8, 1970, p. 930-932. 

Liquid inclusions were studied in calcite crystals associated with 
cinnaba~ pyrite, marcasite, quartz, barite, goethite, limonite, and kao
lin, rare galena and chalcopyrite. The main vein mineral is quartz, and 
the cinnabar mineralization is confined to the quartz-dickite ("kaolin"?) 
stage. 

Calcite crystals containing inclusions(and cinnabar) were ground in 
vacuo, and the evolved gases analyzed for co

2
, H, CHu, and N, using a 

"type VGSCh-2 gas analysis device." Results are 2co:!. -7. 0 to 1t 2; 
CH4-:.2 to 2.4; H2-0.l to 0,3; and N

2
-24.2-27.2 cm1/kg. Optical exam

ination showed single-phase, 2-phase (liquid+ crystals or liquid CO and 
water solution), and rare 3-phase (liq., gas, and crystal). Most (2~ 
phase?) inclusions homogenized between 90-100 and 180-200°C, in the 
liquid phase (E.R.) 

THIJSSEN, H.A.C., VORSTMAN, M.A.G, and ROELS, J.A., 1968, Heterogeneous 
primary nucleation of ice in water and aqueous solutions: Jour. of 
Crystal Growth, v. 3, no. 4, p. 355-359. 

The effect of the volume of the liquid sample, the degree of turb
ulence in the liquid, and the rate of cooling upon the probability of 
nucleation has been studied for water and aqueous solutions. Nuclea
tion rates were measured for droplets nearly instantaneously cooled to a 
predetermined temperature. Also threshold temperatures for nucleation 
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were determined in stirred externally cooled vessels, 
The liquids studied (tap water, distilled water, and orange juice) 

did not contain particles causing nucleation at supercoolings less than 
6°C. Nucleation at smaller supercoolings is attributed to the nuclea
tive action of surface irregularities of the vessel walls. Provided no 
air bubbles are dispersed in the liquid, the rate of stirring (degree of 
turbulence) appeared to have no influence upon the nucleation. 

The experimental results are inconsistent with t he stochastic hy
pothesis of Bigg7), the singular hypo thesis of Langham and Mason8) and 
the pseudo-singular hypothesis of Vali ayd St ans buryl O). They could, 
including those reported in literature7 • ,lO) be exp ained by t he assump
tion of three distinct probabilities of nucleat i on; namely, the proba
bility per unit time that a particular particle can cause nucleation at 
equilibrium conditions; the probability per unit time that equilibrium 
is established; and the probability that a particle with characteristic 
properties is present in the sample (Authors' abstract). 
TOKUNAGA, M., MIYAZAWA, T., HONMA, H., and PARK, H, 1970, Formation tem
perature of some black ore deposits in Akita Prefecture, Japan (abst.): 
in Collected Abstracts, IMA-IAGOD Meetings 1970: Tokyo, Science Council 
of Japan, p. 246. 

Many black ore deposits occur in the Green tuff region of the northern 
part of Akita Pref. Geology and mineralogy of the ore deposits have al
ready been reported by many authors in the last ten years. However the 
data concerning the formation temperature of the ore deposits are only 
a few. 

Conce.rning black ore deposits such as those of the Shakanai, Kosaka, 
Furutobe and Ainai mines, an estimation on the temperature of mineral 
formation was done through the measurements of filling temperature of fluid 
inclusions in the minerals, using a microscope equipped with heatin~ stage. 
Minerals used for the measurements were quartz, barite, fluorite and 
sphalerite. 

The result is that the formation of the ore deposits of these mines 
is assumed to have taken place in a temperature range from 290° to 80°C, 
i.e. around 290° to l80°C for siliceous ore, 290° to 220°C for yellow ore 
and 200° to 80°C for black ore. Judging from the modes of occurrence of 
the ore deposits, etc., these values may be considered reasonable as to 
their formation temperature. (Authors' abstract.) (Ed. note: Misprint in 
original data corrected here.) 

TOURAY, J.C., 1970a, Thermal and optical analysis of families of inclu
sions in salt deposits (mainly halite): Schweiz. Mineralog. Petrog. 
Mitt., v. 50, pt. 1, p. 67-79 (in French). 

The reasons of inconsistent thermometric behavior of fluid inclu
sions seemingly belonging to the same (primary) family are investigated. 
Homogenization is defined in two ways: Ts, disappearance of the solid 
phase, and Tb, disappearance of the vapor phase. When Ts is lower than 
Tb, we are dealing with undersaturated brines and thus need freezing 
data for the equivalent NaCl content. When Ts is higher than Tb we are 
dealing with saturated solutions and can use the temperature difference 
for pressure estimations. Once inconsistencies in single groups of 
inclusions due to secondary phenomena (leakage and necking down) are 
ruled out, primary differences should be due to pressure and temperature 
gradients, An example of constant pressure and decreasing temperature 
is provided by fluorite from a salt deposit near El Hamman (Morocco). 
Salinity remained constant: 30% NaCl; T droppped from 180-190°C to 110-
1200C, and P remained at 300-400 bars. An example of increasing T and 
constant Pis provided by inclusions in halite (containing sylvite and 
carnallite) from a geothermal area near Dallol (Ethiopia). Saturated 
solutions+ crystals at 45°C were heated (Ts=Tb) to 100°C and became 
unsaturated between 100 and 150°C. Inclusions in albites from Rock 
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Tourne (France) indicate gigh initial pressures: 2.2 - 3.0 Kb at 360°C. 
dropping to 1.5 - 1.7 Kb at 300°C. the Ts-Tb values vary from 200° to 
140°C. (P.J.M. Ypma). 

TOURAY. J.C., 1970b, Freezing stage analysis of gas rich inclusions in 
"window quartz"; examples of homogenization around the critical temp
erature of methane (-82.5°C): Compt. Rend. Acad. Sci •• ·Paris. v. 270. 
Ser. n. p. 2613-2615 (in French). 

Secondary inclusions, homogeneous at room temperature and contain
ing only constituents of a very low boiling point revealed their con
tent by freezing to -100°C, and subsequent heating between -89° and 
-79°C, a temperature range close to the critical temperature of methane. 
The density is also close to the critical one because of variable homo
genization (either in vapor or liquid phase). The results are compati
ble with mass-spectrometer data. (P.J.H. Ypma). 
TOURAY, J.C., 1970C Lunar glassy inclusions: La Recherche, v.l, no. 7, 
p. 681 (in French).' 

A short popular review of the nature and significance of silicate 
melt inclusions in lunar samples (ER). 
TOURAY, J.C., 1970J,Deep origin co2 trapped by healed cracks in epigenetic 
Tunisian fluorites (abst.), in Collected Abstracts, IMA-IAGOD Meetings 
1970: Tokyo, Science Council of Japan, p. 247, 

In Northern Tunisia, near Zaghouan, epigenetic fluorite deposits are 
known. They are either stratiform ore-bodies (~·j·, Jbel Sta and Hamman 
Zriba) or veins resulting from redeposition in open fractures ( s. '·n Jbel 
Mecella and Djebilet el Kohol}. A first investigation of fluid inclusions 
in fluorites from Hamman Zriba and Djebilet el Kohel (Touray and Yajima, 
Mineralium Deposita, 2, pp. 286-290, 1967) has shown that the fluorite 
crystallized in two distinct environments. The second stage forming fluid 
was an emulsion of petroleum and saline water. 

The samples discussed in this paper come from Jbel Sta (J.S.) and Jbel 
Mecella (J.M.). They contain two-phase primary inclusions (J.S. and J.M.) 
and sometimes three-phase petroleum-bearing primary inclusions (J.S. only). 
Both samples contain secondary petroleum-bearing inclusions and hetero
geneous groups: in one hand aqueous inclusions and in the other co 2-
bearing inclusions, both of secondary origin, and associated in the same 
healed cracks. 

Mass-spectrometric analysis of the gases evolved after step by step 
heating indicate a co

2
;H

2
o molar ratio= 1,2±0,3 for a chip (J.M.) 

containing only one healed crack and a minor amount of primary inclusions. 
This implies that in gaseous inclusions, the co2;H2o molar ratio falls in 
the bracket 2.3 - 3.5; CH4/co2 =0.020±0.003, other gases are absent or in 
trace amount. 

Primary inclusions (J.S.) homogenize in the ranges of 40°-90°C (petrol
eum-bearing inclusions) and 140°-1B0°C. This second set of data is sup
ported by homogeni=ation temperatures of pseudo-secondary inclusions (165°-
1750C) -- 130 measurements. Primary inclusions (J.M.) homogenize in the 
range of 100° - 140° -- 10 measurements. 

Secondary aqueous inclusions (J.S) homogenize, from crack· to crack, in 
the wide range of 40° - l90°C -- 90 measurements. The associated co2 
inclusions exhibit a nearly constant density: 0.17-0.20. Secondary petrol
eum-bearing inclusions (J.M) homogenize in the range of 84° - 117°C --
44 measurements. CO 2-bearing secondary inclusions (J .M) have a· ncnconstant 
density from crack to crack (0.10-0.85) -- 49 measurements. No data for 
aqueous secondary inclusions (J.M) and very scarce petroleum-bearing 
secondary inclusions in J.S. 

Geological interpretation: the presence, in healed cracks, of secondary 
CO2-rich fluid inclusions results from the trapping at shallow depth of an 
immiscible fluid proceeding from the mixing of a deep-ori gin hot co2 
(t 0 ~200°C) and supergene solutions. (Author's abstract.) 
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TOURAY, J,C, and SABOURAUD, C,, 1970, Metastable inclusion brines in 
fluorite from Ouezzane: Econ, Geol., v. 65, p. 216-219, 

Inclusions originally containing NaCl crystals, brine and vapor, 
brine Rnd vapor, NaCl crystals and brine, or· only brine, are described. 
The NaCl bubbles dissolve at higher temperatures than the disappearance 
of the vapor bubble. The several inclusion types are in part due to 
metastability, as evidenced by different phase assemblages after freez
ing. (ER). 
TOURAY, J . C. , VOGLER , ~1. and STALDER, H.A., 1970, Inclusion of liquified 
hydrocarbons in quartz of Zingel/Seewen (Switzerland): Schweiz. Mineralog. 
Petrog. Mitt . , v. 50, pt, 1, p. 131-139 (in French). 

The clear quartz crystals (quartz-d iamonds) of Zingel/Seewen are 
analogous to the methane-beari.ng skeleton quartz of the Limestone Al.ps, 
Their fluid inclusion content varies as follows: 

1. Water-rich two-phase inclusions homogenizing into a liquid phase 
at 150°C. 

2, Liquid-vapor inclusions with a liquid of very strong thermal 
expansion, homogenizing between 30 and 100°C into the liquid phase 
(liquid hydrocarbon). 

3. Vapor-liquid inclusions homogenizing into the vapor phase be
tween 20° and 100°C. Possibly containing a heavy hydrocarbon compound. 

4. Single phase gas inclusions, which become two-phase only upon 
cooling to -10 or -30°C. 
Homogenization temperatures in the order of +30 +50°C are frequent and 
due to a mixture of methane and heavier liquified hydrocarbons, often 
with critical density, Such an inclusion would be indistinguishable 
from liquid co 2. The methane/ethane ratio is fairly constant at 20 and 
independent of the homogenization temperatures. (P ,J ,'.1, Ypma). 
TROSHIN, Yu.P., 130IKO, S.M., MARKOVA, M,E., MIKHEYEVA, Z.I., ALEXEYEVA, 
N,N , , and KURDIN, O.V., 1970, DeLai ls of composition of primary fluid in
clusions 4,id trace element con1position of minet:als at the Khapcher:::anginsky 
ore region, Paper 2: Acad. Sci. USSR, Siberian Division, Institute of 
Geochemistry, Irkut sk, Yearbook 1969, p, 172-176 (in Russian with English 
abstract). (See Translations Section) 
TRUFANOV, V.N., KURSHEV, S.A., MAISKY, U.G., and USHAK, A.T., 1970, 
Heterogenous phase balances in the natural quartz-forming solutions at 
extremal conditions (abst.), in Collected Abstracts, IMA-IAGOD Meetings 
'70: Tokyo, Science Council of Japan, p. 268. 

There are polycomponent fluid-inclusions in the typomorphic varieties 
of the quartz from pegmatitic, hydrothermal, skarn and others endogenous 
ore deposits. In these natural microautoclavs - closed physical-chemical 
systems - at the s ame time with ordinary phase transformations under 
heating the complicated heterogenous balances may be established , 

These equilibriums show the peculiarities of the aggregate state and 
structure of quartz-forming solutions at high temperatures and pressures. 

According to results of the investigation of high-temperature gas
solid and gas-solid-water ·inclusions the heterogenous "as-melt" and 
"liquid-liquid" equilibriums were settled in the temperature interval 
600-1so 0 c. 

The gradual heating of the crystal-fluid inclusions causes the subli
mating of the "prisoner-mi nerals" and foliation of the appearing upper
dense fluid on two phases at 550-600°c . In this case the heterogenous 
"fluid-fluid" phase balance is settled. 

The analogous "fluid-fluid" equilibriums were discovered also in the 
specific carbon dioxide-water inclusions with "prisoner-minerals" by 
heating from room temperature up to 600°c. 

These results s howed that heterogenous phase balances have been taking 
place in natural quartz-forming solutions. They cause the form of silica 
educell\ent and influence on the character of the distribution of useful 
components in the endogenous ore deposits. (Authors' abstract,si~) 
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TSUSUE-~ -A., 19700,.,Mineralizatiou at the R~jima Mine, Nagano perfecture, 
(abst,), in Collected Abstracts, IMA-IAGOD Meetings, '70: Tokye, Science 
Council ofJapan, p. 141. 

The epithermal manganese deposit at Ryajima was formed principally 
as fissure fillings. The major vein minerals were precipitated during a 
single period of mineralization in four stages: quartz, rhodochrosite, 
magnesian kutnahorite - manganoan dolomite (locally Ca-rich dolomite), 
and finally calcite. The chemical composition of thPse carbonates is 
approximately expressed in terms of CaC03, MgC03~ and MnC03. Fluid in
clusion studies were made on quartz and carbonates. The fluid inclusions 
in quartz suitable for filling-temperature determination homogenized at 
230° to 260°C, and those in carbonates -homogenized at approximately 200°C 
(Tsusue, Amer, Mineral., ~. 1751-1761, 1967). Author's abstract, 
reduced. 

TSUSUE, Akio, 1970},The coprecipitation of calcium with rhodochrosite 
at elevated temperatures, in Volcanism and Ore Genesis, ed. T. Tatsumi,: 
Tokyo, Univ, Tokyo Press, p.' 309-322[incnf~h), 

In addition to the exper imental part, T lists homogenization data 
on fluid i nclusions from a manganese deposit at Ryujima, Nagano Pre
fecture, Japan (Tsus ue , Amer . 'tiR, .. v. 52 , p. 1751-1761, 1967) (ER). 

TIIGARINOV, A . I. and NAI.IMOV, v . .u!~!:>\.heC111obaric condit i ons of formation of 
hydrothermal uranium deposits : Ge~khimiya , 1969, no. 2, p. l31-llt6, 
(in Russian; translated in Geochem. Internat., v. 6, no. 1, p. 89-103, 
1969). 

Pressures and temperatures of formation of hydrothermal uranium 
deposit have been determined by the methods of homogenization and de
crepitation of gaseous-liquid inclusions. It has been established that 
pressures during the formation of the deposits can substantially ex
ceed the value of lithostatic load of overlying rocks. Ore stages of 
uranium deposits may form in a wide temperature range - at least from 
350 to 50°, 110wever, different forms of uranium compounds correspond to 
different temperatures. At temperatures above 250°, uranium mineraliza
tion is represented by uranite or brannerite. For all studied deposits 
where the chief ore mineral is pitchblende the temperatures of ore 
stages did not exceed 200-220°. (Authors' abstract). 

TUGARINOV, A.I., and NAUMOV, V.B., 1970, Dependence of the temperature 
of decrepitation on the composition of gas-liquid inclusions and on the 
strength of the mineral: Akad. Nauk SSSR Doklady, v. 195, p. 182-184 
(in Russian) (see Translation .Section) , 

VAKHRUSHEV, V.A. and KtJTOLIN, V.A., 1970, Sulfides in ultramafic inclu
sions from diatremes of the north Minusinsk depression: Akad. Nauk SSSR 
Doklady, v. 192, no. 5, p. 1130-1133 (in Russian); translated in 
Doklady Acad. Sci. USSR, v. 192, 1970, p. 157-160, dated 1971. 

Spherical inclusion~of mixed sulfides (pyrrhotite, chalcopyrite, 
pentlandite, and pyrite) occur in the minerals of these nodules. 
The authors interpret them as trapped liquid droplets. (E.R.). 

VASIL'EVA, M.S., 1970, Temperature conditions of mineralization in 
Iceland spar deposits: Vyssh. Ucheb. Zaved., Izv., Geol. Razved. 
1970, V. 13, No. 2, p. 49-54(,.,,Russian). 

Fluid inclusions in calcite and associated minerals from two 
large deposits of Iceland spar from Lower Triassic basalts were 
studied by various techniques. Homogenization temperatures (50-200°C); 
water leaches (5), and analysis for K, Na, Mg, Ca, Si, Cl, F, s04, 
HC03; and gas analyses for CO2, 02, and N2 (E.R.) 

VASQUEZ, J.C., 1970, Inclusiones liquidas como geoterm6metres: Sociedad 
Venezolana de Geologos Boletin, v. V, no. 1, p. 3-23. 

A review with 3 references (ER). 
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WILCOX, W.R., 1970, The influence of a temperature gradient on crystal 
faceting: Jour. of Crystal Growth, v. 7, p, 203~208. 

Crystals which grow in a faceted manner in an isothermal environ
ment will grow nonfaceted in the presence of a sufficiently.large temp
erature gr~dient. This behavior is viewed from several different stand
points. From equilibrium considerations one predicts faceting in a temp
erature gradient only if the edge energy is taken into account in addi
tion to the bulk free energy and the surface energy. The surface energy 
versus orientation concept is used to examine the stability of a facet 
in a temperature gradient. An exa mination of the kinetic effects 
reveals that faceting i s f avor ed by anisotropic growth kinetics and 
rapid growth, (Author's abst r a c t; of possibl e pertinence to the mech
anism of trapping of inclus i ons). 
YAJIMA, J., and KOMATSU, M., Studies on solid inclusions in the pheno-- · 
crysts of some volcanic rocks (abst.), in Collected Abstracts, IMA-IAGOD 
Meetings '70: Tokyo, Science Council of Japan, p. 269. 

Microscopic observations, thermometry and chemical analyses of two
or three-phase solid inclusions in the phenocrysts such as olivines, 
pyroxenes, feldspars and quartz occurred in various volcanic rocks are 
presented. 

Three types of solid inclusions are observed, e.g. (!)silicate crystal 
+glass+ bubble(s), (2) glass+ bubble(s), (3) devitrified glass+ 
bubble. Type (1) is common in olivines and pyroxenes, meanwhile type 
(2) is abundant in feldspars and quartz. In olivines, spinel is often 
observed as a solid inclusion or as a crystal phcLSe in a glass inclusion• 
Thus, the spine! may _be considered as a crysttal which had been formed be
fore oliv.ine crystallized. Solid inclusions are always primary ones and 
any secondary inclusions are hardly seen. 

Chemical compositions of these glass inclusions were determined by an 
electron probe microanalyser. Specimens mounted in plastic are polished 
on one surface. The grain which contains glass inclusion just on the 
polished surface is selected under binocular microscope and is analysed. 
A few examples of the results are given in Table 1. 

Glass in olivine is composed mainly of silica, almnina, lime and 
small amount of Fe and Mg. When plotted on the silica-alkali and MgO
Total FeO-alkali diagrams, glass in olivine of the tholeiitic basalts 
falls in the tholeiitic field and that of alkali basalts in alkali ba
saltic field. The ratio (Mg/Mg+Fe) 01/(Mg/Mg+Felglass in the present case 
range between 2 and 3, whereas the same ratio in some Hawaiian basalts 
are 1,3-1.4. From this difference as well as the chemical composition 
of the glass inclusions represent the residual liquids after the crystal
lization of olivine. 

Glass in hypersthene in dacite (Showa-shinzan) which contains abun
dant silica and alumina with minor alkali has same composition as ground
mass of the host dacite (Oba, 1967). 

Glass in quartz is also very rich in silica and almnina, showing the 
nature of the residual liquid when all phenocrysts had crystallized. 

Sio2 
Ti02 
Al 203 
Total 
MgO 
cao 
Na2o 
K20 
Total 

Table 1. Chemical compositions of glass inclusions. 

FeO 

1 2 3 4 5 
59,45 
0,19 

24,42 
1.40 
0.14 
7, 77 
2.9 
1.4 

97,67 

48.66 
1.37 

19. 26 
7.31 
4.94 

11.37 
2.3 
2.2 

97.41 

51.65 
2,72 

19,25 
7.61 
6.11 

10,58 
·1.9 
0. 3 

1:0.oa 

57.02 
2.43 

16.85 
6.09 
2.88 

11.58 
2.5 
o.4 

99.75 

78.27 

13.51 
0,93 
0,07 
1.46 
5.0 

·0.2 
99,44 

Samples l Olivine in picrite (Sado, Japan) 
2 Olivine in olivine basalt (Oshima-oshima, Japan) 
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6 
75.10 

12.78 
0,86 
0.16 
0.53 
2,9 
5.5 

97.83 



3 Olivine in olivine basalt (Kilauea, Hawaii) 
4 olivine in o)l vine basalt (Mauna Loa, Hawaii) 
5 Hypersthene in dacite (Showa-shinzan, Japan) 
6 Quartz in quartz porphyry (Jozankei, Japan) 

(Authors' abstract.) 

YAJIMA, J, and TOURAY, J.C., 1970, Thermometric analysis of the deposit of 
fluorite at El Hammam (Morocco), from the study of inclusion fluids: 
Hineral. Deposita, v. 5, p. 23-28 (in French). 

This vein, located in the metamorphic district of Achem~che, central 
Morrocco, is made of three successive parageneses: Calcite I and fluor
ite; Sulfides, quartz and calcite II; Dolomite. ~icroscopic investiga
tions of fluorite and calcite I show two-phase-inclusions supersatur
ated with respect to NaCl, normal two-phase-inclusions and mainly three
phase-inclusions (gas-saturated solution-halite). Thermometric studies 
show that the beginning of crystallization occurred around 200°C for 
calcite I and fluorite(pressure correction estimation: 20-30°C) in a 
highly concentrated brine containing about 30% of NaCl. The main part 
of sulfides and the quartz (containing single-phased liquid inclusions) 
crystallized probably at temperatures below 100°C. (Authors' abstract). 
YUN, Suckew, and RHEE, Chun Woo, 1970, The temperatures of formation of 
the fluorites in the Hin-Po Mine, South Korea (abst.), in Collected 
Abstracts, IMA-IAGOD Meetings '70: Tokyo, Science Council of Japan, 
p. 251. 

The Shin-Po Mine, located near Chun-chon, Kangwon-do, is a principal 
producer of fluorite in South Korea. The deposit is a fissure vein which 
strikes N75°E, dips 80°SE, in the Precambrian crystalline schist and 
granitic gneiss. The vein is one meter in average thickness, about 1000 
meters in total length and nearly 400 meters in depth. The bulk of the 
vein materials consist of quartz gangue, and through this a few narrow 
veins of the desired fluorite run parallel with the strike of the whole 
vein. They show a well crustified structure enhanced by the associated 
chalcedonic layers. 

Two-phase fluid inclusions suitable for the homogenization method using 
the heating stage microscope were found in the fluorite crystals. Their 
shapes are tetrahedral, dodecahedral, wedge-shaped, rectangular, trape
zoidal, ellipsoidal, rounded-tubular, and irregular. It is considered 
that the tetrahedral inclusions, the most conspicuous, were formed as 
a negative crystal caused by the sealing of an octahedral facet by a 
hexagonal corner. The maximum diameter of the inclusions is 0.5 mm and 
the minimum, 0.03 mm. Most of the diameters range from 0.2 mm to 0.8 
mm (sic.). The volume ratios of gas and liquid in each inclusion show 
low value, ranging from 1/10-1/15. The homogenization temperatures ob
tained from the test are 147-135°C in greenish, 140-125°C in bluish, 
138-125°C in violet, 137-121°C in light grayish blue, 133-116 in color
less and 128-106°C in pinkish fluorites. Isothermal lines were drawn 
on a longtitudinal section of the underground map from the data of the 
homogenization test. According to the results, the central and lower 
parts of the ore shoot in the west ore body show the higher temperature 
of 138-130°C and the peripheral and upper parts of it show the lower 
temperatures of 128-108°C. It seems that the isothermal trend roughly 
coincides with the pitch of the ore shoot. Most of the fluid inclusions 
are primary in origin and mainly composed of a liquid phase associated 
with a minor gas phase.' The range of formation temperatures of the 
fluorites is 147-106°C. Therefore, the fluorite deposits of the Shin-Po 
mine are considered to be of low temperature hydrothermal origin. 
(Authors' abstract.) (Editor's note: this abstract may contain typo
graphical errors, as the original printing was partly illegible.) 

ZAKHARCHENKO, A.I., 1968, The nature of granite-aplite, aplite, and 
aplitic zones of pegmatites, in Papers on experimental and geological-
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mineralogical studies of the processes of ore formation, vyp. 1; Vsesoiuznyi 
nauchno-issledovatel'skii geologicheskii institut Trudy, novaia seriaa. 
v. 162, 1968, p. 5-59 (in Russian). 

An extensive review (69 references) of the work of Z. and his 
colleagues on the geology, mineralogy, petrology, chemistry, and fluid 
inclusions in various granite, aplite, and pegmatite samples, Losses 
and gains at contacts, estimates of water content, pressure and temp
erature of formation, etc,, are made on the basis of these data. (ER), 

ZAKHARCHENKO, A. I., 1970a,The formation of mineralizing and ore
bearing solutions related to granites, in Internat. Union Geol, 
Sciences Series A, No. 2., Problems of hydrothermal ore deposition, 
eds. Zdenek Pouba and Miroslav Stemprok: Stuttgart, E. Schweizerbart' 
sche Verlags., p. 27-30 (in English) 

A short review of Z's extensive work on the geology and inclusions 
of numerous granite massifs of Kazakhstan, Tien-Shan, Transbaikal, etc. 

Includes a discussion of the evolution and composition of fluids 
from granitic magmas, as evidenced by the fluid inclusions, from early 
silicate melts (as silicate melt inclusions) to aqueous solutions.(E.~J 

ZAKHARCHENKO, A. I., 1970t"Phase condition and composition of successive 
magmatogene fluids related to granites and their role in mineral and ore 
formation (abst.), in Collected Abstracts, IMA-IAGOD Meetings 1970: 
Tokyo, Science Council of Japan, p. 245. 

The sequence of segr~tions and changes of magrnatogene fluids can be 
most fully traced with the aid of their primary inclusions in minerals 
of postorogenic hypabyssal granite massifs, and orebodies related to 
them- especially chamber pegmatites, as well as greisens, skarns, quartz 
veins, etc. Because of the rise and quiescence of formation, there is 
observed here, expecially in the apical parts of massifs, the accumula
tion of volatiles (up to tens-hundreds of cm3/kg) and parallel with it 
the successive specialization of rocks and orebodies. 

In the successive formation there is observed the alteration of phase 
composition of primary inclusions - from gas-solidified remains of former 
melts (in granites, aplites, graphic pegrnatite zones), through gas remains 
of former pneumatolites (in internal zones of pegmatites, early minerals 
of skarns, greisens), to essentially liquid inclusions of hydrotherms 
(in minerals of cavities in pegrnatites, basic (chief) minerals of greisens, 
skarns, ore veins). The fluidity of solutions, their ·concentration and 
composition change accordingly. 

The earliest gas-solidified inclusions in late granites contain 70-
80\ of readily fusible minerals, semi-crystallized glasses, and 20-30% of 
aggressive gases. They start melting at 720-750°C and melt completely at 
850-900°C, bubble-filled glasses formin9 •fl quenching. Gas inclusions con
sist mainly of H2, N2 , co2 , H2s, inert gases, sometimes co2 , and, judging 
by the abundance of halogenide salts - a great role was played by the 
halogenides. The role of acid gases and aqueous solutions increases with 
the decrease of temperature. An abundance of H2 and co2 is characterised 
by the appearance of hydrocarbons and even bitumens. The leading role in 
early inclusions of aqueous solutions was played by halogenide compounds, 
while sulphate and hydrocarbonate ones were important in subsequent in
clusions. 

The changes in the nature of solutions had an important effect on the 
composition of transported substances. First, the accumulating and segre
gating solutions facilitated the intense differentiation and specializa
tion of melts and granitoid rocks in formation. Furthermore, during . the 
pneumatolitic stage, active reducers (H 2 , N2) intensively transported 
the petrogenic components, but not heavy metals. With the increase of 
the role of water, the essentially halogenide hydrothermal solutions 
intensely transported the heavy metals, the early fluoride ones trans
porting predominantly rare metals, and the subsequent chloride and sulphate
hydrocarbonate ones-polymetals, etc. (Author's abstract.) 
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ZAKHARCHENKO, A.I., LEVITSKI, Yu.F., and MOSKALyrJK, A.A., 1970, 
Magmatogene solutions forming the rare-metal deposits (abst.), in 
Collected Abstracts, IMA-IAGOD Meetin~s '70: Tokyo, Science Council of 
Japan, p. 263. 

The rare-metal deposits, espe~ially of the greisen-quartz vein type, 
and their parent granite complex~s, are highly favourable for fruitful 
studies of almost all the evolution of the nature and ore-forming action 
of magmatogene solutions. This is explained by the accumulation in them 
of melts and solutions in the form of gas-solidified and gas-liquid in
clusions due to their hypabyssal development in relatively quiescent 
conditions. 

In the successive phases of granites there is observed their gradual 
enrichment in readily fusible components, and parallel with in rare metals 
(specialization), but in a dispersed form. Among late- and postmagmatic 
formations there usually occur: I-early (750-450°C) small barren (pre
ore) schlieren pegmatites, feldspar veins, then 2-(450-200°C) larger rare
metal feldspar-quartz veins (with Mo), greisen-quartz-vein bodies espe
cially rich in Sn, W, Mo, etc., and 3-in the end (below 200-150°C) again 
barren (post-ore) quartz-fluorite, quartz-carbonate, and other veins. 
Thus, rare-metal deposits are not formed directly after granites. 

Primary inclusions of former melts and solutions allow to decipher the 
principal conditions of the formation of rare-metal deposits. 

1. Gas-solidified inclusions in parent granites, aplites, marginal 
zones of pegmatites allow to tra:ce to enrichment of the successive por
tions of melts (and granites) with readily volatiles( especially Fl, 
fluxing (Li, Rb), readily fusible components, i.e. the emanational dif
ferentiation which is paralleled by rare-metal specialization. 

2. Then, in pre-ore bcdies (750-450°) primary inclusions are the gas 
ones of the remains of pneumatolites, with gradual disappearance of soli
dified phases and an increase of aaueous solutions and readily soluble 
salts. They contain, among halogenides, etc., favourable for the trans
portation of rare metals, also abundant highly unfavourable reducers (H 2), 
which caused the absence of a.manational removal and deposition of rare 
metals during the pneurnatolitic stage. 

3. Still later, in the ore-bearing proper (450-250°C) and post-ore 
(below 200°C) veins the primary are essentially liquid inclusions of the 
remains of hydrotherms. At the early stage (450-300°C) such hydrotherms 
were highly favourable for the mobilization and deposition of rare metals 
(rich in F, Cl, K, Li, Rb, etc.). Below 300°C they were gradually re
placed with sulphate and hydrocarbonate solutions, more alkali-earth ones, 
less favourable for the mobilization of rare metals, which ceased deposit
ing below 200-150°C. 

4. Formation of deposits was accompanied by frequent adiabatic processes. 
At high pressures rare metals were mobilized, while during adiabatic 
drops they were deposited, this having caused their characteristic 
distribution in veins. 

5. The revealed peculiarities will explain the regularities of forma
tion and emplacement of rare-metal deposits, this being important for the 
choice of .prospecting directions for them, (Authors' abstract.) 
ZAREMBO, Yu,G., TROFU10VA, A.B. and FIRSOVA, S.O., 1970, Use of decrep
itation method for determination of ore-formation temperature in the 
Muruntau deposit, central Kyzyl-Kum: Tsent. Nauchno-Issled. Gornorazved, 
Inst, Tr. 1970, no, 93, ~- 116-122 (in Russian). 

Decrepitation studies on quartz from various stages of this quartz
Au deposit showed temperatures ranging from 400 to 240°C (ER). 

ZHABIN, A.G., ed., 1970, Ontogeny methods of investigation of minerals: 
Moscow, Izdatel' stvo "Nauka", 224 pp. (in Russian) . 

A series o:f; 24 articles-, .many of which are of value to anyone try
ing to relate given inclusions to given growth zones in a single crystal 
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or to a specific stage in a complex paragenesis, (t.R.) 

ZHARIKOV, V .A., 1968, Part III, Conclus·iona, 1?f Skarn source fields of 
ores, Chapt. IV . ~ Genesis of Endogenetic Ore Deposits: Moscow, 
"Nedra" Press, 1968, 719 pp., in Russian. Translation of p. 280-302 in 
Internat.Geol. Review v, 12, no. 7, p. 760-775. ' 

Gives comparative data on the temperatures of homogenization of in
clusions, of decrepitation of inclusions, and of eX1Jerimental synthesis 
for 15 minerals from various skarns (his figure 138) (ER) 

ZIMMERMAN, J,L. and POTY, B., 1970, Mass-spectrometrical investigations 
of the fluid composition of Alpine vug minerals of the Mont Blanc 
Massif: Scweiz. Mineralog. Petrog. Mitt. v. 50, pt. 1, p. 99-108 (in 
French). 

Analysis of the volatile content of fluid inclusions in quartz 
from the Mont Blanc Massif has been executed by decrepitation (gradual 
to 300°C) and mass-spectrometer analysis. Because of -overlapping mass 
spectra of the volatile constituents: 1:l-CH4-o2-c2n6-N2-H20-CO-CO -H2s, 
fractionated injection into the mass-spectrometer was \lsed: belo~ and 
above -195°C. !-rt, CH4 and CO were double checked by oxidation to H20+; 
CO2 + HO and CO2 . . Gas volumes were determined marC.ometrically. 
At 300°t essentially all water has been released. CO2 continues to be 
released up to 1000°C. H2 is released from quartz seemingly free from 
inclusions (above 600°C), 

Quartz from the fluorite paragenesis contains largely organic ma
terials: 4 wt% H20, 26.5% CO2 , 17.3% H2 , 2.2% CHu, 9% N2 , 10% CO and 
30% hydrocarbons at a decrepiEation temperature of 4Z0°C . Amethyst 
yielded high CO2 contents: 76 wt%, less water: 16%,and minor quantities 
of other gas:,es at 300°C decrepitacion. C02/H20 ratios, from crushing 
stage and heating data are compatible with Ehe mass-spectrometer data, 
although water determinations are considered to be most susceptible co 
errors (10% relative). (P.J.M. Ypma). 
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TRANSLATIONS SECTION 

Items presented here are selected on the basis of 1) availability 
of translation, 2) significance to inclusion research, 3) lack of 
publication elsewhere, and 4) date of publication. Some older items 
are thus included where particularly significant. Photographs do not 
reproduce well and are no~' included, but the photo caption translations 
are given. (Ed.) 

ARKHIPCHUK, R.Z. and R0SIBHINA, A.I., 1969, Conditions of formation of 
the fluorite mineralization of western Transbaikal from data of miner
al thermometry: Geol. Rudnykh Mestorozhndenii v. 11, no. 5, p. 110-
113 (in Russian). 

The studied fluorite deposits and ore showings of western Trans
baikal are associated witl , the Dzhida-Udinsk fluorite-bearing zone, 
located in a region of Ca~_e,jo:iian folding, acti s.:, •.ted in Mesozoic time. 
The geological structure , tJ r i.ef characteriza,. :'o. cf the ore bodies, 
e.nd some problems of the genesis of the roo f;, , important ore deposits 
and ore showings have br,e :1 'discussed by Gus ,,; 'nikov (1961-1962), 
Shcheglov (1961) Yakzhb (1962 ), and 0chfrnv (1964). In most deposits 
the fluorite and accompa•iying minerals fill open fissures, forming ore 
bodies of vein f~. The principal miner als, fluorite and quartz, 
are accompanied by calcite,. barite, rare stilbite, gearksutite, alb ',,; ., , 
pyrite, and galena. 

In mineralogical ,,ompositicn, the deposits are of four type~: 
fluorite, quartz-fluorite. barite-quartz-fluorite, and carbonate
quartz-fluorite. Deposits of the quartz-fluorite type are sharp L:- ' 
predominant quantitatively. 

Deposits of the carbonate-quartz-fluorite ty-::,e are 'localized 
amidst limestones or at small distances from the . , 1 he quartz-fluorite 
type in granitic rocks, and the deposits or thei~· separate veins of 
adularia-quartz-fluorit-e - composition occur amidst syenites, subalkalic 
effusives, ra~ely in grfJ.n ites. 

For deposits occu'0 ~g in similar geological settings, there is 
characteristically an 2:,proximately uniform sequence of deposition of 
the minerals. Very e c,.rly formations are cbalcedonic quartz, often wl";h 
fluorite (Burun-Ul'sk , .D:arasun, and others); the deposition of the 
main mass of fluorite occurred later. The process was completed by the 
depositiD n of porcel2.::. n-like quartz, sometimes with vugs and micro~;cop
ic disseminations of fluorite, rarely of kaolinite . 

In deposits occ~ ring amidst limestones, in the late, concluding 
stages of mi nerali za~ion, calcite is deposiued in considerable amounts, 
and quartz to a lesser degree (Darkhln and Barun- Altsak showings) . 

In the study of t he conditions of formation of the iluorit •~· min
eralization of western Transbaikal by the mineral-thermometric m.::thGd, 
the authors have obtained new data, supplementing ideas on the genesi.s 
of the fluorite deposit 0 of this region. ' 

In the fluorite and ,,a:.cite of all generations, and also in some 
generations of quartz onl:; l.:quid t wo-phase '. '.'lclusions were found, 
which be long according to ti:e volume ratio r::· the phases, to the gas
liquid type according t o Ermakov's classificai;ion (1950). In them at 
room temperature, 8-12~~ of the volume is occupied by the gas phase, EB-
92% by aqueous solutions. When heated, al-1 -.he inclusions studied. 
homogenized in the liquid phase . Daughter phases were not found in 
the inclusions, permitting one to assume a low concentration of the 
solution. 

The results of thermometric study (see Table) show that in most 
of the deposits studied, separated from one another by considerable 
distances, the formation of fluorite and its associated,minerals be-
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gan at uniform or very similar temperatures (180-i6o 0 )1/, except for 
the Ivolginsk and Povorotinsk ~posits and the Ubur-Tashirsk ore 

1/ The temperature of formation is taken as the temperature of homog
enization of inclusions without correction for pressure. 

e.howfng-. r:l'he identity of the temperature conditions of mineral forma
tion in most of the deposits is seen even more clearly on comparison 
of the temperature intervals of tbe main phase~, when most of the 
fluorite crystallized, forming commercial accumulations of ore. 
For them there has been found universally a rather narrow range (20-
400) of the tellll)erature of minel•al formation. A greater spread has 
been found for the upper temperature interval. The minimum tempera
tures record the temperatures of formation of the latest generation 
of fluorite or calcite (Barun-Altsak showing, southern area). 

In pl.ates of porcellainous quartz, concluding the nydrothermal 
process, suitable inclusions were not found and the temperature cond
itions of i ta :formation are not known. It is most probable that they 
are lower than the lowest temperature indicated in the table. 

It is interesting that many showings (Darkhinak, Aro-Tashirsk, 
Darl+ll-Altsak), occurring in different geological settings and separated 
from one another by considerable distances (90-120 km), are cha.racte-r
ized by practically the same temperature conditions of formation, 
similar mineralogical composition of the ore, general sequence of 
dep,sition of minerals, and often also the morphology of the 01.•e 
bodies. For example, the vein body of the Aro-Tashirsk deposit, 
occurring a.midst granites and at the contact of a syenite-porpbyry 
dike, was formed in the same temperature interval (170-95°) as ore 
bodies locali~°'zed amidst Cambrian limestones (Barun-Altsak and Dark
binak showings). The noted deviations of temperature are unimportant 
and the genetic community of the studied deposits is not in doubt . 

The features of the fluorite deposits are such that each succes
sive mineralization was formed at a lower temperatuxe than the pre
ceding. This indicates that all parts of the mineral-forming solu
tions came from the same hearth and nearly continu0ualy. 

It has been found that fluorites f'rom different deposits differ 
notably in the frequency of occur.i·ence of inclusions and their size. 
In some cases (Kharasun deposit) in 1 sq, cm. of a plate 1-2 mm. 
thi~k up to 30 primary inclusions occur; in others (Burun-Ul'sk 
deposit) a total o:f 1-2 inclusions. Fluorites of different genera
tions from a single deposit also differ sharply in frequency, size, 
and morphology of inclusions. As a rule, the largest (0.03-0. 08 min.) 
inclusions are characteristic of the early generations of fluorite. 
They often have irregular "fringed" form (BunuHJla Kharaaun). 
For fluorite of late generations small (0. 01-0.03 rm:n.) inclusions 
are typical, often in the :form of smoothly bounded tetrahedral prisms 
parallelopipeds, cubes . Their frequency of occurrence is 1-2 per sq . 
cm. of a plate 2 mm . thick. 

Determination of the pH of the solution, both by the method of 
aqueous extracts from fluorite (see Table) -and also by microcolori
metric anal,ysis on opening individual large inclusions showed that 
fluorites of all the studied deposits formed in an acid medium in
d~~endent of the mineralogical type of deposit and the composition 
of the country rock . Usually the pf! of the liquid inclusions vacy 
from 5.3 to 6 .6 (Arkhipchuk and Lokerman, 1966 ). 

Complex inclusions with liquid CO2 were found in only one case, 
in blue-green fluot•ite from the Manyatsk showing. Three-phase inclu
sions with liquid CO2 are small ovals (0.01-0.02 mm.), and form group
ed accumulations. Under usual conditions the ratios of the phases 

86 

\ 

J • 



) 
1 

:E!ll!Ot-'~0(}f-'t-'•,O Of-'-::i't-'O ::S c+-s:!11) ,0 <D <D ::s 
g ~ t->· S. ::s~ ~ g: Table (p. 111).--Comparison of mineral-thermometric data on fluorite deposits of western Transbaikal. 
s:: s:: ::s P,::,'ct-t-'•<D 
c+- (ll <D ::," c+- s 

c+-to Ill <D S:: O'O ::,'::,'ct- c+-<; O::,"<DP:,<DO'l<Dlll 
II) Ill Cll p, Ill Cll 'i 

Cl) t-,J• Cl).... Cl) .... "-< 
t-'• <D ::s 
::S~ OP:,ct-'Oo't-'• 

I-' c+ ::,' ::,'~ ::s 
c+ t-'· S:: <D Pl ::," Cll tll Ill Cll <; Ill <D t-'• 'O <D f-'• OOc+P:, tll::S 
Cll · ::S <D 'i O ;:::: Pl llliJ'.CllSc+1P,'i 
S \>J ~ 'd f-'· + I-' '"i <D ro Ill ""c,Q 0 

oq :c '1 I-' ~ p, :c HJ-......._ t-'• Pl ro 
I-' (} c+- c+ ::,' c+ c+ t-'• 
i;::. s:: ::,' s:: 0 ::,' i1) ::s 
O• '1Sro'ic+'1nf-'•roo sro 
t->·S::s Otl'"if-'•'i 
c+- c+-ororo::,-c:; 
Ill 'iHJ::SSPlPl 

0 >"· Pl c+ I-' :TOP. +Nt->•t-'·• 
OP:,j::l\)Pl::SO 

OJ 3 (ll n O'.c+- P, ::S 
~ i,~-., I <;+ • t-'· i1) ~ C: 

i1) 1-'t-'·t-'0 1-j (ll 
::s t-'· 0 0 ::s f'\) s:: 
t-•,O P • 0 I Pl 
NS:: OHJVlt-' lnt-'•O H, ;,,I.I-' 

P..HJ>-3 c+- ~ t-'• ::,' c+ ::,' 0 
::S 'O Ill ro ::S' ro HJ c+ 

(ll i1) ::,' 
c+ i1) V1 p.. <; c+ i1) 

::,'s:!""'-(l)OQ::,' roP.. ::SOl-'(l)P:, Q(}(lll\) s:: ,a 

' 

' 

Deposits and Minerals 
ore showings studied 

Barun- Altsak Fluorite, q_uart ~ 
calcite 

Ou-khinsk Fluorite 

Buru.n-Ulsk II , calcite 

Uchastok Yuzhnyi II II 

Upper Toreisk II 

Manyatsk II 

Central II , calcite 

Povorotinsk II 

Manzhinsk II 

Bornoaenization measurements in °C pH of Mineral-
'Temp. of ~emp. Temp. Interval aqueous ization 

Number Formation interval main of main extracts type 

of Start End phase ~base from 

Meas. fluorite 

70 16o 95 65 140--ll5 25 6.20 

26 160 95 65 160-120 40 Calcite-
[ calcite-

400 190 118 72 150-120 30 5.50- fluorite 
6.12 

120 165 75 90 150-120 30 6.01 

15 180 150 30 165-150 15 

40 165 115 40 160-130 30 6.80 

10 160 135 25 160-140 10 

3c 220 135 85 180-140 40 
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140°. ~ccording to reference data on the P-T diagram of CO2 (Ke.lyuzhnyi, 
1960), the pressure existing during mineral formation equals 400-440 atm. 
Such a pressure is apparently a maximum for this group of deposits. 

Because the temperature regime of formation of the deposits does 
not depend on the composition of the country rock, including intrusive 
formations of the Dzhida complex, there is no doubt that they were 
expelled from magmatic sources at considerable distances. 
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GIGASRVIL!, /G.M., 1969, Primary solid-gas inclusions in quartz from 
Volhyoian pegmati tes: L'vov-. Gos. Univ. Miner a log. Sbornik, v. 23, 
no. 4, p. 398-404 ( in Russian) (Author at L'vov. Inst; Geology and 
Geochemistry, Acad. Sci. Ukr. S,S.B.). 

Primary gas-solid differently filled inclusions. disposed in 
zones of rhombohedr.al growth in quartz are described. The solid 
phase is formed from hydromica, albite, topaz, alunite,ct-lepidolite 
in different quantitative correlations. The pressure of the gas phase 
in the inclusions at 20° is lower t han atmospheric. The different 
quantitative correlations of minerals indicate their xenogenic origin. 
Gas blebs in the inclusions are re+ics of the gas phase of the miner-
al-forming medium . . ( 11 v. l'hor.s q bc-'t'c, ct). . 

In crystals of morion from the zone of silification, underlying 
cavities, we have observed primary gas-solid inc l usions. The morion 
is developed along fractures and weakened zones in radiating-fibrous 
form, replacing microline-perthite, also replaced by protolithionite·X· 

* Present in accessory amounts in Volhynian pegmatites. 

and by albite. The degree of sili.fication increases with approach 
to the cavity up to complete replacement by drusy morion, the size 
of separate individ~als of which on L3 is 1-3 cm. Large zoned 
crystals of the cavity are in contact with drusy morion of seven zones, 
also an inner, a honeycomb, a.nd a morion (Figs. 1 ,2). In the outer 
zones of the drusy morion are observed primary gas-solid inclusions 
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Fig. 1 (p. 398). Relations of the morion zone , containing primary 
gas-solid inclusions, with other generations of quartz: (1) honeycou:b 
quart z; (2) area of honeycomb quarl z with a large amount of xeno
ge nic crystalline phases i n t he incl us ions; (3) a ser i es of pri mary 
gas-solid inclusions; (4) leafle~s and plates of mica; (5) reli ct s 
of albitized_ microcline; (6) intensi vely colored morion. 

Fig.2 (opp. p. 398; omitted here). Relations of different genera
tions of quartz. 

(1) zoned crystals of morion from cavities; (2) drusy morion with 
mica from the zone of silification; ~= albitized rnicrocline. x2. 

0.01-0.04 mm. in s i ze, arranged along ~he rhombohedral growth zones 
(Fig. 3), and also randomly oriented dark-brown crystals of 

Fig. 3 (opp . p . 398 ; omit ted her e) . Primary gas-solid i nclusi ons; 
(a) ordered ser ies of pr imary ga s- solid incl u sions . To t he right 
upper honeycomb quartz, mor i on single crystal growi ng out into a 
cavity. X 5; (b) one of a ser ies of p~i mary gas-solid inclus i ons . 
Plate 11 L3 of quart z. X 500. T = t opaz, Ab= albi te, g = gas· phase . 

protolithionite, which in places are cut by fractures, and at the 
contact grains of morion are replaced by hydromica. In some crystals 
of morion there is a paler core or irregular form, full of honeycomb 
fractures, also containi~6 mica. 

Most of the inclusions have a form approximating that of a nega
tive hexagonal bipyramid. The solid phases grow as if in the quartz 
and the observed outlines of the vacuoles in these areas are deter-min
ed by the boundaries of the solid phases, and in the areas of gas 
phase the wall of the vacuole has a crystallographic boundary. 
The boundary of the gas phase within the incltsion has , on the whole, 
subordinate form of the crystalline phases, i n which one can separate 
the following compone;~ts. 

1. Clotted accumulations of micro-foliated silver-white mica with 
indices of refraction ng = 1.5~0, np = 1. 544. From electron 
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diffraction data (analyst N,A, Mikolaichuk) and optical constants, 
this is close to hydromica (7). 

I 
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2, Platy crystallites of lepidolite, 
2V=-32°, occurs very.rarely. 

llp =- L 537, 

3. Small long-prismatic crystals of topaz, n8=1.626, np=l.617. 
4. Porous isometric grains of albi te: ng=l , 5)9, I1n=l. 532. 
5, Platy grains of alunite (?), ~=l.6o2, ~=1,5~, uniaxial, 

positive (6). 
6. Acicular crystals of an unidentified mineral, ng=l,604, np= 

1.587, parallel extinction, elongation positive. 

The Min all cases WEU"e determined by the rotating needle method. 
The immersion liquid in the process of measurement was checked on the 
IRF-22 refractometer. The accuracy of measurement is ±0.002. The min
erals listed occur in crystals in arbitrary proportions. Topaz, alun
ite (?), lepidolite , and the acicular mineral are absent in many in
clusions. The ratios of albite and mica, which are the main compon
ents of the crystalline phases, also vary within wide limits. Besides 
the gaseous and crystalline phases, the presence of a solution is pos
sible, but in such small amounts that it is not observed by micro
scopic study. One can assume that the microgranular lumps of mica 
core~f1aturated with solution and therefore transparent in transmitted 
light, and the gas phase within the inclusions sometimes has rather 
smooth outlines. There are, however, a large number of inclusions 
which are almost non-translucent in transmi tted light, but which, 
after being opened in glycerol vith elimination of the gas, have crystal
line phases that are transparent. 

The ratio of gas to crystalline phases is not constant in the 
described type of inclusion. The gas phase constitutes on the average 
15-25<,G of the volume of the vacuole in the inclusions. Heating the 
inclusions in the high-temperature thermochamber (2) to 960°C leads to 
the fusion of most of the crystalline phases, which gives the possi
bility of determining accurately the filling of the inclusions. 

Phase transformation begins at 700°c. In the interval 700-720°c 
albite, and somewhat later mica (750-78o"c) begins to melt, and the 
gas phase, reduced in volume, acquires rounded outlines. The inclusions, 
the solid phases of which are entirely grains of albite and hydromica, 
become two-phase with inconstant ratio of melt and gas (melt 70-98<{, 
and gas 30-2<{,). Inclusions with a gas phase of about 10-251, predomi
nate. Further heating leads to a small shrinking of the gas bubbles 
(or of some gas bubbles, fig. 4a). And only in individual inclusions, 
in which at 720°C the gas is 5<{, or less is the shrinkage of the bubbles 

Fig. 4 (opp. p. 400; omitted here). Melting of gas-solid inclusions 
(a) some gas bubbles (g) in glass (c), X 230; (b) acicular crystals 
(K) and gas bubbles in glass, X 400 ; (c) inclusion with two glasses, 
outer ( C1) with .!!,=l. 528, inner ( C2 ) with g=l. 481, X 140; ( d) differ
ently filled syngenetic inclusions after melting. Inclusion 2 dif-
fers in the large number of very fine bubbles, originating at the 
walls during cooling. This inclusion homogenized in the melt at 920°. 
X 500. 
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more notable, and they disappear completely at 930°c. On cooling 
the bubbles again appear, increasing to the size they had at 720°c. 
The ratio of the phases on subsequent rather rapid cooling (500° in 
30 minutes) remains nearly unchanged, and only in the cold melt do 
very fine bubbles of gas separate on the walls of the inclusion. 
In most inclusions, when heated to 960°c, the gas bubbles do not dis
appear, but only diminish somewhat (time of heating from 400 to 
96o 0 c--4 hours, time held at 960°--30 minutes). Phase transforma
tions in the interval 700-960°c were observed over 10° intervals 
directly in the chamber with an objective of X 20. 

The crystallites of topaz and of the acicular crystals melt 
easily; besides, in many inclusions there is formed a new acicular 
mineral, forming accumulations immersed in the melt (Fig. 4, b). 
It is characteristic that in the inclusions with incompletely fused 
crystalline phases, the gas bubbles are usually larger (sometimes 
up to 40-50% of the volume), but the number of separated gas bubbles 
on the walls of the inclusions on cooling is far less or they are 
completely absent. This may indicate a different viscosity of the 
melt in the inclusions, caused by differences in their chemical compo
sition. In some inclusions there was observed immiscibility of the 
melt, which was recorded on cooling by two glasses of different in
dices of refraction (Fig. 4c); the central part of the inclusion is 
occupied by glass with Q=l.481, the peripheral part by glass with Q= 
1.528. The indices of refraction of other glasses obtained by fusion of 
inclusions varied from 1.475 to 1.489 (in 10 inclusions). There was 
no exact dependence between the primary composition of the inclusion 
and the index of refraction of the glass, which in turn is explained 
by the difficulty or nearly complete impossibility of diagnostics 
of all the mineral components of the crystalline phases without open
ing the inclusions. However, it has been noted that inclusions in 
which albite predominates give glasses with lower ns (1.477-1.481), 
and inclusions with considerable amounts of mica and topaz give glasses 
with~ 1.480-1.489. For the latter the absence of small bubbles of 
gas on the walls of the vacuole on rapid cooling is also characteristic. 

It has been noted that there is more rapid melting of the small 
inclusions (0.001-0.004 mm.) and they are completely homogenized as 
compared with larger ones (0.01-0.1 mm.). This, as has already been 
noted (8), may be explained by the fact that in compar~tively rapid 
heating, equilibrium at any given temperature is more easily and rap
idly reached in smaller than in larger inclusions, especially in the 
case of a viscous, glassy system. However, we have observed a series 
of syngenetic inclus:ions of uniform size, one of which homogenized in 
the melt at 930°c and others of which retained a gas phase (10-15%) and 
~t960°C (Fig. 4). According to this difference(?) for inclusions of 
the same size, one can speak of differences in their filling in 
the case that this was not established without question before the 
heating. 

Attempts were made to analyze the composition of the gas in sep
arate primary gas-solid inclusions by a volumetric method. But on 
opening the inclusions in distilled glycerol the gas phase immediate
ly contracted several fold and in many inclusions diasppeared complete
ly. All this, considering the small sizes of the inclusions--from 
0.01 to 0.005 mm.-- and the small percentage of gas phase in them 
(15-25%), makes it impossible to do the manipulations needed for a 
gas analysis. The observations indicate that the pressure of the 
gas in the inclusions is lower than atmospheric at room temperature. 
For comparison there were opened in the same way inclusions from the 
honeycomb zone of the morion crystal (L=30%), The gas phase increased 
50-60 times when the inclusions were opened. 

Th.e importance of primary inclusions is that they re-establish 
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the temperature, pressure, and phase composition of the mineral-form
ing medium in which were formed the zones of minerals containing these 
inclusions. The gas-solid inclusions described cannot completefy fill 
this function. Especially one cannot, f'rom them, establish the mini
mum temperature, and consequently also the pressure of mineral forma
tion, because the crystalline phase in them has a xenolithic character, 
which is shown by their different degrees of filling and arbitrary 
quantitative ratios of individual minerals, as especially distinctfy 
shown during melting. The temperatures of homogenization, which for 
individual inclusions is 930-950°c, is not a mininrum temperature of 
mineral formation, but simply the tenperature of homogenization of a 
system consisting of crystals trapped in accidental proportions by 
growing quartz together with relict gas of the mineral-forming med"" 
ium. The true state and composition of the mineral-forming medium 
cannot be judged from data on the inclusions without additional cri
teria, 

Here it is necessary to decide in detail the relations of the 
morion zone containing primary gas-solid inclusions to the earlier 
generations of quartz. As already mentioned, the centrai part of tle 
morion individuals from the, zone of silification is a paler variety) 
with honeycomb inclusions. The zone of honeycOmb quartz of wid,th 
2-3 cm. to 2-4 mm. is observed also within large crystals of morion 
from cavities, directly in contact with drusy morion. But between 
them there is an essential difference: in the drusy morion there is 
noted mica, consisting of protolithionite, in large part replaced 
by muscovite and hydromica, but mica is absent from the single 
crystals from cavities. It is evident that the quartz is labelled 
by mica, metasomaticalfy developed after microcline of radiating
fibrous form, underlying the cavity. The inert alumina under these 
conditions is fixed in the mica. Relicts of the mineral~forming 
medium, referred to this period, have not been found, but the pro
cesses proceeded in the pre-inversion stage (above 575°c), because 
the quartz with mica is infested with honeycomb fractures. 

Interesting is the presence in the system of honeycombs of two 
sharply differing types of inclusions. 

1. Liquid-gas inclusions with the form of negative hexagonal 
bipyramids 0.1 to 0.05 mm. in size. They are uniformly distributed 
in planes of healed fractures. The filling L of these inclusions= 
25-30%; the crystalline phase of most is 0,5-1%, but in areas of 
large crystals, in contact with drusy morion, i.e. at the bottom 
.of ._cavities, and also in the central parts of drusy morion in 
honeycomb inclusions, a considerable number (up to 50-70%) ·: 

/~&bserved\of xenogenic phases) consisting of topaz, mica, and albite. 
The ratio of gas phase and solution 0£ tbese inclusions was the 
same as in all the liquid-gas honeycomb inclusions, i.e. 25-30%. 
The pH of the honeycomb inclusions, accordi.ng to measurements by the 
microcolormetric method (3) was 7.2-7.5; the temperature of homogen
bation in the gas phase 380-390°c (the xenogenic crystalline phases 
remained unchanged), 

2. Small (0.001-0.005 mm.) gas-solid inclusions, located in 
rows ("channels"), flowing around the larger inclusions of the .f-irst 
type (Fig. 5). They are observed along all zones of the honeycomb 
quartz. These gas-solid inclusions, when heated to 960°c, behave 

Fig. 5 (p. 402; omitted here), Two types of inclusions in the 
system of honeycomb fractures (x187). (a) liquid-gas, (b) gas-solid. 

like the described primary inclusions. 
in the melt; in some the gas phase 
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and besides retains the ver-y small unmelted cr-ystallites. The pres• 
sure of the gas phase in these inclusions at room temperature could 
not be determined. 

The conditions of entrapment of the primacy gas-solid inclu
sions, the causes of their similarity to the gas-solid inclusions 
in the honeycomb quartz, and also the specific differences of degree 
of filling of the inclusions of the honeycomb and their character
istic arrangement in the plane of healing of the fractures in many 
remain unclarified. One of the hypotheses explaining these phenom
ena may be presented in the following form. 

The formation of the honeycomb fracturing is connected with a 
sharp decrease of pressure and temperature as the result of adiabatic 
increase of free volume in the plane of the cavities (1). But in our 
case, the decrease was not as strong, so that it affects the fractur
ing of the preinversion quartz, especially of large cr-ystals of cavi
ties at great depth. (4,5). Thereby in the cr-ystaJ.s there are ob
served not very thick zones of honeycomb quartz (Fig. 1,2), formed in 
places of the most rapid removal of the hot fluid. Part of these 
fluids, together with turbid crystallites of mica, albite, topaz, 
etc., which are to a considerable degree products of the metasomatic 
reaction products of microcline, are fixed in the honeycomb f ractures. 
Comparitively large crystallites (up to 0.1-0.05 mm.) are j ammed 
(filtered) in narrow fissures; small (O.OOl+o.005 llllll,) are di strib
uted with fluid in the whole system of honeycomb fractures. 

It is difficult to suggest any specific mechanism for the 
origin of two different syngenetic types of inclusions during the 
healing of honeycomb fissures without arranging special experiments. 
It is evident that the phenomenon is associated with heterogenization, 
the boiling of a fluid during a sharp decrease of pressure and temp
erature in the cavity. 

In quartz affected by honeycombs, there is an overgrowth of a 
new generation of quartz from solution, which is very poor in the 
gas component as a result of its escape from the system while it is 
open. The solutions fill defects of the volume formed previously 
during the metasomatic replacement of microcline by quartz and mica. 
In these cavities a large number of small crystals collect, at the 
boundaries of which with the solution bubbles form, consisting main
ly of steam, separated from the boiling solution. The specific cond
itions of growth of the quartz aid the entrapment only of crystals 
with gas phase without mother solution. The low pressure of the gas 
in the inclusions, determined by opening them in glycerol, can be 
explained by the low pressure of water vapor at room temperature. 
And the amount of condensed moisture locked into the inclusion during 
its cooling to room temperature is small: not more than 5-10%. 
Otherwise the solution could be observed under the microscope. 
This corresponds on the P-T diagram of pure water to the isochore 
with specific volume 20-10 cu.cm./g. Hence it appears that the 
temperature of the mineral-forming medium, if it is considered to be 
a slightly mineralized boiling aqueous solution, does not exceed 
300-350°c and the pressure 180 atm. In the case of more concentrated 
solutions, P and Tare higher. 

On the zone of morion with primary gas-solid inclusions there is 
overgrown a more inte~sely colored zone of morion devoid of inclusions, 

evidently syngenetic with the morion that is overgrown on the outer 
zone of crystals of the cavity. 

Thus, the different degrees of filling and the different compo
sition of the crystalline phases do not permit one to consider the 
gas-solid inclusions as relicts of recrystallized melt. The too 
low pressure of the gas phase and the low density create doubt as 
to its capability of being a mineral-forming medium, providing quick 
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growth of quartz, aiding the entrapment of a large number of primary 
inclusions. Thereby it is assumed that quartz with primary gas- solid 
inc:lusions cry~tallized from boiling aqueow, solution with many 
xenogenic crystallites, to which bubbles of steam adhered. 

Thanks are expressed to V.A. Kalyuzhnyi for help and supervision 
during the work. 
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Ser. Geol,, 1970, no. 7, p, 92-98. 

In recent years a considerable number o~ papers have appeared on 
techniques of study and determination of temperature of mineral formation 
by the method of decrepitation of gas-liquid inclusions in minerals 
(Dolgov, 1954, 1965; Ermakov, 1950, 1965; Komarov and Parshin, 1966; 
Kostyleva and Lebuntsov, 1958; Naumov, 1965; Naumov and· others, 1966; 
Ingerson, 1955; Roedder, 1954, and others). Regrettably, for many invest
igators usi~g this method, there has been an inadequate laboratory set-up 
for the experiment itself and also incorrect interpretation of the re
sults obtained, Of course, the temperature of rupture of in~lusions can 
be determined by many factors, part of which are not directly related to 
the conditions of formation of the inclusion (number, size, form, and 
distribution of the inclusions in the grains, the (size) fraction of the 
grain, the stability of the mineral, etc.). Therefore in the interpreta
tion of the temperature of mineral formation on the basis of data on de
crepitation one must take into account differentially the contribution 
of each factor, 

In our paper we consider some aspects of the decrepitation method: 
(1) the relations between the original temperature of growth and the 
temperature of homogenization and decrepitation of inclusions (using syn
thetic quartz as an example); (2) the possibility of determination of the 
original temperature of growth of the crystal by the decrepitation method; 
(3) the possibility of determination of the relative temperatures of 
growth of crystals by the decrepitation method. 
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• 
To solve the tasks formulated above, we used the temperatures .of 

homogenization and decrepitation of samples of synthetic quartz contain
itlj gas-liquid inclusions, and a lso the P-F-T relations (pressure-degree 
ogfill-temperature; Ed.) of mineral-forming solutions, the compositions 
of which were similar to the compositions of the solutions contained i n 
the inclusions. The temperature of growth of the quartz was varied in 
the range 300-375°C, and the pressure from 100 to 2000 atm. Inclusions 
in the quartz ~ere predominantly of cylindrical form with axial lengths 
0,5-0,8 mm., and with filling by liquid phase in the interval 0,65-0,85. 

Decrepitation of the inclusions was carried out in the apparatus 
built at Moscow Gos. Univ. by G.N. Nefedov, under the direction of N.P. 
Ermakov, and also on the apparatus with piezo-pickup, made in G,E,O.Kh.I. 
by V,B. Naumov. The speed of heating the sample was in all experiments 
5°C per minute. Quartz with inclusions was crushed to grain size 0.5-1.0 
mm. 

We took as the temperature of decrepitation the temperature of mas
sive bursting. In our opinion, estimating the temperature of decrepita-
tion by the beginning of massive bursting has one very important advantage 
compared to estimating it by the maximum of bursting. The fact is that 
the temperature of the beginning of massive bursting refers to the temper
ature of bursting of inclusions closest to the surface and does not depend 
on the size fraction of the grain, whereas the position of maximum bursting 
depends on the size fraction. This fact was experimentally demonstrated 
by V,B. Naumov. Theoretically this can be shown by considering the grain 
with inclusions as a hollow sphere with external radius R

1 
and internal 

R2 under the condition that the pressure Pis acting within the sphere. 
For such a brittle mineral as quartz, one can,.ssume the equilibrium 
theory of elasticity along the fracture, because the region of plastic 
deformation is absent in brittle minerals (Landau and Livshits, 1965). 

The equation of deformation in this case will have the form V 
div U=O, where U is the tensor of deformation. The solution of this equa
tion in spherical coordinates under boundary conditions d =-P, where r= 
R, and the thickness of the wall of the inclusion h=R

1
-R

2
rr«R gives 

(Landau and Livshits, 1965) for a tangential pressure 

dr, = PR~ (1) -h 

(\ Y\J -'h,-r (""c1:" \ .e (2) <Srr ~ 
2 

Because R2 /h > 1, cf~~ > d rr, i.e. the greatest pressure will be tangential. 
From formula (2), one can estimate the pressure at which there occurs 
rupture of a spherical inclusion of radius R

2 
at wall thickness h: 

o'q;.f r .. pt"1t'r X 2.h 

Rz 

As seen from formula (3), the pressure at which rupture of the in
clusion occurs, does not depend on the size of the grain, but is deter
mined by the magnitude 'of i;q and the ratio of the wall thickness of the 
inclusion to its size h/R. Consequently the temperature of decrepita
tion is better taken as the temperature of the beg1nr-i.ing of massive burst-
ing of the inclusions. · 

Homogenization of gas-liquid inclusions in quartz was carried out 
in the thermal chamber constructed by Yu.A. Dolgov and L .• Sh, Bazarov. 
The rate of heating was 3-5° per minute. Knowing the coefficient of 
filling of the inclusion F (in our case the corresponding coefficient of 
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filling of the stet\ autoclave in which the quartz was grown), and.also 
the exper i mentally dete rmi ned tempera ture of homogenization (Th ) and 
of decrepitation (Td ) , we have detem i ned t he pressure at om . which 
massive burst ing o f rg~ •grain occurred. The calcula t i on was made by t he 
empirical formula reveiJfa)ed by s tudy of the P-F-T dependence f or salt sol u-
tions : P0 Ph +(30F-10.7)(T,t - Th ). Calculations s howed tha t i n 
the studiea0 ~ange of paramet:~fi! in8~pendent of t he magni t udes P , F , and 
T during growth, t he pres s ure at t he moment o f rupture of the i nclusions 
is cons t ant and equals 800:!: 30 a t m. (Khetchtkov and others , 1968). 
Plotting thi s region of r upture of inclusi ons on t he P- F-T di agram f or 
Na2co3 solut i ons, we can determine the quantitative relations of tempera
ture of decrep i tat i on and homogenization. Thereby it is entirely evident 
that the absolute magnitudes of t emperatures of decrepitation depend 
mainly on two factors : (a ) t he stability properties of the mineral (i.e. 
the location of the region of bursting of inclusions on the P-F-T diagram 
of the mineral-forming solution; (b) the coefficients of fillina of the 
inclusions' liquid phase. 

The dependence of the temperatures of decrepitation and homogeniza-
tion and of the magnitude 6-T .. Td -1\ on the coefficients of fill-
ing of the inclusions' liquid p~~i~ParJ0 Wfiown for synth~~ic quartz on 
Fij, · 1~ . .. 

Fig. 1 (p. 94). Dependence of temperatures of homogenization (1), de-
crepitation (2) and the magnitude tiT=Td -Th (3) on the co-
efficient of filling of inclusions in s~~tligtic ~Nartz. 

As seen from these data, all three curves increase continuously with de
creasing coefficients of filling. In order to determine the true temp
erature of growth, it is insufficient to know one temperature of decrep
itation. Only in such cases where the pressure during mineral formation 
is approximately equal to the pressure during the opening of the inclu
sions is the temperature of decrepitation equal to the temperature of 
growth of the mineral. On the whole, as also in the method of homogeni
zation of inclusions, it is necessary, in order to establish the true 
temperature of growth, to introduce corrections for pressure (Naumov and 
others, 1966; Khetchikov and others, 1968). However, in contrast with 
the temperature of homogenization, which gives always only the lower temp
erature limit of mineral formation (and consequently the sign of the 
temperature correction is always positive in this case), the correction 
to the temperature of decrepitation can be either positive or negative. 

In our case the correction to the temperature of decrepitation for 
two coefficients of filling of inclusions with liquid phase, 0.6 and 0.9, 
is given for various pressures in Fig. 2, As seen from the graph, if the 

Fig. 2 (p, 94). Dependence of correction to temperature of decrepitation 
of inclusions in synthetic quartz at F=0.6 and 0.9 P. 

pressure of the mineral-forming solution i s less than 800 atm., then with 
increasing P, the correction, having a negative sign, decreases linearly. 
If the pressure of mineral formation is greater than 800 atm., the cor
rection to the temperature of decrepitation has a positive sign and in
creases linearly with increase of pressure, The dependence of the magni
tude of the correction at a fixed pressure on the coefficient of filling 
is single-valued over the whole range of pressures: the smaller the 
coefficient of filling, the higher is the correction. For example, at 
F• 0,6 and 0,9 at p:400 atm., the corrections are, respectively, -54° and 
-26°, Thus, in order to establish the true temperature of growth of the 
crystal from the temperature of decrepitation, it is necessary: (l) to 
know the pressure of mineral formation; (2) to know the pressure during 
rupture of the inclusion. If one plots a curve of stability towards 
rup~ure in the coordinates P-T, the pressure during rupture is determin-
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ed by the ordinate of the point of intersection of the isotherm T-Td 
with the curve P =F(T); (3) on the P-F-T diagram of the minerar£r, 

r1,1oture . forming solution \as a first approximation one can use the P-F-T diagram 
for pure water) one draws the isobar P=P of mineral formation also through 
the points Td and Pd -the corresponding isochore, The abscissa of 

ecr, ecr. hi . h . h h i b the point of intersection oft s isoc ore wit t e soar P=P mineral 
formation gives the true temperature of growth (Fig. 3). 

Fig, 3 (p. 95). Drawing illustrating the graphic determination of the 
· · temperature of growth of a mineral. 

Establishing the true temperature of crystallization is impossible 
without taking account of these factors, which influence the relations 
of the temperature of growth of the crystal and that of decrepitation 
of the inclusions. The accuracy of estimation of the true temperature 
of mineral formation will depend, besides errors of the decrepitation 
method itself, on the accuracy of the determination of the pressure. 
If the absolute error of determining the the pressure is ±100 atm., the 
~bso~~rror in the determination of the temperature of mineral formation 
for essentially liquid inclusions with filling of the liquid phase of 
0.9-0,6 is approximately 6-14 °C. Thereby, and also for the method of 
homogenization, gas-liquid inclusions with the greatest degree of fill
ing are more suitable as geological thermometers than those with less 
degree of filling. 

To clarify a series of problems on the genesis of hydrothermal de
posits, relative temperatures of mineral formation could have specific 
value. At present it is stated that the sequence of changes of tempera
tures of crystallization of minerals ought to correspond with the sequence 
of changes of temp eratures of decrepitation (Kostyleva, 1965; Malinko, 
1966; Puzanov and Kud~kova, 1966; Trufanov, 1966). In other words, higher 
temperatures of decrepitation ought to correspond to higher temperature 
generations of minerals, and vice versa. 

For graphical representation of the further discussion, let us con
sider three possible cases of crystallization of a mineral from homogen
eous liquid solutions of various densitites (Fig. 4,a,b,c). In all cases 
the region of bursting of the inclusion is plotted in the coordinates 

Fig, 4 (p, 95), Different cases of relations of temperature of growth of 
mineral and temperature of decrepitation of inclusion. 

P-T by two lines parallel to the temperature axis. 
1, Suppose the parameters of the points c1 and C2 correspond to the 

conditions of growth of the mineral in which Pc1=Pcz• T <Tc 2 , and F1>F2, 
From 4a, it is seen that the temperature of decrepitati6n of the inclu
sions formed at the parameters of point c1 is less than for inclusions 
formed at the parameters of point C2, i.e. the high-temperature crystal
lization corresponds to a higher temperature of decrepitation. If the 
parameters of mineral formation will correspond to parameters of points 
lying on a single isochore (C1 and Ci, C7 and Ci), then the temperature 
of decrepitation will remain constant, independent of P and T, and is 
determined solely by the magnitude of F. 

2. Suppose the inclusions compared were formed under conditions of 
different pressure, t emperature, and density of solutions. Thereby Pc1< 
Pc 2 , F1>F2, Tc1<Tc 2 (Fig, 4B). Under these conditions, as in the first 
case, there ought to be correspondence of the relative temperatures of 
growth and decrepitation. 

3, Suppose the inclusions were formed under conditions of differ
ent pressure, temperature, and density (Fig. 4c), But, in distinction 
from the second case, P >Pc 2 , F1>F2 , Tc1>Tc 2 • Then the higher-tempera
ture crystallization wilt correspond to the lower temperature of decrep
itation, Tn1<T02 • 
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In a more general view, different cases of the relations of the 
temperatures of decrepitation and of mineral formation, applicable to 
processes, the thermodynamic parameters of which are connected by specific 
regularities, are given below in a table, 

Higher temperatures of decrepitation will correspond to relatively 
high temperatures of mineral formation, if the formation of the inclu
sions occurred during the formation of the mineral from a heterogeneous 
system' on the line of saturated vapor, or from homogeneous systems char
acterized by different magnitudes of parameters T and F, but nearly uni
form presures (Table, land 2), Th.is same correspondence of temperatures 
of crystallization and decrepitation will be observed if the process of 
growth of the crystal occurs in a regime of decrease (also increase in 
the general case) of the parameters P and T and simultaneous increase 
(decrease) of F (table, 6), 

The evolution of the parameters of growth of crystals for different 
stages of mineral formation under natural conditions is very diverse and 
can be described only to a first approximation by specific thermodynamic 
rules. The most widespread regimes of crystallization during changes of 
parameters are noted in the table (land 6). Possible also is the forma
tion of the inclusions during adiabatic expansion of the cavity-crystal
lizer with decrease of the temperature and of the density of the mineral
forming solution . In the latte·r case, relatively high temperature of 
growth will correspond to low-temperature of decrepitation, and conversely, 
relat ively low temperature of decrepitation will correspond with r elative
ly high temperature of gro~th of the mineral. Isobaric and isothermal 
regimes of crystallization are not characteristic of processes of natural 
mineral formation. 

Nevertheless, one cano,ssume short-lived periods of isobaric and iso
thermal conditions in the formation of some deposits. As seen from the 
graphs of Fig, 5(2 and 3), one cannot judge the relative temperatures of 
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Fig. 5 (p. 96). Graphical representation of processes with regularly 
,associated thermodynamic parameters. 

growth of the crystal by the decrepitation of the inclusions formed in 
them, This lack of correspondence of the relative temperatures of 
growth and decrepitation of inclusions has often been observed by us 
during study of minerals grown under synthetic conditions at uniform 
temperatures and pressures, but with varying densities of solutions 
(Khetchikov and others, 1968), 

Thus the studies carried out show that temperatures of decrepitation 
do not always correspond to temperatures of growth of crystals. Depend
ing on the features of the process of mineral formation and the char
acter of the changes of thermodynamic parameters of this process, the 
temperature of decrepitation can be higher, lower, or approximately 
equal to the temperature of crystallization. Thereby, in order to esti
mate even relative temperatures of growth of crystals from the decrepi
tation of inclusions, one must consider the possible effects of various 
tactors, determined by the changes of the process of mineral formation, 
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KRENDELEV, F.P., ZOZULENKO, L.B.. and ORLOVA, L,!1., Temperature of ho
mogenization and composition of gases in gas-fluid inclusions in peb
bles from ancient conglomerates of sulphide type (Authors at Institute 
of Geology and Geophysics, Novosibirsk, USSR) (Paper for presentation 
at 1972 Montreal COFFI symposia, received too late for inclusion in 
symposia programs in previous issue of COFFI; Ed.) 

The most important uranium-eold concentrations among all found in 
the Earth are associated with · Precambrian conglomerates. Throughout 
the whole of mankind's history about 75-80,000 t of gold were mined, 
two-thirds of this amount being mined from South Africa's conglomerates 
during the past eighty years. Because of this fact the problem of min
eralization in conglomerates attracts great attention by numerous sci
entists, In discussing this probiem geologists usually regard the ores 
from Witwatersrand, Blind River, Serra de Jacobina, Tarkwa, Mounana, 
Koli _and other deposits as belonging to one common type. This concept 
JllllSfe revised because at present some different ore-forming minerals 
were discovered, in addition to uranium and gold contained in conglom
erates (fig. 1). They contain copper, mercury, tin, rare earths and 
norunetalliferous ores such as barite, fluorite, semiprecious stones 
etc. Oil is also extracted from conglomerates (Austria). It is nec
essary, therefore, in treating the problem of genesis of ores in con
glomerates, to include all elements and define the place of gold-urani
um bearing ores among them. 

The ores of U, Au, Cu, Pb, Zn, Sn, Hg and other metals localize 
not only in conglomerates, 0ut in gravels, sandstones and siltstones 
too, In many cases the ores spread from conglomerates to sandstones 
and/or silts tones within the boundary of one and the same ore r,ody. 

According their age, metalliferous conglomerates vary from Archean 
to the pebble rocks of the modern beaches and streams. The existence 
of modern placer deposits indicates that the concentrations of detrital 
minerals could have been forming in ancient sediments. It is clear 
that we can't apply the same measure to the Archean and Quaternary sed
iments. Both the possibility of formation of ore concentrations and 
the probability of its conservation must have been realized during their 
geological history. 

Ancient conglomerates may be found in different geological 
structures such as the large geosynclinal fore deep structures in plat
forms or shields, the rift valleys, fault depressions, fore deeps, inter
mountaine basins, and within the Alpine geosynclinal folding zone and 
molasses series. 

Conglomerates are distinguished either by their genesis, or by the 
genesis of their mineralization, or the grade of metamorphism of their 
matrix, etc. 

We can get information by examination of the newly-formed minerals 
in the matrix of conglomerates. As likely as not, all the matrix
minerals contained in the Precambrian sulphide conglomerates are newly 
formed. The only exceptions are the accessory minerals of rounded shape. 
Even quartz pebbles are often fully recrystallized. In essence they 
are quartz pseudomorphs replaced over the original quartzite pebbles or· 
vein quartz. Such pebbles are freq~e~tly of bluish, pinkish, or lilac 
color. In the quarternary pebbles only clay minerals such as kaolinite, 
montmorillonite, and limonite can be considered as newly-formed miner
als. In this case this may be applied to the placer deposits only enter
ing into stages of transformation. As an example we take the Tertiary 
and Quaternary conglomerates of Japan and California and show that kaol
inization, argillitization and sericitization of feldspars proceeds 
along with formation of sulphides. It must be stressed that in the 
Ninge-Toge deposits formation of U-minerals is related to acid rocks, 
while formation of Au-ferrous sulphide with placer deposits from Cali
fornia is related to basic rocks, overlying the placers. These are 
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separate links in the process, which are distorted.and masked in Pre
cambrian rock series by later processes of different duration and di
versity. The source of solutions resulting in formation of the new 
minerals are also diverse. In Japan one has solfataric thermal waters 
of the final stage of volcanism. In California one has down-flowing 
ground waters. The clear hypogenic nature of sulphides is probably 
connected with the displacement of the ore material by solutions. 
Rypogenic sulphi des may be encountered in the recent as well as Paleo
zoic and Precambrian conglomerates. 

The newly formed mineral assemblages show a clear order in all the 
groups of mineral~ (newly formed matrix minerals~ sulphides, oxide min
erals, the radioactive minerals and gold). Order in the deposits re
flects the sequence of assemblages from high-temperature minerals, that 
is well-known from the hydrothermal deposits of vein, stockwork, and 
other morphological types. 

We can distinguish all the stages of metamorphism by the assemblages 
of newly-formed matrix minerals, starting with granulites, via stauro
lite, kyanite, garnet+pyroxene, amphibolite, epidote and green-sch i st 
facies to finish with the rocks in which c lay minerals such as kaol in
ite, montmorillonite etc. were conserved. A set of minerals is charact
eristic of each of the assemblages of the newly-formed minerals. 
We can find gold in each of the assemblages but its maximum concentra
tions may be found in connection with quartz-sericite-chlorite-pyrite 
association (sometimes pyrophyllite, fuchsite and other sulphides). 
It must be indicated that Au-U-bearing sulphide conglomerates are po
sitioned in the field of green-schist facies metamorphism. 

The appearance of newly- f ormed minerals are impossible without an 
influence of solutions. The important problem is to determine the 
parameters of these solutions. 

The newly-formed minerals have a certain temperature of formation 
and fields of stability, but there js only approx i mate information about 
these. The only evidence of real solutions are gas-fluid inclusions 
(GFI). For this reason we have investigated the temperature of homog
enization (tH) and composition of gas-phase of gas-fluid inclusions 
(GFIJ from quartz pebbles of conglomerates of different ages and useful 
components. In table 1 all investigated conglomerates are arranged 
in order of decreasing metamorphic stage. 

We have used the method of determination of tH worked out by N.P. 
Ermakov (1) and the thermochamber suggested by L. Sh. Bazarov and Yu. 
A. Dolgov (2). For determination of chemical composition of individual 
GFI we used the method and apparatus worked out by N.A. Shugurova (3). 

All the GFI may be divided into two groups. The primary GFI are 
located nonsystematically in quartz of pebbles; the secondary GFI -
along the fissures and/or in the newly-formed minerals of the matrix. 
The results of determinations tH of two classes of GFI are given in 
fig. 2. 

According to tH of primary GFI (.fig. l ,A) all conglomerates may be 
divided into two groups: 1) Precambrian (samples 1-11), range of tH 
from 70 to 570°C; there are deposits of deep structures in' plat:forms 
or shields; 2) Paleozoic and Mezozoic conglomerates (samples 12-17) 
from young folded structures, r ange of tH from 150 -to 400°C. 

The tH of secondary GFI may vary from high-temperature gas-satur
ated pneumatolites (570°C) to l ow- temperature thermal waters (70°C). 

From fig. 2 it is obvious: a) secondary GFI are contained in 
quartz pebbles from all conglomerates with different contents and ages. 
Otherwise, the pebble is not a closed: system, preserving primary 
fluids. The latter are altered (metamorphosed) constantly, and GFI 
are formed in such pebbles along the microscopic cracks, fissures, and 
fracture cleavages. Sometimes there is complete,.recrvstallization of 
pebbles, forming pseudomorphous amethyst or quartz by replacement. 
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There are three-phase GFI (gas+fluid+crystal of NaCl) in the pebbles 
from the rec{colored conglomerates of Khuzir (sample 17), We would re
mind that Motskaja suite have the vend-age and contents of salt-thick
ness (sic.). Consequently, the quartz~pebbles are metamorphosed by 
interstratal brines too. The three-phase GFI homogenized at tempera
tures of 140-180°C and the NaCl dissolved below 160°C. 

We can observe a border of calcite around the quartz-pebbles of 
conglomerates from Laba. GFI are in this calcite too. The secondary 
GFI from quartz-pebbles (sample 14) and GFI from calcite (sample 15) 
homogenize at the same time. Comsequently, the time of forming GFI and 
the time of matrix metamorphism are synchronous. 

b) The classification of conglomerates on the basis to the tH of 
secondary GFI and by asemblages of newly-formed minerals coincide. 
The characteristics listed below coincide with each other: 
1) the temperature of homogenization of the exsolution structures of 
chalcopyrite-bornite solid-solution (sample 11); 
2) tH of GFI in newly-formed minerals from matrix (sample 14, 15); 
3) tH of secondary GFI from quartz-pebbles. Most probably the sulphide 
ore-formation and metamorphism of conglomerates are caused by an inte
grated process. 

c) Homogenization into the gas-phase takes place only for conglom
erates from Karelia (sample 3) subjected to high-temperature metamorph
ism. One-phase inclusions occur in conglomerates containing fluorite, 
barite, and carbonates as newly-formed matrix minerals. Possible these 
minerals are formed from cold-water solutions with temperatures about 
50°C. 

There are determinations of temperature ore-formation for other 
minerals from ancient conglomerates: cinnabar from Khakassia (fig. 1) 
- 70-180°C (4), and ningoite from Ninge-Toge - 70-30°C (5). Conse
quently, there is a visible evolution of temperatures of hydrothermal 
solutions in the course of geological time. The wide interval tH for 
every sample demonstrates also the evolution of temperature for solu
tions which took part in the forming of a specific ore body in conglom
erates. This implies that the ores in conglomerates may be divided in
to .:£allowing classes: i,ypo-, epi-,and me so-thermal deposits, as for vein 
deposits, localized in the cleavage zones or open cavities, 

The composition of the gases were determined in 16 GFI,all > 0.1 
mm in diameter, with the results shown in table 2. Having considered 
the matter we arrived at definite conclusions. 

Acid gases (mainly NH3) predominates in conglomerates from Rand 
(samples 6,9) and were found in samples from Ural (samples 1, 19) an.d 
Karelia (samples 3,5). Anal.ogous results are shown for Jatullian 
quartzites from Karelia (6): CO2 and d2 contents are low in all GFI 
from all types of conglomerates. The high c0ntent of acid gases in 
GFI (for instance the Rand sample) is a result of the influence of a 
deficient GFI-volume. On opening the gas-bubbles are absorbed rapiuly 
by th~ neutral castor oil and this distorted the results. However this 
fact allows us to propose that the main acid gas is NH3. This is con= 
firmed by the drop reaction of Nessler. Sulfur bearing gases are not 
absorbed by castor oil during 20-30 min. 

The tH of GFI and their gas-content from vein quartz cutting the 
ore zone (Ural, samples 19,20) correspond with secondary GFI from the 
quartz-pebbles (samples 1,2). The GFI characteristic of the quartz from 
the veins cutting the spread thick layer only (sic.) are similar to 
those of primary GFI in the pebbles. 

Primary and secondary GFI from quartz-pebbles are readily dis
tinguished by their gas contents. The higher temperature hydrothermal 
solutions (700-400°C) have a greater percentage of acid gases (to 79%), 
and vice versa; lower temperature may lead not to a decrease in quanti
ty of acid gases but to an increase in the quantity of co1 • GFI from 
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quartz. tourmaline. fluorite (tH about 200-400°C) have no acid gases, 
There are anomalously high percentages of H2 in all GFI. except con
glomerates from Rand. Maximum quantities of Hz are contained in the 
GFI of quartz of veins and secondary GFI from pebbles. 

In such a manner gold and uraniferous ores in Precambrian conglom
erates of sulphide type are formed owing to the activity of solutions 
with temperatures about 220-400°C and containing acid gases. COz and 
~y~n. fu 

Under a temperature of about 300°C the correctic~ ~~ressure is 
small and it may be ignored. 

Thanks are due our collegues Yu. !1., Dolgov·. L. Sh. Bazarov and 
N,A. Shugurova for critically reading and improving the report. and 
S.S. Scherbin and P.K. Dementiev for samples of conglomerates from 
Ural and KMA. 
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List of: figures 

Fig. 1 - Principal localities for ore-bearing conglomerates of world. 
The l,(seful components: 1-Au+U; 2-U; 3-Au; 4-Cu; 5.-Pb+Zn; 6-TR; 7-SnOz; 
8-Fe; 9-mica+feldspars; 10-Hg. 
Deposits: Af r ica : 1-Witwatersrand; 2-0range Free State; 3-Eldorado
Banket; 4- Denny- De'lton; 5-Pangolla; 6.-Tarkwa Goldfield; 7-Mounana; 
8-D'Arlit; 9-Assongo; 10-Sekenke; 11-Zamfara; 12-Bou-Sellam; North 
America: 1-Blind-River; 2-Houmstack (sic); 3-Leeds; 4-Silver Reef; 
5-White Pine(?); 6-Iron-Hill; 7-Lake Padlli; 8-0tish Mountains; 
9-Forr~st Hill; Sout,h · America: 1-Serra de Jacobina; 2-Los Adobes• Huemuel; 
Europe: 1-Koli; 2- Westerwick; Australia: 1-Westmoreland; 2-Mountain 
Morgan; 3-Bonny Doon; 4-Guolgoong, ,'.sia : 1-Ni nge-Toge; 2-Mizunami and 
othP.r; 3-China; 4-Chikmagaluru ; 5-Travankohr; USSR : 1-Antoshkin kljutcn; 
2-East slope of Ural; 3-Rjabinka; 4-Kurusay; 5-Terlig-l-laja; 6-Laba.. 
Caucasus; 7-Baley; 8-Khara-Su; 9-umsutchan; 10-Huzir; 11-Timan ~s·,,). 

Fig. 2 - Diagram of temperature 
secondary (B) GFI. Every point 
into the fluid; 2-into the gas. 
table 1. 

of homogenization of primary (A) and 
- one determination: 1-homogenization 

~lumber by abscissa - the deposit from 
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Brief list of conglomerates (investigated from various regions) Table 1 

N Locality 

1 Ural, Chobeinskaja 
suite 

2 In the same place, 
gravels 

3 Karelian, Sarioli 
4 Enissey ridge, 

Taseevskaja suite 
5 Karelian, Jatulli 
6 Rand, Dominion-reef 
7 Rand, Mein-reef 
8 KMA, Kurskaja suite 
9 Rand, Basal-reef 
10 Enissey Ridge, 

Lopatinskaja suite 
11 Aldan, ;ijabinka, 

Omachtinskaja suite 
12 Uch-Kulatch, 

Uzbekistan 
13 Khakassia, 

Samochvalskaja suite 
14 Laba, Caucasus 
15 Matrix of sample 14 
16 Narin-river, 

Uzbekistan 
17 Khuzir, Hotskaja 

suite 

Age 

Cm1 

Cm1 

Pt1 
PCm3 

Pt3 
PCm1 
PCmz 
K1 
PCm3 
V 

R3 

Pz 

C1 

P1 
P1 
Tr 

V 

Useful 
Compo
nents 
TR 

TR 

Au? 
Mica 

Au 
U+Au 
U+Au 
Au? 
Au-+U 
Au? 

Cu 

Pb+Zn 

CaFz 

Au 
Au 
Au 
~ 

Au 

Pebbles!) 

q+,h12) 1 sh 

+ q 

q+ 
q+,qu,ap 

q+ 
q+,qu 
q+ 
q+ 
q+,qu 
q+,sh 

q+,ja 

ef,tf 

q,in,se 

q+, in,se 
q,qu,fl 
q+,qu,fl 
ia,to 

q ,qu,ja,sh 

Newly-formed minerals of 
matrix of conglomerates 1) 

fe, ga, bi, mu, ser, chl 

fe, q, bi, ga, mu, ser, chl 

q, ser , PY, ep 
fe, q, bi, mu, ser, chl 

q, ser, chl 
q, ser, chl, pl, mu, py, pr 
q, ser , py, chl 
q, ser, fuc, PY 
q, ser, he, py, chl 
q, ser, ca, py, he 

q, ser, chl, ca, ch, bo 

+ ca, ba, ga, sp 

+ . flu, fl, cl 

ca+ fl, li 
ca 
ka 

cl, li 

Quartz from veins (Ural , region of sample Nl and 2) 

18 Quartz-microcline vein from granites of base of series q+ 
19 Large zonal crystal of quartz from sample Nl8 q+ 
20 Milk-white quartz from vein-filling which cuts the conglomerate 

,---- --..._ __ 
L . 



Composition of gases in GFI in quartz-pebbles 
fro"" ancient conglomerates 

Table 2 

Sam- tH Diameter Volume percentage 

ple oc 111111 2 , 
so2 , CO2 Oz co Remainder+ 
NH3 

1 150 0,00279 18.9 8.4 7.2 0.0 65.5 
150 0.0288 21. 9 18,0 6.4 0.0 53.7 

0,0450 18.1 16.7 5.8 o.o 59.4 
120 o.o 17 .1 10.2 o.o 72. 7 
120 0.0444 0,Q 17 .1 5.2 o.o 77. 7 
180 0.0264 20.5 11.5 12.3 0.0 55.7 

4 380 0.0138 o.o. 47 .3 19.5 0.0 33.2 
385 0.0384 o.o 17.5 11. 7 0.0 70.8 

5 410 0.0268 o.o 12.0 8.3 0.0 79.7 
295 0.0156 68.6 18.3 9.5 3.6 

6 200 0.0198 56.1 11.9 5.2 7.3 19.5 
9 140 0.0168 57.0 27.5 15.5 
19 160-140 0.0402 32.5 9.0 6.0 20.0 32.5 

160-140 0.0198 19.5 16.J 6.5 19.4 39.6 
115 0.0384 0.0 13.3 12.0 0.0 74.7 

20 115 0.0312 o.o 18.8 9.6 o.o 71.6 

+ Includes Hz, N2 , CnHm and rare gases 

MALYSHEV, A.G., 1970, On determining the possibility of rock-crystal 
in pegmatites and quartz veins with the help of chemical analysis of 

water leachates from quartz, l!l Geology and Experimental Studies 
(subtitle: Geology of deposit s of p i ezoresources and experimental study 
of processes of mineral formation), Ministry of Geol. USSR, All-Union 
Research Institute for the Synthesis of Mineral Resources (VNIISIMS) 
Trudy,_ v. 12, p. 14-21, "Nedra " Press, Moscow. Translation by A. Lahiry. 

During t he study of fluid inclusions it was £ound that the 
growth of crystals o f quartz t akes place in a wide range of temperature 
and pressure in rock crystal-bearing druses from hydrothermal or 
pneumatolytic solutions. Since the formation of rock crystal is de
pendent on the composition of the solutions, the course of the crys
tallization processes which depend upon the concentration of certain 
elements present in the hydrothermal solutions can be understood. 

The qualit:ative and quantitative composition of the solutions 
in the fluid inclusions can be approximated by the chemical analysis 
of water leachates of different mi nerals. Since varying quantities 
of solutions are contained in different samples it is necessary to 
represent the results of the analyses in milligram equivalents so 
that they can be quantitatively compared. For example 100g of quartz 
sample rich in fluid inclusions contains more solution than that 
from lOOg of quartz with fluid inclusions that have leaked out or 
been destroy~&. In one 100 g s ample, for example, 3 mg Na+ was 
found and in another 100g sample lg Na was obtained, although in 
both samples the same concentrat ion of Na+ was present. 

For the comparison of the leachates the ion content in the 
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solutions is usually given in relative weight percentage or in per
cent equiva l ents of individua l anions and cations. Further t he 
results of the chemi cal analysis for a ll mos t common i ons , found 
in major amounts , such as K+, Na+ , Mg2+ , ca2+, Cl-, F-, sO42-, 
HCO3- , are present ed in \ equi v. From t he sum of t he milligr am 
equivalent which i s t aken equal to 100\ equi v., the, equiv. for 
every ion can be easi ly calcula t ed. (Tabl e 1 ). In t he text the 
mean value of i equi v. from quart z of i ndivi dua l deposits and prov
inces are given. (Table 2). 

The study of the role played by individua~ elements in the pro-, 
cess of formation of crystals ~evealed that out of the eight ions 
(K+, Na+, Mg2+, ca2+, cl-, p-, s04

2-, HC03-) only Na+ and~ take 
active part in the solubility of quartz.(Butu· .t' ov and Bryatov , 1957; 
Khitarov, 1952); according to I .G. Gan~~v (1963)., silicic acid is 
maintained in the solution by the Cl- and F- ions. In the pegmatites, 
quartz crystals of good quality are formed mainly from NaCl solutions 
(Ermakov, 1960; Zakharchenko, 1960). An increase in the Cao concen
tration in the solutions strongly reduces the concentration of 
silicic acid (Babuskin, Matveev and Mchedlov-Petrosyan, 1965); 
+he presence of Ca and alsd Mg and some other e l ements reduces the 
ability of the hydrothermal sol ut ions to f orm c rystal s. 

Two coefficients, K1 and K2, result from the above facts as 
characteristics of the crystallization of t he qua rtz veins. 
Coefficient Kl is the ratio between the sum of the\ equiv. of the 
Mg2+ aJld ca2+ ions and the sum of the% equiv. of the anions: 

% Equiv. uiv. ca2+ 
'/, Equiv. c1- + 

This coefficient characterizes the qualitative mutual relation 
of Mg and Ca with the anions and the effects on the formation of rock 
crystals. It expresses the ability of the hydrothermal solution to 
form rock crystals. The best possibility for the formation of quartz 
crystals under natural conditions is given at lower values of Kl, since 
in this case K+ and Na+ are easily removed by the adjoining rocks 
and the silicic acid remains in the solution. 

Coefficient K2 is the sum of the% equiv. of alkali metal ions 
and the anions Cl- and F-; K2=% Equiv.~+% Equiv. Na++% Equiv. Cl-+ 
i Equiv. r. The values of these factors show the relative contents 
of the introduced ions in the solution during the formation of 
crystal (solution and re-precipitation of silicic acid). The coeffi
cient K2 is therefore an indispensable factor for the formation of 
rock crystals. 

It should be noted that with the calculated coefficients, only 
the relative condition of the hydrothermal solutions for the formation 
of the crystals and the possible duration of these processes can be 
determined, because the geological-structural conditions, the mag
nitude of the hydrothermal activity and the thermodynamic conditions 
during the formation of the pegmatites and quartz veins are not con
sidered. 

Before we compare the coefficients of the different deposits, 
the values of the coefficients Kl and K2 of the druse pegmatite 
of west Tarbogat will be compared . 

In the diagrammatic representation (fig. 1) the drop in coef
ficient K2 during the crystallization of the pegmatite genetically 
connected with the granitoid of the main phase is shown against 
the crystallization of the pegmatites related to the later leucocratic 
granites. Extensive geological work confirms the conclusion 
derived from the Kl and K2 coefficients. A sharp change in ~he 
value of K1 occurs between the rich and the lean rock crystal-bear-
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ing pegmatites which are connected genetically with the leucocratic 
granites and not with wrphyrites. The pegma.tite rich in rock 
crystals represents the immediate continuation of a granite 
apophysis. The pegmatite poor in rock crystals is completely in 
porphyrite and cuts across a thin vein-like granite body. This 
underlines the fact that:by the K1 and K2 coefficients the effects 
of the adjoinging rocks on the nature of the hydrothermal solutions 
during the formation of crystals can also be recognized. 

The lower values of K for vein quartz and for quartz crystals 
are typical of the pegmatite s of west Tarbogat, Kent, Maidantal and 
quartz veins of Ural. (See Table 2, fig. 2). The values for K1 on 
the point~Al and al were calculated from the analyses of water 
leachates of quartz from crystal-bearing pegmatites. Still better 
results are obtained from the same analysis (point A2 and a 2 ) for 
K2, 

The values of the coefficients for core quartz and for quartz 
crystals show that the solutions were identical during the growth 
of the quartz cnstals in druses and during the formation of core quartz. 

A distinct difference exists between the values of the coef
ficients for rock crystals (point B1 and b1, fig. 2) which is less 
distinct in the crystal-bearing and massive quartz veins of the 
Ural. Significant variations in the values for K1 and K2 were ob
served in the vein quartz and quartz crystals. Apparently the char
acter of the hydrothermal solutions changes, after the formation of 
rock crystal-bearing veins, as a result of intake of Ca and Mg 
~ the neighboring country rocks. 

Characteristic for the quartz veins of west Kazakstan are 
multiple stages of formation, recr/stallization of earlier quartz 
and formation of crystal-bearing druses in the last phase. This is 
confirmed by the coefficients K1 and K2 • For example the late quartz, 
in comparison with earlier quartz, is marked by considerably lower 
values for Kl and higher values for K2 • Consequently such changes 
in the values of the coefficients can be evidences for overlapping 
or addition of new hydrothermal solution. 

In fig. 2 the coefficients Kl and K2 for quartz . of a few 
polymetal lic deposits of north C&lc~sus are represented. According 
to the values obtained for the coefficients (for quartz crystals~: 
Ki= 0,94; K~ 19; for vein quart z: K1= 1.25; K2 =34), it was determ
ined that the capacity (or ability) of the hydrothermal solutions 
to form rock crystals is very little or weak. 

The coefficients for q__uartz crystals Mm Volyn pegmatitejare 
similar: K1=0.66 and 0.86 a nd K~ 23 and 41 (See Table 2 and fig. 
2). 'Most probably tt,e anal;_, zed sample consisted essentially of 
secondary fluid inclusions. Accordin~ to the description of the 
inclusions (Prikazchikc~, 1966) the inclusions were of large dimen
sion (up to 20 mm long) and were on heaied fractures. The coeffi
cients K1 and K2 for the late quartz crystals from the pegmatites 
of Kent, Maidantal, Bektau-Ata and west Tarbogat are equal to 1.23 
and 42. This confirms the fact that the solutions in the inclusions 
of quartz crystals from Volyn are similar in composition to those 
present during the end phase of growth of crystals of quartz. 

The suggested method makes possible, after the conversion of 
analys,es and calculation of K1 and K2 , the estimation of the poten
tial capacity (ability) of the hydrothermal solutions to form rock 
crystals during the formation of quartz veins and pegmatites. For 
a full elucidation of the formation of rock crystals in particular 
pegmatites or quartz bodies or groups it is necessary to take into 
account all the effects and factors involved in the formation of 
rock crystals. 

The data obtained permit the following conclusions: the forma-
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tion of rock crystals in quartz veins and pegmatites takes place 
(under suitable available conditions) when the mineral-forming so
lutions are characterized by low values of K1 and high values of 
H2 . The chemical analyses of the water leachates of quartz crystals 
show that for most of the deposits Ki is not much larger than 0.7 
and K2 , as a rule, is more than 50. From this it follows that with 
the help of the coefficients, the origin of hydrothermal solutions 
(rest solutions or new additions) and their effect on the adjoinfug 
rocks can be determined. 

The coefficients K1 and K2 were calculate~ from the mean values 
of the chemical analyses of water leachates of quartz from indi
vidual deposits. This increases the reliability. As rightly re
marked by D.N. Khitarov (1965) the accuracy of the methods of chem
ical analyses must be improved for reliavle comparison of the chem
ical analyses of water leachates. Of particular impo f' tance is that 
the solutions from primary and secondary inclusions should be sep
arately studied (Khndakovsky, 1965). 

The chemical analyses permit an objective characterization of 
natural mineral-forming solutions in the various stages and condit
ions of formation of rock crystal-braring bodies. 
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Table l ( p . 15 ) 
Calculation of micro-chemical analysis of samples from quartz veins of 

Ural 

lo"+c..,t Kl+ Nal+ Mg2+ Ca2+ 

mg/1009 1.53 11.29 2,04 

mg, equiv.111000 39.1 491 - 102 

% equiv. 3.1 38.5 8.0 
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ci1- F 
1- S042-

21.3 0.72 0.18 

602 37.9 2.8 

47.2 3.0 0.2 

HCO 3 
1-

SUm 

127 

100 
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Table 2 (p. 16-17) 
Mean values of percent equivalent of chemical analysis of solutions from macro-inclusions and water 
leachates and th_e values of coefficients Ki and K2 • 

Location of samples Samples 
-i Eoui v of' ions Coeffi cients 

1- Nel+ Mi:{2+ Ca2+ l - l -
so,, 2- Hco..1-K Cl F Sum IC.. r.:.., ... 

o .4 27 2 2.9 25 .8 13.9 - 10.8 19.0 100 o.66 41 
0.2 7.6 5.5 36.8 15.4 O.l 14.7 19.7 100 o.86 23 
2 .4 33.8 3.7 12.6 22.l 2.1 10.2 13.1 100 0.34 6o 

6.o 29.0 1.6 14.6 38.7 0.1 3.4 6.6 100 0.33 74 
8.7 32.1 o.4 11.4 41.0 o.4 3.7 2.3 100 0.25 82 

2.0 36.9 - 9.0 39.9 0.1 4.4 7.7 100 0.17 79 

o .6 38.9 0.3 9.7 39.6 - 3.6 7.3 100 0.2 79 

0.7 36.8 0 . 5 17.6 27.0 1.6 7 5 8.3 100 o.41 66 
0 2 29.1 0.7 22.2 23.5 0.9 11.2 12.2 100 o.48 54 
o.8 33.4 0.1 14.2 38.7 2 .0 2.0 7-.9 100 O .28 76 
- 42.4 - 10.0 41.9 - 1.6 4.1 100 0.3 84 
- 25.1 - 29.3 22.0 13.0 1 8 8.8 100 o.64 6o 
- 29. 7 - 26.3 23.7 - 3.8 16.5 100 o.6 53 

1.9 17.2 0.2 29.5 40.6 - 2 .4 8.2 100 0.58 6o 
1.0 19.7 o.4 29 O 45.8 - 1.2 2.9 100 0.59 66 
l 8 22.4 0.3 28.1 29.7 0.1 9.3 8.3 100 o.6 54 
1.0 26 7 2.2 19.2 28.0 7.3 7.1 8.5 100 0.42 62 
- 12. 5 14 . 8 16.2 - 17.0 21.0 18. 5 100 0.55 30 

p 0 .2 2.4 - 52.2 18.9 3.2 23.1 - 100 1. 16 25 
- - - 73.7 19.8 2.0 4.5 - 100 2.8 22 

~ 
4. 4 25.0 4.1 22.5 27.2 0.7 7.3 8.8 100 :J.6 57 

C .. 



Crystals of QM"..t-&. from crystal-
3.7 4o.8 7.3 37.8 1.4 6.8 0.16 84 bearing vein 0.1 2.1 100 

Qz from vein in 
plag\granite 1.8 39.8 0.4 14. 7 -,4.4 0.7 2.8 5 4 100 0.35 7i 

Qz veins of Ural I Crystals of quartz 4.7 19.2 11.5 26.7 18.2 - 11.5 8.2 100 1.01 42 
Vein qz. from less-

crystal bearing and noncrystal 
bearing veins 2.2 19.9 2.8 27.6 22.7 2.3 5.0 17.5 100 o.64 47 

Oz veins of Ural II Crystals of quartz 0.5 22.7 - 26.4 30.8 - - 19.6 100 0.52 54 
Qz veins of eastern Crystals of quartz 0.7 24.3 - 25.4 41.9 1.5 LO 5,2 100 0. 51 68 
Siberia Vein quartz 2.3 21.7 - 28.2 33.7 3 .o 2.7 8.4 100 0.59 61 

Qz veins of western Crystals of quartz 2.0 21.8 6.6 18.9 33.3 - 0. 5 16 .9 100 0.51 57 
Kazakstan Vein quartz 1.0 19. 5 5.4 33.7 13.7 - 9.0 17.7 100 0.96 34 

Qz veins of Verkhnye- Crystals of quartz 7.2 24.1 19.5 7.2 18.0 - 7 1 16 .9 100 o.64 49 
Buryeinsk rayon Vein quartz 9.0 11.5 21.1 7.2 16.5 - 10.4 24.3 100 0.55 37 

Qz veins of Verkhoyan Crystals of quartz - 10.8 6 7 33.5 6.8 - - 42 .2 100 o 82 18 
Vein quartz - 13.7 - 38.6 9.0 - 7.4 31.3 100 0 .81 23 

.... Polymetallic ore deposit Crystals of quartz - 4.4 10.9 35.3 3.8 - 8 .1 37 .5 100 0.94 19 .... of NW Causasus Vein quartz - 23.2 14.o 28.7 10.7 - 5 5 17.9 100 1.25 34 "' Peg. and qz. veins of Crystals of quartz 
above mentioned from pegmatites 1.3 23.6 1.7 26.3 25.0 1.5 9.6 11.0 100 o.6 51 
deposits Crystals of quartz 

from quartz veins 2.8 21.8 5.9 23.5 26.5 o. 3 4.6 14.6 100 o.64 51 
Crystals of quartz from ve,;i;. a;1d 

7.4 12.5 quartz veins 1.9 22.8 3.5 25.2 25.7 1.0 100 0.62 51 
Core qz from peg. 2.5 29.4 1.3 19.4 29.1 1.8 7.6 8.9 100 0.44 63 
Vein qz from 
quartz vein 2.2 24.2 3.5 25.5 25.1 1.1 5.6 12.8 100 0.65 53 

Core qz. and vein 
qz. from pegmatite 

6.5 10.8 100 0.54 58 and qz vein 2.4 26.8 2.5 22 .3 27.2 1.5 

Note: Chemical anazyses taken from the works of U.N. Anufriyev., V.C. Aplonov, L. Sh. Bazarov, V.C. 
Balitskov, V.I. Berger, C.N. Venedictov, M.G. Guryevich, A.I. Zakharchenko, Y.D. Inshin, V.A. Kalyuzny~ 
A.E. Lisitsin, V.N. J:o,ubofyev, A.A. Moskalyuk, I.M. Ovchinnikov, V.C. Polykovsky, L.A. Prikazchikov, 
L.C. Puzanov, Y.A. Smirinov, Ya.N. Sokolov, V.N. Trufanov . 
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Fig. l (p. 18) Values of coefficients K1 and 
K2 for quartz crystals of pegm.atites of 
western Tarbagat. 
I. - rich-crystal bearing pegmatites in 

leucocratic granites. 
II.- poor-crystal bearing pegmatites in 

leucocratic granites. 
III- crystal bearing pegmatites in grandiorites 
IV . -rich-crystal bearing pegma.tite in 

porphyrJ 
V. - poor-crystal bearing pegmatite in 

:l; I ~~~ I I I ' ' .,, : I ~ i I I I I .-·..:..:_ _.,;,> "'<._ . I \ . 

~r~7:~;'~ f ;2t~~~ n~rtr~~~0 

1<1 I ; B 1 ~=-~\z ~~-p
1

_, :-!~ 4 I j 
/,4 ! I I '. I I I I I 

I I I I ! ! . I 

fl

.(;s,_~_;_ ! ~. 1 '. -2 - 1- I ,,\ ' ' / I 
_ _ _ I _ _ -l. ~ CP ?SaH 

CjJJ8aH 
, ~ - ~ _____ _ ~ . _ __ _ J{fJt 1

1 

(l. ,. :.... . " ZT!JH/ I 
I '( • . :1 __ , ___ ii; : i - · _ _:~ __ ---- - __ --

~- I 11 /JI IV J' YI ii ,_,, /X X .~/ J,1/ .Y:,i" XI'/ JY J.Vf IV/I lYl!l 

kt 

:.J ,.A. 
6!fJ 

_. , 
'° 
2(J 

0 
l~ 

1.0 

fl6 

45 

a, 

Q2 

o, u ill IV y 

1 - K., for crystals of quartz; 2 - K2 for vein quartz and core quartz; 
3 - ~ for crystals of quartz; 4-f,(Lfor vein quartz and core quartz. 
Cp." Co11te.,t"j O.H ~ O.no,tl-,Jf- C?) 

Fig 2. Values of coefficients K1 and K2 for quartz from different 
deposits of rock crystal. 

Pegmati tes: I. Ukraine ( ana.lyses of s~tions from macro-inclusions). 
II. Ukraine (analyses of water leachates), 
III. Kent massive (Central Kazakstan), 
TV . Western Tarbagat (eastern Kazakstan), 
V. Maidantal (Kirgiz), 
VI. Quartz-feldspar veins of Maidantal, 

Pegmatites: VII. Kenkol massif 
VIII . Kaiba (central Kazakstan), 
IX Katbar massive (Central Kazaksta:i.) 
X Bektau-Ata massif (Central Kazakstan) 

Quartz veins:XI. in Plagiogranites (Ural) 
XII in gneisses, sandstones, different schists (Ural) 
XIII. of.Ural 
XIV. of Aldana, 
XV from western Kazakstan 
XVI from Rayon of Verkhnye-Burensky 
XVII. of Verkhoyan 
XVIII .Quartz from polymetallic deposits of northwestern 

Caucasus. 
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POKROVSKlY, P,V, and PURTOV, V.K,., The main regularities in the fonna
tion of quartz veins of crystal-bearing and tungsten deposits of the 
Urala (Author■ at A.N. Zavaritsky Institute of Geology and Geochemistry 
of the Ural■ Scientific Centre of the Academy of Sciences of the USSR) 
(Paper for presentation at 1972 Montreal COFFI Symposia, received too 
late for inclusion in symposia programs in previous issue of COFFI; Ed.). 

Spatially discrete groups of crystal-bearing .and tungsten deposits 
under review are situated within the Eastern Urals uplift in the region 
of metamorphic volcanic-sedimentary Paleozoic rocks and granitoids of 
the Djabik-Karagai and sh·lovo-Konyovo massives. 

The area of crystal-bearing deposits includes non-crystal-bearing and 
crystal-bearing quartz veins. These are monomineralic deposits consist
ing of quartz mainly. There are distinguished two stages of quartz vein 
fo.rmation in the vicinity of the deposits (l\nufriyev, 1962, 1969, etc.). 
In the beginning the fonnation of quartz veins proper took place accom
panied by silicification of the enclosing rocks. The appearance of 
crystal manifested itself at the late stages in residual cavities and 
newly fanned fissures and was followed by the enrichment of solutions 
in alkalies and silica extraction from the enclosing rooks (Neikur, 1971). 

Tungsten deposits of the Boyevka-Biktimirovskoye group include the 
early non-tungsten-bearing veins of the P'yankovo and South Konyovo 
deposits , the supposedly early tungsten-bearing veins with feldspar of 
the Karasi deposit and quartz veins of the Boyevka, South Konyovo, 
Porokhovskoye and Biktimirovskoye deposits. Tungsten-bearing veins of 
the Karasi deposit differ from those of the others belonging to this 
group by the absence of scheelite, fluorite and carbonate typical of the 
other deposits. 

CircUJ11vein alteration of enclosing rocks is evident in the formation 
of metasomatic rims and muscovite fringes in vein gouge. Metasomatic 
processes preceded or outstripped quartz vein formation and were accom
panied by silica extraction from the enclosing rocks and their enrich
ment in potassium and aluminum. 

The method of gas-liquid inclusions was used for revealing the condi
tions of quartz vein formation. Abundance ratios of H2o and co2 , 
co2 (co2 , mole i CO2) concentrations and the total density of solutions 
of inclusions (D) were determined by way of calculation on the basis of 
tabulated H2o and CO 2 densities of the known volumes of aqueous (Vaq) and 
carbon dioxide (VC02) phases of inclusions (Dolgov, Bazarov, and Bakumenko, 
1968). Concentrations of salts in solutions were estimated according to 
freezing temperatures of the aqueous phase of inclusions. q;i;stallization 
temperatures of quartz were detennined from homogenization temperatures 
of solutions. Several methods were used to estimate pressure as a func
tion of phase volumes: from the P-T-X diagram of the H2o - co2 system 
and from the P-T-Y one for co2 • The resulting temperature and pressure 
values were checked on the basis of equilibrium co concentrations cal
culated in liquid and gaseous phases of the H2o - ~o2 system (Purtov, 1970). 

Conditions of quartz vein formation of crystal-bearing 
deposits of the Middle Urals. 

The study involved inclusions in vein quartz and quartz crystals from 
the Akrnullinskiy, Zapadniy and Astaf'yevka deposits. Quartz of veins 
occurring within the Akmullinskiy and Zapadniy deposits is characterized 
by the presence of inclusions which are three-phase at room temperatures 
or when cooling: aqueous solutions+ liguid co7 + gaseous co2 . Inclusions 
in quartz of the Astaf'yevka deposit contain additional solid phases. 
"Aqueous" and "carbon dioxide" inclusions corresponding to different 
phases of the primary heterogenous hydrothermal solution are singled 
out depending on Vaq and Vco2 ratios and the type of complete homogeni
zation. 
The Alcmullinskiy deposit, Here occur inclusions with phase volumes 
reaching 30-40 ("aqueous") - 70-80% ("carbon dioxide"). "Carbon dioxide" 
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inclusions and inclusions containing both phases of the heterogenous 
hydrothermal solution at the moment of trapping are the most abundant. 
Partial homogenization takes place within the liquid (20-31°} and gaseous 
(31-27°) phases. Vein quartz inclusions have the lowest temperatures 
of partial homogenization (Thco2} in the liquid phase. The lowest Thco2 
values in the gaseous phase are registered in the apices of quartz cry
stals. Complete homogenization of "aqueous" inclusions proceeds at 300-
3100, while that of the "carbon dioxide" ones - at temperatures 2-:7° 
higher. Homogenization temperature variations are explained largely by 
the slight compositional difference between inclusions and pure phases of 
heterogenous solutions due to the intake of a small quantity of another 
phase by the inclusion. 

The determination of parameters of the hydrothermal solutions was made 
with the help of large (O.l-0.4rnm) primary inclusions of tubular form 
(Table I}. In connection with the low salt concentration (about 2 weight 
per cent} calculations were carried out to fit the requirements of the 
bicornponent H20 - CO2 system. Temperature and pressure values estimated 
in a number of ways are quite similar. The results obtained show a 
considerable decrease in pressure, co 2 concentration in aqueous solutions 
and their density during quartz crystallization. 

Phase relations and complete homogenization temperatures of primary 
inclusions and inclusions of healed fissures are in perfect analogy. 
There is a small difference in Thco2 (1-2°) only. ~he similarity of 
properties typical of inclusions suggests that the formation of fissures 
and their healing proceeded in the course of crystallization or just 
after its termination. 
The Zapadniy deposit. Primary inclusions are revealed here in the outer 
zone of two quartz crystals. "Aqueous": Vc02 - 33-37%, Thco2 in the 
gaseous phase 30.5°, Th - 260-263°; "carbon dioxide": Vco2 - 76-80%, 
Thco2 in the liquid phase 16.0°, Th - 260-275°. Concentration of salts 
in solutions does not exceed 3 weight per cent (Table 1). 

Considerable disparity between pressures measured by different methods 
can be explained by errors brought about when determining abundance ratios 
of H20 and CO2 due to small dimensions of "carbon dioxide" inclusions 
(±50-100 bars), which result from peculiarities of the P-T-X diagram of 
the H2o - co2 system within this pressure range. 

Most inclusions are confined to healed fissures. There are distin
guished two groups of healed fissures: the most numerous early fissures 
containing "aqueous" and "carbon dioxide" inclusions with Th amounting 
to 240-280° and much rarerlate fissures with inclusions of aqueous 
solutions only, free of co2 , whose complete homogenization takes place 
at 160-240°. 
The Astaf ' yevskiy deposit. A regular change in temperatures of partial 
homogenization is established in "aqueous " (Vco 2 -20-30%) and "carboif 
dioxide" (Vr.n? - 85-95%) i nclusions when approachinq crystal-bearing 
nests together with the compositional change of prisoner-minerals in 
"aqueous" solutions. In connection with the intensive splitting of inclu
sions during heating there is recognized only the most possible Th range 
of inclusions equal to 260-320° (Table 2). 

The results of investigations indicate the decrease in pressure, co2 
concentration, density of solutions and the increase in salt content (C) 
of solutions during the formation of quartz veins of the deposit. A 
similar character of the change in salt composition of solutions is re
vealed according to the data obtained when analyzing solutions of inclu
sions by the water-extract method (Anufriyev, 1966). Numerous healed 
fissures contain multi-phase aqueous inclusions with low (less than 20°) 
temperatures of partial homogenization into the aqueous phase. The 
volume of solid phases reaches here 20% (halite-15% and sylvite - 3-5%). 

The study of inclusions in quartz of three crystal-bearing deposits 
permits drawing the following conclusions: 
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Table 1, Peculiarities of inclusions in quartz of 

er sta l -bearin de osits . 

"A ueous" inclusions carbon dioxide inclusions 

Thco2, Th, Nco2 D, P, Thco2• Th, Nco2 
0 c 0 c mole\ cm3 bar 0 c °C mole% 

rHE ULLINSKIY DEPOSIT 

I 
Vein quartz. 

24.0L I 3001 16 0.921 5401 23.0Ll300I 38 

29. SL 13001 
29.8L 302 

30.0L 305 
30.8L 305 

14 
14 

14 
13 

The lower zone o f c s tals . 
0.87 515 30 . 0L 305 38 
0.87 505 30.5L 310 37 

The mindle zone o f cro stals. 
0.87 490 30. BL 310 39 
0.85 480 30.7L 305 39 

D, p 
cm3 bar 

1 0.041590 I 

I ·o. 72
1
490 I 

0.71 460 

0 . 68 470 
0.68 465 

I nclus ions 
of both ·t es 

T, P, 
•c bar 

31.0L 305 12 0.84 470 30,BL 307 40 0.68 475 293-302 485-530 
30.SL 307 13 0.86 475 30.7L 307 40 
30.0L 305 14 0.87 490 
30,0G 302 10 0.77 435 31.lL 302 43 
30.lG 302 10 0.75 450 31.2L 302 42 
30.0G 302 11 0.74 456 31.2L 302 44 

31.2L 302 42 
The u er zone of c tals. 

27.0G 310 8 0.74 380 31 .0G 315 39 
27.0G 310 9 0.74 385 31.0G 315 40 
27.0G 310 9 0.72 390 31.0G 315 40 
27.0G 310 9 0.72 395 31.lG 315 40 
27.0G 310 9 0.71 400 

THE "ZAPADNI Y" DEPOSIT 
1 The outer zones of c rvsta s . 

30.SG 260 9 o. 80 625 16.0L 262 59 
30.5G 263 9 0.80 675 16.0L 260 59 
30.SG 260 10 0.77 700 16.0L 262 56 

21.0L 275 54 
21.0L 270 51 

Note: G - homogenization in the gaseous phase 
L - homogenization in the liquid phase 

0 . 68 475 

0.60 430 
0.60 420 295-302 430-470 
0.60 433 
0.60 425 

0.56 380 
0.56 385 
0.56 385 307-312 380-400 
0.56 395 

0 . 86 ~40 
0.86 ~2 5 247-272 500-875 
0 . 86 ~90 
0.82 ~15 
0.83 ~00 

Table 2, Properties of inclusions of the Astaf'yevsk 
c stal- beari n de osit . 

20-26 

"A ueous " inclusions 
Propertie s o f 

solid hases 
um- Prisoner Vol., ·Th, 
er minerals % 0 c 

Massive ve i n 
I - !Absent I I 

Ci rcumnest vein uar tz and t he 
28-29L - 2 Sy l vite 0-5 260-320 

Hal i te 0-l 

(by 
NaCl), Nco2, 
eight mole 

' % 
quartz 
I - I -
inner zones 

30 7 

The outer zones o f er stals 
28-29G 2 Halite 10-12 260-320 40 3 

3-5 

I -
of er 
1.12 

1.09 

Carbon dioxide 
inclusions 

8- 24 

P, 
bars 

11550-1115 

1170-800 

1. The format ion of crys tal-bearing quartz veins proceeds from hydro
thermal heterogenous solutions wi th high density (more than o.7 g/cm3) • 
containing diffe rent salt concent rations(from 2 to 40 weight per cent) 
and considerable amo unt s of d issolved co2 (up to 16 mole%). 

2. At each deposit the formation of vein quartz around the vug, and 
quartz crystals, took place at small temperature variations (10-60°) and 
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more significant pressure fluctuations (up to 175-750 bars). Considering 
the duration of processes, it is possible to speak about crystallization 
under practically isothermic conditions during a gradual pressure 
decrease. 

3. The decrease in pressure was accompanied by a drop in co2 solubility 
in aqueous solutions and in their density, while at the Astaf'yevskiy 
deposit - by the additional increase of the degree of mineralization 
of the solutions. 

Conditions of quartz vein formation of tungsten 
deposits of the Middle Urals. 

Vein quartz of tungsten deposits contains three-phase inclusions 
with co2 • Inclusions of heterogenous solutions - both "aqueous" and 
"carbon dioxide" - are known in the columnar vein quartz and cloudy quartz 
crystals of the Biktimirovskoye deposit. "Aqueous" inclusions resulting 
from homogenous solutions are present in massive vein quartz of other 
deposits. Inclusions are located within healed fissures and interfissure 
sections. The rows of early and late quartz veins recognized according 
to the geological data are distinguished by the peculiarities of gas
liquid incluions (Table 3; fig. 1). The early non-tungsten-bearing veins 
of the P'yankovo, South Konyovo deposits and the tungsten-bearing ones 
of the Karasi deposit contain inclusions with higher Vc02 and Th values 
as compared to those of other deposits. There are also established some 
differences in Thco2 pointing to the lower co 2 density in inclusions of 
the early veins against the later ones. 

CO2 concentrations in inclusions of quartz of the early and late veins 
are almost the same, their average values for the deposits being 8 - 12 
mole% (fig. l]. Densities of soluti~ns in inclusions amount to 0.6-0.9 
g/cm3 in early veins and 0.8-1.0 g/cm in the late ones. The difference 
in densities indicates a possible density increase in hydrothermal 
solutions in the course of quartz vein formation. Density changes of 
solutions can result from pressure increase. Reasoning from experimental 
data on co2 solubility in H20 (ToJ;:enouchi and Kennedy, 1964), the moment 
of homogenization is accompanied within the established temperature 
range in inclusions by the development of pressure amounting to 300-480 
bars in quartz of the early veins and 420-1500 bars in that of the late 
ones. 

Table 3. u a rtz of tun sten d e osits. 
T 

Sample vco, liqui 
De os i t number %2 p hase Th, oc 

Tun s ten-bea-rin 
Boyovka 4 15-25 2-28 200 - 260 

2 20-30 25-31 240 - 260 
1 25-30 30-31 31-28 250 - 270 

Karasi 1 30-40 30-31 31-20 320 - 360 
2 30-50 31-20 320 - 360 

South Konyovo 1 15-25 20-28 200 - 240 
2 20-30 30-31 31-28 240 - 280 

Porokhovskoye 2 15-20 16-30 200 - 240 
2 15-20 20-31 31-25 200 - 250 

Biktirnirovskoye 1 20-30 24-31 31-30 220 - 260 
60-70 20-30 260 - 280 

Non-tunqsten-bearina veins 
P'yankovo 1 30-40 28-31 31-25 220 - 260 

1 30-40 - 31-20 285 - 315 
3 30-50 - 31-20 310 - 360 

South Konyovo 2 30-40 30-31 31-20 320 - 340 
1 40-50 - 31-20 330 - 350 

It should be particularly emphasized that the position of the Karasi 
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deposit among the other deposits of the Boyovka-Biktimirovskoye group 
is quite exceptional. There can be singled out two stages in the forma
tion of mineralization for all deposits - hubnerite crystallization and 
further progress of its scheelitization accompanied by crystallization 
of fluorite and carbonate. In veins of the Karasi deposit this second 
stage is not displayed. The most intensive tectonic study of the Karasi 
ore field suggests that its specific features are governed not by the 
formation that takes place earlier, but by the formation proceeding at 
quite another level and further vertical displacement within the struc
ture of the ore zone. 

Some peculiarities of quartz crystallization from carbon 
dioxide - aqueous hydrothermal solutions. 

Peculiarities of quartz crystallization in veins of crystal-bearing 
and tungsten-bearing deposits are determined not only be temperature 
and pressure changes, but also by the related changes in co2 regime, 
salt composition and pH of hydrothermal solutions. 

The decrease in dissolved CO 2 concentration due to its transition to 
the gaseous phase causes an increase of silica solubility (Morey, 1957). 
calculations show that at 300° the decrease in pressure from 500 to 400 
bars (Sio2 solubility decrease by 22-27%) is compensated completely by 
the opposite influence of the decrease in dissolved co2 content from 
13 to 8 mole i (the increase in sio2 solubility by 27%). 

The decrease in dissolved co2 concentration causes the increase in 
the solubility of salts (Smith, 1968) intensifying the ability of hydro
thermal solutions to extract the components of the enclosing rocks. It 
is precisely this fact that explains the rise in the content of chlorides 
of alkaline metals in solution with the decrease in dissolved coi concen
tration and pressure traced in inclusions in quartz at the Astaf yevsk 
deposit. 

The reduction of pressure and dissolved co2 concentration causes the 
decrease in the degree of carbonic acid dissociation, the increase in 
the degree of HCOj ion hydrolysis and the decrease in the ratio of dis
solved co2 concentration to HC03 ion activity causing the pH shift to 
higher values (Ryzhenko, 1965). The additional pH rise is related to 
the increase of alkaline metal cations in solution. 

The whole complex of indicated factors decreases the degree of super
saturation of solutions with silica and promotes the extraction of Sio2 
from the enclosing rocks, the vein quartz recrystallization, and the 
formation of crystal-bearing cavities. In this case CO2 separation
dissolution compensates possible pressure fluctuations and provides for 
a stability of both the degree of supersaturation of solutions with si
lica and the rate of quartz crystallization. 

The drop in temperature or the rise in pressure at constant co2 con
centration established for processes of quartz crystallization of tung
sten deposits had to cause the increase in the degree of carbonic acid 
dissociation, the decrease in hydrolysis of its ions and, therefore, the 
alkalinity decrease (acidity increase) of hydrothermal solutions. The 
primary alkaline nature of the solutions is confirmed by the gain-loss 
balance of components during near-fissure metasomatism accompanying 
tungsten-bearing vein formation (Pokrovskiy and Grabezhev, 1971). 

The order of pH changes in solutions adequately explains the extrac
tion of silica from enclosing rocks near tungsten-bearing quartz veins 
at the early stage of their formation, while in the proximity of crystal
bearing ones at the closing stages of the process, during the formation 
of crystal-bearing nests. 
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Fig. 1: Variations of volume relations of phases, co2 densities and 
concentrations and total densities of solutions of inclusions in 
quartz of the late tungsten-bearing veins of the Boyovka (1), South 
Konyovo (2), Porokhovskoy (3), Biktimirovskoy (4) deposits and the 
early veins ~f the P'yankovo (5), Karasi (6) and South Konyovo (7) 
deposits of the Boyovka-Biktimirovskoye group. 

The position of average values for separate deposits is shown by circles. 
(Average values calculated for the early veins of the Karasi and 
South I<onyovo deposits coincide) - 6) •. 

SLIVKO, M. M., 1969, Liquid CO 2 -aqueous inclusions in tourmalines from 
pegmatites of the Marna region: L'vov.Gos. Univ. Mineralog. Sbornik 
v. 23, p. 295-301 (in Russian}. (Author at L'vov. Gos. Univ., L'vov, USSR.) 

"Primary carbon diexide-aqueous inclusions in growth defects along 
L and in the pyramid UOTIJ have been established in schorl crystals. 
Tfie temperatures of homogenization (from beginning of growth) of the 
primary inclusions are the following: 340--330°C; 310--295°C; 275-260°C; 
203-195°C. The inclusions homogenize in the liquid phase. The pressure 
in contrast to temperature changed approximately from 450 to 800 bars 
(.maximmn during growth of pyramid zone). All primary inclusions in 
the tourmaline crystals are characterized by a high content of carbon 
dioxide." (f\v,h.or.i c.bJI<~,~). 

Inclusions of mineral-forming solutions in some minerals of pegma
tites of the Mama region are rich in co2 (2, 4, 11). In papers by the 
author (15, 16), it was noted that co2-aqueous inclusions are also 
characteristic for crystals of tourmaline from these pegmatites. In 
this paper results are given of the study of inclusions in tourmalines 
of the Mama pegmatites and the problem is touched on the state of the 
mineral-forming medimn during the crystalliz~tion of tourmaline. 

Tourmaline is an important mineral, a~~toughminor in abundance 
(1, 19), of the pegmatites of the Mama regi~n, forming accmnulations of 
large crystals in individual pegmatite bodies. Despite the fact that 
four generations of tourmaline have been distinguished in these pegma
tites (19), it consists here only of the iron variety, schorl. The 
inclusions were studied in crystals from the zones of quartz replace
ment and albitization. All the crystals studied had clearly shown 
idiomorphism with bounded terminations, predominantly with form deter
mined by the main pyramid {1011}. Comparatively small crystals are 
homogeneous in outward structure, large ones, as a rule, have blocky 
structure (the result of splitting during growth}. 

To study the inclusions there were prepared polished plates of 
thickness up to 1 mm., parallel to the axis of three-fold order of the 
crystals. Survey of more than 100 preparations, about 40 of which were 
prepared from different areas of large, split crystals, is shown 
schematically in Fiq. 1. The distribution of the inclusions in individual 
most interesting sec~ions was recorded by means of a sample driver and 
a coordinate net that permitted the construction of a family of "topo
graphic maps" of the distribution of the inclusions. One of such maps 
is shown in Fig. lb. Main emphasis was on the cryothermometry and 
thermometry of primary inclusions, formed in places of defects of growth 
along an axis of third order (splitting, intergrowth of blocks) and in 

· pyramids of growth of the crowning faces of the cap, for which clearly 
shown zonal coloring is especially characteristic in the fi~al stages of 
crystallization of tourmaline. 

Typical secondary inclusions in crystals of Mama tourmaline are 
comparatively rare, according to our observations, because fractures 
occurring at the surface of the crystal are generally dry. Most of the 
inclusions in the crystals of tourmaline studied fall into the categories 
of primary and pseudo-!).econdary inclusions (6). 
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Fig. 1 (p. 296). Split crystals of tourmaline, haif natural size. (a) 
orthogonal projection; (b) section along L1 . 
The primary inclusions, formed in places of defects of growth of 

the crystals along principal axes, differ according to the morphology 
of the u4cuoles (Fig. 2). They have features characteristic of coI11100n 
crystals of tourmaline: vicinal striations on the prismatic faces, 
limited opposite to the end of the vacuole, etc. It is evident that 
these attest to the great crystallizing strength of tourmaline. During 
the origin of local defects, there are formed chains of inclusions 
elongated along L3 . The vacuoles of such inclusions are "negatively" 
id±omorphic, and the chains are always curved, which confirms displace
ment (wandering) of early incipient defects. 

An unusual band originates during "non-compact" overgrowth of blocks 
of split crystals. The surfaces of such bands are covered by sculptured 
elements, characteristic of crystals of tourmaline. On the surfaces, 
in which accumulations of such bands are observed, the crystal is easily 
split into separate blocks. Bands (of vacuoles) of this type very 
rarely preserve primary solution; usually they are open or are healed 
at the expense of later tourmaline-forming solutions. 

A group of inclusions of solutions, formed at the place of defects 
of the crystal along an axis of the third order (considering the predom
inant growth of the crystal of tourmaline in this direction, and also 
the tendency of this mineral to splitting), contain the most interesting 
information, both on the character of the changes in the state of the 
medium at the time of the growth of the crystal of tourmaline, and also 
on the overall regime of its crystallization. 

According to the composition and state, such inclusions in the 
crystals studied were comparatively similar. They consist of liquid 
co2 -aqueous inclusions with ratios of phases 52-55% aqueous solution 
and 45-48% liquid co2 . A third phase occurs very rarely (only in large 
inclusions) and occupies a very small part of the volume of the vacuole 
(Fig. 2b). Partial homoqenization (phases Ly+ Gy) (CO2 liq. + vap., Ed.) 
Fig. 2 (opposite p. 285; omitted here). Primary inclusions of co 2-
aqueous inclusions, originating in places of defects of growth along L3 • 
(a} X 560, (b) X 208- 1 {c) X 1250, (d) X 420. 
occurs in the liquid phase at temperatures l0.5-18°C. Obtaining magni
tudes of temperature for complete homogenization is connected with 
difficulties: the large inclusions decrepitate at temperatures not 
above 250°. The data given below were obtained for comparison on small 
inclusions (0.03 mm and less). 

Homogenization of the phasetLv + Ly occurs by means of the solution 
of CO2 in the aqueous solution in two temperature intervals: 340-330° 
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and 3l0-295°c. It must be noted that in the orystals represented in 
fig. l there are observed along the axis o f third order some variations 
both of the degrees of filling of the vacuol es by co2 and also of t he 
temperatures of partial and complete homogenization. The inclusions in 
t he "t ai l " part of the crys tal have more stable r atios of phases, temp
eratures o f homogeni za t i on Ly + GY lying i n the range l0.5-12.5°C, 
L + ~ - 340-Jl0°C. As one approaches t he cap of the crystal, the 
pl'fases LY + Gar e homogeni zed at l2.5- l8°C, and complete homogenization 
occurs at 330- 295°C. 

An interesting group of primary inclusions is formed at the end ~f 
the growth o f the crys t al s in the pyramids of face {lOil} (Figs. lb, 3). 
Fig. 3 (opp. p. 285; omitted here). Inclusions in the zone of growth 
of the pyramid {1or1}. X175 . 
Distribution of such i nclusions is controlled by zonal colors (Fig. 3, 
between p. 284-285), which makes it possible to refer them as being 
primary at the conclusion of the growth of the crystals. The vacuoles 
of the inclusions are also filled by aqueous solutions and liquid co2 • 
Solid phases were not found. It is very difficult to measure accurately 
the ratios of phases in inclusions of this type, but observations show 
that the contents in them of co2 are lower than in the inclusions pre
viously described. 

Homogenizat ion of co2 occurs in the liquid phase at temperatures 
14-18.5°, and complete homogenization (solution of co2 in the aqueous 
solution) lies in the range 260-275°C. Si milar inclusi ons are also 
found in oriented overgrowths on prisinatic faces of sub-individuals 
(Fig. l), which grew together with the growth of the last zones of the 
main crystal. However, inclusions analogous to those described above 
are found only in the "tail" parts of sub-individuals; in the caps 
CO2- aqueous inc lusions, formed in zones of growth of tne pyramid 
hont, contai n less CO2 , have lower densi ty (as a rule L,,.<.~), 
and°tne complete homogenization o:f these inclusi ons occurs i n 'the 
liquid phase (aqueous solution) at 195-203°c. Evidently deposition 
of related mat er ial :from these solutions occurred also at the caps o:f 
the crystals, but the zone o:f such tourmaline obtained very little 
development. Rather they formed during the healing o:f open cracks-
fissures to the boundaries of gr owth of -blocks in the late stages o:f 
formation o:f the tourmaline crystal . 

Finally, in some crystals there is observed still another set o:f 
inc l usions, the :formation o:f which is most prc;>plll,bly. as.sociated with the 
healing o.:f late fractures or uncovered :fissures bet'\,'eenblocks o:f the 
crystals··; - i'l'ie se e:r.e,. e:s a 

0

1:'1,U.e , ess~ntially l:iquid inc-lusions · without 
notable cont ents of'. CO2 ( at• ..-4,0 

, . CO2 is not· found). In individ'ual. 
crystals are found groups of inclusions o:f this tYJJe with di:fferent 
degrees o:f :filling. The usual, essentially liquid inclusions (Fi6 . 
4) homogenize in a narrow interval o:f t emperature (168-170°c). 

In the primary CO2 -aqueous inclusions the pH was determined as 
7.3± 0.2 (analyst D.K. Voznyak). The results o:f analyses o:f aqueous 

Fig. 4 (opp. p. 285; omitted here). Inclusions o:f aqueous solution 
along fractures in tourmaline. X350, . 

extracts, made in correspondence with the recommendations o:f Khitarov 
(18), are given in the table. The sample o:f 100 g. weight was taken 
from the base of the crystal (Fig. 1). 

The data given permit one to dr aw some conclusions on the 
conditions of crystallization o:f tourmaline in the Mama. pegmatites. 

1 . The variation o:f the t emperature o:f homogenization o:f primary 
inclus ions indicates that the cr ystallization o:f tourmaline occurred 
in a r egime of gradually decreasing temperature: from the beginning to 
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the end of growth of the crystals, the course of change of temperature 
of homogenization of primary inclusions appears thus: 340-330°; 310-
2950; 275-260°; 203-195°c. In conjunction with this it is interesting 
to note that the temperature of homogenization of inclusions located 
on cleavage planes and fractures in kyanite of the enclosing crystal
line schists and pegmatites (4), varied within the range 240-280°, 
and the primary inclusions in the minerals of the pegmatites (quartz, 
apatite, garnet, albite, etc.) homogenize at temperatures of 260-
3800 (11). 

On the basis of the ratios of the phases and the type and temp
eratures of homogenization (partial and complete) of the CO2 -aqueous 
inclusion, using the literature (3,6,21), one can judge the magnitude 
of the pressure at the moment of homogenization of the inclusion. 
Calculations show that the pressure varied approximately in the 
range 450-800 atm.; thereby in the course of its variation (in contrast 
to the temperature) a maximum. wi ll befob~e~ved, recorded by inclusions 
in the zone of growth of the pyramid 1011 J ( see Figs. lb and 3), after 
the formati on of which, the pressure evidently decreased (appearance 
in subindividuals of CO2 -aqueous inclusions with partial homogeniza
tion in the gas phase). 

2. It must be emphasized that all the clearly primary inclu
sions in the studied crystals of tourmaline homogenize in the liquid 
phase. Dolgov (5), quoting (10), states the opinion that "toumaline 
as a rule is always pneumatolytic, although, no doubt, some small part 
of it crystallized from liquid solutions" (5, p. 61). There is not 
complete agreement with this statement. Conversely, the results of 
study of inclusions in tourmaline of different types of pegmatites 
and their separate zones (22, 14, 12, 16), and in tourmalines of 
other genetic types (for example 8, 20, and unpublished data of the 
author) indicate that all satisfactorily verified primary inclusions 
in crystals of this mineral homogenize in the liquid phase. This, 
thanks to recently known facts (7), is a rather weighty indication 
of the hydrothermal genesis of most tourmaline in the studied part 
of the Earth's crust. 

3. The mineral-forming solutions in the process of crystalliza
tion of tourmaline in the pegmatites of the Mama region were saturat
ed by CO2 • This is indicated both by the behavior of.individual in
clusions on cooling and heating, and also by the com£Osition of the 
aq1:_eous_extracts, accordine to which the ratio (HC03 + C03 --2) : 
(F +Cl)= 20:1. The high saturati on by CO2 of the solution forming 
pegmatites of the Mama region is noted in papers (4,2,15,11,16), and 
the presence of CO2 in inclusions in Ma.ma muscovites in (13). 

4. The origin of the pegmatites is closely associated with the 
formation of the metaffiorphic complex. Korzhinskii (9) and Sobolev 
(17) assumed a large role of CO2 in metamorphic processes. The first 
direct confirmation of this position is a paper (4), in which are 
described inclusions of kyanite in kyanite-garnet--two-mica and 
kyanite-garnet-muscovite c:rJstalline schists and plagioclase pegmatites 
of the Mama region. The high saturation by CO2 of the inclusions in 
post-magmatic minerals of the ~,a.ma pegmatites emphasizes the signif
icant role of this component in the formation of the metamorphic com
plex and is one more (geochemical) confirmation of the interelation
ship between processes·of metamorphism and pegmatite formation in 
old metamorphic strata. 
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Table (p. 298) 

Analysis of aqueous extracts from tourmaline 

Components mgL2:iO ml 

I* II* III* .r** mg-equiv/ 250 ml 

Na+ 8. 57 2.38 2.0 6.95 0.302 
K+ 0.38 0.22 0.25 0.10 0.003 

+ 
Li 0.30 0.01 0.01 0.29 0.042 

++ 
Ca 1.20 3.75 2.40 0.15 0.007 
Mg++ 0.29 0.21 0.05 o.4o 0.032 

++ 
0.04 Fe 0.02 0.02 

Mn++ not not not 
found found found 

~K (c,,hot1~ 0.386 

HC03 
- 18.96 7.39 5.29 15.77 0.258 

C03 -- 4.06 not not 4.06 0.135 
c1- 0.60 0?~d found o.41 0.011 0.16 

r 0.55 0.12 0.24 0 . 19 0.010 

S04-- not not not 
found found found 

HSi03 
- 2.n 2.05 1.79 0.58 0.008 

~A ("'"''o,;1) 0.422 

Weight 100g. 99 ,64g. 99 .22g. 

pH doubly 
distilled 
H2 0 5.45 5.04 4.56 

pH extract 8.31 8.24 7.64 

* I, II, III - 3 consecutive leaches 

-lE-* Sum of (I-III)+ (II-III). Analyst G.F. Rudenko. 
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N.N., and KURDIN, o.v., 1970, On the composition particularities of 
primary fluid inclusions and trace element composition of minerals 
at the Khapcheranginsky ore region: in L.V. Tauson, ed., Yearbook 
for 1969 of The Acad. Sci., USSR, Siberian Division, Institute of 
Geochemistry, Irkutz (publl~hed 1970), p. 172-176, (in Russian, 
English abstract). The phy~\te aeries which are of almost uniform 
composition occur north and south of the Tarbalzyesky fault zone and 

.. are characterized by considerable variations in the grade of meta
morphism due to the intrusion of Kha9Cheranginsky pluton. The dis
placement of the rocks along the fault and the tectonic stress during 
the formation of pbyllites caused, particularly'in the vicinity of 
the fault, plastic flow of material and release of silica from the 
country rocks and redeposition of quartz as flat lenses and veinlets 
which occur parallel to the phyllite layers. The formation of quartz 
is earliest in the area and NaCl-type solutions took part in its 
formation.(Table 1). The metam9rpbism in the zone of disturbance 
is shown by the decomposition (or alteration) of certain minerals in 
the rocks (which contain up to 10% biotite), and by silicification. 
The metamorphic solutions of NaCl-type acquired increased amounts of 
potassium and fluorine. Such solutions are of an intermediate type 
which are responsible for the formation of gold-quartz veins.· 
The mift~alization is connected with the E-W striking fractures. 
These represent the earliest ore veins of this area and formed before 
or during the intrusion of the granite pluton, The heat of the in
trusion caused the mobilization and separation of ore mine(.J.s. In 
comparison with the mine.-ai.s of the Khapcheranginsky region it is note
worthy that ore mine,~\5 from such deposits which are connected with 
faults have a higher content of gold (Table 2). 
All tin, zinc, and lead deposits, which formed after the intrusion 
and are genetically associated with it show partly horizontal and 
partly vertical zoning. In all ore deposits, the fluid inclusions 
in quartz of earliest stage of' ore deposition are characterized by 
a higher acidity and higher content of potassium, whereas in 
Tarbalzyesky the quartz-cassiterite stockwork is rich in fluorine. 
In the latter case the content of KF is double that of NaCl. 
The greisen deposit of Granitnyi and the Tarbalzyesky stockwork are 
similar both in regard to the mine,.,i composition (quartz, fluorite, 
arsenopyrite, cassiterite etc.) and to the composition of fluid 
inclusions in quartz (except the F/Cl ratio and the pH ualue). 
The quartz from Tarbalzyesky fault zone is distinguished by i~s 
higher content of Li and Fin fluid inclusions than that in the 
quartz of Khapcheranginsky ore region. On considering the ore min
e-<.,;l~ in the above ore deposits it is noted that the ores of the 
Tarbalzyesky, Kurultyei, and Kurultuikena are richer in iron than 
the ones of Granitnyi and Khapcheranginsky. 
The cassiterite from Khapcheranginsky differs from the cassiterite of 
Granitnyi in that it is richer in such elements which te,{ld have 
come from phyllites (Fe,Ga,Sc) and besides it has a higher indium 
content, In the cassiterite of greisen-type deposit of Granitnyi the 
Nb, typical of pneumatolysis, is enriched. The decrease in the con
tent of Fe, r;a, and In in cassiterite :f'rOll! cassiterite-sulphide veins 
of Khapcheranginsky, in comparison to the griesel, deposits, is ex
plained by thn intake df these elements in the sulphides. The lower
ing of the Nb and St content is defintiely connected with the evolu
tion of the composition of the sohitions. 
Sphalerite and galena from those deposits connected with the fault 
differ from the sphalerite and galena from Khapcheranginsky due to 
their higher F content and partly K, Ga, Tl, and Fe contents in the 
inclusions. 
Finally the genetic relationship and s:imilarity between all the Sn-Zn 
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Mean values of the parameters of leachates of fluid inclusions from minerals of Khapcheranginsky 
ore region 

Locality 
of samples 

Quartz lenses 

Quartz 

pH ltta/KjLi/NalLi/KjF/c1 1~~p£~s 

in phyllite 17 . 6 !5.6 jo.020!0 .0530 .018\ 19 

Gold quartz 
veins 

Tabalzyesky 
fault (Qz. 
without 
mineraliza-

8.25 \1.B \o.033!0 .061o . o6o I 19 

~ tion 8 .o 1.2 0.022 0 .021 
~ ~ I. Tabal zy~i 7.5 0 .57 0 . 10 0 .03 

Sphaler i te 
pH !Na/KIF/Cl Inc . of samp1.es 

Table I 

Galena. 
lpH INa/K ~/Cl !no. of 

I'' ~ample:: 

Kurult e i 8 . 2 1.4 0 . 20 0 . 22 I 
II. 

. - Kurultuiken 

]

. 5 ore bodies 
-+: Kurultuiken 
E 4 ore bodies 

i Kurultuiken I 

8.910.43 10 .23 r -19 I 0.33 

9.012 .1 ~ -39 ~ -18 0.36 

13 

5 

and 2 ore ~1 bodies 
a III 

2_. 1~1.8s lo. J.2 p .15 I 0~5 L.28 · 

:; Granitnyi I 8 .7 \0 .57 I0 .10 p.06~ o.47 \ 14 
"2 Kba:pclieranginsky 

;: (veins wi th Sn02 
~ and RS) I 9-1~ 1.8 lo.o44 b.o4~ 0.0241 21 

5.7 o.6a o.81 2 

u.o I o.6~ o.2JJ 9 

~ .4 I o. 731 0.25 5 

~ .1 I o. 7~ o. 57 

~-2 I 1.1 I 0.21 

3 

3 

P,9 I 0.7510.15 I 9 

p.O I 0,931 0.07 5 
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Table 2 
Content of some (admixture) elements in the ore minerals of Khapcheranginsky ore region (in g/t) 

· Ore deposits Au Cassiterite Sphalerite Galena 
and ore 
bodies 'eAsS CuFes2 FeS2 ZnS PbS Fe Nb Sc Ga In no. of Fe,\ Ga no. of Ga Tl 

~amples samples 

fl If Tabalzyei D.05 9000 170 8 30 19( 3 

j "[~:'i!~!en, 
0.06 0 . 03 0.04 0.04 13.9 30 1 30 1 

11.5 10 3 - -
~ 5 ore bodies 12. O 0.06 0.04 0.01 
~ Kurultuiken, 
~ I&II ore bodies 13.5 5 16 - 1 

III.! Granitnyi 0.01 0 . 004 7200 2000 - 3 8( 8 9.15 - 1 1 3 
Khapcheranginsky 
(veins with Sn02 
and RS) o.oae (),0$ 0.00-f 0,02.. 0.007 5500 - 14 - lE 14 11.7 2 33 - -
Khapcheranginsky 
(veins with ZnS 
and PbS) 0.005 0.003 0.01 7.6 1 123 - -

no. 
of 
samp. 

l 
5 

22 
4 

16 

98 

t 
l . 



TUGARINOV, A.I., and NAUMOV, V.B., 1970, Dependence of the temperature 
of decrepitation on the composition of gas-liquid inclusions and on the 
strength of the mineral: Akad. Nauk SSSR Doklady, v. 195, p. 182-184, 
(in Russian). 

In recent years ever broader studies of inclusions of mineral-forming 
media have been undertaken to clarify the physico-chemical conditions 
of mineral formation. Thus, of the 1450 papers published in 150 years 
with data on inclusions in minerals, 1050 papers (70%) were completed 
during the last ten years. Inclusions in minerals are used most success
fully in thermobarometry, although it must be noted that even yet the 
results obtained are given arbitrary interpretatio~s in connection with 
inadequate treatment of the basis of the method, expecially in the appli
cation of the method of decrepitation of inclusions. 

Previously, in studies of gas-liquid inclusions in crystals of syn
thetic quartz, grown from aqueous solutions of Na 2co3 and NaOH, the 
relations were established between the temperatures of homogenization 
and decrepitation of inclusions (1-4). The temperatures of the begin
ning of massive decrepitation of inclusions were always higher than the 
temperatures of homogenization by 45-65° (depending on the densities of 
the solutions). Besides corrections were determined for the pressure 
for the transition from the temperature of decrepitation to the tempera
ture of formation of the mineral. Nevertheless, as was shown by the 
results of studies of inclusions in minerals of various ore deposits, 
there are contained very often in hydrothermal solutions significant 
amounts of volatile components, mainly co2 , and for such solutions, 
naturally, the corrections ought to be different. We therefore tried 
to show the dependence of the temperature of decrepitation of gas-liquid 
inclusions on the content of co 2 in them. 

The results, obtained by the method of (5), are given in Table 1. It 
is seen clearly that there is a tendency for a decrease of the tempera
ture of decrepitation as the concentration of co2 increases, for all 
the minerals studied. If one compares two samples of quartz, no. 1 
(without CO 2) and no. 6 (with the maximum amount of it), they show 
nearly the same temperatures of homogenization, but the difference in 
temperatures of decrepitation (350° and 150°, respectively) is 200°! 
Using only data on the temperatures of decrepitation for sample no. 6 
(quartz 150°, wolframite 110°) one could be led to an incorrect conclu
sion as to the low-temperature conditions of formation of these minerals. 
Hence it becomes perfectly clear that to use single determinations of 
the temperature of decrepitation to judge the temperature of formation 
of a mineral without using the method of homogenization or determining 
the composition of the inclusion is impossible in any case. Only complex 
study of gas-liquid inclusions permits obtaining reliable information 
on the physico-chemical conditions of formation of minerals. 

Thus, the joint use of the methods of homogenization ana decrepita
tion makes it possible to determine the pressure at the moment of the 
homogenization of inclusions (6). The method was checked on samples of 
quartz, because only for this are there data on the pressure at the moment 
of the beginning of massive decrepitation (850 ± SO atm.) (1). At present 
such data have been obtained by us for nine minerals of different sta
bility (Table 2). 

Because in our work it is impossible to pause for each of the minerals 
listed in the table, we give as an example only one of them, wolframite. 
Several samples were studied, in which .:p1qrtz and wolframite crystal
lized simultaneously, according to mineralogical indications. Analyses 
of the content of co2 in inclusions of these minerals confirmed the 
analogous composition of the solutions (Table 1, samples nos. 5 and 6). 
Measuring the temperatures of decrepitation of quartz and wolframite in 
these samples and using the graphical method of determination of pres
sure (6), we obtain a pressure at the moment of decrepitation at the 
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moment of the beginning of decrepitation of the inclusions in wolframite 
as 575±50 atm. 

On examining Table 2, it is clearly seen that the greater the hardness 
of the mineral, the greater the pressure necessary to burst the inclu
sions. Because increase of the pressure in gas-liquid inclusions is 
connected with increasing temperature, one must assume that for stronger 
minerals the temperatures of decrepitation will be higher. In other 
words, even if two minerals crystallize simultaneously from the same 
solution at the same temperature and pressure, but they are of different 
tenacity (for example, quartz and molybdenite),. then inevitably the 
temperatures of decrepitation ought to be different. However, the 
magnitudes of these differences for two minerals will not be the same in 
all cases, because they also depend, as Table 1 shows, on the composition 
of the solution. 

From the results given in Table 2, yet another conclusion follows: 
for minerals with hardness in the range from 1.5 to 7, the pressure of 
decrepitation increases about 100-120 atm. per unit. Such a correlation 
between hardness and pressure permits one to estimate approximately the 
pressure during decrepitation of inclusions also for some other minerals, 
such as molybdenite (150±50 atm.J, galena (250±50 atm.), etc. Uf course 
these data will be made more accurate in the future. ' 
Vernadskii Institute of Geochemistry Received 7-13-1970 
and Analytical Chemistry, Acad. Sci. USSR, Moscow 
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Table l (p. 182) 
Dependence o f the temperature of decrepitation 

sions 
(T0 ) of gas-liquid inclu-

on their content 
CO2 TH** 

Mineral No. wt. % ±2"C 
Quartz l o.o 298-300 

2 11.5±0.l* 265-276 
3 22.1 288-302 
4 21.8 279-292 
5 23.8 290-305 
6 27.6±1. 7* 278-285 

Wolframite 7 3.7 
8 7.3 
9 10.0 

10 20.5±0.6 
5 24.6 
6 26.4±0.8* 

*Arithmetic average of 2 samples 
**Temperature of homogenization 

of co, 
To 

±5°C Mineral 
350 Fluorite 
270 
240 Stibnite 
220 
180 
150 Quartz 
340 
320 
260 
160 
120 
llO 
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No. 
11 
12 
13 
14 
12 
15 
16 

CO2 
wt. ~ 

5.8 
25.2 
2.1 
7.6 

24.8 
0.6 

14.6±0.2* 

125-137 150 
220-245 70 

120 
100 

40 
146-160 200 
188-203 155 



Table 2 (p. 182) 
Pressure at the 

gas-liquid 
moment of the beginning of massive decrepitation 

i "'c. I"' ~ i ",,..s for various minerals (P decrep. J 

Hardness on the Pdecrep 
No. Mineral Mohs scale +so at:m. 

l Orpiment 1.s-2 175 
2 Stibnite 2-2.5 225 
3 Wavellite 2.5 225 
4 Barite 2.5-3.5 250 
5 Calcite 3 350 
6 Villiaumite 3.5 450 
7 Sphalerite 3-4 450 
8 Fluorite 4 450 
9 Wolframite 5-5.5 575 

10 Quartz 7 850 

INDEXES TO VOLUMES I, IX, and III 

of 

The user should keep in mind the following features of these indexes. 
The volume is given by Roman numeral, the page by Arabic nWnL~als; 
where several different items in the given category occur on the same 
page, either the number of such items or "m" (_for multiple) is put in 
parentheses after the page reference. Some items may continue on to 
following pages. Transliteration of Cyrillic has not been uniform in 
the various sources used, and hence the user must look under both 
possible spellings, e.g., Ye and E., ... iy and ••. ii, etc. 

Author Index: Only first authors are listed. 
Subject Index: Only data in the title and abstract are indexed, 

and then only if they appear to be of more than incidental mention. 
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incorrect or omitted entries. Some pertinent entries are included under 
a given subject even though the index word does not occur in the 
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as porphyry copper and Mississippi Valley are used loosely. Analyses 
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significant; thus semiquantitative spectrographic analyses are generally 
ignored. The mineral host for the inclusions studied is indexed 
except for decrep¾~tion studies. Entries that would include too many 
pages (such as ltomogenization, Quartz) are omitted. 

Deposit Index: Individual deposi t,.place names are indexed only 
when significant data are presented. Inexact place names (e.g., 
"Soviet F1lr East") are not entered, nor are individual mines in 
districts known by a district name. 
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SUBJECT INDEX (Seep. 131) 

Aegirine, daughter crystals of, II-93 
Age determinations, effect of inclusions 

on (See also Argon in inclusions; 
Helium in inclusions), III-39 

Albite daughter mineral, III-90 
Albite , inclusions in, II-25, 77 
Alexandrite, inclusions in, III-20 
Alkalic rocks, inclusions in (See also 

Apatite deposits, and Nepheline~-18, 
38; II-42, 47(m), 54, 60 , 92 , 118 , 121; 
I II-11, 17, 27, 30, 35(m), 37 , 43 , 54, 
57, 70, 71 

Alkalies in inclusions (many entries) 
Alkaline earths in inclusions (many 

entries) 
Alpine fissure veins (See ~ Quartz 

veins), I-11, 27; II-25, 62 ; HI-56(m), 
78, 84 

Alunite daughter mineral, III-90 
Amethyst, inclusions in, III-20 
Ammonia in inclusions (and other N 

compounds), I-23; II-44, 45, 51; 
III-35, 38, 39(m), 40, 47, 73, 103 

Analcime,inclusions in, III-7 
Andalusite, inclusions in, I-35; III-16 
Anhydrite daughter mineral, II-29, 79; 

III-65 
Antimony deposits, inclusions in, 

I and II-Not recorded; III-9, 44,130 
Apatite deposits, inclusions in, I-18(2), 

38, 71; III-35, 55, 56 
Apophyllite, inclusions in, II-26, 32, 

38; III-7 
Argon in inclusions, II-41; III-12, 57(m) 
Atomic absorption, use in inclusion 

analysis, I and II-Not recorded; 
III-49, 5l(m), 55 

Barite deposits,inclusions in (See Barite) 
Barite, inclusions in, I-11, 45; II-15, 

38, 43, 46, 55, 64, 66; III-23, 46, 
55, 65, 76 

Beryl, inclusions in (including beryllium 
deposits), I-5, 11; II-61, 70; III-7, 
16, 20, 56 

Bismuth deposits, inclusions in, III-18 
Bitumens in inclusions (see a l so Organic 

compounds), I-9; II-47(m)~60(m), 92 , 
121, 154; III-27, 54(m), 82 

Boiling liquids, trapping of (See also 
Immiscible fluids, trapping ~f)~42 ; 
II-66; III-7, 31, 62, 66(roJ, 93 

Boron in inclusions, II-49; III-43 , 73 
Brannerite, inclusions in, I II-40 
Brines in rocks, origin and composition, 

II-29, 36, 53, 55, 65, 70, 77 
Bromine in inclusions, II-19; IIT-2 7 
Calcite, inclusions in (many ent r ies), 

(~ Iceland spar) 

Carbonate daughter mineral (Jllany entries) 
Carbonatites, inclusions in, II-41; III-71 
Carbon dioxide hydrate, I-14, 69; II-73; 

III-45, 57, 74(m) 
Carbon dioxide in inclusions (many entries) 
Carbon i n inclusions (many entries), (See 

also Oil inclusions; Organic compounds) 
carnallite, inclusions in, r-51 
c assiterite, inclusions in (See Tin 

deposits) 
Celestite, inclusions in, I a nd II-Not 

rP.~orded; III-7, 46, 59 
Ch.kalovi te, inclusions in, I-37; III-70 
Chlorine in inclusions (many entries) 
Cinnabar , inclusions in (See Mercury 

deposits) --
Classification of inclusions, I-4, 16, 36, 

38, 69; II-18 
Chathrate compounds (See Carbon.dioxide 

hydra tel -- ~ 
Clinozoisite, inclusions in, II-25 
Cobalt deposits, inclusions in, III-10, 

39, 59, 75 
Composition of inclusions (.many entries), 

(See individual elements or compounds) 
Cooling of inclusions (See Freezing data) 
Cooling stage (See Equi~nt for cooling 

inclusions) --
Copper deposits (See also Porphyry copper; 

Polymetallic deposits), I and II-Not 
recorded; III-10, 17, 18, 45, 48 , 68,72 

Copper-pyrite deposits, I-59, 60 
critical phenomena, I-18, 19; II-71; 

III-17, 77 
Crushing stage (See Equipment for crushing 

inclusions) --
Cryohydrates (See also carbon dioxide 

hydrate), I-69; II-39, 69; III-44,57 
Datolite, inclusions in 
Daughter minerals (many entries) 
Daughter minerals, composition of (many 

entries) 
Daughter minerals, identification of, I-21; 

II-38, 39, 56; III-90 
Daughter minerals, inclusions in, I-17; 

II-56 
Decrepi t ation, apparatus for, I-19, 24(rn), 

25 , 27, 70 , 7l(m); II-4, 45, 5l(m), 62; 
III-57, 95 

Decrepitat i on data (many entries) 
Decrepitation method, comparison with 

other methods (See also Overheating), 
I-9, 14, 19, 26(m) ,~ 41, 57, 65, 
70 (m), 71; I I-50, 51, 58(m), 75; III-31, 
32 (m) , 33 (m) , 48, 62, 71, 79, 94, 129 

Density of incl usion fluids (See also 
Pneumato lysis), I-10, 23; II-63, 65, 
70; III -7, 25 (m), 32 (m), 33, 48, 117 
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Detrital minerals, inclusions in, I-61, 
62; II-36, 54; III-12, 43 

Diopside, inclusions in (See pyroxene) 
Eh, measurements in inclusions, I-23; 

III-41 
Electron microprobe, use on inclusions 

II-38(m); III-62, 63 
Electron microscopy, use on inclusions, 

I-4(2), 24(m), 41; II-14, 15; III-67 
Emerald, inclusions in, II-71, 74; III-20 
Equipment for cooling inclusions, II-13, 

28, 37, 56, 73; III-30, 73 
Equipment for crushing inclusions, III-59, 

61 
Equipment for heating inclusions (~ also 

Decrepitation apparatus), II-5, 6, 
28, 45; III-30, 47, 53 

Eudialite, inclusions in, II-92; III-28 
Exploration, use of inclusions in, I-14(3), 

19(4), 20(4), 21, 34, 60(m), 61(m); 
II-31, 36, 39, 76(m); III-8, 15, 43 

Extraction of inclusions (many entries) 
Feldspar, inclusions in III-80 
Feldspar, potassium)inclusions in,,III-38, 

39 

49, 50, Sl(m), ·54, 57(m), 70, 75, 107, 
116, 130 

Gases in inclusions, analysis methods, I-7, 
23, 24(m), 26, 65, 67, 68; II-12, 13, 
23, 27(m), 33(m), 35, 39, 46, 56(m), 
57, 76, 97, 110; III-19, 49, 54, 61, 75, 
91, 103 

Gases in inclusions, equil.ihria of, II-12, 
16, 23, 62; III-30, 50 

Gas hydrates- .See Cryohydrates and Carbon 
dioxide hydrate 

Gem stones, inclusions in (See also Emerald, 
etc.), II-44, 74; III-20~5-

Geobarometry, determinations (many entries) 
Geobarometry, methods and comparisons, 

I-7, 19, 24(m), 62; II-37, 60; III-13, 
16, 42, 48, 65, 76, 96 

Geothermal fluids (See also Brines), 
II-40; III-9, 20, 25, 34, 41, 43, 53 

Geothermometry, determinations (many 
entries) 

Geothermometry, methods and comparisons, 
I and II-Not recorded; III-l3(m), 
18, 30(m), 31, 32(m) 

Glass inclusions. See Silicate melt 
Fluorinated hydrocarbons in inclusions inclusions 

III-38, 39(m), 40 Gold deposits, inclusions in, I-22, 35, 44, 
Fluorine in inclusions, I-44; II~92, 135; 4S(m), 49, 58, 64; II-3l(m), 36(m), 

III-13, 35, 38, 72, 108, 126 37, 105; III-8(m), 10, 24, 43(m), 46, 
Fluorite deposits, inclusions in (See 48(m), 67, 83, 101, 126 

Fluorite, inclusions in) -- Granite, inclusions in, I-19, 53, SS(m), 
Fluorite, inclusions in, I-10, 13, 14, 17, 62; II-19, 65; III-81, 82(m) 

20, 21, 22(3), 27, 35, 41, 43, 46(m), Greisens, inclusions in, I-5, 20, 48; II-42, 
55, 59, 60, 6l(m); II-13, 22, 26, 36, 58, 70; III-6, 19, 20, 24, 67, 72, 83, 
38, 39(m), 40, 41, 43, 44, 52, 53, 54, 126 
56, 61, 62, 64, 66, 70, 71, 74(m), 75, Gypsum, inclusions in, I-6; II-67, 69 
78, 79, 81, 96; III-S(m), 17, 20, 24, Halite daughter·mineral (many entries) 
25, 29, 31, 35, 37, 38(m), 39, 42, 46, Halite deposits, inclusions in, I-22, 
47, 54, 55, 74(m), 76, 77, 78, 8l(m), Sl(m); II-32; III-12, 27, 64, 76 
83, 85, 130 Heating stages. See Equipment for heating 

Freezing, data obtained by, I-6, 7, 9, 10, inclusions --
12, 14, 24(m), 25, 44, 68; II-13, 15, Heavy metals in inclusions and o~e fluids, 
21, 22, 26(m), 27, 29, 34, 41, 43, 48, I-49; II-68; III-10, 18, 26, 41, 54, 
55, 56 (rn) , 62, 63 (m) , 64 (m) , 65 (m) , 66, 63, 64, 73 (m) 
69, 150; III-6, 7, 11, 15, 16, 41, 44(m) ,Helium in inclusions, II-411 III-19, 38, 
46, 48, 49, 51, 52, 53, 56(rn), 57, 60, 57(m) 
64, 66(m), 72, 73, 74(m), 76, 77, 78,120 Hematite daughter mineral, III-65 

Freezing stages. See Equipment for cooling History of inclusion study, I-4, 14, 15, 
inclusions -- 72; III-22(m), 25 

Galena, inclusions in, II-30 Homogenization of inclusions (many 
Garnet, inclusions in, I-38; II-72; III-7 entries) 
Gas chromatography, II-23, 39, 46, 55; Homogenization of inclusions, aqueous, at 

III-12, 39, 40 temperatures over 500°C, I-5, 17, 37, 
Gases, deep seated, II-16, 52, 53; III-9, 42(m), 45, 46, 47, 55; II-43, 48, 49, 

26(m), 77 57, 71, 72, 83, 118; III-7, 17, 31,31{~) 
Gases in incl usions , anaJ.yses f or , I -9(2), 43, 70, 90 

21, 53 , 63; II-12 , 13 , 15, 16, 23, 27(ro),Bomogenization of inclusions, factors 
33 (m) , 35 , J B(m), 39 , 42, 43 , 48(m), 50, affecting, I-7, 17, 26, 34, 39, 65(m), 
52, 57, 74, 80, 97 , 110, 121 ; III-7, 9, 69; II-70; III-32(m), 33(m), 67, 98 
11, 17 (m) , 20 , 32, 37, 38 , 39 (l.ll) , 40, Homogenization of inclusions, tests of 
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qccuracy, II-45, 82; III-31, 32 (Jo) , Alpine veins; Quartz veins 1 Pegmatites) , 
33(m), 46, 52, 64 I-11, 19, 35, 54, 56; II-25, 29, 31, 

Huebnerite, inclusions in, II-58 34, 37, 76; III-16, 56, 57, 123 
Hydrocarbons in inclusions. See Oil Metastability in inclusions, I-4; II-21, 

inclusions; Organic compounds) 27, 42, 63, 66, 69, 73(rn), 77; III-7(rn), 
Hydromica daughter crystal, III-90 11, 14, 15(m), 16, 26(m), 29, 35, 42, 
Ice, inclusions in, II-77 45, 53, 58, 60, 68, 75, 78 
Iceland spar, inclusions in, I-17, 26, Meteorites, inclusions in, II-78, 149 

51; II-26(m); III-6, 79 Methane See Organic compounds 
Igneous rocks, organic inclusions in, Miaroliti~avities, inclusions in, r-52 

See Alkalic rocks Mica, fluid inclusions in, I-26; II-49, 
Immiscibility in synthetic systems, II-51, 59, 62; III-56 

67, 78; III-35(rn) Mississippi Valley-type deposits, I-8, 9, 
Immiscible fluids, trapping, and 10; II-29, 4l(m), 45, 59, 60, 63(m), 

significance of, including "Primary 64 (Jn)., 65 (m)., 66, 70; III-26, 40, 54 (ml 
gas"; (See also Boiling I Sulfide melts) Molybdenum deposits (See also Porphyry 
I-16, 18, 42, 55; II-65, 73; III-9, 54, copper), I-26, 35, 49, 57, 62; II-60, 
62(m), 63(m), 69, 77 73; III-19, 36, 38, 55(rn), 69, 73, 83. 

Immiscible liquid, separation on heating, Monazite, inclusions in, II-52 
III-78, 91 Monticellite, inclusions in, II-72 

Inert gases in inclusions (See Argon j Motion pictures, use on inclusion$, I-25, 
Helium) 36; II-21, 41, 57; III-23(rn), 44(rn) 

Infrared, use in analysis, II-47; III-18(m)Movement of inclusion bubbles, II-41, 
Iron deposits, inclusions in, I-19; II-72 42; III-23(rn), 35, 45, 53 
Isotopic measurements on inclusions, I-7, Movement of inclusions, II-20, 32, 73, 

10, 68; II-22, 42, 45, 59, 69; III-13, 77, 78(m); III-7, 53, 68 
23, 24, 28, 49, SO, Sl(m), 52(m), 53, Muscovite, See Mica 
54, 59, 64(m), 66(rn), 67, 75 Na/K ratio in fluids (includes K/Na), 

K/Na ratio in inclusions See Na/K I-8; II-21, 40, 43, 68, 70, 135; III-10, 
Kuroko deposits, inclusions in, II-46, 24, 36, 50, 51, 126 

54, 73; III-52, 65, 76 Necking down, III-76 
Kyanite, inclusions in, I-35; II-37, Nepheline, inclusions in (See also Alkalic 

III-16, 123 rocks), I-37, 38, 54; II-92, 118, 121; 
Langbeinite, inclusions in, I-51 III-9, 17, 28, 35, 38, 43, 70 
Leach analyses (many entries) Nickel deposits, I-43, 52(m); II-43; III-59 
Leach analyses, problems and special Nitrogen in inclusions (many entries; see 

methods involved in, I-66(m); II-13, Gases in inclusions, analyses for; 
68; III-41, 43, 55 Ammonia) · 

Leaching, extraction by (many entries) Oil inclusions (See also Organic compounds), 
Leakage of inclusions, I-4, 9; II-34, II-29, 34, 70, 73, 74, 154; III-40, 47, 

35(m), 36, 67; III-76 77 
Lepidolite daughter mineral, III-90 Olivine, inclusions in, I-5(2); II-16, 
Leucite, inclusions in, III-9, 70 25, 78, 149; III-9, 36, 38, 59, 61, 
Literature summaries and reviews, I-8, 62, 80 

13, 14, 27, 28, 72; II-28(m), 58, 59, Ore deposits, inclusions in (many entries; 
60, 63, 72(m), 74(m), 77, 78, 103; see individual deposits by type or 
III-13, 14, 21, 26, 54(m), 59, 70, name) 
77, 78, 79, 129 Ore-forming fluids, general chemistry and 

Lithium in inclusions, II-43, 135; III-24, origin (See~ Oxygen fugacity, 
47, 73, 90, 125, 126 Sulfur fugacity, etc.), I-18, 23, 

Lunar rocks, inclusions in, III-60, 62(2), 47, 50, 63(rn); II-14, 46, 51, 67, 
63(3) (m) 77; III-20, 2l(rn), 35, 38, 47, 50, 

Manganese deposits, inclusions in, III-79., 63, 82, 83 
Mass spectrometry, I-8, 49, 67, 68; II-12, Organic compounds in inclusions (See also 

13, 16, 31, 33, 35, 57, 74; III-38, 39, Oil inclusions; Bitumen), I-9, 10,~ 
40, 49, 5l(m), 57, 72, 77(m), 84 37, 38, 42; II-29, 34, 35, 41, 42(m), 

Mercury deposits, inclusions in, I-26, 47(m), 51, 55, 56(m), 60(m), 63, 66, 
41, 45(m), 46(m), 61; II-42, 50, 71, 73, 77(m), 92, 97, 121, 154; III-25, 
135; III-8, 40, 44, 75, 103 27, 29, 38(rn), 39(m), 43, 47, 54(m), 

Metamorphic rocks, inclusions in (See also 71, 78, 82, 84 
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Overheating of inclusions, II-36, 57 
Oxygen, fugacity of, in fluids, I-8, 

22; II-16; III-7, 40, 43, SO(m), 
59, 65 

Pegmatites, inclusions in, I-5(2), 9, 
11(2), 17(2), 19, 21, 26(m), 38, 
39, 40 (m) , 41 (m) , 49 (m) , 53, 55, 
56, 57, 61, 62, 71; II-20, 26, 27, 
28, 33, 37(m), 48(m), 49, 53(m), 
54(m), 55, 56, 58(m), 59(m), 61, 
62(m), 71, 72(m), 79, 82, 87, 92, 
97; III-13, 16, 17, 23, 36, 39, 40, 
46, 55, 56(m), 81, 82(m), 83, 88, 
107, 120 

pH measurements and discussions, I-17, 
22, 23, 41, 47, Sl, 65, 67; II-32, 
53, 59, 62, 79, 148, 157; III-26, 
40, 41, 47, so, 63, 65, 73, 86, 92, 
117, 122, 126 

pH measurements, errors in, I-17, 48, 
64, 67; II-48, 49, 148; III-6, 9, 
16, 42, 43 

Plagioclase, inclusions in, III-9 
Pneumatolysis, inclusions from, I-16, 

17, 34, 48; II-37, 61, 81; III-8, 
11, 16, 17, 20, 36, 55(m), 68, 123, 
126 

Polarography, use on inclusions 
III-73 

II-14, 34, 44, 73, 80; -III-10, 25, 
52, 55, 59 , 60 

Shape of inclusions, I-4, 6; II-35 
Siderite, inclusions in II-28, 78; 

III-23, 31 
Silicate 111elt inclusions, analyses, II-12, 

23, 25; III-36, 62, 80 
Silicate melt inclusions, homogenization, 

I-52(m), 53, 54; II-23, 27, 34, 43, 54, 
ll8;- III-9., ll, 35, 38, 48, 59, 62, 63, 
70 

Silicate melt inclusions,significance, 
(See also Meteorites; Lunar rocks), 
I-5(2T:"°"ll, 18(2), 38(m), 41, 52, 
53; II-21, 35, 65, 79, 152; III-9, 
12, 13, 22, 36, 54, 59, 60, 62 (m) , 
63, 70, 77, 80, 81, 82 (m) 

Sillimanite, inclusions in, I-35; III-16 
Silver deposits, inclusions in, I and II

Not recorded; III-8, 39, 46, 48 
Skarns, inclusions in, I-25, 27, 41, 

42, 44, 48, 57, 58; II-34, 40, 62, 
71, 72(m); III-24, 34(m), 73, 84 

Solid inclusions, significance and 
distinction from daughter crystals, 
II-67 

Sorensonite, inclusions in, III-70 
Spectrometry, emission, II-38, 116; 

III-18 
Polymetallic deposits, inclusions in, I-35, Spectrometry, mass, See Mass spectrometry 

41, 42, 43(m), 45, 58, 59; II-22, 35, Sphalerite, inclusio~n, I-6, 7, 9, 
47, 49; III-10, 15, 17, 28, 29, 34, 14, 27, 36, 42; II-13, 46, 55, 61, 
36, 48, 49, 52, 55, 64, 66, 126 64(m), 65, 66, 68, 69, 75(m); 

Porphyry copper and molybdenum deposits, III-13, 38, 41, 46, 64, 65, 73, 76 
inclusions in I-10, 26, 42, 57; Spodwnene, inclusions in, I-57; III-56 
II-15, 22, 49, 60(m), 63, 67 State of aggregation of fluids, I-6 

Pressure from inclusions. See Stratiform deposits-See Mississippi 
Geobarometry valley type deposits, and Sedimentary 

Primary gas inclusions (~ Dmniscible rocks 
fluids) Sulfide melt, trapping of, III-69, 79 

Pyrite deposits, I-59; II-72; III-70 Sulfur compounds in inclusions, I-7, 
Pyroxene, inclusions in II-6l(m), 72, 8, 10, 68; II-12, 58; III-37, 38, 

149; III-9, 36, 38, 80 43, SO, Sl(m), 72 
Quartz, inclusions in (Many entries) Sulfur, fugacity in inclusion fluids, 
Quartz veins, inclusions in (See also I-8; II-12; III-41, 43, 49, SO, 59, 

Alpine fissure veins), I-J.Ll9, 20(2), 65 
21(2), 22(2), 24, 27, 46(m), 49, 57, Sulfur, inclusions in, II-79(lll}, 153 
59, 61; II-25, 26, 27, 30(m), SO, 57, Superheated ice in inclusions (See also 
62, 73, 82, 115; III-11, 17, 18, Metastability in inclusions), II-63; 
33, 43, 46, 57, 78, 107, 114 III-29 

Rhodochrosite, inclusions in, II-22; Supersaturation in inclusions- See 
III-45 Metastability --

Rischorrite, inclusions in, III-57 Sylvite daughter mineral (many entries) 
Saline minerals, inclusions in (See Halite)sylvite inclusions in, I-51 
Sample preparation procedures, I and II- Symposia on inclusions, I-3, 16, 27, 

Not recorded; III-19 28, 31, 76; II-4, 8, 9, 12; III-5 
Sapphire, inclusions in, I-5 Synthetic minerals, inclusions in, I-6, 
Scheelite, inclusions in, II-35, 36, 17, 18, 34, 39(m), 69; II-13, 33, 

61; III-74 36, 43, 45, 4.6(m), SO, 58, 69(m), 
Sedimentary rocks and stratiform deposits, 78() III 7 1 m, - , l, 30, 42, 53, 57, 
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62, 67, 68, 72, 95 
Synthetic systems, PVTX data, I-65; 

II-34, 40, 51, 54, 67, 70(m), 73; 
III-20, 25(m), 26(m), 27, 30, 33, 
34, 35, 43, 46, 62, 64(m), 65, 95 

Tektites, inclusions in, II-37, 38; 
III-17 

Telluride deposits, III-30 
Thermal gradients in ore deposition, 

use of inclusions in, I-10, 18, 
34, 60, 6l(m), 62; II-31, 37, 47, 
48, 96; III-23, 25, 37, 45, 58 

Tin deposits, inclusions in, I-9, 14, 
16, 21, 25(m), 26, 35, 43(m), 
49(m), 58(m), 60, 62; II-22(m), 
43, 50, 58, 59, 78, 135; III-10, 
24, 30, 31, 36, 42, 46, 58, 72(m), 
73, 74(m), 83, 126 

Topaz daughter crystal, III-90 
Topaz, inclusions in, I-5(2), 26, 41; 

II-22, 53, 54(m), 56, 57, 59, 87; 
III-74 (ml 

Tourmaline, inclusions in, I-40; II-58, 
72(m), 78; III-13, 56(m), 120 

Trapping mechanisms, I-5, 6, 18, 34, 

37, 38, 40, 41; II-13, 14, 21, 29, 
30, 31, 33, 34, 36, 43(m), 62, 69, 
78; III-12, 14, 30, 36, 42, 53, 56, 
57, 59, 65, 67, 72, 80, 83, 120 

.-...... 

Tugtupite, inclusions in, III-70 
Tungsten deposits, inclusions in, (See 

also Scheelite and Huebnerite), I-16, 
3's;-44, 48, 49(rn); II-22, 36, 58, 
6l(m), 135; III-13, 18, 19, 20, 30, 
31, 34, 46, 58, 69, 72, 74(m), 83, 
114, 117, 129 

Uranium deposits, inclusions in, I-44; 
II-51, 53; III-23, 38(m), 39, 40, 
59, 79, 101 

Vacuum techniques in inclusion analysis, 
I-9, 65; II-12, 35, 57; III-40, 41,84 

Villiawnite, daughter mineral, II-92 
Villiaumite, inclusions in, II-92 
X-ray diffraction, use (See also 

Daughter minerals, Ldentification of), 
I-21 

Zeolites, inclusions in (See also 
individual minerals), III-~ 

Zinc deposits~See Sphalerite and 
Polymetallic deposits 

DEPOSIT INDEX (Seep. 131) 

Abshir-Austan ore field, USSR, III-46 
Adzharian district deposit, USSR, III-17 
Agata deposit USSR, I-14, 60 
Agatovsk Au-Ag deposit, USSR, III-48 
Ainai deposit, Japan (Kuroko), III-76 
Akchatau quartz deposit USSR, III-12 
Akenobe mine, Japan, III-28 
Akmullinskiy quartz deposit, USSR, 

III-114 
Aleksandrovsk deposit, USSR, III-10 
Andean ore deposits, s. America, II-22 
Arkansas, Northern, Zinc district, III-40 
Ascension Island, S. Atlantic, III-62 
Astaf'yevka quartz deposit, USSR, 

III-114 
Baleisk gold deposit, USSR, II-105 
Baley ore deposit, USSR, I-20 

, Bashkishlag deposit, USSR, III-23 
Began deposit, USSR, I-45 
Bluebell mine, British Columbia, I-7; 

II-59; III-48, SO, 51, 52(m) 
Blyava district, USSR, III-63 
Bolshe-Bannoe deposit, USSR, III-29 
Bor Cu deposit, Yugoslqvia, III-72 
Borgoi alkalic massif, USSR, ·II-118 
Boyovka-Biktimirovskoye tungsten deposits, 

USSR, III-117 
Buhdaja Mo-polymetallic deposit, USSR, 

III-36 
Casapalca mine, Peru, III-64, 66(m) 
Cave-in-Rock district, Illinois, See 

Illinois, Southern 
Chatkal-Kurama Bi-CU deposit, USSR, 

III-18 
Chichibu mine, Japan, III-45 
Chikoi fluorite deposit, USSR, I-59; 

II-81 
Chobeinskaja, USSR, III-106 
Chukotka, USSR, II-35, 36(m) 
Cobalt, Ontario, III-75 
Concepcion del Ore, Mexico, II-34 
Copper Canyon polymetallic district, 

Nevada, III-48 
Coronation mine, Canada, II-27; III-8 
Daras:un gold deposit, USSR, I-45; II-36 
Davendin Mo deposit, USSR, II-60; III-55 
Deputat deposit, USSR, I-25, II-78 
Derbyshire, North, Pb-Zn--fluorite 

deposits, England, III-54 
Dzhida-Udinsk fluorite district, USSR, 

I-58; III-85 
East ~ennesse.ore deposits (See also 

Sweetwater barite), II-57~5-
Furutobe deposit, Japan (Kuroko), III-76 
Goryachegorsk alkalic massif, USSR, II-121 
Gulinskaya alkalic intrusion, USSR, III-37 
Hansonburg Pb-barite-fluorite deposits, 

N. Mexico, I-10; II-66 
Igashima fluorite deposit, Japan, II-75 
Ikh-Khairkhan tungsten deposit, Mongolia, 

III-13 
Ilirnaussa~ alkalic intrusive, II-42; 
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III-54, 70, 71(m) Ocna de Fier-Dogneca skarn, Romania, III-34 
Illinois, Southern, Pb-Zn-fluorite Ohtani mine, Japan, II-19; III-74 

district, II-45; III-47, 54 Oktjabr'sky alkalic massif, USSR, III-43 
Itaka Au.·deposit, USSR, I-45 Olingorsk iron deposit, USSR, II-72 
Kadzharan, cu-Mo deposit, USSR, I-26; Orphan mine, Arizona, III-23 

II-49 Osor deposit Spain, II-25 
Kamoto, W. Katanga, III-10, 55 Queazane fluorite deposit, Morocco, 
Kandzhol ore field, USSR, II-75 II-54 
Karasi tungsten deposit, USSR, III-117 Pine Point, NWT, deposit, I-9; II-64 
Karelian Au deposits USSR, III-106 Poncha Springs fluorite deposit, Colorado, 
Kariisk gold deposit, USSR, III-43 II-75 
Keban mine, Turkey, III-34 Priamur'ye ore deposit, I-21 
Kentucky, Central, Pb-Zn deposits, Providencia Pb-Zn deposits, Mexico, 

II-65 II-68, 69 
Khapchevngisky ore region, USSR, Ravandje deposit, Iran, II-15 

III-78, 126 Ray prophyry copper deposit, Arizona, 
Khdestakali alpine quartz deposit, USSR, II-20 

II-25 Rex Hill mine, Tasmania, III-24 
Khibiny alkalic massif, USSR, I-18{m) , Rhodope massif, II-36 

38, 71; II-42, 47(m), 52, 60, 92, Ridder-Sokol deposits, USSR, I-59 
121; III-27, 35, 71 Romania ore deposits, II-JO(m), 3l(m), 

Khingan tin deposits, USSR, II-44, 59 47, 6l(m), 62, 70; III-34, 55, 56(Jn) 
Khrustal'noe Sn deposit, USSR, III-36 Rudni Altai ore deposits, USSR, III-15 
Kiya-Shaltyr alkalic massif, USSR, lI-l21RyGji1114 Mn mine, Japan, IlI-79(m) 
Klichkin deposit, USSR, I-61 Sadon deposit, USSR, 1-19 
K.oDDllunar Au deposit, USSR, I -44 Salair deposit, USSR, I-59 
Komsomolsk Sn district, USSR, 111-58 San Ma.nu.el prophyry copper deposit, 
Korea, South, ore deposits, Ill-81 Arizona, lI-20 
Koretz pegrnatites, USSR, II-72 Schipchenovo deposit, USSR, I-14 
Kosaka mine, Japan (Kuroko), II-54; Shahtama Mo deposit, USSR, III-55 

III-65, 76 Shakanai deposit, Japan (Kuroko), 
Kounrad deposit, USSR, I-26; II-79 III-76 
Kumano district, Japan, II-19 shoda alpine quartz deposit, USSR, II-25 
Kuray ore deposit, USSR, I-20 sorskoye ore deposit, USSR, I-22 
Kuznetski Alatau alkalic massif, USSR, southern Illinois Ph-Zn-fluorite deposit, 

III-ll See Illinois, Southern 
Laisv~ll, Pb deposit, Sweden, II-63 Sweetwater barite ·deposits, Tennessee, 
Larium deposit, Greece, II-53 II-65; III-47 
Lespromkhoz skarn deposit, USSR, II-72 Taishu mine, Japan, II-19, 47; III-28 
Lovozero alkalic massif, II-42, 60, 121; Takatori tungsten deposit, Japan, II-22; 

III-71 III-74(m) 
Madan district, Bulgaria, II-35 Takob deposit, USSR, I-43 
Majdpanpek Cu deposit, Yugoslavia,III-72 Tenmile Au district, Nevada, III-48 
Mama pegmatites, USSR , II-72, 120 Tennessee deposits, see East Tennessee 
Middle-Tatar alkalic massif, USSR, II-121 and sweetW'ater 
Mikhailovsk district, USSR, II -39 Tetyukhe deposit, USSR, I-43 
Mineral Park porphyry copper deposit, Tokuryu mine, Japan, II-19 

Arizona, II-15, 23 Tunisia, deposits in, III-77 
Monchegorsk pluton, Kola Peninsula, Tuva deposit, USSR, I-59 

USSR, III-38 Tyrnyauz deposit, USSR, I-57, 58; II-62 
Morocco, ore deposits in, III-81 urup deposits, USSR, I-59 
Mount Bischoff tin deposit, Tasmania, Vitim plateau alkalic ;r.ocks, USSR, 

II-43 II-54 
Muruntau Au deposit, USSR, III-83 
Myao-Chan Sn ore deposits, USSR, II-135 
Nikitovka mercury deposit, USSR, II-50 
Ningyo-Toge wranium deposit, Japan, 

III-28, 101 
Noril'sk district, USSR, II-34 
North Pennines deposits, England, II-13 

Volhyn peg111atites - See V6lyn 
Volyn pegmatites, USSR, II-28, 42(m), 

53(m), 55, 72, 90, 97; III-23, 88 
Wittichen Ag-Co-u deposit, Germany, 

III-39 
Witwatersrand gold deposits, S.Africa, 

III-101 
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Yangikan (South) deposit, USSR, I-57 
Zapadniy quartz deposit, USSR, III-114 
Zhireken Cu-Mo deposit, USSR, I-42; 

II-60(m) 
Zinovec deposit, 'cssR, I-49 

ll. 

143 






