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NOTICE TG SUBSCRIBERS

Publication of this issue of Fluid Inclusicon Research - Proceed-
ings of COFFI, as with the previous issue, has been unfortunately
delayed by & series of circumstances. Most of the material for the
issues for 1970 and 1971 has slready been ccllected and it is hoped
that they can follow this one in close succession, to bricg the
Froceedings up to date and hence more useful. As this is essentially
a one-man, non-profit, after-~-hours operatior, the Editor would very
mach appreciate assistance, particularly in the translastion of ab-
stracts. All subscribers can help by cutting down time-conswming and
unnecessary correspondence and billing procedures by {1) requesting
standing orders and (£) paying for each volume &s received (or in
advance ), without waiting for separate billing. This will give the
Editor more time for such operations as bibliograpnical searcning
and selecting, cross-checking, transcription, editing, proofing,
pasting printers copy, recording subscriptions, banking, addressing,
and mailing, etc., that now occupy his spare time.




EDITOR'S PREFACE

Tluid Tnclusion Research ~ Proceedings of COFFI was started in

1968 as an offshoot of the Commission on Ore-Froming Fluids in Inclu-
sions (COFFI) of the International Association on the Genesis of Ore
Deposits (TAGOD). Although closely connected with COFFI and IAGOD,
the publication of the Proceedings is independently arranged, and
was geparately financed with & loan from the Internaticnal 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 lang-
uages, where available and not otherwise published.

3. Notices and programs of forthcomine meetings and svmposia.,
The previous issue was dominated by the large number of papers

from the 2nd and 3rd All-Union Conferences on Mineralogical Thermo-
metry and Barometry in the USSR. In this issue an attempt is made to
cover the world literature for 1969, and to catch some of the more
important papers missed previously. There are two fluid inclusion
symposia planned by COFFI and scheduled in connection with the August,
1972, meeting of the I.G.C. Abstracts of most of the papers to be
given there (including all that were available to the Editor at press
time) are included here. As a result, not all important papers from
the literature for 1969 could be included in this issue, as it was
thought best to expedite publication of the volume before the I.G.C.
meeting; the omitted works will be covered in the next issue.

Although each abstract is duly credited, the Editor wishes to
acknowledge, in particular, the help of Dr. M, Fleischer, who pro-
vided 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, as indi-
cated by "C.A.", or the full abstract citation. Translations of several
abstracts from the Russian original by Asoke Lahiry are also gratefully
acknowledged, as well as individual ebstracts translated by others. The
Board of Associate Editors kindly provided translations of 13 abstracts,
as acknowledged individually. Many other 1ndividuals, too numerous to
list, have helped by sending the Editor books, reprints, references, and
copies of abstracts. He is particularly indebted to Prof. Ermekov for
copies of Russian books. To authors of pertinent articles that have been
omitted or are misquoted here in his haste, or through language difficult-
ies, his apologies and his request to have these things called to his
attention; to authors whose Authors' abstracts have been drastically short-
ened, edited or revised, a reminder that the following "abstracts" are not
intended to be abstracts of the whole paper, but only that part most pert-
inent to inclusion workers. Some of the Russian articles listed in the
previous issue by title only have since been obtained as translated ab-
stracts, 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 rartial or full translations for use in future 1ssues. Otherwise,
photocopies of the originals can be provided at $.25 per page.
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NOTICE OF FOURTH ALL-UNION CONFKRENCE ON THERMOBAROMETRY

The tollowing announcement has been roeceived from I'rof. Ermakov:
The Fourth All-Unicn Cconferennse on Thermobarowetry will meet in the
gecond half of September, 1973, in Rostov-own-Don, U33R. The arcaes in
which papers are specifically requested are as follows:
1. Thermodynamic factors in mineral formation in terrestrial and
extraterrestrial conditicns.
2. Geochemistry and cosmochewistry of wineral-forming media in
inclusions.
3. Application of inclwe ion study to petrclogy.
k. New methods of research in ctudy of juclusions.
5. Use of inclusions as a tool in exploration of mineral depositls.

Registration fee for irdividuais wiho are nct mer pers of “he Soviet
Seetion of COFFT will be 1OR.  Mxpressions of iaterest in participaticn,
and titles of prospective papers papers should be sent by November 1972,
abstracts (no% more than *wo Lipewriiten pesos Ly Felpaery 1, 1973, to:

Pref. M.P. Frmakowv, Geological Faculty, Foscow Jhate Univ.

Mogcow 117234, U.3.5.R.

The following excursions are planned:
Pre~Congress - by steamer on the bon and Vea of Azos to historic
sites and mariupolites ( 2 days)
Pogt-Congress ~ Cre deposits of thve morthern Caucasus, with
examination of the laccoliths at TPyatigorsk and ML, Ilbrus
(5 days).

NOTICE OFF WEW THSTRUMENTS

Dr. A.R. Groshenko of the Geological Fasulty, Univ. of Moscow,
Moscow V-234, USSR, has sent three brochures, issued by the Academy
of Sciences of the USSR, in which he descrilbes three new patented
instruments that he has designed. PFlans are underwvay to manufacture
these thnree instruments in the USSR for sale., They are (1) a decrepi-
tator, {£) a microscope heating stege, and (3) a wniversal microscope
heating stage. (Translation by D.C. Alverson),

(1) _Degrepitstor

The instrument is ictended for the stud of the decrepit ation of
inclusions in minerals of ores and roeks dureng heating (decrepitation
method).

The decrepitator consists of a block of zensore { sound and temp-
erature) and e heating element in a decrepitation spparatus, which slso
has an electronic amplifier, impulse recorder, and other units.

The decrepitator is equipped with a speclal piezoelectric micro-
phone with a membrane that can be brought into the heated area. The
material to be investigated (erystals, minersl and rock grains) is
placed directly on the membrane, which increases lhe sensitivity of
the instrument to the weak sound signals of the exploding untramicro-
scopic inclusions in the minerals,

and



Te lower energy lesses from the scund signals, the membrane and
gound conductor are made as ons solid  part, and to provide for the
possibility of heating the meteria! to a high temperature without
overheating ithe piezoelement, they arc made from quartz zlass. The
efficient thermsl insulation (porous refractory) and the position of
the electric coil in the c¢losed iuner cuavitv of the decrevitator
make it possible to heat to >1200°C. The special design of the heat-
ing element (electric coils suspended du vefraciory rods) lower
internal sound interference to the minimum, as does the sol't suspen-
sion of the decrepitator in the external sound inswdating seroening
chamber.

Design characteristics of i1he sound sepsor and the ~fficient
protection of useful signals from internal and external imicrference
make it posgible to inecrease Lhe sensitivity of the i-ufrumen. and the

precisicon of investigaticns, as well as their productivity and thrift.
The instrument was created in the K.Y, Jatpayev inuiitule of i1,
Sciences of the Kmzaki U8R Acadenmy of Sciences by ALR. drosh'hanko

Fig. 1. Block diagram of decrepltation apparatus

lleating Decrep. in lelectronice Impulue
element sound amplifier recurder
regulator insulated !

1/,/// chamber telephore oscillcgraphl
Lemperature
recorder

Fig. 2. Decrepitator dissssembled (not included here).
Fig. 3. Schematic section thru decrepitator. { Sec r-7)

1,2,% = housing, middle ring, and cover of thermelly-insulated material
with refractory insert; 4 - thermocouple; 5 - membrane-cup of micro-

phone; 6 ~ handles on cover; 7 - electric coil of heating elements;
8 - refractory ring; 9 - arms of middle ring; 10 - hooks for "soft"
suspension of decrepitator; 11 - needle of sound conductor; 12 -

piezcelement; 12 - metal screening box; )4 -"Porolon" shock avsorter
(probably a styrofoam-like material).

{2} Microscope Peating Stage

The instrument is intequ for heating preparations under the micro-
scope in transmitted light.

The object glass with the preparation being studied (crystals,
mineral grains, etc.) is pleced in contact with the electric coil of a
miniature heating element, which meskes it possible to heat the prepar-
ation to 1000°C. Tempergture measurement is with & thermocouple,
which is made into the form of a ring near the junction ko provide
meximal illumination of the preparation, which is inside the ring.

The stege is equipped with a special heat disseminating plete, which
prevents the microscope objertive from overhesting, and mekes it
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?OSSible if necessary to bring it closer, at mimimal  distance, to
thue preparation. Il

The listed cheracteristicn o the stage make it possible to study,
in a broad iuterval of temperasviures, even such difficult waterial as
micro-inclusions in vein and rock-forming minerals,

The instrument was created in the K.I. SstpayevInst. of Geol.
Sciences of *the Kazalh S8R Academy of Sciences by A.R. Groshenko.

“jg. 1. Gchematic section of nealing stage. (Sce p ﬂ

1 - plastie vass ring; % = therwe :cuple; 3 ~ heat dispersiug plabe;
Y - cing of heat~inoulating metorizl; Y-o -refractory rings;
7 = eiectrical beating coil; £,3, 10 - guartz glasses.

Universal Microseopo Heasbine Ut

Intended for the study of pocparatio ns under the micros:qnpe, wilh
cnanges in their orientation duri s the process of heating.

The instrwment is equipped =°th an orientation apparatus. ir whiazn
< miniature object stage is fasioi2d on a thermocouple, but ' :meh a
wus 8s to remain mobile ( near Lie junction). The ithermoccvuie ants as
i axis. This makes it possible, without lowering the pre:ision of
:asurement of temperature, to ohange the angle of inclination of the
Lreparation from O to 20°., FEfficient thermal insulation mac> of porous
refractorics, and the location of the electric coil in eir n the inner
chamber of the thermal stage jprovicde for heating the preperation up
to 900°C, The ease of detaching Lie instrument increasesthe vrvduci i~
ity of research, decreasing iime spent on cooling in the imwrveis
between experiments. Use of a heat disseminating plate prev-iacs ovor-
heating of the microscope's optical system.

Design characteristics of the thermal stage mske it possible to
conduct new kinds of investigations, such &s the study of micro-ot ivehs
which change their shape, structure, aggregate state, color and othwr
properties on heating. For example, the study of microinclusions in
mirerals of complex shape or arranged at an angle to the surface of
the plate,deughter minerals, structure of internal surfaces of vacuoles,
ete,

The instrument was created in the K.I. Satpayev Institute of Geol.
Sciences of the Kezakh 3R Academy of Sciences by A.R. Groshenko.

Fig. Schematiec section of universal heating stage.(s¢- p 7\

1,2 - body and <over of porous heat-insulating meterial; % - heat dis-
seminator; 4 - quartz glsss; 5 - object glass; £ - thermocouple;

7,8 - screws for chgnging orientation of preparation; 9 - 3-hole porce-
lain rod; 10 - electric-heating coil; 11 - quertz glass; 12,13 - re-
fractory inserts; lié- electric connections.






REPORT OF THE COMMISSION ON ORE-FORMING FLUIDS IN INCLUSIONS (COFFI)
OF THE INTERNATTONAL, ASS 0 5 A 0 ST G

by N.P. Ermakov, Chairman of COFFI

I. A business meeting of the bureau of COFFI, consisting of N.P.
Ermakov, E. Roedder) H. Imai, and G. Deicha took place in Kyoto, Japan
29-30 August, 1970." Also present were some of the chairmen of national
sections of COFFI. The following accomplishments can be reported for
the 2-year pericd August 1968, to August, 1970.

A. DNational sections of COFFI were established in USSR, USA,
France, Japan, India, Mongolia, Czechoslovekia, Bulgaria, Roumsania,
Holland, Belgium, England, Ukrain, Byelorussia, Canada, and Morocco.
Contacts with the scientific groups of China and Greece was lost.

With the help of zonal leaders of COFFI in eastern Asia and Australia
(Imai), America (Roedder), eastern Europe and western Asia (Ermakov),
and western Furope and Africa (Deicha), groups of investigators from
the following countries were added to COFFI: Brazil, Australia, Scuth
Korea, Pcland, G.F.R., Algeria, Tunisia, Italy, Spain, Argentina,
(Tasmania), Venezuela, and Turkey. Thus at present the Commission
unites the sections and groups of investigators from 28 countries (not
including Greece and China).

B. BSome results of the scientific work were summed up in three
international meetings during this period that were organized and pre-
sented by COFFI: 1968 in Prague, Czechoslovakia; 1968 in Alexandrov, USSR;
and 1969 in Bern, Switzerland. Titles and/or abstracts of the papers
from the two 1968 meetings were published in the Proceedings of COFFI
for 1968 (Fd's. note: additional translated abstracts will be found in
this issue as well), and the papers from the 1969 meeting were collect-
ed in a special issue of "Schweiz. Mineralog. u. Petrog. Mitt.," v. 50,
no. 1, 1970,

C. The participation of COFFI at the 1970 IMA-TIAGOD meetings
included the collection and selection of abstracts for presentation at
the COFFI Symposium (Kyoto). Particular thanks are due to H. Imai
and S. Takenouchi for this work.

D. Publication of the complete bibliography of Russian fluid
inclusion work for the last 100 years (N.P. Ermakov, ed.)

E. Considerable expansion of inclusion work in Japan was reported
by the Japanese national section.

ITI. The following plans for the future were discussed:

A. The participation of COFFI at the 2kth Internat. Geological
Congress was planned, with representatives of TAGOD and R.W. Bayle
for the IGC.

B. Plans were discussed for the publication of future issues of
Fluid Inclusion Research - Proceedings of COFFI, with Roedder as
Editor.

C. Plans were discussed for publication, in the USZR, of a photo-
atlas for the identification of inclusions in minerals, with Eriakov as
Editor.

D. Zonal libraries on inclusions were created in Moscow,
Washington, Paris, and Tokyo, via an obligation on the part of ~ach
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national section to send all publications to all four zonal libraries.

E. Exchange of microphotos and sample preparations was encouraged.

F. Distribution of & motion picture film by Dr. F.P. Melnikov
(USSR) on the changes occurring on freezing and heating inclusions
under the microscope was discussed. It mey be possible to buy coples
of this film,

G. The eight most profitable directions for fulure research on
inclusions of applicability to the search for hidden ore bodies and to
aid in minerel synthesis were selected and approved.

H. The title "Thermobarogeochemistry of endogenous processes of
mineral formation" was recommended to all national sections, as it
consolidates all types of investigations based on various tests and
analyses of inclusions of solutions and melts.

N.P. Ermakov

NOTICE OF THIRD INTERNATIONAL COFFI SYMPOSTUM ON FLUID INCLUSIONS

The third international symposium on fluid inclusions, sponsored
by the Commission on Ore-Forming Fluids in Inclusions ("COFFI"), will
be held on Aug. 22 and 23, 1972, in Montreal, in connection with the
24th International Geological Congress. These two sessions will each
be held at 1400 hours so they will not conflict with any regular IGC
sessions. Although sponsored by COFFI, these will not be limited to
studies of inclusions of ore-forming fluids, but will also includeé
papers on instrumentation, and the interpretation of data for magmet-
ic (silicate melt), metamorphic, and sedimentary inclusions as well,
and aere open to all.

The titles of all formal papers are given below, in their prob-
able sequence of presentation (approximately 15 minutes per paper),
followed by those author's abstracts that were available to the
Editor at presstime (arranged alphabetically). Late abstracts will
be published in the next issue. Please note that this is the only
publication of these abstracts, as they are not included in the IGC
Abstracts volume. It is hoped that there will be time for short
informal communicetions as well.

Session 1 Aug 22 1400 hours Duluth room, Queen Elizabeth Hotel.

Chairmen G. Deicha and N.P. Ermakov.

Inclusions in igneous and metamorphlic rocks and higher temperature

ore deposits

Takenouchi, Zukune, Glass inclusions in quartz of volcanic rocks from

mining aress,

Anderson, A,T., Sulfur and chlorine contents of glass inclusions in

phenocrysts and basaltic host glasses,

Roedder, Fdwin, Interpretation of silicate melt inclusions in lunar,

terrestrial, and meteoritic minerals.
Prnst, Th., Msges, G., and Schwab, R.G,, Liquid-CO, inclusions in
-9-




olivine bombs--generated by decomposition of "orthocarbonates"?

Poty, B. and Weisbrod, A., Equilibria hetween minerals end solutions

in the Meyres pegmatite (Cévennes médianes, French Massif Central).

Kozlowski, Andrzej and Karwowski, Lukasz, Bromine in gasecus-ligquid

inclusions in postmagmatic minerals from Lower Silesia,

Takenouchi, Sukune, Ore-forming flwids at the Takatori tungsten-

quartz wveins in Japan.

Foekrovekily, P.V. and Purtov, V.K., The main regularities in the

formation of quartz veins at crystal-bearing and tungsten
deposits of the Urals.
Togedon, Mark J., A fluid inclusion study of the porphyry copper

deposits at Ray and Ssn Manuel, Arivona.

Andruserko, N.T., Timofeevsky, T.,A., Grepenchikov, A.M. anéd Andrisnova,

5.L., The tempersture of formation of the gold deposits [n the
U.5.5,8. (by inclusions in minersls).

Drake, W. and Ypna, P.J.,M., Fluid inclusion study of the Mineral

Pavk porphyry ropper deposit, Kingman, Arizona,

Trufanov, V.M., Kurshev, $,A,. Maisky, U.G. and {Ishak, A.T.,

Lxperimental investigation of thermal metamorphism of the
flulid ireclusions in minerals.
Ypra, P.J.M., Fluid compositicn and P-T relations in fluid inelusions.

Sawkins, F.J. and Landis., Gary, Fluid inclusion studies of Andesn

ore deposits

Seszion £ Aug.23 1400 hours Duluth room, Queen Elizabeih Hotel.
Chairmen E. Roedder and H. Imai

Signifizance and use of inclusions in lower ftemperature ervircoments

Barnes, H.T.., Lusk, L., snd Potter, B.W., Compositions of fluid

inclusions.

Ermakov, N,P., Geochemical classification of inclusions in minerals.

Imai, Hideki and Tekenjouchi, Sukune, Fluid inclusions in guartz in

granitic rocks and assccisted vein-type deposits,
Rasumny, J., A propos de la rapidité de coalescense des bulles dans

- - . + ) 1 . .
les inclusions fluides scumises & la retroebullition.
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Mogarovsky, V.V., Morosov, S.4., Novoselbsev, Y.A., Pavsiev, A.R.,
Blochina, N.A. Alidodov, B.A., Ishan-Sho, G.A., Shulikovskja, Y.A.,
Alchasov, V.V, Kotelnikov, G.V., Gurevich, Ya.A. and Besugliy,

M.M., Thermodynamic and chemical condlitions of formation of

endogeniec deposits in Tajikistan.
Dejonghe, Léon, Les inclusions aqueuses de la gangue du gite de
RAVANDJE {Iran); é&étude de la morphologie de leurs cavités au

. ~
microscope & balayage .

Manu%charjants, B,0., On the conditions of formation of Hg-Sb deposits

of jasperoid type.

Deicha, Georges, Investigation des cavités intraminérales per micro-

scopie &lectroniques balayage.

Feugere, J.C., Application de 1'étude des inclusions d un metériel

sédimentaire du Dogger du DJEBEL ZERHOUM {Maroc).

Ermakov, N.P, and Kusnetsov, A.G., The application of thermobarogeo-

chemistry methods in searching for hidden ore deposits.

Currie, J.B., and Nwechukwu, 8.0., Fluid .inclusions in fracture-fillings

of petroleum resevolr rocks.
Krendelev, E.P., Zozulenko, L.B. and Orlove, L.M., Temperature of

homogenization and composition of gases in ges-fluid inclusions
in-quarty pebbles from sulphide conglomerates.

BeneSové, 7 and Cadek, Josef, Temperature of homogenization of inclu-

sions in fluorite deposits of Czechoslovakla.

Petrovic, Rsdomir, Coelescence and removal of fluid inclusions from

minerels exposed to confining pressure greater than the fluid

pressure in inclusions,

Barker, Colin, Volatiles in fluid inclusions-analysis and interpretation.

End of Symposium
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Abstracts of pspers te bo presented
at the Third Tolerparions™ OOReY
Sympozinm on Flatd In~lasions,

Montireal, Aug. 20-03%, 1972

AMDERRSOE, &.T., Duliur and chlorine coq}ents ot glass inclusions in
nhenocrysto aid basaltic host glasses, (Department of Geophysicsl Sei-
sncen, Ine University of Chicago, Chicago, Illinois, 6065ﬂ.

Representative electron microprobe snalyses of sulfur, chlorine
end potesh in basaltic host glasses snd glasses included in phenocrysis
from the same lava sre {in weight percent):

Inclusion Host glass
Lava Phenocrysts O ci K-0 8 Cl K0
IKI1122 Olivine 0.11 ©0.018 0.48 0.018 ©0.016 0.5%
HK1995AG Olivine O. 148 0.79 0.012 1.3
HK19%5AG Ilmenite 0.129 0.41 0.019 1.25
HK1955AG Magretite 0.1%5 0.7¢ 0.018 L.05
HK-KL Ilmenite 0.038 0.7-1.1 0.008 1.0-1.4
HK1697 0.061
Hippo Butte OQlivine 0.093 0.035 1.08 0.004k 0.04g 2.16
Black Crater Olivine 0.095 0.01% 0.18 0.041 0.01 0.4s
Yot Creek 5 Glivere 0.075 0.013 0.4% 0.006 0.009 0.5

c

The lavas menticred are bssalts frowm Kilauea, Hawasil 195U (IKI?Q}, L1955
(HK1955AG), prehistoric Kemekeia (iK-K4)}, submarine (fK1£97), ard ba-
salts from Northern Cslifornias (Hippo Butte, Black Crater and Hel (reek
). Host glaszes hesve 0.5 to 0.1 times the sulfur content of glasses
Included in phenocrysts. One sparsely vesiculsr submerine specimen

(MK 1697) has a comparatively high S content in the host glass in agree-
ment with independent results of Moore and Febbi. [Pstimates of the 50,
fugacity in the 1955 Kilauvea lavas at 1120°C range from 50 atmospheres
ingide oxide pherocrysts to 10 atmospheres in ihe host glass. These re-
sults indicate that S0, is lost from subaerial lavas during tile final
stages of eruption. Cl apparently is not lost and shows fuir cohercnce
with K50 in individual eruptions. The estimated juvenile $/C1l ratio in
besalts is ebout 8 and ranges from & to 10 in comparison with Kilauean
gases (S/C1=U) and Rubey's excess volatiles (S/Cl = 0.07).

BARKER, Colin, Volatiles ir fluid inclusions -- analysis and inter-
pretation (Dept. of Chemistry, Univ. of Tulsa, Tulsa, Okla. TLLO}.
The volatiles in two-phase fluid inclusions in minerals from
hydrothermal ore deposits have been analyzed using a volumetric
method for water (determined as water vapor) and mass spectrometry
for the other components. The volatiles were released either by
heating oxr crushing in vacuum. For the flucrites, gquartz, sphalerites
and galenas analyzed water accounted for well over 95% of the vola-
tiles. The balance was mainly carbon dioxide with winor smounts of
hydrogen, methane, nitrogen, argon and carbon wmonoxide. Carbon
monoxide was very low, or absent, in the volatiles released by
erushing. Two methods were used for distinguishing between volatiles
from primary and secondary inclusions. Heating ruptures the second-
...12-



&
aries at lower temperstures than the primaries and can be used to
remove the secondary inclusions from the sample so that the pri-
maries can be analyzed separately. The alternative approech i1s
sequential crushing which appears to break open secondary inclusions
preferentially, prcbably because they lie along rehealed cracks and
these form planes of weekness in the crystal. Sequential crushing
for twc genersticns of fluorite from Groverake Mine; N. Pennines
showed that the Hz0/COp ratio was 50 in the primary inclusions of the
first generatlion, 300 in the primery inclusions of the second genera-
tion and greater than 600 for the secondary inclusions. Thus the
partial pressure of carbonridioxide fell during this part of the
mineralization. The partial pressure of hydrogen, nitrogen, and
methane also fell. Since the water determined experimentally was
present in the incluslons as liquid water the volume of the inclusions
ruptured can be calculated if the liquid/bubble ratio is known.
But this is the volume initially occupied by the carbon dioxide
(and other gases) so partial pressures follow directly. Values for
the N. Pennine orefield were found to lie in the range from 0.2 atm
to 22 atm for earbon dioxide but were lower for the other gases.

BARNES, H.L., LUSK, J., and POTTER, R.W., Composition of Fluid Inclu-
sions, (Ore Deposits Research Section, The Penn. State Univ., Univ. Park,
Penn., and Dept. of Geology, Mecquarie Univ., North Ryde, New South
Wales, Australia).

Frectionation between parent and fluid inclusion solutions was in-
vestigated by synthesizing inclusion-rich overgrowths of sphalerite on
natural seed crystals. Overgrowths formed experimentally within sealed
gold tubes when nutrient ZnS was transported about 10 cm. down a 15°C
gradient in 0.3-6.0 m NaOH solutions to deposit at %25 to 376°C, be-
tween 0.27 and 1.0 kilobar. Inclusions, typically 0.05-2.0 mm long,
formed only in valleys on the surface of the acid-etched seed crystals,
and not within the overgrowths despite attempte using variations in
temperature during growth; this suggests that corroded mineral-surfaces
are natural loci for the formation of fluid inclusions.

Composition of the parent and inclusion solutions were determined
by measuring freezing temperatures using liquid Ny-cooled nitrogen gas
to control the temperature of a microscope freezing stage. The fluids
in 106 synthesized inclusions were found to be more dilute than the
parent solution, the difference in molality being nearly constant at
0.2%.0% for concentrations from about 1-6 molal in NaOH. This differ-
ence suggests that natural processes forming inclusions ere complex and
do not necessarily trap samples representative of the parent solution.
Other ranges of pressures and temperatures and other solutions require
investigation.

BENESOVA, Zdenka and CADEK, Josef: Temperature of homogenization of
inclusions in fluorite deposits of Czechoslovakia (Authors at
Geological Survey of Czechoslovakia, Prague).

The studied samples of fluorite were collected from economically
significant fluorite deposits and their indicatlons. The results of
- the rq@pegature measurements-in the table below represent the ranges
of homogenization temperatures:
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Jilove u Decina 110-150°C

Herrechov 115-175°C

Hradiste 95-145°C

Krizany 95-130°C

Moldava 125-160°C (1st generation) and 105-130°C (2nd generation)
Vrchoslav 115-160°C (1lst generation) and 110-145°C (2nd generation)
Vys. Sneznik 155-190°C

Javorka 125-160°C

Teplice 70-95°C

The temperature ranges of the studied samples from Czechoslovakia
fluorite deposits are comparable with the values published by Roedder
for Mississippi Valley type stratiform ore deposits. They are also
within the range given by Naumcv and Kodeskowskil for fluorite deposits.

Experimental data on fluorite solubility suggest that there is
a significant temperature interval from about 100 to 200°C, suitable
for transport of fluorine as well as for precipitation of fluorite.

Freezing temperature measurements and the presence of halite in
the inclusions of some samples indicate that at least some of these
fluorine deposits were formed from concentrated saline waters.

The formation of MgFt, NaFt, and CaF" complexes in fluorine-bearing
solutions was obviously responsible for the transport of fluorine.
The dccomposition of these complexes with decreasing temperature re-
sulted in the precipitation of fluorite.

CURRIE, J.B., and NWACHUKWU, 5.0., Fluid Inclusions in Iracture-fill-
ings of Petroleum Resevoir Rocks, (Dept. Geology, Univ. of Toronto,
Toronto 181, Canada)

In assessing the origin of fracture porosity, a question arises
aid to depths at which the fractures may develop and become openings
that conduct fluid flow. Informastion bearing on this question can be
gained from determination of the homogenization temperature for fluid
inclusions in the filling material which now occupies some of these
fracture openings. Samples are obtainable both from outcrops and from
subsurface cores.

Two examples are reported, one from the Ram River - Ricinus area of
central Alberta foothills, the other from the Beaver River aresa of
northeastern British Columbia. Homogenization temperatures in the form-
er area lie near 100°C and 50°C for primary and secondary inclusions
in quartz that fills microfractures in sandstone of the Cardium forma-
tion. These data are combined with other geological evidence to deter-
mine the depths at which fractures must have been opened and their
filling material deposited. 1In the Beaver River area, two separate
homogenization temperature ranges are also evident for fluid inclusions
in the Middle Devonian carbonates comprising the resevoir rock there.
These ranges are around 165°C and 100°C for primary and secondary in-
clusions respectively.

DETCHA, Georges, Investigation des cavities intraminerales par micro-
scopie &lectronique a balayage, (Directeur de Recherche, Centre d'Etudes
des Inclusions, Tour 16, (5eme &tage) 9, quai Saint-Bernard. T75-Paris,
France).

Eae miniaturisation actuelle des recherches sur les inclusions (Gas
und FlﬁSsigkeits Finschlilfsse in Mineraslien. Schweizerische mineralogische
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und petrographische Mitteilungen, 1971, Band 50, Heft 1) se trouve
encore escc€lérée par le recours & la fractographie Electroninue par
balayage. Gr@ce su service spbcialise du Muséum Natlonal d'His L01re
Neturelle {Laboratoire de Geoclogie)} cette technique a i Ttre utilisée
depuis un an par le Centre 4'Etudes des Inclusions (Un1verultﬁ de Paris
VI). A cette €crelle d'observation, les petites cavitet microscoplques
l"LO s 1 m-srwv-nn-} at eurtout leg egyitds gubmi nrnccr‘\'n'|q1u:-s (1n‘Frv-|cn1v-r¢:
& un mlcron) premnent le pas sur les 1nc1u51onsde plus grapda taille.
Les resultaets obtcnus obllgent é reconslderer les rapports entre les
inclusions syngenethues et eplgenethues Les varlations de la mor-
phologie, de l'abondance et de la répartition des cavites ,condui %e
efelement 3 envisager leur ¥ole dans la distribution des élements
treces et dans le réedjustment des rapports isotopiques.

DEJONGHE, Idon, Les inclusions equeuses de la gangue du gﬁte de Ravandje
(Iran). Etude de 1la morphologie de leurs cavities su wmicroscope 4
balayage, {Laboratoire de Géologie eppliquée, Univ. de Bruxelles).

In order to determine the temperature of crystallizetion of the
paragenesis of the ores of Ravandje, the fluid ineclusions of baryte have
been wetched by optical microscopy in transmitted light The monophase
nature of the water filling has been confirmed under the crushing stege
and by decrepitoscopy.

Further informetion under the electronic scenning microscope hasg
shown the geneticel coneclusions which can be deduced from the morpholo-
gy of the cavities and their mutual relationships.

DRAKE, William E.y YPMA, Peter J. M., Fluid inclusion.study of the Min-
eral Park porphyry copper deposit, Kingman, Arizona, (Authors at Dept. of
Geclogy, Columbia University, New York, N.Y. 10027.)

Disseminated chalcopyrite and minor molybdenite mineralization,
brecciation and alteration zones in a concentric arrangement around
a monzonite stock denominate the Mineral Park deposit as a typica!l
porphyry copper deposit. Atypical is an extensive base metal vein mineral-
ization NE and SW of the porphyry deposit., Fluid inclusion studies
have demonstrated continuity between disseminated copper mineralization
and base metal vein mineralization, The mineralization sequence occurs
in several stages: 1| - Pegmatitic quartz pods confined to the stock,
Il « Quartz-molybdenite veinlets, 11l - Chalcopyrite~pyrite veinlets,
IV - Extensive quartz-chalcopyrite-sphalerite~galena veins., Both !} and
FIl occur in the immediate vicinity or within the stock., The sequence
I} to 1V is one of decreasing average temperatures; 450° to 230° and
decreasing salinity: 10 to 3 wt% equivalent NaCl, The veins show temper-
ature zoning concentric with regard to the stock: from 360° to 230°,
Pressures inferred from fluid inclusions and boiling conditions during
the chalcopyrite stage point to equa! pressures for the whole sequence:
400~550 bar, The primary nature of the inclusions is difficult to
establish, Large variations in the CO /HZO ratios -~ with a slight
tendency of decreasing (7-2 moi¥%) CO cn1tent towards the low temperature
deposits -- indicate mixing of solutions of different sources,.

The early pegmatic quartz inclusions are discontinuous with regard

to the mineralization, They have lower sajinity (6 eq, wt% NaCl}, lower
C02 content (4 mol%Z), and higher temperatures L50-500° at equal pressure,
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A model is proposed in which Fie aooot it salatlions regreseal an g liost

sterile maw-atic stage . Tetlie s b e lion circulavion of @bt iae
of non--or only partiy hypogeons of g, shich incressed wits tioae and
depth in salinigy but ber sred by tater meceotic fooid rolease,
The moliipticiny ot opine das, gy FlLEat s- 50 charactorintic far S
copper depoaits -- heoomes g eaior factor in this rwdel triggeriog e
voiepal ddapnain g gy
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carbon dioxide which then can react with the ferrous iron of the
silicates.

Literature:

FUDALT R.F, (1965): Oxygen fugacities of besaltic and andesitic
ragrnas, Geocnim, Cosmochim. Acta 29, 106%-1075.
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zirkel, P. (1870): Untersuchungen uber die mikroskopische Zusammenset-
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S

Fig, T : cxygen-fugacities of olivine, survounding basalt ond

different COZ/CO - mixtures.
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ERMAKOV, N.P.,

Geochemical classification of inclusions in minerals,

(M. V. Lomonosov State University, Moscow, USSR).

I. Msuzmatic

(solidified melts)

I) Amorphous
(silicate glasses)

2) Crystalline
(crystal-granular
aggregates)

3) Crystal-fluidal

(residual melts and

brines)

I. Geoendogenous and metamorphogenous

2. Pneumatolytie

(gas mixtures)

4) Air-exhalational

(single-phase-gaseous)

5) Essential gaseous

(two-phase, low
density, hypogene)

6) Fluidal (juvenile

dense gases; two-
and multiphase)

II. Geoexogenic (and biogenic).

5. Cold-water
(in aqueous minerals
single phase liquid)

13) Authigenic-marine-
subsaline-aqueous

14) Halogenic
(1lagoon-limnetic
brines)

15) Infiltrationic-
agqueous solutions

6. Liptcbiogenic
(inclusions in
fossil pitches)
16) Paleoatmospheric
(air bubbles)
17) Palechydrogenous
(secondary preserva-
tion of marine water)

3. Hydrothermal L.

Metamorphic

(in solid medie}

10) Metamorphosed
(superdense liquids
and condensed gases)

11) Metamorphic

(aqueous-1liquid
solutions)
7) TIonic-molecular
(true salt solutions)
8) Collojdal-agueous

(syneretical ligquids) (hydrocarbons)
9) Aqueous-carbonaceous 12 Metamorphosed
and boiling solutions (recrystallized
glasses)

ITT. Cosmogenic and selenogenic.

7. Selenomagmogenic 8.
(in effusive and
regolith of Moon)

18) Amorphous-crystal-
gaseous (glass, (glass-gaseous
daughter minerals, and cerbonaceous)
gas) 21) Tektite

19) Gas-volecanic (lechatelierite
(single-phase, and gas-vacuum)
unsaturated gases)

Cosmogenic

(asteroid and
cometogenous )
20) Meteoric




IMAT, Hideki, and TAKENOUCHI, Sukune, Fluid inclusions in quertz in
granitic rocks and esssociated vein-type deposits. (Dept- of Mineral
Development Engineering, Univ, of Tokyo, Tokyo 113, Jepan).

In the study of fluid inclusions in quartz from the Taishu mine
of western Japan, & mesothermal zinc and lead vein deposit we observed
under the microscope that highly seline inclusions occur in the quartz
of the grenite. These correspond tc the core-forming fluid, concentreted
in a limited part of the grenite mass. It migrated along the vein-
fissures and deposited the vein-materials. In the course of migration,
the fluid was gradually diluted by the meteoric or connate water.

This is recognized by the study of fluid inclusions in tle vein-quart:z
from the various parts of the veins.

In the Ohtani mine of the central Japan, hypothermal tungsten and
tin veins occur in the gmnodiorite. The gmnodiorite suffered greisen-
ization around the veins. ~In greisen and granite, two-phase fluid
inclusions are recognized. The filling temperatures of inclusions of
both rocks are nearly the same, i.e., 275-355°C. The ore-forming
fluid was not supplied from this grandiorite itself and the source of
the fluid must exist in the deeper part of this area.

In the Kumeno district of Z_central Japan, many mesothermal or
epithermal copper veins exist around masses of granite porphyry.

Highly saline inclusions are found in the quartz phenocrysts of granite
porphyry in the Onigajyo area, though no copper vein is found in this area.

In centrsl Hokkaido, gold-silver veins &s well as zinc-lead veins
are genetically related to an intrusion of quartz porphyry. Highly
saline secondary inclusionsin the quart:z phen&?ysts of the quartz porph-
yry are recognized near the Tokuryu mine.

Though the existence of highly saline inclusions in the constituent
quartz of granitic rocks or quartz porphyry does not necessarily indi-
cate the presence of ore deposits, it is possibly expected in an area
which has produced ore deposits.

KOZ&OWSKI, Andrzej end KARWOWSKI, &ukasz, Bromine in gaseous-liquid
inclusions in postmegmatic minerals from Lower Silesia, (Institute of
Geochemistry, Mineralogy and Petrography, Dept. of Geology, Warsaw Univ.,
Warsaw 22, al. Zwirki i Wigury 93, Poland).

This paper reports a preliminary investigation of bromine geochem-
istry in hydrothermal environments. The concentrations of Br in
aqueous extracts from a number of minerals were determined. Higher con-
centrations of Br~ were found in samples from lower-temperature solu-
tions, The ratio C1/Br varies from 1200 to 39. The concentrations of
Br~ found, in ppm of mineral, are as follows: albite 0.11-0.96; peg-
matitic and drusy quertz - 0.18-2.9; vein quartz - 0.22-1.7; fluorite -
about 6; epidote - about 0.6; stilbite - about 2.7; and calcite - about
L. The gverage concentration of Br~ in the inclusion fluid itself varies
from 0.015% to about 0.2%. Part of the postmagmetic solution was trap-
ped in intergranular spaces and as secondary inclusions in granite.

This is evident from the fact that higher concentrations of Br~ were
found in extracts from granite containing numerous hydrothermal and
pegmatitic bodies, in comparison with those which contain neither peg-
matites nor hydrothermal veins. The concentrations (in ppm) of Br

in granites are 0.58-1.05; aplites - 0.36-0.66; and pegmatites as a
whole - 0.21-1.1.
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The sverage concentrations of Lit, Na+, K+ in the inclusion fluids
were detsppined by analysen of agquoous wxbracls.

The semples were meinly Toos Lhe arca of the Strzegom, Otrzelin,
and Kavionosye wmassils, s hhe lzera ared.

VOGHUER, Mud., & Fiuid Toaclusion Study of the Porphyry Copper Doposite
ot Ruy and Uan Manuel, Arizona, (Princeton University, Dopertment, of
Geologicsl and Guophysical Scivnces, Guyot Hall, Princeten, K,J. 28540).

The porphyry copper denosits at Ray and San Manuel are susociated,
hoth spatinlly and temporally, with Laramide greniiic rochks which intrude
vrecanbrian guartz mornzorite * Precambrian end Pelecrcia o=disentarsy
rorks,

Guartz grains in samples from the K-feldspar - biotite awg the
guartz - scricite alteration zones show tive types of fluid inclusions.
Type I inclusions have liguid + small bubble * opague dsughtor mineral;
Type IT inclusions have liguid + lerge bubble * opague daughter minaral.
Type IIT iuclusions have liguid + small bubble + wmultiple daughter
phases. Type IV inclusions have two liquids + vapor + soltds; Mype V
inclusions contain three fluid phases only., Halite, sylvite, sud hema-
tite have been definitely identified; anhydrite may also be present.
The fluids are H-0 and CO-.

The wide range of homogeniration temperstures {200°->L50°C ), and
the differences in density, salinity, and ratio of 1.0 to JC. indluntce
thal the inclusions were treppoed st or near the two - phesc boundary
of the systewm Nall - KC1 - [0 ~ CO. It is proposced tha!. bolling,
quiie typical for the fluids of vorvhyry coppers, was achicved Ly a
suduen pressure release due to massive fracturing

PETROVIC, Radomir, Coalescence of Tluid inclusions and their removal
from winerals exposed to confiniuvg pressure greater than the pressure
of the fluid in inclusions.{Author al Department of Geology and (lc-
physics, Yale University, Wew flaven, Connecticut 06520},

When the pressure of the fluid in fluid inclusions is lower thau
the pressure acting on the outside of the host erystal, fluid inclusions
perturb the stress field in their vicinily in such a way as Lo attract
one another and to be attracted to grain boundaries. IHowever, the cor-
responding gradients in molar Gibbs free energy of the host substarice
are too Llow for migration of fluid inclusions that do not intersect at
least one dislocation with & scvew component. Fluld inclusions located
on such dislocations should migrate, but the rate of migration of one
fluid ineclusion towerds another should be inversely proportional to the
15th power of the distance between the centers of inclusions (assumed
spherical), and it appears that the migration should not be significant
when that distance exceeds the sum of inclusion radii by more than a few
perecent.

POTY,B. and WEISBRCD,A., FEquilbria between mirerals and solutions in
the Mayres pegmatite (CEvennes médiancs, French Massif Centrai), (Centre
de Recherches Pétrographiques et Géochimiques, CNRS, Case COfficielle

No. 1, Sk-Vandoeuvre, Wancy, France),

The pegmatite of Mayres is interbedded in biotite-sillimanite-
crthoclase eugen-gneisses which belong to the catazonsi part of & low
nressure metamorphism. It lies a bit above the upper front of a regicn-
al granitization and is overlain by lenses of a bictite-rvich basic rook.
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The mineralogy consists of:
I. Quartz - orthoclase - albite - biotite -(cordierite)
II Quartz - orthoclase - (albite) - endalusite - tourmeline
ITT Quartz - albite - muscovite - tourmaline
Iv Quartz - orthoclase - chlorite.

Fluid inclusions have been studied for stages IIT and IV. They
consist mainly of a low density fluid (homogenization temperature from
400 to 200°C with evidence of evolution close to the boiling curve) and
a rather low salinity (freezing temperature around -4°C). Analyses of
leachates of crushed quartz give Véry low K/Na at. ratios (around 0.05).

From petrology and fluid incluisions we can infer the following
characterismﬁcs for the genesis of this pegmatite:

1) Dbeginning of growth deduced from experimental curves must have oc-
curred near 650°C and 3.5 Kb.

2) growth of andslusite in presence of orthoclase suggests during stage
IT a sudden decrease of pressure asgainst a nearly constant temperature.
3) one of the most interesting features results in the amazingly low
K/Na ratio which shows the lack of chemical equilibrium between solutions
and 2 feldspars + muscovite. The solutions behave as if the most im-
portant mineral in volume of the pegmatite, i.e. K-spar, was totally
absent.

RASUMNY, J., A Propos de la Rapidite de Coalescence des Bulles dans les

Inclusions Fluides Soumises a la Rétroébullition, (Geologie Structurale

et Appliquee - Bat no. 504, Faculté des Sciences, 91 , Orsay, France).
le coexistence de bulles dans les milieux critallo geénétiques

pose de multiples probléemes. ;l egﬁ loisible d'en expérimenter les

possibilités en Observant la retroebullition dans des inclusions: sur

l'exemple d'un film realis&€ par J. Painlevé (Institut de Cinfmatographie

Seientifigue} sur un échantillon de C. Taddei (Bellinzona, Tessin).

I1 est montré que la "durée de vie" des bulles de COp gazeux as sein

dr ng liquide est souvent limitée & une fraction de seconge Dans les

experlences réalisfes sur des exemples analogues cette durée de vie

n'a pas excedé guelques minutes. Des Studes micro-cinématographiques

analogues sur les inclusions aqueuses sont sugg€rées. On sait par

contre (G. Deicha - Les Lacunes des cristaux, Paris, 1955, Masson

édit., p. 85) que des bulles peuvent persister indé€finiment dans les

reliquats magmatiques (R. Clocchietti, Schw. Min. Petr. Mitt., 1970,

B 50, H. 1, pp. 159-166).

ROEDDER, Edwin, Interpretation of silicate melt inclusions in lunar,
terrestrial, and meteoritic minerals, (U.S. Geological Survey, Washing-
ron, D.C. 20242, U.S.A.).

Melt inclusions, common in most igneous rocks from lunar, terres-
trial and meteoritic minerals, are analogous to the aqueous ("fluid")
inclusions of terrestrial samples, but the nature of melts limits the
analogy and may cause erroneous interpretation of the inclusion data.

With the exception of interstitial melt inclusions, the mechanisms
of trapping are similar. In contrast to aqueous inclusions, composit-
ional gradients in the melt away from a rapidly growing face may re-
sult in trapping of nonrepresentative melt. Errors from this feature
can be minimized by using several different host minerals and by lab-
oratory reheating.
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Crystallization of rock-forming minerals after trapping causes the
major differences bhetween aqueous and melt inclusions. It permits plac-
ing relative or absolute limits on the cooling history (both time and
tempersture) since trapping. The sequence and temperatures of nucleation
and growth of the various phases can sometimes be determined. Such data
are valuable in interpreting differentiation trends if equilibrium can
be verified in the experimental runs.

Crystallization of the host mineral on the walls of the inclusion
has several important consequences:{1)coeval inclusions in different
host minerals may have grossly different compositions, none identical
to the original melt; (2) large volume decreases on crystallization of
major amounts of the inclusion contents (as from a nearly monomineralic
melt) can yield a large percentage of shrinkage volume, easily misin-
terpretBed as primery pas inclusions; (%) if the trapped melt consists
of two major constituents, one of which is the host crystal, nearly
monomineralic crystal inclusions may form, each with a shrinkage cavity.

SAWKINS, F.J. and LANDIS, G., Fluid Inclusion Studies of Andean Ore
Deposits, (Dept. of Geology and Geophysics, Univ. of Minn.)

Detailed fluid inclusion data are availablc from several Andean
metal deposits and reconnaissance data have been gathered from others

The available data from Andean porphyry coppers, copper-bearing
tourmaline breccia pipes, and vein deposits of tin, tungsten, copper-
lead-zinc and silver demonstrate in general a decrease in temperature
of ore deposition and average salinity of ore fluids from porphyry (
deposits, to breccia pipe deposits, to vein deposits. Furthermore,
there i1s a general decrease in temperature and sslinity of ore fluids
with time during the deposition of individual deposits.

The presence of ore fluids containing S4LO wt. % chloride salts
is indicated by fluid inclusions containing NaCl daughter minersls in
all the higher temperature ( 2 350°C) deposits. The wide geographic
area over which such deposits occur, and the paucity of major evaporite
horizons in the Andean stratigraphic column strongly suggest that the
chlorides contained in thesc ore fluids were of primary magmatic deri-
vation. Pressure estimates based on fluid inclusion data imply thet in
all cases mineralization occurred at shallow depth (<2 km from the
surface).

In the few instances where stable isotope data on inclusion fluids
and hydrothermal minerals are available a derivation of the bulk of the
ore constituents and fluids from magmatic sources is indicated. Finally,
the large range of formation temperatures indicated for many of the
deposits, and the relatively high temperatures obtained from silver veins
of low temperature aspect, demonstrate that the terms hydrothermal,
mesothermal and epithermel, as defined by Lindgren and used by many
workers, are of little utility.

TAKENOUCHI, Sukune, Ore-forming fluids at the Takatori tungsten-quartez
veins in Japan, (Department of Mineral Development Engineering, Univer-
sity of Tokyo, Tokyo 113, Japan).

Fluid inclusions in quartz, cassiterite, topaz, fluorite and rhodo-
chrosite from the Tekatori tungsten mine were studied by means of the
heating-stage, freezing-stage and crushing-stage methods. From the re-
sults of the investigation, it is concluded that the temperature of the
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ore-forming solutions was in the range of 200° to 3%60°C and the salinity
was O to 10 weight percent NaCl equivalent.

Of the inclusions from the Takatori mine, those of topaz were
characteristic, The filling temperature of the inclusions in topaz
concentrated in the range of 330° to 360°C, which corresponds to the
higher part of the temperature distribution, while the salinity was in
the range of 2.0 to 4,0 weight percent NaCl equivalent, which is the
lower concentration for the ore-forming solutions at the Takatori mine,
The investigation by the crushing-stege revealed that the internal
pressure of fluid inclusions was in the range of 4 to 60 atm at — room
temperature. COs-rich inclusions were found in drusy quartz These 1in-
clusions were mostly secondary. Two types of COp-rich inclusions were
recognized and the CO, concentration was estimated from the freezing
data and from the volumetric ratio of each phase in inclusions as 5 to
15 weight percent CO- for the high density solutions and 30 to 60
weight percent CO, for the low density phase. It is inferred that CO,
concentrated at the late stage of the mineralization owing to the sep-
aration of the gas and liquid pheses. From the P-T diagram of the
H0-COs system, the separetion of the two phases would have occurred at
about 270°C and 230 bars.

TAKENOUCHI, Sukune, Glass inclusions in quartz of volcanic rocks from
mining aress. (Department of Mineral Development Engineering, Faculty
of Engineering, University of Tokyo, Tokyo 113, Japan)

Glass inclusions in quartz crystals of volcanic and pyroclastic
rocks, from several mining areas, were studied by means of microscopic
observation, heating experiments, laser-probe and electron-probe micro-
analysis. They were classified into 8 types according to their consti-
tuent phases. Heating experiments revealed that the homogenization
temperatures of glass inclusions ranged from 900°C to 1,200°C. The
composition determined by electron-probe microanelysis was generally
rich in 8105, Alz045, NagO and K O, and poor in CaO, FeO and MgO. Laser-
probe microanalysis revealed the presence of Cu, Ag and Zn in some in-
clusions. The various states of glass inclusions would generally re-
flect the thermal environment of host minerals during cooling.

YPMA,.Peter J.M., The analysis and significance of volatile constitu-
ents in fluid inclusions and their P-T relations. (Author at Dept. of
Geology, Columbia University, New York, N.Y. 10027)

The analysis of fluid inclusion content raises problems of contam-
ination, extraction techniques and the large differences -- several orders
of magnitude -- between minor and major constituents. The last probiem
is overcome by gas chromatographic analysis using an exponential dilution
flask and three columns: one for water, a second for CO_ and H S, and a
third for gases, such as CH,, H2’ co, 02 and N, Gas c%romatoaraphy
enables the extraction -- by decreptitation =--“to occur in the carrier
gas (He) and obviates the problems of ultra high vacuum, Contamination
due to absorption is reduced by moderate sequential heating steps (lower
than decrepitation temperatures) in a low pressure He-atmosphere, and
by monitoring the purge products. The He-ionisation detector is sen-
sitive in the parts per billion range for most common volatile constituents,
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Analysis by progressive temperature decrepitation of quartz samples
of the Mineral Park porphyry copper depasit near Kingman, Arirona, indi-
cates paralle! release curves for (0, and Hs3 up to SO0° and a continued
release of (0, beyond that temperature, CHy only appears around 300° ¢
and runs parallel to HZO' H7 appears at h09-500°C and rapidly increases

in the higher temperature ranges, The fluids have the following averaqe
mol, ratios: C0,/H,0 = 0,02 - D,06; CHL /0Dy = 0,05 - 0130, and H /(0
= 0.05 - 0.10. ' -

Calcuation of the gas~equilibria as minimum free energy gas mixtures
from a fixed H:0:C atomic ratio indicate that the compositions recrcsent
decrepitation equilibria hetween 300 and S00° and 100 and 500 bar, In
the progressive temperature decrepitation runs CHy is consistently lower,
and Hy consistently higher than the calculated ideal values. The excess
Ho is considered to he of lattice-held origin, being released only at
rhe higher temperatures, The tack of CH, may be due to the escape of H
Fhrrough the lattice after entrapment, wh?ch will drive the reaction
CO, + bR, & 2H,0 + CHy to the left, A sharp drop in pressure at ahout
equial temperature -~ such as with inclusions of low temperature origin
and a high deqree of filling -- will also drive the equilibrium to the
left, These mechanisms explain why minera!l deposits of shallow-origin
show less {H, than one would expect in the inclusions at ohservation
temperatures, The implication of this hydrogen leakage is important for
stable isctope studies of fluid inclusion content,
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ABSTRACTS OR ANNOTATED CITATIONS TO WORLD LI a iy

AKHVIEDANI, R.A. and others, 1968, Rock crystal veinc of Alpine type in
the Greater Caucesus and their tectonies: Soobsheh, Akad. usuk, Gruz.
S8R, v.52{(1), p.115-120 (in Russian).{Auther ot Geol. 1ad. Tho o u 3.5 1),
The gas inclusions in quartz of the Alpine veins of rock eerrstal
in the Khdestakell and Shoda deposits were studied to det. the phy.-
chem, conditions of the mineralizing soins. The formatior temp. was
detd. by homogenizastion with subsequent corrections for pressure.
The pressure was calcd. The data on distribution of tewp. ard pressurae
during vein formation were interpreted with cofideration for SEequence
of mineral deposition. Prehnite and clinozosite, which according to
Sterns, form at 250-350° under SO00ghS500 atm. pressure were present in
the Khdestakali veins cutting diabasse. The homogenization in quarts
and clirorzosite from & selvage part of the veins had the highest value:
275° at 1200 atm. The selvage zones in the Shoda quartz veins con-
tained albite. Max. measured T and P in albites and quartz were 210°
at 1000 atm. The veins were formed under dynemic conditions when Lhe
rate of gquartz crystn. was higher than the raete of fracture openings.
The main mass of Si0, was deposited evidently at 250~ 60° and 1000-
1200 atm, for the Khdestakali and 185-90° and 900-1000 atm. for the
Shoda deposits. Chem. anal. of ag. ext. from gquartz indicated their
chloride-bicarbonate character. HNa, Ca, and Mg with small amts. of
K predominated among the cations. The Mg/Cl ratio in these deposits
as well as total mineral content of mineralizing solns. {2.7-16 and
4.6-22.4 g./1. for the Khdestakali and Shoda veirs, resp.) included
similarity of mineralizing soln. with brines typical of saliferous
and sea basina., This substantiated the wmetamorphic character of bhoth
soln. and veins in the Khdestakali and Shodq deposits. CA v. 70 (1)
125, 1969,
AMIGO, Jose Maris and FONT-ALTABA, Manuel, 1968, Thermal behavior
(decoloration, decrlepitometry) of several fluorite, gelena, ang
sphalerite specimens from the Osor deposit (Gerone): Bol. Real Soc.
Espan. Hist. Natur., Secec. Qeo#, vof.66 (1) p. 53-59 (in Spanish).
Decrepitation temperatures of 380-400°C (fluorite), 400-420°C
(galena), and 440-4B0° (sphalerite). All fluorites lost their color
at 400°C. ER)

ANDERSON, A.T., JR. and GOTTFRIED, D, 1972, Het Creek tasalt,
California: Similarity to continentsl- and oceanic-type basalts:
Amer. Geophys. Union Trans. (ROS), v. 53, p. Sh7.

The Holocene Hat Creek high-alumina, olivine thcleiite
north of Lassen Peak consists of early flow units {E) that are chen-
ically distinet from the later flow units (L):

Flow units K 0(%)* Kz0/T10, Ba{ppm) Sr{ppm) V{ore o Lrigpn) B (ppn)
Eerly (E} 0.35-0.58 0:3%-0.39 160 130 ok T T T
Late(L) 0.19-0.36 0.15-0.25 GO 280 I o o

*Range for glass inclusions in olivine rhencerysts.
bulk lava. '

Transition between E and 1, is sharp; L is como i onn Tty v
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iable than E and has rare olivine xenocrysts containing glass in-
clusions with E compositions. Some differentiates (segregation
veins) of L are similar to E in terms of K50, Ba, Sr, V, Nb, but
not TiOz, Zr, and other elements. L is similer in many chemical
characterisitics to "oceanic-type" basalts, e.g., those dredged
from Juan da Fuca Ridge; E is chemically more akin to"continental-
type" basalts. Chemical differences between E and L are explained
by crystallization-differentiation coupled with vapor phase
transport of volatile elements in a high-level magma chamber.
Caution is indicated in using chemistry to infer tectonic setting
of basaltic lavas. The Hat Creek Basalt was first described by
C.A. Anderson in 19L0. (AuTnics’ o hstend)

ANDRUSENKO, N,I. and KIEVLENKO, E.Ya., 1968, Multiphase liquid in-
elusions in Iceland spar from Kirghiz granitic pegmatites, in
Mineralogical Thermometry and Barometry, N.P. Ermakov, ed., v.2,
New methods and results of investigations of the conditions of ore
formation: Moscow, '"Nauka" Press, p. 190-196 (in Russian).

The inclusions homogenized at temperatures up to 200°C, and the
daughter crystals recrystallized on cooling. Identified daughter
phases include halite, sylvite, rutile, and hematite. The composition
of the fluids (up to 440 g/l of chlorides of Na, K and Ca) is hence
not like those from other types of Iceland spar (i.e., the deposits in

trap rock). (ER)

ANDRUSENKO, WN.I., and MEL'NIKOV, F.P., 1968, Cryometric studies of
liquid inclusions in Iceland spar from USSR deposits, in Mineralogical
Thermometry and Barometry, N.P. Ermakov, ed., v. 2, New methods and
results of investigations of the conditions of ore formation: Moscow,
"Nauka" Press, p. 141-14& (in Russian)

Inclusions in calcite from several geologically different types
of Iceland spar deposits in U.,8.S.R. differ in their behavicr on the
freezing stage (an indication of differences in solution salinity).
Freezing temperatures of -25 to -64°C are recorded . (ER)

ANDRUSENKO, N.TI. and VASILYEVA, M.S., 1968, On liquid inclusion in
apgphylite: L'vov Univ. Min. Sbornik v. 21, no. 1, p. 47-53 (in
Russian).

Two types of inclusions were found: two-phase (liquid plus
about 40% vapor), in equant crystals, and "one-phase" (liquid plus
;55% vapor), in tabular crystals of apophylite from Siberian basalts.
The two-phase inclusions lose their liquid on heating to about 130°
without breaking. The freezing points range from -24 to -57°C
(mainly near the latter) but change with experimentation. (ER).

APIONOV, V.S., 1969, Thermal conditions in the formation of crystal
quartz veins of the northern Verkhoyansk area: Uch. Zap. Nauch.-
Tssled. Inst. Geol. Arktiki, Reg. Geol, 1969, no. 14, p. 45- 50 (in
Russian).

ARKHIPCHUK, R.Z. and LYSAK, G.I., 1968. (See Translations Section)
ARKHIPCHUK, R.Z. and ROSIKHINA, A.I., 1969, Conditions of formation of
the fluorite mineralization of western Transbaikal from deta on mineral
thermometry: Geol. Rudnykh Mestorozhdenii v. 11, no. 5, p. 110-113
(Translation to appear in next issue)
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ARNOLD, R.G., and RUTHERFORD, M.J., 1969, Data for brine and carbon
dioxide filled ligquld inclusions in quertz veins from the Coronation
mine, in A.R. Byers, ed., Symposium on the geology of the Coronation
mine, Saskatchewsn: Ottawa, Geological Survey of Canada Paper 68:5,
no. 10, p. 213%-228.

Liquid ineclusions assumed to be primary occur in quartz veins
cutting the ore bodies in Coronation mine. Hand specimens collected
from seven levels contain liquid inclusions of three general types -
brine”-"gas (most common); brine~CO, fluid-gas, and COp fluid-gas
(all with or without crystals, presumsbly NaCl.) Analyses were made of
electrolytically cleaned quasrtz samples for COp and Hp0 by combustion
at 1200°C and absorption. Additional samples were crushed, electrodi-
alyzed, and enalyzed for K, Na, Mg and Ca. The ratios found were
both Na > Ca>K >Mg. On heating the NaCl daughter crystals dissolve
by 140° to 300°C; the bubble disappears below about 250°C. The CO»
phases homogenize in the liquid phase at temperatures between -16 and

+29°C. The three-phase inclusions homogenize as high as 400°C "Freezing
temperatures" (specific phase changes not stated) were found to be -19
to -50°C. Pressures, calculated from homogenization temperastures for
COp and brine inclusions, range from 1640 to 2830 bars, (ER).

AVAKOV, K.R., 1968, Geological-geochemical and thermometric study
of a Ural quartz deposit: Sb. Nauch. Stud. Obshchest., Geol. Fak.,
Mosk. Gos. Univ. 1968, No. 6, 187-200 (in Russian).

Mainly a study of the movement of elements, in and near quart:z
veins, with some thermometry (ER)

BAKUMENKO, I.T., KAZANSKIT, Yu. P. and SHUGUROVA, N.A., 1969, Determin-~
ing the composition of the ancient atmosphere from the gas phase in
individual inclusions in minerals: Paleogeogr. Litol.-Fatsii Issled.
SSSR, 1969, p. 27-28 (in Russian).

Accuracy of the method (checked with synthetic stan%&rds) was
~NE20% for bubbles ~50um. Analyses of gases from samples, Precambrian
sediments and Hereynian ore deposits are presented. Referativ. Zhur.
Geol. v. 1969, abst. No. 9 V649. (ER)

BAKUMENKO, I.T., LAPUKHOV, A.S. and SHUGUROVA, N.A., 1969, Crystalline
inclusions in quertz from paleotype rocks: Akad. Nauk SSSR, Doklady,
v. 185 p. 1137-1140 (in Russian). Transleted in Doklaedy Acad. Sci.
USSR, Earth Sci. sec., v. 185, p. 139-142. (Authors at Institute of
Geology and Geophysics, Siberian Division, Academy of Sciences, USSR) .
Primery melt inclusions in quartz phenocrysts from the Selair ore
field are now mainly opaque crystalline masses, without visible bubbles.
Homogenization studies (mainly on the smaller inclusions that do not
leak as often) show melting at 900° and homgenization (after stabiliza-
tion) at 1125-1150°C. Considerable metastability cccurred on cooling.
The authors take exception to the interpretation of melt inclusions by
A.V. Gromov,(1968; incorrectly listed as 1967; see Proc. of COFFI, 1968.)
Gases from the bubbles in7 inclusions were analyzed. N, and CO, were the
major constituents, with minor acid gases and no Os, CO, or Hs . (ER)

BAKUMENKO, I.T., and LYSAKOV, V.S., 1965, Relation of growth
conditions and subsequent history of quartz from different pegmatite
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RETADALDY, V,b,, o Leetures v genetic mineralogy. wol-1: Toenin-
read, Tendregead it v. Press vu. (in Pussian)
srvrasiconal references Lo data from fluld inclusion studivs (e.q.,

Tocture 8 (ER).

EALNOLUGEE., Do, 1900, Les Inciusions Cluides des wircrauz ct lewrs
chsignoments en métalloginie: Revue Universclle des Mines, 1966,
p. L71~178. A ceview with € figures and 15 references. (ER).

VANTC2EINGKY, 2.Y., MATKOVSKY, O.I., PAVLISHIN, V.i., ond chieddich,
AuLe, 1967, Siderite and Caleiic in Peymatites of tho Voihyn:
L'vov. Univ. Min. Sbornik, v. 21, no. %, p. 246-257 (in us:cian,
Jinglich abhstract). Caroonitob 1n pegmatites of the Yolhyn are
representea by siderite and caleite.  lderite is attachaed to a
pegmatoid fonce and to a zene of hydrothermzl aiteration and re-
crystallizaticn, where !t [ills cavitius as szeparate crystals,
dr.ses, and comnact radial aggregates.  On wmany crybtaib f}pureb
¢f otk growth and solution arce fixed. Homog{njzatva ddt
inclusions show that the formation of siderite tocok p|¢CL ut
comparativcly low pressures(ilO-140atm) in the hydrotlermal stage
of alteration and recrystallization of pegmatites. The scurce of
iron was Lhe fonlce minerals.

Calcite, together with quartz, forms little drusss in ¢racks of
metasomatically altoqu granites, enriched in dark minerals.

it ois rcrrc~ented by ilrdrd1 crystals oyerfilled with sclid in-
clusions., v s anYn{*,f faid by TR

BAYAROV, L. Sh., 1966, A device for freezing inclusions in mincrals,
in Materialy po VCHGLl:ChC koi 1 eksperimental’ nci wminerajogii,

V. b: Wovosibirsk, Akad. Nauk S35R Sibirskoye (ldeleniye inst.
Geologii i Geofiziki, p. 231-234 (in Russian, English abs.).

The devicoe consists of a cooling stame on the microscope, a Dewr
vessel for liquid nitrogen, and an arrangement for supplying a
regulated ficw of nitrogen tc the stage (through the Dowar).
Temperatures are read with a thermoccuple and can be controlled
down to -180°C, {Author’s abstact revised by TR)

BAZAROV, T..5h., 1985, A micro fuermal chanber for Ligh-temperatore

studies of iInclusions in minerals: Gecl. Zecfiz. 1065 ro. 8

p. 140-1L2 (in Russian),
An electrically-heated hizgh temperature stage, for use up to

E

-
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1650°C, with stated accuracy up to #10° at 145-°C is described. This
stage has been used to obtain the deta in numerous published papers.(ER).

BAZAROV, L. Sh., and MOTORINA, I.V., 1967, Determination of the
composition of solutions of individual multiphase inclusions by the
method of freezing; Acad. Sci. SSSR Doklady, v. 176, no. 6,

p.- 1385-1387 (in Russian); translated in Acad. Sci. U.S.S.R. Doklady,
Earth Sci. sec., v. 176, p. 145-148, 1968.

Composition of solid phases (NaCl, KCl) in gas-liquid inclusions
in quartz and fluorite, and total dissolved salts,are ascertained
qualitatively on the basis of behavior of the inclusions at freezing
temperatures, by comparisons with the known properties of such salts
at such temperatures.’Aqﬂmns'abyﬁbdﬁ,

AuBERGER, REYNALD, 1967, fitude des minéraux de la ville de Québec :
Bachelor of Science thesis, Univ. of ILaval, 48pp. (in French).
The quattz crystals of the area contain much black organic matter

(anthraxolite?), as well as yellow liquid inclusions that
fluoresce under ultraviolet illumination. X-ray diffraction and
infrared spectra were obtained on the anthraxolite.
Decrepitation of the samples occurred over the range 55°-100°C.
Loss on ignition varied from 0.31 to 6.82% (See also Bureau,

1958) (ER)

BILLINGS, Gale K., KESEER, Stephen E. and JACKSON, Stewart A., 1969,
Relation of zinc-rich formation waters, northern Alberta, to the
Pine Point ore deposit: Economic Geology, vol. 6k,
pp. 385-391.

Brine samples collected from Middle Devonian carbonate units about
350 km southwest and downdip from the Pine Point ore body (which is also
in Middle Devonian rocks) show a close compositional similarity to
anglyzed inclusion fluids from other Mississippi Valley type deposits.
Furthermore, bottom-hole temperatures in the brine collection zone are
approximately the same as filling temperatures observed for Mississippi
Valley type fluid inclusions, and the brines appear to be flowing from
the collection zone toward Pine Point and appear to now contain sufficient
Zn to produce another deposit about half the volume of Pine Point.
These features suggest that the brines represent the fluid that formed
the Pine Point ore. (Authors' abstract, shortened.)

BIRKELAND, Tore, and CARSTENS, Harald, 1969, Decoration of dislocations
in quartz: Norges Geol. Undersokelse no. 258, p. 372-37h.

Heat treatment of synthetic and natural quartz crystals may reveal
dislocations, twin boundaries and microfractures. The decorating
particles are believed to be tiny bubbles of water. It is shown that

imperfections in metemorphic quartz commonly are decorated naturally.
(Authors' abstract)

BLOUNT, C.W. and DICKSON, F.W., 1969, The solubility of anhydrite
(CaSO45 in NaCl-Hg0 from 100 to 450°C and 1 to 1000 bars: Geochem.
Cosmoch. Acta, v. 33, p. 227-2L5.

The change in solubility for anhydrite from retrograde (at low
salinities and temperatures) to prograde (at high salinities and temp-
eratures) is of use in the interpretation of daughter mineral behavior{er)

-29_



BOCHKAREV, A.I., 1969, Source of silica for the formation of rock cryst-
al vugs in carbonate rocks : Geologiya i Razvedka, 1969, no. 10, p. 56-
59 (in Russian, translated in Int. Geol. Review, v. 12, no. 9, p. 1018-
1021, 1970).

Includes some data on decrepitation of gquartz (ER).

BOCHKAREV, A.I. and MOSKALYUK, A.A., 1968, Formation temperature of

quartz bodies and rock crystal vugs in a Ural deposit situated in

carbonate rocks: Vses. Nauch,-Issled. Geol. Inst. Trudy, v. 162,

p. 70-73, (in Russian). {Collected papers on experimental and geo-

logical-mineralogical studies of the process of ore formation).
Thermometry (both by homogenization and decrepitation) on agqueous

inclusions (some with 1lig. (0») in various generations of quartz. (FR)

BOGOMOIOV, G.V.j* KRASOVSKII, V.F., 1968, Inclusions of mineralizing
solutions in endogenic rocks, and their effect on the composition
of interstitial- and subsurface waters: Porovye Rastvory Metody

Ikh Izuch. p. 104-108. Edited by Bogomolov, G.V., Izd. "Nauka
Tekhnika': Minsk, USSR (in Russian).

Water leaches from crushed samples of quartz and fluorite of
several granitic massifs and pegmatites were analyzed. If such fluids
are released to ground waters (on crushing or weathering), they will
affect their composition (ER).

BONEV, I., 1969, Liquid inclusions in galena: Comp. Rendus Acad.
bulgare des Sciences, v. 22, no. 11, p. 1289-1292 (in English).

Huge inclusions (> 8mm) near the surface of galena crystals from
various Bulgarian ore deposits form shallow indentations in the sur-
face,whieh B believes represents natural deformaetion of the galena into
the cavity when internal pressure decreased, NaCl and KC1 (in the ratio
of approx. 3 to 5) occur in the fluids, and they have a pH of 6.7
(microcolorimetric). The inclusions may be formed originally by
skeletal growth. (FR).

BORCOS, MIRCIEA, 1966, Some considerations of the determination of
the thermodynamical conditions of formaticn of some hydrothermal
veins and deposits in the Metalliferous Mountains region: Rev.
Roumaine Géologie, Gé€ophysique, et Géographie, Sér. Geol., v. 10,
no. 1, p. 99-11% (in English). Homogenization (and decrepitation)
temperatures of the principal gold and silver-bearing veins and
deposits, sometimes highly polymetallic in depth, localized in

the Almag-Sténija area (Alba district), provides new data on
Neogene volcanic ore formation in the Western Carpathians. Primary
liguid inclusions (1153) in quartz, calcite and dolomite crystals
from the Hanes, Fata Baii, Muncaceasca East, Brdadisor, Stnéija

and Muncdcessca West deposits were measured. Homogenization
temperatures ranged from 220°C to »357°C, and yielded a geothermal
gradient of 10°C/100m for the hydrothermal fluids in these
deposits (ER).

BORCOZ, M., 1967, Geothermometric study of mineralization in the Neogene
sgpvolcanic massif of Toroiaga-Tiganul, Maramures: [ﬁbmgnié] Com. Geol.
Deri Seamd Sed., v. 53 (1965-66), pt. 2, p. 219-240 (in Romanian with
French and English summ. ).
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The postmagmatic manifestations of hydrothermal origin exerted
along some fractures associated probably genetically with the last
arrivals of more acid magma consolidated in the subvolcanic mass,
have determined the accumulation of some considerable ore bodies,
showing a vein system. The mineralization of polymetallic nature,
especially cupriferous, with a very low Au and Ag contents, was
formed on account of a monoascendent hydrothermal activity. Based on
former studies it is admitted that the forming temperature of the
ore bodies corresponds to an epithermal or mesothermal stage up to
300°C. The results acquired from the investigations carried out
during the study of the primary liquid inclusions show that the
mineralization of the Toroiaga and Tiganul district was formed in
conditions of a hypo-mesothermal stage with a slow and gradual decrease
of the forming temperatures of the mineral generations deposited
during the hydrothermal activity. In the main veins of the Toroiaga
deposits a variation of the forming temperature both in vertical
and horizontal direction, at the level of the chalcopyrite generation,
ts observed.(Author's abstract)

BORCOS, M., 1969, Le controle thermodynamique dans la métallogenése
associée au volcanlsme Néogéne des Monts Métalliféres de la ‘fransylve.me-
Annales de la Société Géologlque de Belgique,v. 92, pt. II, p. 307-3.¢

A review with 16 references. (ER)

BORCOS, Mircea, 1969, Les 1nc1usions des minéraux et les enseignments
en tlres dans les demaine du metamorphlsme' Acta Geol. Acad. Sci.
Hungaricae, v. 13, p. 125-130 (in French, Russian abstract). A review
of the potentisl of inclusion studies in metamorphics (E.R.).

BOTSARIS, G.T., and seven others, 1969, Crystallization (a review in
three parts): Ind. Eng. Chem. v. 61, no. 10, p. 86-113; no. 11, p. 92-
101; and no. 12, p. 65-79.

A very thorough review (1949 references listed in 26 subject cate-
gories) of transport phenomens of nucleation and crystal growth, cryst-
allization processes, and various particular systems. Much of this
is pertinent to problems of inclusion trapping mechanisms. (ER)

BOYER, Francois, TOURAY, Jean-Claude, and VOGLER, Michel, 1967,
Presence of liquid CO, inclusions in quartz from the auriferous
district of Salsigne: Acad. sci. [Paris] Comptes rendus, ser. D,
v. 265, no. 1, p. 11-13 (in French).

CO5 verified by microscopy and mass spectrometry.QER)

BOYLE, R.W., 1961, The geology, geochemistry, and origin of the
gold deposits of the Yellowknife district: Geol. Survey Cen. Mon.,

310, 193 pp.

The distribution of solid and liquid inclusions (discussed on

p. 41-49) in quartz of the veins is used to help understand the
origin of the various epoclis of quartz. Some daughter crystals.
Quotes Boyle (1954) for decrepitation results.(ER)

BRADSHAW, P.M.D., and STOYEL, A.J., 1968, Exploration for blind
orebodies in southwest England by the use of geochemistry and fluid
inclusions; Inst. Min. Metal. Trans. Sect. B v. 77, p. B-1ik-152.

-31-



AN dtllh“ﬂ R T
. o ¥ : - w1 17‘1ny tomperaturs daly
Sillrn ar i s sgtdlated (ﬁutuors’ abubract)

S L e, and PANCHEY, Florentine, 1969, Migration of trine
g i roek salt: J. Ocovly. Resesrch v, Th, op. hoog-bene (fotlors
oh fleaitl Phyoics Division, Cak Hidge liational latoratory, Car ildge,
Tornesaes, F{030).

mall quantitics of brine Lrapped in 'negalive cryctals’ (cavitics)
cxist in meat rock salt (halite) and have been feund Yo migrete fowoerd
a heal source.  The Lheory of Hockstra and others en the wigration of
liquid inclusicns in ice crystals was medificd Tor prediet’ng the migra-~
tics ra"tes of brive cevities In salt. Uhe driviig Torce Tor thes rigra-
tion is the difference in sclubility between tho warm and colder sides
of the brine cavity. The theoretical model indicstes Lhat the wigra-
tiorn rete is a function of tempoerature and is directly proportionsl
to the temperature gradient. Calculated cavity migration rates lJor
a 1°C/mm gradient ranged Trom about O at 20°C to 7.7 em/yr at 300°
The: ihceoretical predictions were found Lo be in reascnablo sireement
with nigraticn rates measured 1r ihe laborstory, slincusgh tiwer
considerable spread in the experimental dsta. hpe01muns consisted ot
relatively vure salt crystals Tron Hutchinson, Kangas, nine, about oY,
croon oa zide, contairing brine cavities hetueen 2 and 10 mm irn max-
imum dimension. Thirty-one rate meaaurements (on twelve separate
cavities) were obtained, covering the temperalure range of 7,°-244°C,
with gradierts ranging frow 4 o 34°C2/cm. Migration periods varied
from about 20 to 358 hours, and the observed distsnces of migration
ranged from 0.8 to 8 mm. The theoretical predictions also tended to
confirm the approximate (bui difficult to measure) rates of brine migra-
tiorn into a number of heated heles (salt well temperaturss up to 200°C)
located in the Kansas minc. (Authors' abstract)
{8d. note -~ Although this work was done for an entirely different pur-
pose, it Is pertl ndtr to the problern of the possible dowrnward-micration
of fluid inclusions in halite resuiting from the geothermsal radlenv.)

DY -Ar
-

BRATUS, M.D., 1969, Ges-liguid inclusions in apophyllite crystals:
Akad. Nauk. Ukr. 33X, v.31l, pt. 2 (series B) p. 193198 (in Ukrainian).

Homogenirzation of large (0.4mm)} primary inclusions oeccurred in
range 05-130°C, On opening they were found to be strongly alkaline
(pH- 9.0-9.5). (¥R).
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BRATUS', M.D., STASYUK, Z.V., and PANCHISHIN, R.S., 1968, Determina-
tion of the composition of gases of individual inclusions in querte
from - pegmatite by the mmegatron mass-spectrometer: Akad. Naug SSSR
Doklady, v. 183, no. 4, p. 928-930 (in Russian). Translated in
Geochemistry, 1968, p. 185-187.

A very brief but important paper on a powerful technique.(ER)

BROOKS, Richard, HORTON, A.T. and TORGESEN, J.L., 1968, Occlusion of
motherlliquor in solution-grown crystals, Journal of Crystal Growth
v.2, p. 279-28% (authors at National Bureau of Standards Washington,
D.C. 20234, U.S.A.).

Mother-liquor inclusions, major defects in solution-grown
crystals, sometimes form when the level of supersaturation increases.
A change in supersaturation, even when relatively slight,_can cause
irregular growth particularly on fast growfng faces, and 1nc1u51on§
can form by overgrowth of irregularities by contiguous faces o?, if
supersaturation is diminshed, by redevelopment of the face originally
present. In ammonium dihydrogen phosphate and sodium chlorgte,
grown with habits characterized by several forms, fast-growing faces
provide primary sites for occlusion of mother liguor. .

Results can be explained if formation of growth centers is
sensitive to supersaturation and their location is dicteted by
solute supply if supersaturation exceeds a limiting value. (Authors'
abstract).

BRUNNER, G.O0., WONDRATSCHEK, H., and LAVES, F., 1961,” .
Ultrarotuntersuchungen tiher den Einbau von H in natilrlichem
Quarz: Zeitschr. Electrochemie, v. 65, p. 735-750 (in German)

The IR absorption apectra of various quartz crystals have been in-
vestigated; besides the vibrations due to the SiO.- lattice, there
are bands in the 7000, 5000, 3000 and 900 em~1 regions which are due
to lattice imperfections. Variations in intensity of several powers
of ten have been observed from one crystal to another and occasgional-
1y within the same crystal. The half-width of the bands is strongly
temperature dependent, H-D- exchange. experiments( from which a self-
diffusion coefficient of approx. 10 T cm2/ sec. at_950°C has been
obtained) show, that several bands in the 3000 em ~ region are due
to OH vibrations. Further experiments indicate that all bands ob-
served here, other than those of the Si0p-structure, are related to
H-containing defects. Annealing at temperatures above 650°C causes
permanent changes in the IR~-spectrum, which are apparently related
to positional exchanges. On electrolysis, H from atmospheric H20
can enter and replace the alkali ijfons, which have been deposited on
the cathode. The behavior of quartz defects after different irradi-
ation treatment has been studied. From the IR s ectrum the H-con-
centration can be evaluated; values of about 101 H/cm3 are
frequently found for clear quartsz crystals, while all natural smoky
quartzes as yet examined show a low H content (approx. 1017 H/em?).
Different types of H-defects which might be regponsible for the
appearance of the bands are discussed. HoO molecules in considerable
amounts are apparent only in milky quartzes and in d-1- twinned

quartzes with lamellae (these include most of the amethysts) (Author's
abstract).
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BULGAKOVA, Ye.N., 1969‘Investigation of inclusions of molten matter in
rock-forming minerals of the Mount Chernaya intrusion, Noril'sk
district: Akad. Nauk SSSR, v. 185, p. 423-426 (in Russian). Translated
in Doklady Acad. Sci. USSR, Earth Sci. Sec. v. 185, p. 132-135, 1969.
(Author at Institute of Geology &nd Geophysics, Siberian Division,
Academy of Sciences, USSR).

Primary melt inclusions in variocus trap rock minerals are now
glass * solid phases and vapor. The vapor bubble (criginally distorted)
begins to move at about 50° below the homogenization temperature.

Many primary inclusions in pyroxene homogenized at 1210-1270°C, the
temperature varying with the rock type. (ER)

BUREAU, RENE, 1958, Les“diamants’ de Quebec: Naturaliste Canadien,
v. 85, p229-238 (in French)

A review (12 references ) of the early records on the discovery

and study of clear to black quartz crystals contalning inclusions

of "bitumer' and/or petroleum. A decrepitation temperature of

75°C (from F.G. Smith, personal communication) is quoted.

(See also duBerger, 1967) (ER)

BURNHAM, C.Wayne, HOLLOWAY, J.R. and DAVIS, N.F., 1969, The specific
volume of water in the range 1000 to 8900 bars, 20° to 900°C: American
Journal of Science, Schairer vol., 267-A, p. T0-95. (Authors at Dept.
of Geochemistry and Mineralogy, The Pennsylvania State University,
University Park, Pennsylvania 16802).

Basic data of value to any study of aqueous inclusions (ER).

BUSECK, P.R., 1966, Contact metasomatism and ore deposition-
Concepcion del Oro, Mexico: Econ. Geology, v. 61, p. 97-136.

This large copper deposit, disseminated in skarn, contains
post-ore quartz with primary inclusions (p. 124-126). The freez-
ing temperatures (2 inclusions) are -5 and -8°C; homogenization
determinaiions ranged from 315 to 330 *25°C. (ER).

CARSTENS, HARALD, 1966, Deformation in vein genesis: Norsk Geol.
Tidssrift, v. 46, pt. 3, p. 299-307. It is shown that the
formation of veins in metamorphic psammitic rocks is closely
related to creep, involving fracturing, subgrain development,
stress-induced diffusion, syntectonic-recrystallization, and
chemical replacemert. The veins are easily subjected to annealing
recrystallizaticn and grain growth resulting in equilibrium dis-
position of grain boundaries and a general coarsening of the veln
fabric, (Author's abstract). (This is pertinent to the problems
of the origin of inclusions in any such veins - ER).

CARSTENS, Harald, 1969a, Dislocation structures in pyropes from
Norwegian and Czech garnet peridotites: Contr. Mineral. and Petrol.,
v.2h, p. 5&8-555 (aqyaor gt Norges geologiske undersegkelse, Trondhein,
Norwey )

The dislocations described in this and the following two entries
are important to studies of leakage of inclusions, and in some cases
are spatially related to the inclusions (E.R.).
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CARSTENS, Harald, 1969b, Arrays of dislocations associated with healed
fractures in natural quartz : Norges Geologiske Undersgkelse Nr 258:

P. 368-369. -

CARSTENS, Harald, 1969c, Dislocation-free quartz crystals: ibid, p. 370-
371.

CHAIGNEAU, Mercel, l967b, Sur la relation entre 1l'aspect enfumé€ des quertz
et leur tenure en hydrocarbures: Acad. sci. Parigf Comptes rendus, ser. D,
v. 265, no. 20, p. 1a4h-1447,

Gases released by heating were analyzed by various methods for
HC1, 802, CO.,+ H2, CH,, Co hydrocarbons, C3 and C4 hydrocarbons, CS2,
CsO, and Ny " (+ rare gases). Small amounts of ethane, propane,
ethylene, propylene, and butylene were also reported.(ER).

CHEMIA, M., TOURAY, J.C., BROUSSE, R. and CAUSSE, C., 1968, Abondance
relative des gaz inclus dans quelques minéraux megmatiques d'origine
profonde, in Qrigin and 4 ;trihutign of the elements, L.H. Af rens,
ed.: New York, Pergamon Press, p. 971-979.

Among & set of sixty comagmatic xenoliths of basalts and trachytes
coming from the French "Massif Central’, the samples richest in in-
cluded gases have been selected with a crushing super-stage,

Their minerals have been separated, studied under the micro-
scope and, in the end, vacuum crushed. The gases, thus extracted,
have been analyzed with the mass spectrometer.

The results of twenty-fwo analyses are presented. They show
that CO- is the major fluid constituent of the inclusions of very
deep origin minerals. The geochemical implications of this fact are
debated (Authors' absract).

CHERNOKOLEV, N., 1969, Mineralogical-thermometric study of quartz from
the Gradishte lead-zinc deposit in Mddan ore field: Izd. Geol. Inst.,
Bulg. Akad. Nauk., Ser. Geokhim., Mineral. Petrogr., v. 18, p. 1k5-
152 (in Bulgarian).

Homogenization of inclusions showed a drop of temperature with
the various stages, from a maximum of 360°. (ER)

CLOCCHIATTI, R., 1968, Note on the morphology of glass inclusions in
quartz phenocrysts from acid lavas from the Northern Vosges: Compt .
Rend. Acad. Sci. Paris, v. 267, Serie D, p. 2257-2259,

The acid lavas from the Vosges mountains in France contain
quertz phenocrysts, thaet show glass inclusions of different degrees
of devitrification (proceeding with age: Permian to Devonian) and a
void of shrinkage occasionally filled with ges under pressure.
Bi-pyramidal negetive crystal outlines of the cavities reveal high
temperatures of formation. (P.J.M. Ypma.)

DAVIDENKO, N.M., 1968, The practical importance of the study of
microinclusions in minerals of western paet of Chukotka (abst.):
Abstracts of Reports of Third A11-Union Conference on Mineralogical
Thermobarometry, Moscow, Sept. 9-15, 1968, p. 148. Author at
SYKNII Magadan.

Primary and secondary polyphase microinclusions suitable for
homogenization studies are present in the mindals of veins in
western Chukotka. The inclusions are particularly numerous in

_35_



quartz, shee11te, and calcite. The gold-bearing quartz veins
differ marked]y in the composition of mineral-forming solutions
present in inclusions from those of unmineralized quartz veins.
With the help of primary polyphase microinclusions in gangue
minerals found in the gold placers of Chukolkiregion, the Tocation
of the source rocks «¥ tnese gold placers can be traced.

Primary micro-inclusions in the quartz from the lighter fraction
of panning (western Chukotka) characterize the quartz as the
associate gangue. mindal of gold. This fact increases the applica-
bility of panning as "an exploration method for gold deposits much
farther, Translated by Asoke Lahiry.

DAVIDENKO, N.M. and VALPETER, A.P., 1969, Micrd“inclu51ons in minerals
of gold- bearlng and berren velns in Western Chukotka: Kolyma, 1969,
no. 6, p. 44-45 (in Russian).

Prlmary inclusions in Au-bearing veins were multiphase, whereas

the barren veins were simple gas-liquid. From Referat. Zhur., Geol.,
1970, abstract 2ve27. (ER).

DENBIGH, K.G., and WHITE, I.T., 1966, Studies on liquid inclusions

in crystals: Chem. Eng. Science, v.21, p. T39-754. Studies
have been made on the formation of liquid inclusions in certain
crystals, especially those of hexamethylene tetramine. This sub-
stance, which belongs to the cubic system, when grown from agueous
solution gives rise to crystals with inclusions in a highly symmetri-
cal dodecahedral pattern of 12 members. The inner dimension of this
pattern has been shown to be almost invariably 65210u and it appears
that this is a critical size below which inclusions are not formed.
Evidence has been obtained that there may also be a critical growth
rate (of about 12u/min) such that inclusions are formed if this rate
is exceeded when the crystals are larger than 65u. The drying out of
mother liquor from the inclusions once they have been formed, has
been shown to be impracticable under industrial conditions. Other
methods of formation of inclusions are described as at the corners of
crystals previously rounded by solution (p.7hl); considerable over-
heating of hexamine crystals without decrepitation was found; the
patterns of inclusion distribution in hexamine crystals are remarkably
similar to those the Editor has seen in some leucite (ER).

DICKEY, Parke A., 1969, Increasing concentration of subsurface brines
with depth: Chem. Geol. v. 4, p. 361-370.

Many fluid inclusions in low-temperature environments may rcpre-
sent such fluids (ER).

DIMITROV, D.K “cFormatlon temperatures of fluorite deposits in the
central Rhodope massif, in Mineralogical Thermometry and Barometry,
N.P. Ermakov, ed., 1968. v. 2, Moscow: "Nauka'" Press, p. 277-85.
(in Russian)

Various color fluorites, from & serieg of deposits in the area,
yield homecgenization temperatures of 150-250°C. Daughter minerals
are almost absent (ER).

DMIWERIEV, L.K. and LYAKIIOV, Y4V., 1969, Character of temperalure
cenditions of mineralization changes in time and space in the Darasun
Deposit (East Transbaikalia): TL'vev Gos. Univ. Mineral Thornik.,

v. 2%, p. 408-41% (in Russian).
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The Darasun gold ore deposit is a high temperature pneumstolytic-
hydrothermal deposit. Its first stage developed at temperatures of
L50-275°C, the second, the hydrothermal stage, at 280-50°C. The ore
body vertical temperature gradient is 22-21°C/100 m and horizontally
is 10-12°C to 4°C/100 m. The increase in ore formation temperatures
in the direction of the plaglogrenite-porphyry boss testifies a con-
nection of mineralization with that intrusion. (Aupfors' abstract)

3 £8 e N . . ‘
DOLCOV, Yu.A., 1968, Pressures aud temperatures in the process of

formetion of chambered peguatites: Doklady Aked. Nauk S.5.5.R., V.
178, p. 1171-117% (in Russian), See Translations Section. :

DOLGOV, Yu.A., BAZAROV, L. Sh. and BAKUMENKO, I.T., 1968, Determining
the pressure in inclusions by simultaneous use of homogenization and
cryometry, in Mineralogical Thermometry and Baroni_etry, N.P. Ermakov, ed.,
v. 2, New methods and resulis of investigations of the conditions of ore
formation: Moscow, "Nauka" Press, p. 9-17 (in Russian).

Flat inclusions in topaz were used for detn. of pressure during
mineral formation. The temp. of homogenization of inclusions, the vol.
of inclusions, vol. of liqg. soln., vol. of CO,, vol. of gases, cryo-
hydrate point, and concn. of solns. were detd. All detns, were made
by using values measured by planimeter from enlarged photomicrographs.
The freezing of inclusions proved to be the most convenient. The accuracy
ogﬁressure detns. was controlled by the accuracy of measured data.

This was & reason of selection of flat inclusions or inclusions with
geometrically regular shape. The method 1s simple and does not require
complex apps. The cryometric app., described by L.S. Bazarov (1966),

is inexpensive and easy to operate. It provides for freezing of inclu-
sions and measurements down to -180° to * 0.05°. The cooling rate is
easily controlled and freezing can be stopped at a given temp. The
transformations of inclusions during their cooling in cryometric app.
are registered photographically. Photometric and crystaloptical observa-
tion provides sufficient data to det. the relative vols. of phases,
their nature, and temps. of phase transformations. Compn. of inclusions
were calcd. from these data. The pressure in inclusion is detd. from
phase diagrams. For example, an inclusion containing NaCl solution
that melts at -6.5° is a 10% NaCl soln. Homogenization of liq. phase

occurred at 360°. According to the diagram of Sturikovich and
Khaibulin (1956), homogenization into 1liq. phase of this systen occurs
under 160-165 kg./cm.2 pressure. According to the tables of Sourirajan
and Kennedy the homogenization under these conditions occurred at 166
bars. Detn. of CO, was made from measuring of volumetric ratios below
the freezing point of ag. phase. The formation pressures were detd.
for 4O inclusions in topaz, quartz, and beryl from molar % of COs and
homogenization temp. by using corresponding diagrams. (modified,from
Chemical Abstracts)

DOLGOV, Yu.A., MAKAGON, V.M., and SOBOLEV, V.S., 1967, Liquid in-
clusions in kyanite from metamorphic rocks and pegmatites of the
Mamsk region (north(.eastern Transbaikal): Akad. Nauk SSSR Doklady,
v. 175, no. 2, p. 444-447 (in Russian); translated in Acad. Sci.
U.S.S.R. Doklady, Earth Sci. sec., v. 175, p. 164-166, 1967.

DOLGOV, Yu A. SHUGUROVA, N.A., and POGREBNYAK, Yu.F., 1969, Gas inclusions
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in tektites (moldavites): Doklady Akad. Nauk SSSR, Doklady, v. 18k,
no. 6, p. 1405-1408.

A series of analyses of the gases in bubbles in tektite glass show
mesor COs, and H,, minor N, and acid gases, and no Oy, and CO. (ER).

DOLOMANOVA, E.I., KOROLEV, N.V., and RUCHIN, V.V., 1969, A method for
microspectral determination of the composition of gas ligquid inclusions
in quartez: Akad. Nauk SSSR, Igzvestia, v. 1969, no. 7, p. 72-84 (in
Russian).

Inclusions are opened and the fluid transferred to an electrode
in a visual grating spectroscope. Twenty-nine gualitative analyses
are presented, for Cl, ¥, B, 5, Na, K, Ca, Mg, Al, Be, Fe, Cr, and Mn,
in inclusions in various samples of quartz. (ER)

DOLOMANOVA, E.I., LIDER, V.V., ROZHANSKII, V.N., and ELINSON, M.M.,
1966, Composition of solids in some gas-liquid inclusions in morion
according to data of X-ray spectral point=analyses[electron
microprobei: Akad. Nauk SSSR Doklady, v. 167, p. 176-179 (in
Russian); translated in Acad. Sci. U.S.S.R. Doklady, Farth Sci.
sec., v. 167, p. 116-119, 1966.

This is the first usc of the electron microprobe, to detect the
elements present in daughter crystals on the walls of unopened
fluid inclusions in quartz (IR).

DOLOMANOVA, E.I., LIDER, V.V., ROZHANSKITI, V.N., and ELINSON, M.M., 4&
X-ray spectral study of the element composition of the ultramicro-
crystalline phase of gas-liquid inclusions in quartz, in Mincralosicsal
Termometry and Barometry, N.P. Ermakov, ed., 1968, v. 1, p. 201-9C
Moscow: "Nauka" Press, (in Russian)

Electron microprobe analyses were made of daughter crystals in
inclusions in morion crystals from Transbaikalis. (The sample was
polished down to very near the inclusion, thus permitting excitation
of daughter crystals by the elttron beam through the walls of unopened
inclusions - personal communication from Dr. Dolomanova). Major a-
mounts of Fe and Cr indicate possible chromite as one daughter
crystal. Smaller amounts of Zn, Cu, Ti, and Ca were also detected.
Two analyses of evolred gases showed COp, HsS and Hp, plus mpior CH44ER)

DOROSHENKO, Yu.P., 1966, Crystallomorphological peculiarities and
barite~forming temperatures from fluorite deposits of Transbaikal:
L'vov. Gos. Univ. Minerslog. Sbornik., v. 20, no. 3%, p. 458-459
(in Russian).

The barite in the fluorite deposits of Transbaikal is repre-
sented by two morphological types of crystals (tabular and elongated).
The data received on the study of gaseous-liquid rnclusion» in the
barite established that the tabular barite formed from hydrothermal
solutions at a temperature from 165 to 115°C; the elongated barite
at a temperature from 110 to 80°C. A graph is given of the depen-
dence of crystallomorphological peculiarities of the barite on the
temperature of formation.(Author's abstract).

DORSHENKO, Yu.P., IVANOV, V.N., PATRUSHEVA, M.A., and CHUMACHENKG, N.M.,
1969, Apophyllite from the Savinskoye No. 5 complex ore deposit in
Eastern Transbaikalia: L'vov Gos. Univ. Min. Sborn. v. 23, no. 4, p. Lekh-
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428 (in Russian).

A study of the first apophyllite occurrence in Transbaikal
polymetallic deposits show that it is p-apophyllite (according to V.J.
Vernadsky). Mineral thermobarometric research gives formetion tempera-
ture 156-148°C and pressure 50-90 atm. - which are of great genetic
significance. (Authors' abstract, modified by ER).

DORSHENKO, Yu.P., KOMLEVA, Zh.A, LYAKHOV, Yu.V., MYAZ, N.I., PIZNYUR,
A.V., and RUDENKO, A.F{%ﬁAqueous extracts from inclusions of hydro-
thermael solutions in minerals of genetically different types of de-
posits, in Minerelogicel Thermometry and Barometry, N.P. Ermakov, ed.,
1968, v. 1, Moscow: "Nauka" Press, p. 308-18 (in Russian)

Report 18 analyses of water leaches of inelusions from fluorite,
from various steges of mineralization, for Na, K, Li, Ca, Mg, HCOs,

Cl, F, and HSiOs (ER).

DOROSIIENKO, Yu,P., and KUZFMKO, V.N., 1966, Some peculiarities of
fluorite mineralization of the Mikhailovsk ore field (Eastern
Transbaikel): L’vov Gos. Univ. Vestnik, Geol. Series, v. 4k, p. 75-
78 (in Russian, English abstract)

Fluorite ores in the Mikhailovsk field occur on a crush zone in
carbonate rocks of the Bystrinskaya group. Ore deposition took
place during two stages: the quartz fluorite state ( ¢nclusion
homogenization temperatures 180-140°C) - mainly by means of a
netasomatic replacement of carbonate rocks, and the fluorite-
quartz stage (150-115°C) - mainly by means of cavity filling.
Secondary dispersion halos obtained by spectrophotometry aid in
Lermining cre bodies hidden by 5-T7 meters of overburden.

Authors’ abstract,revised by E.R.)

DUNNING, G.E. and COOPER, J.F., 1969, A second occurrence of antarcti-
cite, from Bristol Dry Leke, California: Amer. Mineral, v. 54, p. 1018~
1025.

This compound, CaCls:6H-0, is optically uniaxial negative, with
indices 1.550 and 1.490. (Ed. note - this phase probably occurs as a
daughter mineral, and certainly forms as one on freezing inclusions)lER)
ELINSON, M.M.Tﬁ%tudying the composition of gases in small samples of
minerals and focks)ig Mineralogical Thermometry and Barometry, N.P,
Ermakov, ed., 1968, v. 2, p. 251-5 (in Russian): Moscow, "Nauka"
Press.

An app., in which & microdegaser was used together with a gas
chrometograph, or low-temp. gas analyzer for acid gases, was used for
study of gases from small samples (0.1-1.0 g.). The gas anal. for
COp, HoS, Op, CHy, He, Ar, and N, was made from 0.1-0.002/cc. of
gases. The extn. of gases from samples was made by disintegration of
sample in & microdegaeser in Ar atm. or in vacuum. Special tests
proved applicaebility of the method and good reproducibility of av.
results obtained during study of several 0.2-1.0 g. samples made
from a single sample in the app. with microdegaser and compered
with date obtained during detn. of gas content in the same rock
semples weighing 100 g. and ground in the vacuum ball mill., The sen-
sitivity of chromatographic detn. was 0.5:% at min. vol. of gas of
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200 mm>. The sensitivity of detn. in low-temp. ges anslyzer for

acid gases at -195° with subsequent absorption of COg, HpS, 30p,

and Cly by solid ebsorbers, was 0.05% at the same vol. of gas.

The accuracy of dutn. increased at large gas volumes (C.A.)

Eds. note: Dr., Elinson (personal communication in Russian,
translated by M. Fleischer) gives the following detalls on the absorb-
ents she uses in gas analyses:

;3 - Porcelain powder impregnated by & solution of lead acetate in
2% mcetic acid with addition of barium chloride.

S0, - Porcelain powder impregnated with a 7nCl, solution in 10% HC1
with addition of Na nitroprusside and urotropine.

COp - Silica gel impregnated with 0.1% solution (alcoholic) of basic
fuchsine mixed with hydrazine hydrate and an aqueous solution:
hod SrCl, and 2% hydrezine sulfate.

Cl, ~ Silica gel impregnated with a solution of KBr and Na carbonate,
with the addition of fluorescein.

ELINSON, M.M. and POLYKOVSKIT, V.S., 1967, On the gaseous composition of
solutions which participated in the formation of rock crystal-bearing
veins in skarns: Geokhimiya, 1967, no. 2, p. 170-177 (in Russian, English
abs. }; translated in CGeochemistry Internat., no.l, p. 108-11k, 1967,

ELLIS, A.J., 1967, Partial molal volumes of MgCls, CaClp, SrCl,, and BeCl,
in agueous solution to 200°: Jour. Chem. Soc., Sec. A, Inorg., Phys., and
Theor. Chemistry, 1967, p. 660-66k.

ELLIS, A.J., and MAHON,W.A.J., 1967, Naturel hydrothermel systems and
experimental hot waterfrock interactions {Part II): Geochim. et Cosmochim.
Acta, v. 31, no. 4, p. 519-538.

A study was made of the reaction of wolecanic rocks from the
Taupo Veolcanic Zone of New Zealand, and a greywacke, with water at
temperatures 400 and 600°C. From analysis of the resultant solutiens
it yas established that most solutes (K+, Rb+, Ca2+, Mg2+, F-,

S04~ , S5i0, and NH,) are controlled in concentration by mineral
solubility or ion exchange equilibria. vValues of the atomic ratio

Na/K in solution in contact with rhyeliZtic reocks ranged from 10 to

15 at 250° to 4 at 600°. Other features of the reaction solutions

were their acidity when cooled, their extremely low concentration

of magnesium, and their concentration of a large proportion of

the chloride, boron, and caesium from the original rocks.(ﬂufhcffcigﬁqf)

ENJYOJI, M. snd MIYAZAWA, T., 1969, Formeti on temperaturee of the fluorite
deposits in Japsn and Korea: Jour. Boc. Mining Geol. Japan, v. 19,
p. 73 (in Japenese) (Attthors at Dept. of Geol., Tokyo Univ. of Education).

The Hiraiwe fluorite deposit in Japen belongs to the vein type,
occurring in Paleozoiec clayslate and granite porphyry. The Chuncheon
Shin Po mine in Korea is also & vein type deposit in Precambrisn biotite
gneiss. The Ku Mi mine in Korea is a replacement deposit in Carbonif-
erous limstone. The f+lling temperatures of the fluid inclusions in
fluorites were measured by means of a hesting stoge. They are as
fellows;

Hiraiwa 86°-151°C (42 samples).

Chuncheon Shin Po 102°-130°C {14 samples)

Ku Ml 79°-14%°C (5 semples) (H., Imai)
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EVZIKCVA, N.Z., and HOdFALYK, ALA., 190t, Ses-liquid inclusions
in carenates Irom corbonstites 1 Akad. Hank 328K D&Hl};v. 159, p. 98-
101 (in Tussian); trs.slated in Acad. Sei. U.5.8.R. Doklady, Earth
Sed. see, v. 159, p. 1uS-111.

One of the very few papera on inclusicns in carbonatites.
They found s0lid matter and an unknown phase, made homogenization
dterminations, and made four analyses of water 1w ches(FR).

FORL, T.D,, 1967, Somz wiazral dzpe s of the Ceriomnifzrons limestone
of Derbyshive, in Geologiecal Fyxcursions in the SBheffield Region; R, Neves
and C, Dowiie, edy: Sheffield, Univ. of Sheffield, p. 53-75.
A good summary of the geology and mincralogy of these dearosits,
that contain many organic fluid inclunsions (ER).

FORD, T.D,, 1969, The stretiform ore deposits of Derbyshire, in
CJ il Jdsmes, Ed., 15th Inter-Univ. Geol, Congr., 1907, Univ. of

Iy

Tedeastor, ngland, p. 72-96 (polisied 1o 190697

funtec{p, BL) sowe previously wepublished Crecrzing datas Crom
Roedder on fluerits Feawn the Turbyshive deporits (-1 to -22°C,
corréspondiag to PC-20 weight vepcent sglts in solutlon, in primary
incluzicra. snd lowoe nonoentrations in later Ineiusions), feeeogenizebion
temperaturcs (p- 87, 8lso from Hocdder) of J0-090°0 gre nleo raporied
{for primar,; souscns inelusions, snd 1720-340°0C v'or late primery ond
paeudosacondary inelusionz of il (W}
FRIEDLANDER, C, G. I., 1969, Brownian movement in guartz {abst.):
Canadian Mineralogist, v. 10, pt. 1, p. 132 (Author at Dept. Geclogy,
Dalhousie Univ., Halifax, Nova Scotia.l

Quartz from mineralized specimens taken at the dumps of the Dunbrack
Prospect, Musguodoboit River, Halifax Country, Nova Scotia, contain
fairly plentiful liguid inclusions. Some of these liquid inclusions
show, at moderately high magnification, moving gas bubbles. The diameter
of the moving gas bubbles is in the order of lp. A film has been made
by the Audio Visuval Department, Dalhousie University (D. A. Gibson, D.
Pike) of two such observations. The diameter of the bubble in the first
frame (68BQ4) is approximately G.7u. In the second frame (6817), a num-
ber of moving bubbles appear successively on different levels of the thin
section. The diameter of these bubbles lies between 0.7 and 0.2u. The
mobility of the smaller bubbles is distinctly greater than that of the
larger bubbles. The communication ceonsists essentially in the presenta-
tion of the film. (Author's abstract.)

TINKHOUSER 4 G. and NAUGITON, J.J., 196%, jwdlogeric hellum and argon
in ultramerio inclusions from Hawaii, Journal of Geophystcal
Regearcht, vol. 73, no. 14, p. UGOL-WEO7 (Autliors at Chemisivy Dept.
and Haweii Institute of Jeophysics, University of° Hawvaii, Honolulu,
Hawall 96&22).

I sotople studles heve been made of the inert gaves present in
ultranefic xencliths from twe sites in Hawail, the 1600-1801
Kaupulehu flow (Hualalal Voleano, Hawall) ard 9alt Lake Crater
(Pahu). Apparent age: -alculated from the measurement of radiogenie
argon and helium he: ory high values, The retio of radiogenic
helivwa to argon relative to natural gases and to the value expected
from generation in situ is low, Frow ges extraction by crushing
and decrepltation, it 1s shown that the inert gases occeur in fluld
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and gaseous inclusions in the minerals of the nodules. The gases
are believed to be representative of the magmatic enviromment, with
the low helium-to-argon ratio resulting either from preferential
loss of helium or from generation of the gas from a source similar
to a chrondritic composition. The inert gas 'ages,' then, are of
uncertain significance for these samples (Authors' abstract)

GALIMOV, E.M., and PETERSIL'E, I.A., 1967, Isotopic composition of
carbon from hydrocarbon gases and CO5 held in alkalic igneous rocks
of the Khibiny, Lovozero and Ilimaussai plutons: Akad. Nauk SSSR
Doklady, v. 176, p. 914-917 (in Russian); translated in Acad. Sci.
U.S.S.R. Doklady, Earth Sci. sec., v. 176, p. 200-203, 1968.

A significant anomalous.impoverishment of the light-weight iso=
tope in the hydrocarbons makes them resemble CO, in the isotopic
composition of C and is a supplementary evidence of their abiogenic
origin, possibly from the graphitic substance of the mantle.(ﬁAW 7t

GAL-OR, Benjamin, KLINZING, G.E., and TAVLARIDES, L.L., 1969, Bubble
and drop phenomena: Ind. Eng. Chem. v. 61, no. 2, p. 21-3k.

This is a very extengive review, with 618 references arranged into
14 subject areas, several of which are of considerable interest to
inclusion studies (ER),

GIGASHVILI, G.M., 1969, Primary solid-gas inclusions in quartz from
Volhynian megmatites: L'vov. Gos. Univ. ineralog. Sbornik, v. 23,

no. 4, p. 398-40k (in Russian). (Author at L'vov. Inst. Geology and
Geochemistry, Acad. Sci. Ukr. S.S.R.(Transletion to appear in next issue)

GIGASHVILI, G.M., 1969, Metasomatism of microcline from a Velynian peg-
matite: L'vov. Gos. Univ. Mineralog. Sborn. v. 23, no. 2, p. 160-169
(in Russian). '

The greisenization of microcline crystals in the chambered
("zanorysh") pegmatites is or two varieties, 1) quartz-topaz and
2) quartz-muscovite-fluorite. Homogenization temperatures for type 1
were 320°C. Geses in solution are mainly CO, and N, (E.R.).

GIGASHVILI, G.M., and KALYUZHNYI, V.A., 1969, Black opal from the peg-
matites of Volyn containing organic substances: Akad. Nauk SSSR Doklady,
v. 186, p. 1154-1157 (in Russian).

Late black opal in these pegmatites contains organic matter that
yields a wide variety of organic compounds upon pyrolysis in a mass
spectrometer. (ER.)

GNATENKO, G.I., KUZNETSOVA, S.V., and 3KARZHINSKII, V.I., 1969,
Conditions of formetion of high-temperature mineralization in breccias
of salt-dome structures in the northwestern Donets basin: Dopov. Akad.
Nauk Ukr. RSR, Ser. B, v. 31, no. 11, p. 963%-968 (in Ukrainian).
High-temp. endogenic mineralization was detected during study of
Hg and complex ore occurrences in the Bantishevsk and Novo-Dmitrievsk
structures, The high-temp. assccn. of minerals was localized in the
breccia overlying salt domes in the structures. It consisted of
scapolite, tremolite, albite, muscovite, phlogopite, tourmaline, topaz, '
rutile, sphene, rock crystal, and pyrite and was accompanied by
recrystn. of carbonates in breccia, regeneration of terrigenous quartz
grains, and change in textural-structural characteristics of the
breccia. The high-temp. mineralization in breccias was formed under low

~ho-



depth conditions by ascending local hydrothermel $olns. contg. numerous
volatile components. The max. formation temp. of these minerals was

detd. by homogenization of gas-1lig. inclusions in apatite and decrepi-
tation of scapolite and pymde. It was 575°. The gas components

in primary end secondary inclusions in apatite were detd. as(HES, S0p,
NHa, HCl, and HF)0.0 and 2.35; COp 8.0 and 97.65; Op 8.6 and O; and

N & wava cacas 72 U and 0.0% resn. (Chemical Abstracts).
1‘2 ] S PR W~ [ ————— - hV i} = N\ ;

GRIGGS,DAVID, 1967, Hydrolytic weakening of quartz and other

silicates: Geophys. Jour. Royal. Astrom. Soc., v. 14, p.l9—31)

(Also reprinted 1968 in D.C. Tozer, Ed., Non- el astic process in the

mantle, London, Hodgson and Son, Ltd.) "
Shearing of quartz cr%stals containing 0.0015 to 0.13 weight

percent Hp0 (100-9000 H/10°Si, as inferred from 3.m IR absorption)

results from intracrystalline gliding and yields many dislocations.

These latter anneal out in 24 hours at 1 atm. and 300°C to form

"bubbles" of H0 40.2im, from breakdown of Si(OH), to form Si02

and H,0. (ER)

GRIGOREV, D.P., BUKANOV, V.V., and MARKOVA, G.A., 1969, Synchronization
of the process of crystallization in zoned crystals: Akad. Nauk SSSR
Doklady, v. 185, p. 1129-1132 (in Russian).

The zones in multiply=-zoned crystals of quartz are correlated from
one crystal to another by comparison of their absorption spectra trav-
erses. This might be useful in correlating inclusion ages. (ER).

GRITTI, C. and SOULIﬁ, M., 1969, La barytine du Burc et sa position par
rapport & la fluorine: Bull. Soc. D'Hist. Natur. de Toulouse, v. 105,
p. 227-233.

Describe heating stage and decrepitoscope studies on barite from
Burc (E.R.)

GROMOV, A.V. and KRESTIN, Ye.M., 1967, Magmatic inclusions in rock-
forming minerals of nickel-bearing trap rock intrusions: Akad. Nauk SSSR
Doklady, v. 175, no. 2, p. 441-443 (in Russian); translated in Acad.
Sci. U.S.S.R. Doklady, Earth Sci. sec., v. 175, p. 161-163, 1967.

GROVES, D.I. and SOLOMON, M,, 1969, Fluid inclw ion studies at Mount
Bischoff, Tasmania; Inst. Mining and Metal. Bull. 747, Sect. B;

Trans. v. 78, p. Bl-Bll.

hmgtudy of fluid inclusions in fluorite and quartz from & cassiterite
~sulphide replacement deposit at Mount Bischoff, Tasmania, substantiates
the presence of temperature variations in time and space during ore
deposition. These had previously been suspected for mineralogical
zoning and variation in elemental composition of sulphides. Fluorite
of the same generation was deposited over the temperature range 200-
580°C. Fluorite and quartz from later (?) fissure veins were deposited
over the temperature range 170-3%80°C, altough most deposition occurred
between 200 and 250°C. The density of the CO, inclusions in fluorite
from one orebody indicates a pressure of 750 atm. The salinity of
inclusions varies considerably within one locality, but there is a gen-
eral positive correlation between average salinity and temperature

of formation between localities.  Low Na/K and Na/Li ratios of fluid
inclusions from the central area of the replacanent deposit are prob-
ably a result of addition of K and Li from hydrothermal alteration of
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the surrounding quartz-feldsper porphyry dykes. Raetios of Na/K and
Na/Li are higher for inclusions in the fissure veins of the marginsl
zone .

The gross distribution and correletion between temperature of
formation, salinity and alkaeli ratios of the fluids mey be explained
by mixing of initial, hot, saline hydrothermal solutions with low
Na/K and Na/Ii ratios with cooler, less saline, relatively Na-rich
meteoric and connate waters, in conjunction with hea* loss by the
solutions to the wallrocks. This may be complicated by local sources
of hydrothermal solutions, veriation of salinity in the initial solu-
tions, and fixstion of K in micaceous minerals (Authors' abstract).

GRUSHKIN, G.G., 1969, Composition of gas-liquid inclusions in fluorites
from Khingan tin deposits: Zap. Vses. Mineral. Obshchest. v. 98, no. 6,
p. 748-752 (in Russian).

Fluorites from the Khingen Sn deposits had numerous gas-liq. inclu-
sions. The satn. of fluorite with inclusions, salts, water, and CO»,
was variable. The set of anions and cations found in the inclusions
was quite uniform, but the concn. of salts was higher in early than in
late Sn fluorites. This was esp. typiceal to Ne and X, F, C-, and COs.
The lower concn. of salts, in inclusions in pink fluorite thaln in green
fluorite was caused by a rapid decrease of temp. and chenges in the
relative amts. of lig. and gas phases in solns. during the formation of
these fluorites. Primary inclusions in green and pink fluorites homogen-
ized at 400-35 and 292-333°, resp. In addn. to gas-liq. inclusions, the
fluorites contain small crystels of cassiterite, halite, sylvite,
chlorite, and an unidentified mineral. The deposit was formed during
Cretaceous volcanism in the Khingan-Olonoi depression. No megmatic
activity occurred in the aregafter formation of the deposits. The high
temp. of hydrothermal solns. (F-, Cl-, ammonium group, nitrates, and
COp), which is close to the compn. of volcanic gases, indicate that
volcanic gases (mostly their volatile anionic components) played a
leading role in formation of hydrothermal solns. (Chem. Abstracts v. 70,
no. &, p. 167, 1970)

GUBELI N E., 1968, Die Fdelsteine der Insel Ceylon, 152 pp, Privately
printed in Switzerland. Many excellent plates, some showing 2-and
3.phase inclusions in various gems(EuR)

GﬁBELIN, E., 1969, On the nature of mineral inclusions in gemstones: The
Journal of Gemmology, v. 11, no. 5, p. 149-192.

A fairly extensive review, with 49 references and many excellent
color photomicrographs. (E.R.).

GUILHAUMOU, N. and OGNAR, S., 1969, Inclusions & COs liquide et dépdts
salins dans des cristaux de dolomite de Tunisie. (Inclusions with
liquid CO, and selts in dolomite crystals from Tunisia?) Compt. Rend.
Acad. Sci.Paris,v. 268, Serie D., p. 241-243.

Both primery and secondary inclusions in dolomite show isotropic
cubes of different behavior upon heating (NaCl and KC1) and another
undetermined isotropic mineral, that does not change in size, a brine
and & vabgr phase. The vapor phase contains COs, homogenizing into a
vapor phase or liquid phase near 20°C. Heating to 300° resulted in fhe
disappearance of the small cubes near 150°C and shrinkasge of the larger
cube and vapor phase. Decrepitation prevented further heating of
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the contents, The sedimentary dolomite occurs near an effusive igheous
rock contact (P.J.M. Ypma).

HAAS, J.L., Jr., 1966, Solubility of iron in solutions cpesxisting
with pyrite from 25° to 250°C, with geologic implicatioﬁ? University
Park, Pennsylvania State University, Ph. D. dissert., 135 p.; abs.
in Y issert. Abs. [Ann Arbor, Mich], v. 28, no. 3, 1967.

Various theories of solubility of metals in fiwce fluids, by s
variety of complexes, are adequate to explain the solution and trans-
port of most ore metals but not iron. Haas made experimental measure-
ments of the solubility of ircn in a Teflon-lined bomb at temperatures
up to 250°C in a wide variety of proposed ore fluids, but all were
< 10ppm. Much higher solubilities were found in the presence of
NHs (aq.), and the solulility is assumed to be from a ferrous tetra-
amine complex Fe (NHg),2T. Hence the concentrations of NHsy and NH,*
should be sought in enalyses of fluid inclusions.(Aulhes’s bbb ihe e},

HALL, W.E., 1967, Genesis of the southern Illinois fluorite-zinc dis-
trict as viewed from fluid inclusion and light stable isotope studies
(abst.): Inst. of Mining and Metal. Trans., v. 76, p. B224. (Author at
U.S. Geol. Survey, Menlo Park, Calif. 94025).

Fluid inclusion studies indicate the ores were deposited from a
highly concentrated sodium-calcium chloride brine (approximately 150,000
ppm) over & temperature range of 160 to 60°C. Isotopic and chemical
analyses of fluid inclusions show that the earliest ore minerals were
deposited from a connate water of the same chemical and isotopic compo-
sition as that now in the same horizon as the ore depcsits. Later ore
and gangue minerals were deposited from a less concentrated ore fluid
with a lower relative deuterium concentration.

These and other data show that the ore deposits are epigenetic.
They were deposited from hydrothermal solutions that initially were
connate waters. The abundance of yttrium, gadolinium, dysprosium,
eurcpium, thorium and other elements that are commonly associated with
alkalic rocks in fluorite in the breccia at Hicks Dome strongly suggest
a magmatic contribution to the connate system. The data suggest that
a deep convective system involving the connate water was started during
the uplift of Hicks Dome, and that the ore was deposited from the rising,
heated, essentially connate waters. (Author's abstract, shortened)

HAYAKAWA, N., NAMBU, M. and AOSHIMA, T., 1969, Trial manufacture of a
heating stage for use under high pressure: Program , Annual Meeting,
Mining and Metallurgical Inst. Japan, 1969,9112-113 (in Japanese)
(Authors at Dept. of Mineral Resources, Tohoku Univ., Sendai, Japan).

A high-pressure heating stage, for use up to 280°C and 97 atm.
pressure, was made. Fluid inclusions in synthetic quartz crystals,
grown at 278°C and 300 atm. pressure, were studied in the apparatus.
Filling temperatures were 262°-286°C, nearly coinciding with the
formation temperatures. (H. Imai)

HAYAKAWA, N,, NAMBU, M., and KOBAYASHI, N., 1967, On the decrep-
itation apparatus. Jour. Mining Metallurgical Inst. Japan, v. 83,
p. 421-L23 (in Japanese).
1. A new type of silencer was devised for the sample-
heating box. :
2. The determination of selection level of peaks and cf
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wave length of rectangular wave could be adjusted by the indi-
cation of the counter.

3. Struggling of decrepitation could be reduced by the change
of time constant.

k. Selection of decrepitation having an amplitude larger
than the standard level produced good results (. Imai).

HAYAKAWA, N., NAMBU, M., and OHGOSHI, M., (Authors st Dept. of Mindral
Resources, Tohoku Univ., Sendai, Japan): Decrepitation of artificial
halite! Jour. Mining Metallurgical Inst. Japan,v84 (1968), 209-211 °
(in Japanese).
Decrepitation temperature depends on the pressure, not on the
?emperature at the time of the crysta”lization of artificial halite.
H. Imai).

HELZEL, M., 1969, Gas chromatographic analysis of gaseous inclusions in
glass: Ceramic Bull., v. 48, no. 3, p. 287-290. (Author at PPG Industries,
Inc., Glass Research Center, Pittsburgh, Pa.)

A gas chromatograph of special des1gn provides an accurate, repid
method for the determination of nl (10~ j{l) quantities of COgp, Hp, Oz,
No, CH4, CO and 50z found in the blisters normally encountered in glass.
De(tectability limits approach 0.003-0.005 41 for the gases, except SO,
for which the instrument sensitivity is less by & factor of ten. The
time for a chromatograph scan is 10 min, unless scanning for SOz; then
it is about 18-20 min. These fixed gases have a definite order of
elution and retention time when operating parameters are controlled;
therefore, qualitative identification is simple. Quantitative measure-
ments are based on standard gases and calculation of peak areas.
(Author's abstract).

HEMIEY, J.J., MEYER, C., HODGSON, C.J., and THATCHER, A.B.,
1967, Sulflde solubllltles in alteratlon-controlled systems-
Science, v. 158, p. 1580-1582.
Solubilities of sphalerite (7nS) and galena (PbS) were de-

termined at 300° to 500°C and 100 bars total pressure in a
chemical environment buffered by silicate mineral equilibria.
Chloride solutions and muscovite-bearing assemblages characteristic
of hydrothermal wall-rock alteration wese used; weesk acidities
at temperature were therefore involved. The metal concentrations
encountered tended to be higher than those observed in high
bisulfide —HsS systems at neutrel to weaskly basic pH used in
most previous experimentation; the chemical conditions of the

work, although not completely satisfactory, are geologically more
realisitic than previous experimentation done in the basic-pH region.
‘Authors' abstract.)

HOMMA, H. and MIYAZAWA, T., 1969, Formation temperatures of Kuroko
(black ore) deposit in Japan (1) Yunosawa ore body, Furutobe Mine:
Jour. Soc. Mining Geol. Japan, v. 19, p.73 (in Japanese) (Authors at
Dept. of Geol., Tokyo Univ. of Education).

Yunosawa ore body is mainly composed of Keiko (silicious ore)
accompanied by Ohko (yellow ore) and Kuroko (black ore). The filling
temperatures of fluid inclusions in minerals as measured by heating
stage are as follows:

Barite in silicious ore 99°-211°C (48 samples)
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Quartz in silicious ore 117°-190°C (6 samples)
Sphalerite in yellow ore 245°C (1 sample)

Fluorite in yellow ore 159°C (1 sample)

Barite in black ore 116°-212°C (22 samples) (H. Tmai)

TANOVICI, V., and six others, 1969, Evolutia geologice a Muntilor
Metaliferi (Geological ev@olution of the Metalliferous Mountains):
Bucarest, Roumanian State Publishing House, T41 pp. (in Roumenian with
1l4-page French summary).

Contains some scattered discussions of fluid inclusion data,
mainly geothermometry (ER)

IKORSKII, S.V., 1966. (See Translations Section)

IKORSKITI, S.V., 1967, Bitumens in minerals of igneous rocks (as
illustrated by eudialyte of the Khibina alkalic massif): Geol.
Geokhim. Goryuch. Iskop., no. 9, p. 22-29 (in Russian). Includes
IR spectra and fluorescence photographs ¢f. inclusions, and some gas
analyses.(ER)

IKORSKII, S.V., 1967a, Organic meterials in the minerals of igneous
rocks, as illustrated by the Khibina alkalle massif: Leningrad,
"Nauka" Press, 121 p. (in Russian).

This is a summary of Tkorskii's extensive studies of the geology
ol the occurrence, the extraction and chemical and IR analysic of the
organic compounds present, and -is profusely illustrated with photo-
micrographs of the inclusions, some taken in UV illumination. (7<)

IMAI, H. and TAKENOUCHI, S., 1968, Fluid inclusion study at the Taishu
Mine,Japan, as related to geologic structure: Jour. Geochem. Soc.
Japan,Vzpk2-43. (in Japanese) (Authors at Dept. Mineral Development
Engineering,Univ. of Tokyo).

The Taishu mine is a zinc and lead deposit belonging to mesotherm-
el vein type. Veins occur in the Paleocene sediments around the grani-
tic mass. The fissures having vein materials are classified into two
types. (1) gently dipping reversed bedding faults, (2) strike-slip
faults., The ore-forming fluid would move outward and upward from the
granite magma along the fissures of type (1), and pour into the
fissures of type (2). The deposit reveals the zonal distribution of
minerals. The distribution of minerals, from lower to upper part, is
barren quartz, pyrrhotite, sphalerite, galrnae and barren calcite zone.
Fluid inclusions in quartz crystals from some parts of the veins and
of the granite mass in the mining area were studied by means of micro-
scope heating stage and freezing stage. Some' of the results are shown
in the following table. No.3% vein quartz in the table is farther
away from the granite mass than No. 2 vein quartz. From these data,
is is recognized that the temperature of the ore-forming fluid drops
and the salinity of the fluid falls outward and upward from the gran-
ite mass (H. Tmai).

(bcc next \77°\
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Kind of Homogenization Phases in Freezing Fquivalent J

quarfz temperature (°C) inclws ions point (°0) NaCl salinity
{i Y s r'f_w,ﬁ s e 2507-500°C Liquid, 51-50%
Toperaniite dn vapaor halite,
the winitg calcite? unde-
area termined
_ opaeque mineral
() v g tE 350003700 ~9.5°0 30-35%
from the 310°C seme as -3° 5=-20%
Shintomi 250°C above ~13.6°C
vein, -7Omi.
3 Véin e neA - -h.5°0 7.2%
{ dierts from | £397250°C Liquid,
the CGhirodake St
vein, O mi. calelited

KALYUZINYI, V.A,, and KOVALISHIN, Z.I., 1967, Regularities in the
distribution of carbon-containing gases in granites around pegmatites
and quartz of "zanoryshevykh" pegmatites of the U.K. Sh.: Geol.
Geokhim. Goryuch. Iskop., no. 9, p. 5-21 (in Russian). These are

the very coarscly crystallized pegmatites with huge centrol cavities.
Tneludes many gas analyses for 5 constituents. (ER)

KALYUZHNYI, V.A., and PRIZULA, Z,.S. {Gryn'kiv), 1967, Explanation of
structural, thermodynamic, and geochemical conditions of dcep solu-
tions of pegmatites of "zanoryshevogo" type (according to relicts

of the mineral-forming medium): Geol. Geokhim, Goryuch. Iskop., neo.9,
p. 33-54 (in Russimn). Many analyses of water leaches of inclusions
for up to 15 constituents, with an attempt to tie in with the geoc-
logical features 4f these vuggy pegmatites (E.R.)

KALYUZHNYI, V.A. and VOZNYAK, D.K., 1967, Thermodyuamic and geochem-
ical characteristics of mineral-forming solutions of pegmatites of
the "Zanorysh” type (from ligquid ineclusions in minerals): L'vov Geol.
Obshech. Mineralog. Sbornik, v. 21, no. 1, p. 49-61 (in Russian).
(Authors at Inst. Geol. Geokhim, Geryuch. Iskop., L'vov, USSRE).
The"7zanorysh" (cavernous) pegmetites are situated in the endo-
contact of rapekivi granites with gabbro-labradorite rocks. The
compn. of pegmatites and their transition into country rocks indi-
cated the similer genesls of granites and pegmatites. Pegmatites are
in feet products of the finel phase of granite melt crystn. Microchem.
and thermal-decrepitation studies of Inclusions in quartz were made
simultaneously with a study of the total compn. of inelusicons by waler
extrn. methed and by vacuum extrn. of gas components. Quartz and
feldspar were the most common minerals in pegmatites. Quartz was
present in all zones: graphic, pegmatitic, block, and cavernous zones.
Crystn. of the earliest block quartez was limited to 700-600°. Calced.
conditions of fracture healing are 205-220° and 670-800 atm,
The initial pressure during pegmatite segregation should be much
higher. The morion crystals formed at temps. < 570-620° and together
with metasomatic replacements in underlying granites and peematites
(silification, albitization, topazitization, and kaolinization).
The inversions of pH in quertz-forming solns,, which effectsd in-
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version in the formation of quartz modifications, consisted in change
of regular decrease 1n soln. alky. The morion was formed from alk.
solns. Noticeable increase in the acidity (pH of solns. 5.2-5.6)
occurred 1 or 2 times during formation of quartz in cavities. Accord-
ing to the distribution of topaz the solns. acted locelly and affect-
ed only individual objects. Topaz was present only in some pegmatite
bodies. The latest low-temp. solns., the relicts of which were
retained in the form of single-phase 1ligq. or essentially liq. inclu-
sions (1iq. 96.8%), had relatively high acidity (pH 5-5.5) and large
concns. of salts including Na, Ca, Mg, and K chlorides and sulfates.
Quartz, leached from underlying rocks and lower parts of the graphic
zone was & source of 510, for deposition of block quartz and morion
Eryst?ls in eddn. to residual pegmatite fluid. C.A. 70 (11) 148
1969).

The authggs also report solid daughter crystals of FeCls'2HSZ0,
and major BOg 7, Fe+2, and Fet3, and homogenization temperatures
up to 550°C, for inclusions in quartz from pegmatite "A" (theirwaga?‘o

e
KARAMYAN, K.A. and MADANYAN, 0.Ghl. Thermometric studies of vein

quartz and stage character in the formation of the Kadrharan copper-
molybdenum deposit nMineral. Thermom. yul Basome fry, v.2, p. 168-

74, (in Russian), Ed. N.P. Ermakov., Izd. "Nauka":Moscow, USSR.
Mineralization of Kedzharan deposit occurred in 10 stages
within a wide range of temps.: from high temp. gaseous solns. (temp.
» crit. for the water) to low temp. cold solns.$80-60°, Inclusions

in minerals formed during 1lst 2 stages of mineralization (quartz-
megnetite and quartz-feldspar) had essentially gas compn. and no
lig. Mineralization occurred from dry gases at temp.>375°. The
subsequent quartz-molybdenite stage (3rd) was characterized by typ-
ical gas-1liq. inclusions of two types. The homogenization temp. for
both types of inclusion was the same: 350-315°. The further de-
crease in temp. and densification of hydrothermal solns. occurred
during the 4th quartz-molybdenite-chalcopyrite stage. The temp. of
this stage was 270-89°. The subsequent tectonic deformation re-
sulted in further activation of source of mineralization which re-
sulted in an abrupt increase in temp. during 5th (quarté@halcopyrite)
stage. The increase in temp. of soln. was accompanied by increase
in amt. of gases. The temp. of the Sth stage was 295-305°. ILarge
decrease in temp. of soln. (220-200°) occurred during 6th (quartz-
pyrite) stage. The temp. of soln. decreased to 180° during T7th
(quartz-sphalerite-galena) stage. An even sharper decrease in temp.
accompanied the 8th (carbonate) stage where the temp. of soln.
varied from 150 to 100°. The final 9th and 10th stages of mineral-
ization (chalcedony and anhydrite) were characterized by activity
of soln. having temp. &£ 50-60°.(C.A.)
KARSKIT, B.E., and ZORIN, B.I.''fas-1iquid inclusions in muscovite
from pegmatites of the Mamsk region,in Minec). Thetmewohy and Bareme iy,
v.2, p. 246-7 (in Russian), Bd. N.P. Frmekov. Izd. "Nauka": Moscow,
USSR. !

Primary inclusions were found containing e variety of daughter

mine?ali. On heating, most inclusions decrepitated before homogeniz-
ing (ER).
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KAZANSKY, Yu.P., KATAYEVA, V.N., and SHUGUROVA, N.A., 1969, Gas and
liquid phases in inclusions as relicts of former atmospheresand.hydro-
spheres: Geologiya i geofizika, 1969, no. 11, p. 39-43, in Russian;
trans. in Int. Geol. Review, v. 12, no. 9, p. 115041153,

Twelve analyses of gas inclusions in Precambrian siliceous rocks
are presented, for Np, Op, COp, and (HzS, SOp, NHg, HCl, HF), and 8_2
leach analyses for Ne, K, Ca, Mg, Li, and Cl.  Other anions (F, S04 2,
COs 2, and HCO5™1) and NH,* were analyzed qualitatively. (ER)

KHETCHIKOV, L. N. and DOROGOVIN, B. A., 1969, Possible determination of
calcite formation temperature by homogenization and decrepitation of
gas—-liquid inclusions. Tr. Vses. Nauch.-Issled. Inst. Sin. Miner.
Syr'va, v. 10, 144-152 (in Russian).

The title method should be selected and checked with synthetic min-
erals, grown under various conditions and possessing various phys. be-
fore its data on homogenization and decrepitation of gas—-liq. inclusions
can be used in geothermometry. Small calcite crystals synthesized in
an autoclave during 5 sets of expts. were used in the study. All of
them contained gas-liqg. inclusions. The homogenization of inclusions
was done in thermal chambers. 70 inclusions were studied. The temps.
of inclusion homogenization hardly differed from the temp. of calcite
synthesis. This behavior indicated that homogenization of inclusions
can be used for detg. the temp. of natural calcite formation. The
decrepitation of gas-lig. inclusions was carried out and decrepitation
curves were plotted. The data are given on changes in the no. of
explosions in each expt. depending on the sample wt. and grain size of
the calcite. The decrepitation method cannot be recommended for detg.
the temp. of calcite formation. The most distinct max. on the decre-
pitation graphs did not correspond to temps. of inclusion explosion
but were related to the displacement of calcite grains during heating.
{Chem. Abstracts v. 73, no. 5, Pg 113, 1970)

KOKORIN, A.M. and KOKORINA, D.K.Uf%ormation temperatures of quartz
during productive stages of a tin-ore deposit of the tourmaline
type. Mineral.Thermom. and Baremelry, v. 2, p. 151-61, (in Russian),
Ed. by N.P. Ermaekov, Izd. "Nauka": Moscow, USSR.

Both homogenization and decrepitation studies of quartz from the
deposit showed a wide temperature range, from 41l to 70°C, varying
systematically and generally downward with the various stages of
deposition. (ER) 3
KOLTUN, L.I., and GOLOVCHBNKO, N.G., 1962, On mineral formetion *~
temperatures at the Nikitovka mercury deposit, determined through
inclusions in minerals: L'vov Gos. Univ. Mineralog. Sbornik.,

v. 16, p. 407-410 (in Russian).

It has been determined that the deposition of ore minerals
at the Nikitovka deposit (the Donbas) took place from hydrothermal
solutions at low temperatures and pressures. The deposition of
quartz and the accompanying arsenopyrite took place at 180-175°C,
and probably at a still wider temperature range. The formetion
of quartz and the accompanying principal minerals, cinnabar and
antimonite, took place within e small temperature range (150-
100°C.) and at 160-120 atm. pressure (Authors' abstract).

KOPLUS, A.V., KORYTOV, F.Ya., and PUZANOV, L.S., 1968. (See Translations
Section)
KORNIIOV, V. F., 1969, Mineralogical characteristics and temperature
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conditions of the quartz~forming solutions in a Ural deposit? L'vov
Gos, Univ. Mineralog. sborn., v. 22, no. 4, p. 416-420 (in Russian.)

KORZHINSKII, A.F., 1964, Hydrothermal changes of rocks and their
significance for understanding ore formation: Kiev, Science Press,
168pp. (in Ukrainian with Russian summary.)

Tnclusion studies are referred to rather briefly in several places { &R

KOSTER VAN GROCS, A.F. and WYLLIE, P.J., 1969, Melting relationships
in the system NeAlSigOg-NaCl-l 0 at one kilo.ar pressure, with petro-
logicel applications: Journal of Geolegy, v. 77, p. 581-605.

Phase relationships in the system NaAlSizOg-NaCl-H.O appear to be
ternary between 850°C and 950°C at 1 kbar pressure. A two-phase field
centaining NaCl-rich liguid and HzO-rich vapor extends from the sys-
tem NaCl-Hz0 into the ternary system, although this field was not inter-
sected by the joins investigated.

The results contrast with those in the system NaAlSigOg-NaF-HgO
and confirm previous conclusions from the systems NaAlSiL08-HC1-1.0 and
NaAlSigO;-HIHs0. Whereas fluoride (or NaF) tends to remain in the
liquid (megma), chlorine (or NaCl) passes preferentially into the vapor
or fluid phase. The solublility of HyO in a silicate melt increases
when a small quantity of chlorine is present. Coexistence of Hy0-rich
liquid inclusions and NaCl-rich liguid inclusions in crystalline phases
in igneous rocks may indicate low-pressure conditions (<1 kbar)

dufing capture of the inclusions {Anthors'! abstract, shortened).

KOSTYLEVA, E.Enfvéﬁprovement in thermal-sonic analysisf:MineraLg.
Theemumety v Boveanety, v.2, p. 46-9 (in Russian). Ed. by N.P. Ermekov,
Tzd. "Nauka': Moscow, USSR.

" The evolution ¢of volatiles during decrepitation is monitored from
.separate sample heated simultaneously. This helps in interpreting

the decrepigrams. {FR).

KOTOV, E.X., TIMOFEEV, A.V., KHOTEEV, A.D. and PASHKOV, Yu,N,,‘19t&,
Determination of relative temperatures of mineral formation in
guartz-molybdenite formations by & decrepitation methodeMineral.
Thermame iy ard Bareme?y, v, 2, p. 183-90 (in Russian), Fd. by N.P.
Ermakov. Izd. "Nauka": Moscow, USSR.

Describes a decrepitometer of improved design, and gives results
obtained with it to show temperature zoning in several molybdenum
deposits {ER).

KOVALISHIK, z.I., 1966. (See Translations Section)

KRANZ,Reimar, 1968b, Organic amino compoundsin the gas and liquid
ineclusions of uranium bearing minerals and their importance on trans-
port reactions in hydrothermal solutions, in Advancesin Organic Chem-
istry 1968, Proceedings of the hkth International Meeting on Organic
Geochemistry, Amsterdam, Spetember 16 -18, 1968, P.A, Schenck and

T. Havenaar, eds: Oxford, Pergamon Press, p. 543-552 {in German with
English abstract).

The remments of a former crystallizstion event have remained
trapped in the gas and liquid inclusions of minerals. It is therefore
understandable that these inclusions have aroused increasing inter-
est. One hopes, from the snalysis of these inclusicns, to gain a new
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insight into the chemistry of the gases and solutions which are pres-
ent during mineral formation. The gases and liquids present as in-
clusions in the crystal lattice of mineral samples were extracted by
grindling under vacuum, and finally subjected to gas~chromatographic
and mass-spectrometric analysis. While primarily inorganic gases
and traces of hydrocarbons were obtained from all minerals, measur-
able quantities of organic amino-compounds as amines and nitriles of
low molecular weight could be detected in uraniferous minerals and

in radium bearing feldspar samples. Furthermore in some highly
radiocactive feldspar samples from the uranium bearing Co-Ni-Ag-veins
of Wittichen in the Black Forest, some amino-acids could be found.
Always a streqight dependence of the appearance of organic matter espec-
ially of amino-groups on the uranium, thorium and radium content was
detected.

Farther discussions will be about the influence of these com-
pounds on the solubility and recrystallization of mineral material.
Some model-experiments prove the large solubility of mineral matter
in very dilute solutions of amines, amino-acids and nucleic-acids.
The influence of such transport reactions on the distribution of the
radioactive nuclides of the uranium and thorium series, and the age
determinations by lead-lead and uranium-lead methods will be mention-
ed. The investigations prove the hypothesis that the organic sub-
stances 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.(ubwrs «bilidt

KRASIL'SHCHIKOVA, O. A., MITROPOL'SKII, A. Yu. and POVARENNYKH, A. S.,
Relation of the photoluminescence spectra of variously colored fluorites
to their formation temperatures: nNopov. BAkad. Nauk Ukr. SSR, Ser. B
v. 31, no. 7, p. 592-595 (in Ukrainian).

The homogenization temperatures, the luminescence spectra, and
the color of various fluorites correlate with various RE concentrations.(ER),

KRAVTSo¥,A.I., VOYTOV, G.I., FRIDMAN, A.I., GRECHUKHINA, T.G.,
LINDE, I.F., and POLYANSKIY, M.N., 1967, Hydrogen content of gas
streams in Khibiny: Aked. Nauk SSSR Dokledy, v. 177, no. 5, p.
1190-1192 (in Russian); translated in Acead. Sci. U.S.S.R. Dok lady,
Earth Sci. sec., v. 177, p. 234-235. [Authors at S. Ordzhonikidze
Geological Survey Institute, Moscow)

The gas, flowing from the ijolite-urthites in the walls of the
Rasvuchorr railway tunnel, contains 2.8-3.8% H, (also up to 1.3%
He and 6% Ar). The gas has a stable composition, against a back-
ground of fortnightly and semiannual oscillations the amplitudes of
which may be expressions of some tectonic and cosmic variablesJVR5umnﬂ)

KUROVETS, M,I., PIZNUR, A.V,, 1961, Conditions of monazite genesis:

L'vov Gos. Univ. Mineralog. Sbornik., v. 15, p. 355-359 (in Russian).
Results of a genetic study of monazite are given. It has been

determined that monazite, together with albite and other minerals can

become a stage of hydrothermal-metasomatic replacement. The temp-

erature of formation of monazite crystals is as follows:

the edge zones, 260-270°C; the central parts 320+350°C (Authors’ abst)
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LEROY, J. and POTY, B., 1969, Recherches préliminaires sur les fluides
associés 3 la gentse des minéralisations en uranium du Limousin
(France): Mineral. Deposita v. 4, p. 395-400, (Authors at Centre de
Recherches Pétrographiques et Gaochimiques - Wancy, France).
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Thermometric study of fluid inclusions shows that the fluid phases
were rich in co, at high temperature and rather low pressure during
the deposition of uranium ores in Limousin. (Author's abstract.)

LﬁZIER, J.C., 1969, fitude morphologique des lacunes de cristgllization
dans la fluorine d'Ouezzane (Rif occidental, Maroc): Notes Service
géologique Maroc, v. 29, no. 213, p. 173-179 (in French).

A study of the crystal forms of negative crystal cavities. (ER).
LEZNYAK, V.F., 1964. (See Translations Section)
LHAMSUREN, J.,1968a, New genetic family of liquid inclusions in topaz:
Ulaan Baatar, Mongolian State Univ., Seci. Inf. 13, p. 3-9 (in Russian).

LHAMSUREN, J., 1968b, Some interesting examples of deformation of
the gas bubble in polyphase inclusions in topaz: Ulaan Baatar, Mon-
golian State Univ., Sci. Inf. 13, p. 10-14 (in Russian).

LHAMSUREN, J., 1968c, Determination of the temperature of formation

of pyrrhotite found in quartz from the granite pegmatité of the Zuun
Bayan deposit: Ulaan Baatar, Mongolian State Univ., Sci. Inf. 13,

p. 15-18 (in Russian).

LHAMSUREN, J., 1969, Comparison of the processes of pegmatite formation
and greisenization in two deposits in Mongolia (with inclusions of
mineral-forming solutions): Author's summary for Candidate degreey
Moscow State University Press, 1969, 29 p. (in Russian). An exten-
sion of the work covered in the three papers above. (ER)

LINDSAY, W.T., Jr., and LIU, C.T., 1968, Vapor pressure lowering of
aqueous solutions at elevated temperatures: Office of Saline Water,
Research and Development Progress Report No. 347, U.S. Dept of
Interior, 235pp.

This provides data on many systems of interest to inclusion
studies. (E.R.)

LITVINOVSKII, B.A. and GULETSKAYA, E.S., 1969, Temperature of crystal-
lization and composition of nepheline of some alkaline rocks of the
Vitim plateau: Geol, Geofiz., 1969, no. 6, p. 12-16 (in Russian).

Homogenization temperatures of melt inclusions were 800-850°C,
very different from that predicted from the isotherms in the synthetic
system nepheline- kalsilite-silica (Hamilton), due to impurities in
the analyzed nepheline. (ER).

IOFOLI, P., 1969, Examen ultramicroscopique des inclusions des grains
de quartz alluvionnaires du Basin du Congo. (Microscopic investiga-
tion at high megnifications of inclusions in elluvial quartz grains
from the Congo Basin)!Compt. Rend. Acad. Sci.Paris, v. 268, Serie D,
p. 3149-3152.

A symmetric dark field illumination of the very small fluid inclu-
sions in detrital grains of quartz may help to characterize the origin
of sedimentary rocks. Surface pits and unevenness require flakes of
the grains to be broken off, in order to meke them transparent. (P.J.M.

Ypma).

LU, K. I., 1969, Geology and ore deposits of the Uchinotai-Higashi
ore deposits, Kosaka mine, Akita Prefecture, with special reference to
the environments of ore deposition: PhD dissertation, Univ. of Tokyo,
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1969, 116 pp. (in English). (A'sc referenced as 1G70).

This dissertation, on a typical Kyroko gre deposit, includes a sec-
tion on fluid inclusions (p. 44—57f?' J#§éh§ies of "large" crystals of
quartz, barite, and sphalerite (3~5 mm). Homogenization temperatures
for selected primary inclusions from all localities (154 dets.) (using
pure Bi and Cd as standards) revealed a wide variation: quartz, 225° to
310; sphalerite. 190-245: and barite, 120-300°. Pressure corrections
are probably negligible. Freezing temperature determinations ranged
from =1.5 to =-5.3°, indicating'salinities (NaCl equivalents) of <10
wt %. The wide range of homogenization temperatures for barite is inter-
preted as possibly due to leakage, and the smaller but still appreciable
range for quartz us due to trapping of primary gas bubbles. (ER)

LYAKHOV, Yu.V., 1963, Syngenetic inclusions of goethite and hema-
tite in quartz crystals from Volynian pegmetites: L'vov. Gos.,
Univ. Mineralog. Sbornik, v. 17, p. 210-214 (in Russian).

Goethite forms peculiar ragged inclusions in the outer zones
of quartz crystals, developing simultaneously with the host min-
eral. Here goethite is usually found closely associated with hema-
tite which also forms syngenetic inclusions. The quantitative dis-
tribution of these mineral inclusions in the quartz zone points to
the decrease of the role of iron in the quartz-forming solution
with the growth of the quartz crystal. Judging from the gaseous-
liquid inclusions accompanying goethite, its f'ormation took place
from liguid solutions at a temmerature of about 195°C. (Author's abyfmta-
LYAKIIOV, Yu.V., and MYAZ', N.I., 1966. (See Translations Section)

LYAKHOV, Yu. V., and PIZ'NYUR, A. V., 1969, Unusual discovery of
carbon dioxide in fluid inclusions: L'vov, Gos. Univ. Mineral. Sborn.,
v. 23, no. 2, p. 185-187 (in Russian).

Inclusions in quartz containing both liquid CO., and halite daughter
crystals homogenize from 310° to 410¢, at calculatea pressures of 750-
1130 atm. CO, was also found in inclusions in calcite. (ER)

McAULIFFE, Clayton, 1969, Determination of dissolved hydrocarbons in
subsurface brines: Chem. Geol. v. 4, p. 225-233 (author at Chevron
Research Company, La Habra, Calif., U.S.A.)

Hydrocaerbons dissolved in subsurface waters can be determined by
several analytical procedures. The solubility of hydrocarbons in water
varies as much as 5-6 orders of magnitude, depending upon the hydro-
carbon type and molecular weight within a homologous series. The con-
centration of dissolved hydrocarbons in subsurface brines varies widely
from brine to brine. Marked variations also occur in the relative con-
centration of the individual hydrocarbons dissolved. Up to 1800 ppb of

CHy; 10,000 of benzene; 5,000 of toluene; and several hundred of ethane
and propane. (Author's abstract, modified).

MAIRIOT, H. and GILARD, P., 1967, Setting up a gas chromatograph for
the analysis of bubbles in glass, Glass Technology, v. 8, no. 5,
October 1967, p. 123- . (Authors at Institut National du Verre,
Charleroi, Belgium).

Gas chromatography appears to be particularly suitable for the
analysis of gas bubles in glass.

The paper describes the experience gained by the authors in the
use of a chromatograph which has a thermal conductivity cell in a
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Wheatstone bridge network as a detector, & column of sebacate on
Chromosorb W for the separation of COpz, SOz, and HzS, and a column
of 5 A molecular sieve for the other gases.

With this apparatus it 1is possible to analyze bubbles of about

0.5 mm in diemeter.(Authors' abstract)

MATSKII, Yu.G, 1968, Thermometry of inclusions in topaz from pegma-
tites of the Ikhe- Naratin—Khlhfgranite massif (southeastern Mongolia),
in Mineralogi-:al Thermometry and Barometry, N.P. Ermakov, ed., v.2,
New Methods and results of investigations of the conditions of ore
formation:Moscow, "Neuke" Press, p. 244-5 (in Russian).

Primery multiphase inclusions (inecluding daughter crystals and
Coﬁ) homogenized around 450°C. Pseduosecondary and secondary inclu-
sions homogenized at lower temperatures (ER).

MAISKII, Yu.G., and TRUFANOV, V.N., 1967, Carbon-containing inclusions
in hydrothermal minerals of quartz-carbonate veins of northwestern
Caucasus: Geol. Geokhim. Goryuch, Iskop., no. 9, p. 30-32

(in Russian).

MASLYAKEVICH, Ya.V., 1967, Hydrocarbon-containing inclusions in
minerals of post-magmatic formatlions: Geol. Geokhim. Goryuch. Iskop.,
no. 9, p.58-69, (in Russian).

MEL'NIKOV, &~ . P., 1968t.Dup1ication of (inclusionsof) parent

solution in daughter crystals within liquid inclusions with changing
temperature, in Mineralogical Thermometry and Barometry, N. P. Ermikov,
ed., v. 1, Geszhemistry of deep mineral-forming solutions: Moscow,
"Nauka" Press, p. 103-109 (in Russian].

Twenty different daughter minerals from inclusions are described in
terms of their appearance and shape, and thermal characteristics on
heating or cooling. Inclusions forming within newly recrystallized
daughter crystals on cooling are illustrated. (ER)

MEL'NIKOV, F.P., 1968, Cryometric study of inclusions in samples

of a mineral-forming medium, in Mineralogical Thermometry and Barom-
etry, N.P. Ermakov, ed., V.2, New methods and and results of invest-

igations of the conditions of ore formation: Moscow, "Nauka' Press,

p. 56-61 (in Russian).

Expts. on freezing of inclusions in quartz end fluorite were
made in a modern app. cooled by lig. N and in the Kofler stege
cooled by 1lig. COs. A complete diagram on changes in the aggregate
state of solns. in quartz and fluorite inclusions at pos. and neg.
temp. was plotted. A gradual decrease in concn. of mineral soln.
during growth of fluorlte crystals was ascertained by the cryometric
method. Homogenization of inclusions in fluorite during their
heating occurred only in the 1liq. phase. The cryohydrate point of
solns. increased with decreased coeffs. of inclusion filling at in-
crease in soln. vol. during freezing, reaching 5-10%. The cryometric
study of samples of mineralization medium provides data for detn.
of relative changes in soln. concn. during crystn. In essentially
gas inclusions, the method provides for detn. of CO, HoS and other
gases without chem. anal. The observation of processes, occurring
during freezing and thawing of inclusions, provides direct or indirect
data cn chem. compn., conen., and d. of mineralizing solns. (C.A.)
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MEL'NIKOV, F.P. and FRATKIN, 0.S., 1968, Motion picture method for
studying processes oceuring in mineral inclusions during temperature
changes, in Mineraslogical Thermometry and Barometry, N.P. Ermakov,
ed., v.2, New methods and results of investigations of the condiffons
of ore formation: Moscow, "Nauka” Press, p. 98-102 (in Russian).
Groups of still photomicrographs are presented from three ge~
quences in a motlon pileture of cooling and heating of inclusions ( ER)

MERCER, P. D., 1967, Analysis of the gases released on cleaving
mscovite mica in ultrehigh vacuum and of gases which remain
adsorbed on the freshly cleaved surfece:; Vacuunm, v. 17, no. 5,

p. 267-270 (Author at Division of Tribophysics, Commonwealth Scien-
tific end Industrial Research Organigzation, University of Melbourne,
Australie).

The gases released on cleaving mica specimens in ultrehigh
vacuum have been anelysed mags spectrometrically and found to consist
mainly of nitrogen {~ 80 per cent) and hydrogen (~ 10 per cent).

The totel amount of gas released was variable snd it 1s concluded
that the gas was trapped in pockets or fissures between the silicate
layers. On heating the freshly cleaved surface, adsorbed gases,
moatly water vapor, were evolved. It is estimated that there was 1
water molecule for every 2 to 5 potassium ions in the c¢leavsge
plane. (Author's sbstract).

MILLER, J.D., 1969, Fluid inclusion temperature messurements in th:: East
Tennessee zine district: Econ. Ceology, v. 64, p. 109-110.

197 primary inclusions in fluorite were studied. Tilling temper-
atures ranged from 100° to 280°C, with & maeximum at atout 200°C {E.R.)
Note ~ a correction to these data, invalidating the higher measurements,
will be published in Econ. Geology, 1972.

MIROCHNIKOV, I.I., 1968, Determination of the temperature ranges of
rock crystal end vein quartz formetion by a decrepitation method, in
Mineralogical Thermometry and Derometry, N.P. Ermskov, ed., v.2,

New methods and results of Investigations of the conditions of ore
formation: Moscow, "Nauka" Press, p. $0-5 {in Russian).

Decrepitation of quartz from & verlety of deposits in the USSR,
Peaks at high temperaturea {>1450°) are probably due to overshoot of
tiny inclusions and the &-8 transition. (ER).

MIRONOVA, O.F. and NAUMOW, G.B., 1967, Method of determining the
concentration of COz in gas-liquid inclusions) Geokhimiys 1567,
No. 10, p. 1121-1123 (in Russian){Authors at Vernadskii Inst. of
Geochemigtry and Analytical Chemistiry, Acad. Sci. USSR, Moscow).
(See Traflation Section).

MOROZOV, S.A., 1966. (See Translations Section)

MOTORINA, I.V., 1967, Multiphase inclusions in topazes from the peg-
metites of Volyn': Akad. Nauk SSSR Doklady, v. 175, p. 686-688
(in Russian); trenslated in Acad. Sci. U.8.S.R. Dokledy, Earth Sci.
sec., v. 175, p. 135-137, 1967 {Author at Institute of Geology and
Geophysics, Siberien Division, Academy of Sciences, USSR).
Pseudosecondary inclusions homogenize at M465-550°C, and at
least 300-L0C atm: their dissolved salts are as high as 70% by
welght. Primary inclusions homogenize at 540-570°C, in the gaseous
phase; the type which homogenizes at 700°C, according to earlier
reports, could not be found in the crystals here exsmined. Homogen-
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ization temperatures of secondsry inclusions may be as low as 120°C,
indicative of a remarkably low temperature range for the possible
healing of the crystals.--V.P. Sokoloff.

MOTORINA, I.V. and BAKUMENKO, I.T., 1968, Genesis of tourmalines in
pegmatites of Borshchevochnycridge, in Mineralogical Thermometry and
Barometry, N.P. Ermakov, ed., v.2, New methods and results of investi-
gations of the conditions of ore formation: Moscow "Nauka" Press,
. 196-201 (in Russian).

Varicolored tourmelinee show inclusions of hydrothermal fluids
homogenizing at 370°C and containing appreciable gas. Eight gas
analyses show major HpS and (Op, minor O and CO, and 0.0 NO and Hnp(=R).

NARSEEV, V.A., BUGAETS, A.N., ABISHEV, V.M., LOPATNIKOV, V.V. and
BALGAEV, M.D., 1968, Tempera%ure formation conditions of Kalby peg-

matites and hydrothermal rocks (eastern Kazakhstan), in Mineralogical
Thermometry and Barometry, N.,P. Ermakov, ed., v.2, New methods and
results of investigations of the conditions of ore formation: Moscow,
"Nauka" Press, p. 213-218 (in Russian).

These pegmatites and associated rare metel ore deposits were
studied by decrepitation and thermoluminescence. Very little varia-
tion occurred in the temperatures found for either method for several
widely different kinds of deposits. (ER).

NAUCHITEL, M.A., 1968, Control of the decrepitation method and use of
thermogravimetric analysis for comparing formation conditions of
cassiterites, in Mineralogical Thermometry and Barometry, N.P. Ermakov,
ed., v.2, New methods and results of investigations of the conditions
of ore formation: Moscow, "Nauka" Press, p. 255-260 (in Russian).

The author successfully used TGA curves to help interpret the
decrepigrams from thermally inert minerals. Sample and heating con-
ditions had to be held relatively constant for the two (different)
runs. ER)

NAUMOV, V.B., 1968, Determination of mineral formation temperatures by
a decrepitation method, in Mineralogical Thermometry and Barometry,
N.P. Ermakov, ed., v.2, New methods and results of investigation of
the conditions of ore formation: Moscow, "Nauka" Press, p. 37-43 (in
Russian).

Homogenizetion and decrepitation temperatures (for natural
and synthetic crystals) are compared. The agreement is good except
for cases of "anomalous decrepitation", which was found in meny min-
erals. In sulfides, it mey stem from oxidation. (ER).

NAUMOV, V.B., and IVANOVA, G.F., }967, Temperatures of formation of
tungsten deposits of greisen type in eastern Transbaikal, in
Barabanov, V. F., and others, eds., Mineralogy and Geochemistry of
wolframite deposits: Leningrad Gos. Univ., p. 153-158 (in Russian).

The authors made both decrepitatibon and homogenization determinations
in quartz and huebnerite. Homogenization of the liquid-gas inclusions
(no dmughter crystals) was in the liguid, at<400°.(ER)

NAUMOV, V.B., and KHODAKOVSKII, I.L., 1968, Formation temperatures of
minerals according to data obtained from studying inclusions in
mineral-forming medie, in Mineralogical Thermometry and Barometry, K.P.
Ermekov, ed., v.2, New methods and results of investigations of

- 58-



conditions of ore formation: Moscow, "Nauka" Press, p. 136-140 (in R«u@ﬁ)
A statistical review of the inclusion date from the literature

on the temperatures of crystellizetion, proving that most minerals

from hvdrothermal deposits formed at < 400°C.(ER)

NIKANOROV, A.S., MIKHAILOV, I.I., MOSKALYUK, A.A. snd LA7AREVICH, N.S.,
1968 Comp051t10n and concentratlon of solutlons from m1cr01nclu51ons

I WA AmmaAYT s e s 4+ 34+ A~An e Dannman = e
in \iu‘tC;tz ¢f mica-besr 4‘“6 snd ccramic peginavites, _Lu J.cJ}_JL.J.D Ol

erperimental and geologic~mineralogical ancstlgatlons of the processes
of ore formastion, vyp. 1l; Vsesoluznyi nauchno-issledovetel'skii
geologicheskii institut Trudy, noveia seriia, v. 162, 1968, p. 60-69

In addition to several decrepigrems, Tables 1l.and 2 present nine
analyses of aqueous extracts from quartz of the quartz cores (?) and
quartz-muscovite complexes of pegmatltes, with Si0p, K, Na Mg, Ca,
Cl, F, 504, and HCO5 reported in g/1l; 9%H0 in the quartz‘ and pH of
the leachate Eight additional analyses are given (Tebles 3 and 4),
for the same constituents, on high- and low-temperature inclusions, (ER)

NIKULIN, N,N., 1967, Distribution of indium, niobium, and scandium
in casniterites of the Khingan deposits: Leningrad Univ. Vestnik,
Ser. Geol. Geog., 1967, no. 6, p. 81-87 (in Russian).

In addition to the data on trace elements, the author presents
61 homogenization temperatures for inclusions in quartz, which
increase with depth from a mlnlmum of 220°C at 6%6 m to a maximm
of 330° at 1068 m (his table 5) (ER).

OGNAR, S., 1969, Géothermométric des concentrations plombo-zinciferes
dans le Crétacé de Tunisie centrale: Centre de Recherches de Pau,
Bull. v. 3, no. 2, p. 377-399.

Deposits (Plain of Foussana) are peneconcordant, low-temperature,
stratiform. Studied decrepitation using Deicha's visual (o0il) decrep-
itoscope. Decrepitation temperatures 50-150°C, with some to 250-300°.
Some NaCl daughter crystals and liq. CO. seen (ER),

OHMOTO, Hiroshi, 1969, Bluebell mine, British Columbia, Canada.
Mineralogy, paragenesis, fluid inclusions, and the isotopes of lead,
carbon, oxygen, and hydrogen. Chemistry of the hydrothermal fluids
(gases and salts in fluid inclusions): PhD Dissertation, Princeton
Univ., 206 pp. Avail. Univ. Microfilms, Ann Arbor, Mich., Order
No. 69-1k4, 424, and Diss. Abstr. Int. B. 1969, %0 (3), 1204.

PANINA, L.I., 1966, On the genesis of nepheline syenites of Borgoi:
Akad. Nauk SSSR Sibirskoye Otdeleleniye Geologii 1 Geofizikii,
Trudy, 1966, no. 8, p. 114-115 (in Russian). (See Translations
Section).
PAVLISHIN, V.I., VOZNYAK, D.K. and MELNIKOV, V.S., 1968, Syngenetic
inclusions of micas in topazes from Ukrainian pegmatites: L'vov Min.
Sborn., v. 22, no. 2, p. 175-177 (in Russian).

Inclu51ons 1nd1cated the topaz and micae formed at 380- Lk15°c (E.R.)

PERCHUK, L.L., 1969, Evaluation of temperature and pressure conditions
of petrologlc processes: Geol. Geofiz., 1969, no. 8, p. 1lk2-146 (in
Russian).

A critical review of the validity and application of homogeniza-~
tion temperatures and other geothermometers. (ER)
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PERING, Katherine end PONNAPERUMA, Cyril, 1969, Alicyclic hydrocarbons
from an unusual deposit in Derbyshire, England - & study in possible
diagenesis: Geoch. et Cosmo. Acta v. 3%, p. 528-532,

Black brittle rods and gelatinous dark gray-green elastic gums
found in veins with sulfides, quartz, calcite, and fluorite in
carboniferous limestone may be related in genesis to the lead, zinc
and barite deposits of the area. Extractable hydrocarbons in the two
types of material show that the two may have had different origins.
(Various organic materials are found in the inclusions in fluorite
from these deposits as well. Ed.) (ER).

PERNA, Giuliano, 1968, Geotermometria dei minerali di ganga dei
giacimenti minerari: Symposium internazionale sui giacimenti minerari
delle Alpi, Trento-Mendola 11-18 Sept. 1966, v.k, p. 989-100%3. (in
Ttalian with very brief summaries in French, English and German).

A review with 61 references (E.R.)

PETERSIL'E, I.A., ANDREEVA, E.D., and SVESHNIKOVA, E.V., 19{5a,

The organic matter in the rocks of some alkaline massifs of Siberia:
Akxad. Nauk. SSSR, Izvestia, Geol. Series, 1965, no. 6, p. 26-37

(in Russian). As this paper deals with the gases and bitumens from
samples from other than the thoroughly studied Khibina and Lovozero
massifs, it has been translated (See Translation Section). A much
shorter version was published elsewhere (see next item).

PETERSIL'E, I.A., ANDREEVA, E.D., and SVESHNIKOY, E.V., 1965 4-,
Hydrocarbonic gases and dispersed bitumens in rocksfpf,certain
alkaline massifs of Siberia: Akad. Nauk SSSK Doklady, v.161, p. 670-
672, (in Russian); translated in Acad. Sci. U.S.S.R. Doklady, Earth
Sci. sec., v. 161, p. 65-67, 1965

PIZNYUR, A.V., 1968a, Pressures during the formation of the Zhireken
copper molybdenum deposits (eastern Transbaikal): Akad. Nauk SSSR
Doklady, v. 179, no. 5, p. 1186-1188 (in Russian).

Very similar in coverage to that of Piznyur, 1968b (see next
abstract) (E.R.)
PIZNYUR, A.V., 1968b, The determination of pressure from multiphase
inclusions: L'vov Gos. Univ. Mineral. Sbornik v.22, no.2, p. 168-
170 (in Russian).

Inclusions containing daughter crystals of halite may be divid-
ed into two groups on the basis of their behavior on heating: 1).
those in which the halite dissolves before the gas bubble disappears,
and 2) those in which the halite dissolves after the gas bubble dis-
appears. The author used the second group, plus the data of Klertsov
and Lemmlein (1959) to define the pressure of trapping. A study of
inclusions (from the Zhireken Cu-Mo deposits in Eastern Transbaikal)
indicate veryﬁghrly pressures, the pressure varying drastically with
the mineralogy of the ore process involved (early K-feldspathization,
later sulfidation, argillic alteration, etc.). (Author's abstract,
extended by E.R.)

PIZNYUR, A.V. and SOLOMIN, Yu.S., 1968, The problem of the mineral-

ogy and genesis of molybdenum occurrences: L'vov Gos. Univ. Min.

Sbornik, v.22, no.4, p. 378-385 (in Russian with English abstract).
The chemical and physical parameters of rock-forming solutions
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have naturally been changing in the course of the formation of the
Davendin occurrence. The cycle of each stage of the scolution devel-
opment complicated the direct development of the solutions from the
beginning up to the end of the rock-forming processes. The forma-

tion of minerals occurred Uve¢ a wide range of temperature {435-80°C).
The minerals of the early stages were formed from gaseous solutions,
which later on condensed into concentrated hydrothermsl solutions. _
During leter stages mirerals were formed from solutiors. (Authors' @hz}}

POLYKOVSKII, V.S., NEKLYUDOV, Yu. V., and IDRISOVA, L.V., 1966,
Formation temperature conditions of some fluorite deposits of the
castern Pamirs: Trudy, Sredneaziat. Nauch. -Issled. Inst. Geol.
Miner. Syr'ys 1966, No. 7, 130-4 {in Russian).

Homogenization of liquid-gas inclusions in flucorite from various
types of occurrernces ranged from a maximum of 250° (from quartz =~
tungsten deposits) to u8° (in veins cutting Triessic carbonate sedime:®

POM?RLEANU, Vasile, 1968a, Die Bedeutung der Flussigkeitseinschlusse
in Scheelitkristallen fiir die geologische Thermometrie: Chemie der
Erde, v. 27, pt.2, p. 178-186

Primary inclusions in scheelite from the Bals Sprie deposit
homogenized at 260~%27°C. Those in scheelite from Tincova contained
€0, and required temperatures up to 460°C, yielding formation temp-
eratures up to 500°C (E.R.)

POMERIE&NU, Vasile, 1968b, Determination of the crystallization temp-
eraturce of diopside in the Rodna massif of eastern Rowenian Carpathia,
from homogenization of liquid inelusions, in Mineralogical Thermowmet
and Barometry, N,P. Ermakov, ed., v.2, New methods and results of irn-
vestigations of the conditions of ore formation: Moscow, "Nauka" Praou,
p. 272-27h.

Homogenization temperastures (66} ranged from 185-240°C; corrvecici
to 326-45¢° for formation temperature. (ER.)

POM%RLEANU, V., 1969, Les inciusions fluides dans les cristaux de biryl
des pegmatites de Roumanie: Rev. Roum. (&ol. (&ophys., Géogr.-Sér.
Géol., v. 1%, pt. £, p. 117-121 (in French).

Homogenization temperatures for a series of deposits range from
235 to 450°, and are compared with decrepigrams. (0, liquid was
found in some, and cubes of NaCl in other inclusions. (ER).

POM&RLEANU, V. and BARBU, A., 1969, Contributions to the study of the
ocourrences of diopside in the Rebrei and Cormaia Valleys {Rodnei
Mtns.,): Univ. "Al. I. Cuze" Inst. Pedagog. Commun. Stiin., 1969, p. 331-
340 (in Romanian).

Ducrepigrams for two generations of diopside (temperatures up to
500°C) and for calcite are presented. (ER)

PC!?RLEL&U, VASTLE, and WOV, AL, 1005, Grothernonetcy of
sphalerite in the hydrethovaal s of Copnio: Analele

Stiirt irice Undv, Al. T, fuss seet. @, v, 12, . PL=26
{(in buemanian, with Froneh and B
raclucions in sphalerite hemegsniced in the vange el 3-2TH° O

Juarts 285-303°C (FR).




POMfRLEKﬁ, A. and MOVILEANU, Aurelias, 1968, Crystallization tempera-
ture of muscovite in various pegmatites:Rev. Minelor v. 19(10),
p-441-443(in Romanian) .

Liguid inclusions in muscovite from many sources contained liquid
and varieble gas * a daughter crystal of calcite (?). Homogenization
was generally about 300° (ER).

POMERLEANU, Vasile and PETREUS, I., 1968} Geothermometry of calcite
and fluorite based on the study of fluid inclusions in the hydrotherm-
al deposit of Capnic (Baia Mare): Analele Stiintifice Univ. "Al. I.
Cuza,” Iasi, sec. 2, v.14, p. 1-5 (in French). .

Decrepitation and homogenization temperatures,both < 310° for
calcite assoc. with fluorite, barite, quartz, chalcopyrite, and
rhodochrosite. Primary inclusions in the fluorite homogenized at
130-178°C (E.R.).

POTY, Bernard, 1969, The growth of quartz crystals in quartz, exem-
plified by "La Gardette" vein (Bourg d'Oisans) and the clefts in the
Mont-Blanc massif: PhD dissertation, Univ. Nancy, Sciences de la Terre,
Mem. 17, 162 pp. 39 figs., 28 tables and 10 plates; (in French with Eng-
lish abstract).

A thorough study (approx. 250 references) of the relationships be-
tween external and internal morphology, impurity content, unit cell
size, geological environment and growth conditions, investigated by a
variety of techniques. Many fascinating details of growth phenomena are
revealed, in particular by a special X-ray technique. The growth condi-~
tions are revealed from the study of the geology, wall rock mineralogy
and its alteration, vein mineralogy, and the fluid inclusions. Homogeni-
zation temperatures, phase studies, freezing temperatures, and mole %
CO, determinations on the inclusions are recorded. (ER)

PURTCV, V.il., 1969, Determination of mineralization temperature and
pressure by calculation of carbon dioxide equilibrium concentration
in liquid and gas phases of the water-carbon dicxide binary system:
Geol. Polez. Iskop. Urale 1969, No. 1, p. 257-258 (in Russian).
From Refer. Zhur., Geol., V. 1969, Abstr. No. 12V6kO,

RAKHMANOV, A.M., 1968, Formation conditions of quartz crystals in cavi-
ties in pegmatite of Mezhdurech'ya Kafiringan-Barzov (Southern Gissar),
in Mineralogical Thermometry and Barometiry, N.P. Ermakov, ed., v. 2,
New methods and results of investigations of the conditions of ore forma-
tion: Moscow, "Nauka" Press, p. 201-212 (in Russian)

Quantities and homogenization temperatures of the CO, and the
water phases in inclusions are used to calculate pressure variations
during and between stages. A leach analysis for Na, Mg, Ca, S04, Cl,
and HCO, is presented, along with pH and spectrographic determination
of trace elements./ER)

RODZYANKO, N.G., 1969, Mineralogical-thermometric study of skarn
formation conditions in the Tyrny~-Auz ore field: Probl. Metasomatizma,
1969, p. 401-410 (in Russian). From Referat. Zhur., Jeol., v. 1370,
Abstr. No., 6V 726. ‘

An improved decrepitometer and Aecr=pisabion technique are de-
serived asdl apolied to the deposit. Temperabares of 90-700° are
vecordad. (ER).
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ROEDDER, Edwin, 1967a, Fluid inclusions as samples of ore fluids,
Chapter 12 of Barnes, H.L., ed., Hydrothermal ore formation: New
York, Holt, Rinehart and Winston, p. 515-5Th.

An extensifle review (162 references) of the nature of the data
on the ore fluids available from studies of fluid inclusions, how
they are obtained, their limitations, and validity.(¢®R)

ROEDDER, Edwin, 196(b, Metastable superheated ice in liquid-water
inclusions under high negative pressure: Science, v. 155, p. 1413-
1417.

In some microscopic inclusions (consisting of aqueous liquid
and vepor) in minerals, freezing eliminates the vapor phase because
of greater volume occupied by the resulting ice. When vapor fails
to nucleate again on partiael melting, the resulting negative
pressure (hydrostatic tension) inside the inclusions permits the
existence of ice I crystals under reversible, metastable equilibrium,
at temperatures as high as +6.5°C and negative pressures possibly
exceeding 1000 bars. (PuMeri awified

ROEDDER, Edwin, 1967¢, Environment of deposition of stratiform
(Mississippi Valley~-type) ore deposits, from studies of fluid in-
clusions: Econ Geology Mon. 3, p. 349-362.

Fluid inclusions in ore and gangue minerals provide a wealth
of deta on the conditions of origin of these deposits with respect
to density, temperature, rate of movement, salinity, and composition
of the fluids that deposited the ores, at the site and time of
deposition. Although some assumptions must be made that certainly
cannot be strictly valid in every case, the available evidence in-
dicated that, if care 1s used in inclusion sample selection and ex-
perimental technique, the exceptions to these assumptions will be
few and of minor significance, and the accuracy of the results ade-
quate for use in discussions of genesis.

From inclusion evidence alone, it is apparent that the ore
fluids forming a number of these deposits were slow-moving, hot,
dense, Na-Ca-Cl brines, containing asbundant organic matter. The most
striking feature is the uniformity of teanperature, density, chemical
composition, and salinity, over a wide range of stratiform-type
deposits, inclusing those in the Joplin, Southern Illinois, South-
east Missouri, East Tennessee, Derbyshire, North Pennine, and
Santander districts, and in other smaller occurrences.

Although these data do not determine the origin or origins of
these deposits, they place severe limitations on the possible mech-
anisms of ore transport and deposition. Origin by sedimentary-
syngenetic, volcanic exhalative, simple magmatic~hydrothermal,
and meteoric circulation processes seem to be precluded by the in-
clusion data; deposition from modified, deep-circulating, heated
connate brines in compatible with these data, and is considered to
be a satisfactory working hypothesis. (Aueli abrivach

ROEDDER, Edwin, 196Q3'Environment of deposition of the disseminated
lead ores al Laisvall, Sweden, as indicated by fluid inclusions,,23d,

Prague 1968, Repts., sec. 7, Endogenous ore osith_EﬁgE;iyg)/%89_
Lo1, Internat. G-rol. Gy

In 1960 and 1967, Erland Grip showed tha® ore-fluid movement and
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deposition of highly radiogenic lead ore in Cambrian sandstones and
quartzites underlying black alum shales at Iaisvall (and many similar
deposits along the eastern border of the Cale@donides) were strongly
controlled by sedimentary features and by tectonie structures formed by
imbricate overthrusting toward the southeast.

y Although the ore at lLaisvall is generally fine grained and the
sequence of deposition ambiguous, good inclusions were found in eight
samples (fluorite, barite, calcite, gquartz, and yellow-brown sphaler-
ite). Presumed primary inclusions in seven samples (> 250) and pseudo-
secondary or secondary inclusions (several hundred) in the eighth were
selected for measurement of homogenization (filling) temperature;
freezing temperature (a function of the salinity) was deterined for
many of these.

With few exceptions, the inclusion fluids were extremely saline,
freezing between -19.7° and -%2.5°C. Fluids in three primary inclu-
sions in a late, 10-cm calcite crystal were exceptional in that they
were essentially fresh water.

Homogenization temperatures ranged from 83° to 223°C. Four large
groups of primary inclwus ions in three sphalerites had the highest
averages: 150°, 160°, 172°, and 185°C. Assuming a depth of 1,000 m,
the pressure correction to be added to these temperatures would be
approximately +20°C.

The salinity could result from ion filtration through shales, or
from hypothetical evaporite beds; the temperature could reflect deep
circulation, or added hot metamorphic waters from sediment palingenesis
to the west; and the radiogenic lead could originate from either the
shales or Precambrian basement rocks. Obviously the inclusion data
are not definitive, but they do effectively preclude those modes of ore

genesis involving fresh or sea water, at surface temperatures, that
have been suggested for such Mississippi Valley-type ores (Author's
abstract). Note: The higher temperatures reported here ( >150°C) are
probably in error. A note to this effect will appear in Econ. Geology
in 1972 (E.R.)

ROEDDER, Edwin, 19680‘Temperature, salinity, and origin of the ore-
forming fluids at Pine Point, Northwest Territories, Canada, from
fluid inclusion studies: Economic Geology, v.6%, p. 439-L450.

Although the Pine Point ore is relatively poor in useable fluid
inclusions, some sphalerite crystals from replacements, vugs, and
from "colloform”" crusts were found to contain primaery or pseudo-
secondary liquid-gas inclusion adequate for study. Most (132 of 133)
of these had low freezing temperatures, indicating exceedingysaline
brines. The 112 inclusions suitable for filling-temperature determ-
ination homogenized at +51° to $97°C. A very small pressure correction
must be added to obtain the trapping temperature.

Dolomite crystal from some of the same vugs contain large numbers
of primary inclusions, many of which have leaked. The twenty-three
that presumably have not leaked had filling temperatures of 90°-
100°C, but somewhat lower salinities. Inclusions in late calcite
appeared to have similar gas-liquid ratios, but had still lower
salinities.

The significance of these data lies in the limitations they place
on the choice of possible mechanisms of origin of these large deposits.
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This choice, in turn, mey influence the success in prospecting for
blind ore bodies. There is general agreement that the deposits are
of Mississippi Valley type. Although the high salinities may reflect
solution of salts from evaporites, as are now found to the south, the
elevated temperatures seem to require deep circulation, perhaps
through known faluts in the underlying Precambrian. The densities

of these brines, even at their elevated temperatures, are well above
that of fresh, cold surface water, thus restricting the pq§sible
modes of circulation during ore deposition.@hqibnwl:Jbskgi.

ROEDDER, Edwin, 1969, Fluid inclusion evidence on the environment of
formation of mineral deposits of the southern Appalachian Valley
(abst.): Econ. Geol. v. 64, p. 353.

Approximately 1,000 fluid inclusions were studied in samples of
ore and gangue minerals from both massive ore and late-stage vugs
from seven small Appalachian deposits and five active mines in the
Fast Tennessee district. Most primary inclusions in sphalerite,
fluorite, dolomite, and quartz from Fast Tennessee homogenized at 82°-
149°C. Primary inclusions in fluorite, barite, and sphalerite from the
Central Kentucky, Sweetwater barite, and otler districts ranged from
72°-132°C. Pressure corrections to be added are probably less than10°C

Freezing data were obtained as a crude measure of the salinity of
inclusion fluids. With few exceptions, all primary inclusions con-
tained very strongly saline brines ( mostly >20 percent salts), with
appreciable amounts of at least some salts other than NaCl. The
exceptions include several quartz, fluorite, calcite, and barite
samples that contained only moderately saline brines (12-16 percent),
and some vug calcite inclusions cohtaining essentially fresh water.
Secondary inclusions had lower salinities than adjacent primary in-
clusions. Eight primaries in the outer millimeter of one Central
Kentucky fluorite had low salinity (4.6 percent).

The data indicate that these deposits formed from hot, saline
brines.” This places severe restrictions on possible modes of origin,
and makes deeply circulating connate brines the most probable ore
fluids. The data give no information on the cause or direction of
fluid circuletion, which would be controlled by topography, salinity,
and temperature during ore deposition, but they permit wide latitude
in the construction of possible models. Other observations, on
"colloform" textures, seem to indicate the admixture of at least
small amounts of surface waters with the brines. (Author's abstract).

ROEDDER, Edwin and COOMBS, D.S., 1967, Immiscibility in Granitic
Melts, Indicated by Fluid Inclusions in Ejected Granitic Blocks
from Ascension Island: Journal of Petrology, vol. 8, part %, 417-51.
(Authors at U.S. Geological Survey, Washington, D.C., 20242 and
Geology Department, University of Otago, New Zealand).

Quartz and alkali feldspar from vuggy granitic blocks contain
up to 1010 fluid inclusions per cubic centimeter, of three main
compositional types, I-III; the inclusions are presumably the result
of the trapping of three discrete, individually homogeneous fluids,
plus fewer inclusions of other compositions, including several
mixed types. The original fluid trapped in inclusions of type I
was a silicate-rich magma; at room temperature it consists of sili-
cate glass, with a small, very low-pressure gas bubble and sometimes
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e crystel of fluorite(?). The original materiel trapped in type II
was & dense saline fluid with 50-70 weight per cent NaCl; at room
temperature it consists of saturated water solution, a large halite
crystal (usually with other crystalline phases), and a lerge gas
bubble sonteining some CO,. The original material trapped in type
IIT was a dense aqueous-rich fluld or steam; at room temperature it
consists of a dilute water solution and a very large, high-pressure
CO- gas bubble.

Type IITI apparently represents vapor coexisting with type II
fluids (1.e. boiling); it occurs both as independent primary inclu-
sions and in intimate association with type II in planes of second-
ary inclusions.

It is believed that type II represents immiscible globules of
dense saline fluid, suspended in silicate magme, and trapped,
possibly because of preferential surface wetting during crystal
growth. If both types I and II are primary, their random interdis-
tribution implies immiscibility. Regardless of primary or secondary
origin, the examples of mixed type I-II inclusions, containing (at
room temperature) a saturated water solution, a large halite
crystal, a gas bubble, and a variable amount of silicate glass,
seem to require simultaneous coexistence of silicate and saline fluids
as a heterogeneous mixture, i.e. immiscibility.

Similer inclusions are found in blocks quenched from both above
and below the alkali feldspar solvus. Despite the complex geological
history of the samples, such inclusions throw light on the chemical
neture of the residual fluids produced during crystallization of these
granites, and may permit environmental P-T estimates. They should
be looked for in other granites. (Authess aoshvudt)

ROEDDER,Edwin,HEYL, A,V. and CREEL, J.Pf%%Environment of ore deposi-
tion at the Mex-Tex deposits, Hansonburg District, New Mexico, from
studies of fluid inclusions, Economic Geology, v.63, pp.336-348.

These deposits, in Pennsylvanian limestone and shale, contain
barite, fluorite, low-silver galena with "J-type¥ lead, and quartz,
and only minor amounts of other minerals.. Mineralization occurs in
veins, in blankets of bedded, rhythmically banded "coontail" ore, and
in vuggy, coarsely crystalline open-space fillings 1n tectonic and
solution channels in limestone adjacent to faults. Except for wide-
spread silification, the mineralization is very similar to that of
the southern Illinois deposits. The main stages of hypogene mineral-
ization are: 1) sphalerite, pyrite, galena, and chalcopyrite; 2) five
easily recognizable substages of fluorite with intermittent quarte
and barite; and 3) late calcite.

More than 500 primary and 2,500 pseudosecondary inclusions,
mainly from fluorite, were studied on the freezing and heating micro-
scope stages. Some primary inclusions contain organic matter.

Gross supercooling indicates slow ore-fluid movement. Recognizable
planes of pseudo-secondaries (each containing 20-200 inclusions)
yield date essentially identical with coeval primaries, but the few
planes of presumed secondaries do not.

The first three substages of fluorite formed from fluids that
were essentially constant in temperature at 186°-205°C (assumed
pressure correction +10°C), but increased in salinity from approxi-
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metely 10 up to 15 weight persent salts. Succeeding substages

formed at gradually decreasing temperatures (to about 140°C) end in-
creasing salinity (maximum 17%), with breeks marking several individu-
8l substages. A few inclusions in an early barite have anomalously
low homogenization temperatures. Coarse selenite has primary inclu-
sions full of fresh water and hence is presumed to be supergene.

These data do not prove any given theory or origin for the fluids
or the deposits, but they do place some limits on possible mechanisms
of origin.(Authers’ ubs'mcs-

ROEDDER,Edwin and Skinner, Brian J., 1968, Experimental evidence
that fluid inclusions do not leak: Economic Geology, v.63, p. T15-
730.

The possibility of leakage of fluid into or out of fluid inclu-
sions subjected to large pressure gradients has always been consid-
ered a serious problem in the interpretation of inclusion data.

As previous experimental evidence on leakage was contradictory., new
experiments were performed. Inclusion vapor bubble diameters in
twelve quartz crystals ( & 3mm; 8 localities), not sawn, ground or
polished, were measured. The samples were run at P H-0 external

< 4,000 bars, at T run 100°-410°C, for < 17 days total, and remeas-
ured after each run. Similar experiments at < 155°C were made on
sphalerite and calcite.

Most inclws ions in most samples (even those only 5um under the
surface in quartz) showed no change in bubble diameter, hence no
leakage. A few exceptions, mainly among inclusions homogenizing at
T & Trun, had P jnfevns) SSP cxYernd , hence they ruptured and lost
liquid during the 410°C run.

From this work and a review of the literature, we conclude that
most inclusions have not suffered major leakage. Some previous ex-
periments indicating leakage may be explained by microfractures intro-
duced during sample preparation. The present work does not, however,
preclude the possibility of diffusion of small but chemically sig-

nificant amounts of substances such as hydrogen in or out of inclu-
sions(Auwthers wbs ().

ROSENE:ELD, J.L., 1969, Stress effects around quartz inclusions in
almandine and the piegzothermometry of coexisting aluminum silicates:
Amer. Jour. Sci. v. 267, p. 317-351.

Ed. note: Although not directly pertinent to fluid inclusion study,
this method should provide excellent crosschecks on fluid inclusion
thermometry and barometry. (ER)

RYABCHIKOV, I.D., 1967, Possible role of concentrated saline solutions
for the mobilization of ore components from magma (abst.): Inst.
Mining and Metal. Trans., v. 76, sect. B, p. 14. (Author at Institute
for Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry,
Moscow, U.S.S.R.).

In many systems of the type silicate-NaCl (including rock-forming
silicates), experimental investigations have demonstrated the presence
of two-liqulid miscibility gaps which continue into the ternary systems
silicate-NaCl-H;0. There is a five-phase non-variant point on the P-T
diagram of the system Nay5ig05-NaCl-HgO, where the following phases
coexist: two solids (NaCl and NapSigls), two liquids (silicate melt
and aqueous chloride melt) and gas.
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On cooling the silicate melts of the same initial composition,
crystallization at pressures lower than that of the non-veariant point
will give rise to separation of chloride melt, while 1f the pressure
is higher than that of the non-variant point crystals of NaCl will
precipitate. In systems with rock-forming silicate-NaCl-Hz0 such
non-variant points are absent, and direct crystalllzation of NaCl
from the silicate melt is impossible. This indicates that when an
initially homogeneous silicate melt with appropriate NaCl:H-0 ratio
is cooled through the crystallization range the second liquid phase
(concentrated saline solution) must separate out at a certain stage
of the process.

The presence of a liquid immisecibility field at the temperatures
of silicate liquidus in the system granite-NaCl-Hz0 suggests the
possibility of simultaneous separation of gas phase and concentrated
agueous saline liquid solution during the crystallization of granite
magma. The reality of this process is confirmed by investigations
of fluid inclusions in the minerals of acid rocks (Roedder, Lesnyak).
This agueous saline solution may extract some ore components from re-
sidual silicate magma, and thus this concentrated aqueous liquid may
play the role of ore-forming fluid. (Author's abstract.)

RYE, Robert O. and HAFFTY, Joseph, 1969, Chemical composition of the
hydrothermal fluids responsible for the lead-zinc deposits at
Providencia, Zacatecas, Mexico: Economic Geology, v. 64, pp. 629-
643,

The chemical composition of 22 samples of primary fluid inclu-
sions in quartz, calcite, and sphalerite from Providencia, Mexico, has
been determined. Samples were prepared, crushed, and leached as de-
scribed by Roedder et al. (196%). Cation analyses of leachates were
made by atomic absorption spectroscopy, and the anions were analyzed
by a special X-ray fluorescence technique.

The Na, K, Ca, and Cl concentrations show a considerable range
that reflects the widespread salinity variations in the hydrothermal
fluids observed by Sawkins (1964). The K/Na atomic ratios of most
samples range from 0.18 to 0.43 and the ratios tend to increase with
the salinity of the inclwgions. The temperatures indicated by the
K/Na ratios from the published curves of K/Na ratios vs. temperature
are mostly at least 100°C greater than corresponding filling tempera-
tures. The Ca/Na atomic ratios of inclusions in sphalerite range f§om
0.12 to 0.61. The K/Na and Ce/Na data agree well with previous & Ol
data (Rye, 1966; Rye and O'Neil, 1968) which indicate that the hydro-
thermal fluids were derived from the magma related to the Providencia
granodiorite stock and that the fluids reacted only slightly with the
crystalline stock during the late phases of ore deposition. The data
also indicate that the salinity variations in the hydrothermal fluids
probably occurred at the source of the fluids and may have resulted
from boiling in the magma chamber.

Mg concentrations are generally no more than a few hundred parts
per million. Most of the Mg in the hydrothermel fluids was evidently
removed during the formation of calcium-mpagnesium silicates in the
lower levels of the ore pipes. Mg/Ca atomic ratios are generally

less than 0.08 and are consistent with the paucity of dolomite in the uteqs.

Zn and Cu concentrations in water leaches of inclusions in calecite
are generally less than 50 ppm. Maximum base-metal concentrations

-68-



upon cooling and multi-nucleation upon rapid melting of the latter,
KC1 cubes do not form hvdrates. snd inerease in aire while haine
coole

SAING k
Moun om weter leschee of two samples of inclusions in quartz are 890 1,
128'-( pm Zn B.nd 53’0 Ppm c'l.l.
P Chloride is the major anion in the fluids, and €l concentrations 114

vary with corresponding cetion concemtralions. With lwo exceptions, lum
ores gulfur concentrationa of the inclusions in calelte and guartz, analyzed
SAMO: s S04» are below <the level of detect.']l.cén. {Authors’ absiract) e
and « RYE,R.C. Bnd O'NEIL, J.R., 1968, The 0" content of water in primary
uscp  fluid inclusions from Providen, "cig, North-Central Mexico, Econ.

vNT 6eoles v.63, pp.232-238. S

( - The water of eighi samples of priwary glu.’ld inclusions in calcite,

quartz, and sphalerite was analyzed for sol by the technique of :
tems 'Neil end Epstein (7). The $018 of inclusions in sphalerite from
NaOH tnree d¢ifferent ore bodies ranged from 6.2 to 5.8% reletive to SMOW.  epces.
Dats These values are lighter than the 7-9%: believed to be iypical of ts {Ei‘{]

~ristine megmatic waters and have probably resulted from isotopic
SAMO exchenge between the hydrothiermal fluids end the crystelline grencdi- ions

to t orite through which the fluids passed after they lefl a wagmatic 'khimiva,
1968 source. The 6.2-5.8% values ara in recsonsble sgreement with ihe ¢ In-
oreviously celculated §01€ of 6.0-7.9%; for the hyarothersul fluids
tern that devcsited caleite &nd guartz at Providencie. ’
“ne $018 of water in inclusions in guartz end in celeite indi- system
Ho0  .gte thet the inclusions heve exchenged 010 with their bost during kg/cm? .
Data cooling of the ore deposit but that les: than k5 percent cf the rx- Wt
LiCl change thet is theoretically possible at surface tewperatures hes of the
occurred.
‘Ezez The § C13 of €0, in inclusions in sphalerite end in celcite was Idsqreis
© 7.0 ané ~11.0%e , respectively, relative to PDB. The sphalerite + homo
geni sipe is consistent with the value previously inferred For the b Cl2
rang of the bhydrothermal fluid and is believed Lo be Llypiczl of Juveinile
00p. Tne calcite velue reflects about 50 per cent of tbe pessible
SAMO =xcnenge thet could ceour retween inciusion CGp end the husl &l sur cns
betw fece terperawures. vl o bihoid sodium
chle  sauoURAJD-ROSSET, €., 1£=E!‘§f'.'C:.ractéres terianclogivues des c:‘\"it?::- no. 6,
p. 1 priraires des monocristaux, our 1'exemple du gopsc ae sy hooo. v. 180,
(#urphelogicel characterisiics of yrimary eccvities in «ingle . .
IS)yni]\-: crystais, as exemplified by synthetic g psum)jCompl. Fend. Rond. fcr, or the
Faris, v. 268, Serie D, p. TLG-TSL. 5
Brine-filled cevities ere otserved in synthetic gypswm, 2 1o 200 and
540° mieromsin size. They occur along surfaces of discentinuocus grovth but
gayy 8lso in vlanes parking steges of continucus growth. The fluwid inclu-
sions seem to beclowe more abundant with proceeding crysiellization.
;ﬁg; Similar phenowena are observed in natursl gypsum (P.J.M. Ypws).
trgn SABOURAUD-ROSSET, C., 1969{dhpériences sur des inclusions hypersalines AT 75
synthétiques (NaCl-N.) et KC1-Hz0). Disgnose de la halite et de la e
Give sylvite intracristallines. {FExperiments with bypersaline synthetic
Baja %nclusions {NaCl-Bg0 =nd KC1-Ho0). Recognition of halite and sylvite
SAWK ig—{ﬁ?ntles). Compt. Rend. Acad. Sci, Paris. v. 268, Serie D, p. 1671 0 fluid
incl Experiments with brine-filled fluid inclusionsin synthetic 15515=
sipp @'psum indicate that thermel shock {rapid cooling) cen overcome 5~842.
superssgturation or relardsition of nuclcation. MaCl cubes in fluid vpe
depo inclusions ecan be rcceognized by the formation of hydrates (HaCl-2li0) simi-
lari <69~ ther~
more of
COnm n

flui para-



upon cooling and multi-nucleation upon rapid melting of the latter,
KCl cubes do not form hydrates, and increase in size while being
cooled. (P.J.M, Ypma)

SAINSBURY, C.L., 1969, Geology and ore deposits of the Central York
Mounteins, Western Seward Peninsula, Alaska: U.S. Geol. Survey Bull.
1287, 101 pp.

Brief mention (p. 87) of COso-rich inclusions in fluorite-beryllium
ores and greisen deposits of the area (ER)

SAMOITOVICH, L.A., 1969, Dependence between pressure and temperature
and density of agqueous salt solutions: Moscow, Ministry of Geol.
USSR, All-Union Inst. for the Synthesis of Mineral Raw Materials
(VNIISIMS), 51 pp., offset printing, paperbound.

Fxperimental procedures and evaluation of the data on the sys-
tems of water with chlorides of Na, K, Li, NH;, and Ca; NazCOg,
NaOH, and KsCO5,up to 1500 kg/cm and T from 180°-550°C. 54 references.
Data presented graphically in the form of isochores on 18--P-T plots{tu

SAMOYLOVICH, L. A., and KHETCHIKOV, L. N., 1968a, Pressure corrections
to the homogenization temperatures of aqueous salt solutions: Geokhimiva,
1968, no. 12, p. 1462-1469 (in Russian); translated in Geochemistry In-
ternat. v. 5, p. 1184-1189,

The authors present a graphical plot of the isochores in the system
H20 plus 2 weight percent CaCl,, at T up to 400°C and P up to 500 kg/cm2
Data are also presented on the systems with 4 and 10 weight percent
LiCl and 2 and 10 weight percent NH,Cl, but in the form of graphs of the
pressure correction for fluid inclusions of known composition and degrees
of fill; data on the position of the two-phase boundary (i.e., the homo-
genization temperatures) for these systems are not given. In this
range the pressure correction wvaries linearly with pressure. (ER)

SAMOYLOVICH, L. A., and KHETCHIKOV, L. N., 1968b, On the correlations
between pressure, temperature and density in aqueous solutions of sodium
chloride and potassium chloride: Akad. Nauk SSSR Doklady, v, 180, no. 6,
P. 1450-1452 (in Russian); translated in Doklady Acad. Sci. USSR, v. 180,
p. 155=157. (Authors at All-~Union Scientific Research Institute for the
Synthesis of Mineral Products, Aleksandrov, USSSR.)

Basic data on the systems NaCl- -H,0 and KC1-H,0, to 1500 kg/cm and
540°C, of interest to all inclusion workers. (ER)

SAVuL, M. and POMIRLEANU, V., 1965, Indications of the temperature
regime of vein formations by liquid inclusions: pp. 247-251 in

Problems of Geochemistry, N.I. khitarov, Ed., Acad. Sci. U.S.S.R.;
trans. by Israel Frogram for Sci. Translations, Jerusalem, 1969, p.447 74/

Gives homogenization temperatures for inclusions in quartz from
Baja Sprie and Baja Mare ore deposits (ER).
SAWKINS, F. J., 1968, The significance of Na/K and Cl/SO4 ratios in fluid
inclusions and subsurface waters, with respect to the genesis of Missis~
sippi Valley-type ore deposits; Economic Geology, vol. 63, pp. 935-942.
Analytical work on fluid inclusions from Mississippi Valley-type
deposits has shown that the trapped fluids exhibit strong chemical simi-
larities to the saline brines in adjacent sedimentary basins. Further-
more petroleum droplets in some inclusions attest to the presence of
connate fluids during ore deposition. The Na/K ratios of inclusion
fluids and connate brines indicate however that, in terms of this para-



meter, the groups are statistically distinct. Volcanic spring waters on
the other hand have Na/K ratios that more closely approach those found in
fluid inclusions.

The high Nd/K ratios typical of most connate brines presumably re-
sult from silicate-pore water reactions taking place during diagenesis.
The low Na/K ratios exhibited by some saline basin brines appear to be

related to the presence 6f evaporites. S '
A sharp distinction between connate brines and fluid inclusions in

Mississippi Valley~type ore deposits can be made on the basis of their
Cl1/S0,4 ratios. Volcanic waters and fluid inclusions from postmagmat%c _
deposits exhibit Cl1/SO4 ratios that more closely approach those in Missip-
sippi Valley fluid inclusions than those shown by connate brines.

The empirical Na/K and Cl1/S04 data do not indicate a unique solution
to the problem of the genesis of Mississippi Valley-type deposits, but
they do suggest that average connate waters were not exclusively respon-
sible for ore deposition. The data are consistent however with a genetic
model involving the mixing of small amounts of relatively high potassium
saline solutions containing sulfate with average.copnate Prlnes. A
suggested source for such solutions is the alkalic intrusive rocks that
have widespread occurrence in many cratonic areas. (Author's abstract)

SCHIFFMAN, C. A., 1968, Unusual emeralds: J. Gemnology, v. 1ll, p.105-114.
Reports 3-phase inclusions (liquid, vapor and cubic crystal) in
trapiche emeral from unknown locality. (ER)

SENGERS, J. V. and SENGERS, A. L., 1968, The critical region: Chem. Eng.
News, June 10, 1968, p. 104-118. A very thorough review of the present
state of studies of critical phenomena. (ER)

SHAMRAT, I.A. and TRUFANOV, V.N., 1968, Thermometric formation condi-
tions of cinnabar ore occurrence in the northern Caucasus,in Mineral-
ogical Thermometry and Barometry, N.P. Ermaskov, ed., v.2, New methods
and results of investigations of conditions of ore formation: Moscow,
“Nauka" Press, p. 22%-229.

Inclusions reveal that mineral deposition was in three stages,
pre-ore (250-125°C), first ore stage (150-90°C) and the second ore
stage (110-60°C). (ERJ)

SHUGUROVA, N.A., 1967b, Alterations in the composition of the gaseous
phase of mineral inclusions, taking place in the process of forma-
tion of quartz-fluorite-bearing pegmatites: Akad. Neuk SSSR Doklady,
v. 176, no.3, p. 699-702 (in Russian); translated in Acad. Sci. U.S.
S.R. Doklady, Earth Sci. sec., v. 176, p. 197-200, 1968, (Author at
Institute of Geology and Geophysics, Siberian Division, Academy of
Sciences, USSR.

Homogenization temperatures and COz, CO, Ny plus rare gases,

Oz, Hp were determined in primary inclusions in different genera-
tions of quartz and fluorspar from 3 pegmatitic bodies, Central
Kezakhstan (Table 1). The CO, content of the gaseous phase is
relatively low in the earlier (high-temperature) inclusions in
quartz, is at the peak in the 500-710°C quartz, and at the minimum
in the later generations. A similar relationship is shown in the
inclusions of fluorite. -- V,P. Sokoloff.

SINYAKOV, V.I., 1968, Formation temperatures of magnesian skarns of a
hypabyssal depth facies, in Mineralogical Thermometry and Barometry,
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N.P. Ermakov, ed., v.2, New methods and results of investigations of
the conditions of ore formation: Moscow, '"Nauka" Press, p. 149-151
(in Russian)

Primary gas-liquid inclusions in monticellite skarns from the
Lespromkhoz deposit homogenized at 870-900°C, and even the secondary
inclusions homogenized > 480°C.(ER)

SIVORONOV, A.A., 1968, Use of liquid inclusions during study of meta-
morphic rocks of iron~ore deposits, in Mineralogical Thermometry and
Barometry, N.P. Ermakov, ed., v.l, Geochemistry of deep mineral-form-
ing solutions: Moscow, "Nauka" Press, p. 181-184 (in Russian).
Homogenization temperatures for garnet and diopside from the

Olingorsk deposit were mostly >530°. Secondary inclusions from various

other minerals were lower, from 315° to 80°C. (ER).

SLIVKO, M.M., 1968, The inclusions of solutions in schorl crystals
of Volhyn pegmatites: L'vov Gos. Univ. Mineralog. Sbornik, v.22, no.
3, p. 235-24% (in Russian)s

Results of a study of primary inclusions in schorl of Archean
pegmatites&gre given. Primary inclusions of aqueous solutions; liquid
inclusionsyaqueous solutions + liquid CO, with various contents of
phases; inclusions of liguid COs,; and inclusions containing aqueous
solution + liguid CO, + gas + solid phases were found. Schorkff mica
pegmatites are characterized by inclusions with a very high content
of carbon dioxide both in a liquid phase and in a gas phase. The temp-
eratures of homogenization (280-350°C), the homogenization types for
primary inclusions, and the pressure at the moment of homogenization
(1000-1500 bars)Were determined. (Author's abstract)

SLIVKO, M. M., 196§? Liquid CO_- aqueous inclusions in tourmalines from
pegmatites of the Mama region:” L'vov Gos. Univ. Mineralog. Sbornik
v. 23, p. 295-301, (in Russian). (Author at L'vov, Gos. Univ., L'vov,
USSR.) (Translation to eppear in next issue)
SLIVKO, M.M, 196gf Thermodynamic parameters of tourminalization in
pegmatites of Koretz: Akad. Nauk Ukr. RSR Dopowidi, Ser. B., v. 31,
no. 3, p. 218-221 (in Ukrainian).

In schorl crystals from the Koretz pegmatites the following
primary inclusions and homogenization temperatures were found:
truly aqueous solutions (286-3%20°C); "aqueous solution + liguid COx"
with various content of phases (260-310°C); and liquid CO, (16-24°C).
The inclusions containing sclid phases are not established. The part-
ial and total homogenization of all the primary inclusions occurs ex-~
clusively in a liquid phase. The pressure (1000-1500 bars) in the
inclusions of aqueous solution at the moment of homogenization is
determined by syngenetic inclusions of aqueous solution and liguid
carbon dioxide. Schorl forming solutions of mica pegmatites from

various regions are characterized by high CO, concentration. (Author's 4-
SMIRNOV, V. I., 1968, Pyritic deposits, €@hapt. X, p. 622-647, in Genesis

Jﬁ

of endogenetic ore deposits: Moscow, "Nedra" Press, 719 pp. (?;_Russian):

trans. in Int. Geol. Review, v. 12, no. 9., 1970, p. 1039-1058.
Homogenization and decrepitation temperatures of sulfides from
various deposits, mostly from literature citations. (ER)

BOLOMON, M., 1968, (Discussion of fluid inelweions in ores) p. 11-13
in Proc. CSIRO Symp. on Iron Sulfides, North Ryde, NSW, Nov. 1968,
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compiled by B.H. Flinter and published by Sydney laboratory, F.0. Box

175, Chetswood, NSW, Austrelis 206T.

SUKHORSKAYA - ,I.M., and SUKHORSKIL, R.F., 1967, Liquid and sol%d

hydrocigébons in quartz veins and rock crystal of the Aldan shield :

Geol. Geokhim. Goryuch. Iskop., no. 9, p. 55-57 (in Russian).

SUKHORUKOV, Yu.M. and FRANK, G.A., 1969, The role of decrepitation or

ges-1liquid inclusions in the sandstone-siltstone part of argilleceous

rocks during siunteriig: Slrolt. Mater., Detali lzdeliya, 1369, no.l12,

p. 29-35 (in Russian)

SUSHCHLEVSKAYA, T.M., BARSUKOV, V.L., and TRUSHIKOVA, T.A., 1966.

(See Translations Section)

TAKENOUCHI, 8., and IMAI, H. 1968, On the salinity of liguid inclusions

in quartz crystals: Jour. Geochem. Soc. Japan, v.2, (1}, p. 41-42 (in

Japanese). {Authors at Dept. Mineral Development Engineering, Univ. of

Tokyo).
y %he freezing temperature of liguid inclusions in quartz from various

occurrences was studied by means of the freezing microscope stage. The

alcohol, cooled by dry ice, was circulaeted to the stage by a small

pump, and the temperature in the stage was controlied by the amount of

flow of chilled alechol. It was possible to obtain the temperature

as low as -50°C by this stage. The lowest freezing temperature of !

-6,.1%C was found in inclusions from the hypothermal molybdenite-quartez -

veins. The freezing temperature of inclusions from the hyvothermal

tungsten-quartz veins was generally between -3.0°+~/-4.0°C and in these

inclusions COz zas hydrete or ligquid €0, phase was recognized

at temperatures lower than the room temperature. The freezing temp-

erature of inclusions from the epithermal gold-silver or copper velns

was various from almost 0°C to about -4.0°C, Quartz from chalcopyrite-
bearing quartz veins in the silicifed zone of the Kurcko deposits
contained inclusions, the free:zing temperature of which was between
-2.7°~ ~3.4°C. From these results, it is inferred that the general
range of the NaCl equivelent concentration of inelusions from the

above stated hydrothermal ore deposits was S~6 weight percent(H. Tmai).

[

THOMP3CN, J.B., Jr., and Waldbaum, D.R., 1969, Analysis of the two-
phase region halite~sylvite in the system NaCL-KCl: Geochem. CosmoeH. .
Acta v, 33 p. £71-690,

The solvus in this system (maximum about 490°C) is of possible
importance in studies of inclusions containing daughter crystals of
both NaCl and KC1 {ER).

TTILIER, W.A., 1969, Migration of a liquid zone through a solidj Journal
of Crystal Growth, v.6, p. 77-85(Author at Dept. of Materials Science,
Stanford University, California 94305, U.S.A.)

Recent experimental deta on the migration of droplets @f aqueous
solutions thorugh lce under a temperature gradient driving foree heve
been analyzed. The migration rate has been found to be limited, in
part, by interface attachment kinetiecs. 1In these cases, the kinetics
are layer motion limited rather than layer source limited and are
affected by the adsorption of some minor constituent to the kink sites
at layer edges. This latter effect modifies the ususl droplet size
relationship expected from simple theory (Aubﬁor's abstract).

EQRZA, S'{ and MASON, S.G., 1969, Coalescence of two immiscible liquid
rops: Science, v. 163, p, 813-81k,
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When two immiscible liquid drops suspended in a third immiscible
liquid are brought into contact, three equilibrium configurmtions
which depend upon the spreading coefficients are possible. Experi=-
ments for a large number of systems, including three-phase emulsions,
confirm the theory and indicate the mechanisms of reaching equilibrium.
(Authors' abstract).

Note: I have observed some of the phenomensa described here in ineclu-
sions containing a gas bubble and a globule of liguid HoS in agueous
solutions. Editor.

TOURAY, J.C., 1968, Recherches g€ochimiques sur les inclusions & COp
liquide: Soc. francaise minéralogie et cristallographie Bull., v. 91,
p. 367-382 (in French).

A systematic study of liquid COs-bearing inclusions in minerals
has been carried out.

Mass spectrometric analysis of gases evolved on heating or crush-
ing gives two results: 1) The molar ratios 002/H20 are very different
from one mineral to another (from 0.05 to values greater than 5).

2) Other gases are present only as traces (CH,, No, HoS).

Microscopic study has been carried out on inclusions and on
families of inclusions. Homogeneity of such families and homogeneity
of natural fluids rich in water and CO, are especially discussed.

The geochemical and petrological implications of this systematic study
are discussed (Author's abstract).

TOURAY, J.C., 1969, Inclusions secondaires dans las fluorine du Jbel
Tirremi: Notes Service géologique Maroc, v. 29, no. 21%, p. 181-192
(in French).

Secondary inclusions are described and illustrated, containing
liquid water solution, crystals of NaCl, liquid CO,, and gaseous LO,.(ER)

TOURAY, J. C., 1969? Hydrocarbures liquides et guzeux en inclusiond
dans les minéraux: ' Centre de Recherches de Pau, Bull. v. 3, no. 2,
p. 429-441. CHy/CO, ratios are given for inclusions in autnigenic quartz
and fluorite, and some decrepitation data on oil and gas inclusions. (ER)

TOURAY, Jean-Claude, and POIROT, Jean-Paul, 1968, Observations
sur les inclusions fluides primaires de 1l'emeraud et leurs relations
avec les inclusions solides: Acad. sci. [Paris¥ Comptes rendus, V.
266, ser D, p. 305-308.

A shott review of the phases found (including several daughter
minerals and COp), plus several excellent photographs. (ER)

TOURAY, J.C., and POIROT, J.P., 1969, Pierres naturelle, pierres
artificielles: Sciences Progrds La Nature, 1969, p. 98-102 (in
French) A review (no references) with photographs and discussion of
inclusions in natural and synthetic gems@EEp

TRAVERTA-CROS, A. and MONTORIOL-POUS, J., 1967, Preliminary study of
& new kind of hydrothermal process in two Spanish fluorite deposits
(abst.): Inst. Mining and Metal. Trans., v. 76, sect. B, p. 16.

The two Spanish fluorite deposits of 'Berta' {sen Cugat de
Valles, Barcelons) and 'Osor' (Osor, Gerona) have been studied.
The primary minerals in both deposits are fluorite, calcite, and
metallic sulphides, mainly galena. The crystallization temperatures
of the fluorite and galena were determined by decrepitation measure-
ments. (Authors' abstract, shortened) ‘
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TSUTSUMI, S. and IMAI, N., 1967, Genetic  interpretation of the
Ideshime” fluorite deposit from the standpoint of fluid inclusion

thermometry: Journ. Soc. Mining Geol. Japan, v. 17, p. S5hk- ,
(in Japanese). (Authors at Dept. of Mineral Resources, Waseda Univ.,
Japan).

The massive fluorite deposit of the Igashima mine occurs in
Paleozoic limestone. The fluorite crystals have fluid inclusions
composed of gas and liquid that homogenize at 80-180°C (H. Imai).

TURLYCHKIN, V.M., 1969, Two stages of mineralization in the Kandzhol
ore field, Karamazar: Akad. Nauk SSSR, Izvest., Ser. Geol., v. 1969,
no. 11, p. 40-52 (in Russian).

Decrepitation data on various stages of mineralization show
temperatures from above 300 to 50°C. (ER)

VAN ALSTINE, R.E., 1969, Geology and mineral deposits of the Poncha
Springs NE quadrangle, Chaffee County, Colorado: U.S. Geol. Survey
Prof. Paper 626, 52 pp.

Homogenization and freezing temperatures are given for several of

these epithermal deposits (p. 36-37), presumably from a fumarolic-
hot springs environment (E.R.)

VARCEK, Cyril, 1968b, Relation between the chemistry and the formation
temperature of sphaleriteslig Mineralogical Thermometry and Barometry,
N.P, Ermakov, ed., v.2, New methods and results of investigations of
conditions of ore formation: Moscow, "Nauka" Press, p. 285-289 (in Rusyiw)
Issentially a short review of material given in thc ncat ;vsanf.QEN,)

VARCEK, C., HABER, M., STRE§KO, V., §AMAJOVA, E., 1968, Relations
between chemistry, formlng temperatures and physicel properties in
sphalerites: Acta geologica et geographica universitatis comenianae,
Geologica Nr. 13. Bratislava 1968, p. 13-54. (In Slovaekian with
German abstract and figure captions).

The authors studied the relation between chemistry, homogenization
temperature, and micro-hardness and gave data on the density and the
unit cell constants of sphalerites, origiaating from subvolcanic, plu-
toniz and metasomatic deposits (50 lncatities, maialy in CSSR but also
in Romania, Hungary, Bulgeria, Poland, Eastern Germany and Russia).
The content of iron substitution varies in the sphalerites from.D.4k
to 12.81%. There is & visible but non-linear dependence between the
Fe content and formation temperature in the sphalerites; it is not as
strong as Kullerud has described. Thermometric studies were made on &
Leitz heating microscope stage. The homogenization temperatures of
primary fluid inclusions were measured. Temperatures in the black high
iron-bearing sphalerites were measured by the decrepitation method.
There was a dependence between the color and the homogenization temp-
erature. For light sphalerites, 110°-180°C, for brown and red-brown,
180°-270°, and for dark brown 260°-290°C. For black mermatites the
decrepitation temperatures generally do not exceed 300°C. Within one
deposit the formation temperature of sphalerites can vary widely
especially in subvolcanic deposits for example in Banske Stiavnica.

The microhardﬁess increases first progressively with the iron
content (182 kg/mm~ - 0.44% Fe to 234 kg/mm® - 2.8% Fe), but when the
iron content exceeds 2.8%, the microhardness goes down slowly to 206
kg/mm® by 13.91% Fe. It is always observed that the physical proper-
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ties change strongly with an increase of the iron content up to 3 to
L (or 6) % Fe, but further increase of iron usually has little influ-
ence. (Milaqn Rieder).

VERTUSHKOV, G.N., 19685 Thermal method for discovering gas- =
liquid inclusions in minerals, and results of its use for
describing an endogenic mineral formation: Magmat. Form., Meta-
morf., Metallogen. Urala, Tr. Ural. Petrogr. Soveshch., 2nd
(pub. 1968), 6, 17-22 (in Russian) Edited by Dunaev, V.A. Akad.
Nauk SSSR, Ural. Filial: Sverdlovsk, U.S.S.R. o
Essentially the seme material as in next abstract. (ER)

VERTUSHKOV, G.N., 1968b, Composition of gas-liquid inclusions in quartz
as an exploration index in prospecting for vein mineral deposits.
Tr. Sverdlovsk. Gorn. Inst. 1968, No. 5%, 96-109 (in Russian) (Author
at Sverdlovsk. Gorn. Inst. in Vakhrusheva, Sverdlovsk, USSR).

Water and COp are the main components of inclwions in quartz.
They make 90-5% of the tdhl inclusion and their molar ratio of Hz0/COp
oc Vyo/Vee, 1in gaseous state are controlled by the temp. and pressure.
Viyee / Vo, was detd., during the last 3 years, in 2500 samples of
quartz r7#6m various Ural deposits. It varied 0.5-10 with the predomi-
nant values at 1-5. The detn. of the ratio for the same quartz by
closed tube method depended on the grain size of the sample: the larger
the grain diam. the higher is the ratio. The scattering of the V O/
Vo, values depended on the degree of metamorp_hic alteration: tﬁ?
higner the metamorphic grade the more heterogeneous were the gas-li%.
inclusions. The V. ./V of inclusions in quartz did not depend O

H-0" "COp

the chem. compn. of rocks cut by quartz veins. In the ore-free quartz
veins, ‘this ratio depends on the metamorphic grade of rocks cut by
guartz veins: the VH‘O/VCO ratio in veins situated in migmatites,
amphibolites, and %2 2 greenstone rocks were on the av. 1.5,
2.4 and 5 resp. In ore veins, the VH O/VCO was somewhat lower than
a general background detd. from ore-" 2 2 free veins. The compn.
of solns. in inclusions depended only on the temp. of geochem. pro-
cesses. The depths of mineralization affected only VH 0 VCo .
According to this ratio, the mineralizing solns. were 2 2 gimilar
for quartz from various areas in U.S.S.R. This indicated that after
reaching a crit. value of pressure (350-L00 atm.), the geochem. pro-
cesses in the earth's crust are controlled by temp. and depend little
on the depths of their occurrence. The compn. of gas-lig. inclusions,
detd. in quartz by closed tube methods, provides sufficiently accurate
information on mineralizing solns. This information can be used to
outline more accurately the genesis of mineral deposits and in many
cases ashexploration criterion. (C.A. 73 (4) p. 116 (Aug. 24, 1970))

VERTUSHKOV, G.N. and EMLIN, E.F., 1968, Determination of composition
of gas-liquid inclusions in quartz using a "closed tube" -type appar-
atus: Tr, Sverdlovsk. Gorn. Inst. 1968, No. 53, 88-95 (in Russian).

The closed tube app., devised by V., was used for 3 years in detn.
of compn. of gas-lig. inclusions. The main part of the app. (quartz
tube) is connected hermetically with a Hg mqnometer and a vacuum pump.
The sample is set into tube, the air is pumped out, and the tube is
heated «700-800°, The gas-1id. inclusions are opened, during heating,
and the pressure, created by gases and water vapors liberated from
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inclusions, is detd. The tube then is cooled in a mixt. at -20 to
-60°. The water vapor pressure sharply decreases and the excess water
condenses on the wall of the tube. The content of water, liberated
from gas-1liq. inclusions, is detd. from the drop in pressure. The
immersion of the tube into a cooling mixt. at an even lower temp.
(-100°) decreases the pressure in the tube by condensation of COz.

The temp.-induced compression of gases, naturally, is considered
during calens. The app. provides for detn. of total ami. of gases and
vapors in inclusions. detg. the compn. of the mixt., and ylelds data
for plotting a pressure-temp. diagram for the mineral reflecting its
genetic characteristics. The detn. of minZeral dissocn. temp. can

be used for identification of the mineral if dissocn. is accompanied
by liberationfgas. The method of calen., possible errors, effect of
errors on the results of anal. and methods for prevention of errors
sre described. (C.A. 73 (4) p. 116 (Aug. 2k, 1970)).

VORONOI, E.E., 1967, Possibility of inorganic synthesis of methane
and gaseous hydrocarbons in the earth's crust: Geol. Geokhim.
Goryuch. Iskop., no. 9, p. 70-81 (in Russian).

VOVK, P.K., and VOZNYAK, D.K., 1967, Complex carbon dioxide inclu-
sions in albite crystals: Geol. Geokhim. Goryuch. Iskop., no. 9,
p. 82-87 (in Russian).

ILarge H0-COs inclusions are described and water extracts were

analyzed. Some methane-series hydrocarbons were detec_ted on crush-
ing in vacuum. (ER)

WEERTMAN, J., 1968, Bubble coalescence in ice as a tool for the study
of its deformation history; Cold Regions Research and Engineering
Laboratory, Research Report 251, 5 pp.

An analysis is made of the rate of bubble coalescence in s deform-
ing ice mass. A total strain of at least 8 is required before apprec-
iable coalescence occurs. The analysis has been applied to deforming
ice shelves and ice sheets. No appreciable coalescence is expected in
ice shelves but coalescence should occur in ice sheets (or glaciers) if
the shear strain rate at the bottom surface is of the order of 0.075/

yr or larger. Measurements of bubble concentration are capable of
setting limits on palec-strain rates of the present ice sheets. Bubble
migration down temperature gradients presents complications to the study
of bubble coalescence. (Author's abstract)

WHITE, D.E., 1968, Fnvironments of generation of some base-metal ore
deposits: Econ. Geology, v. 63, p. 301-335.

An extensive review of the literature on the environment of ore-
deposition, based on five districts as examples. The essential datsa
vere obtained largely by analysis of fluid inclusions in ore and
gangue mirerals (three mining districts), and of existing thermal
fluids (two active high-metal-bearing hydrothermal systems). (E.R.)

WHITE, D.E., 1969, Thermal and minersl waters of the United States-
brief review of possible origins: Internat. Geol. Cong., 23rd, Reports,
v. 19, Mineral and thermal waters of the world; B- oversea countries:
Prague, Academia Press, p. 269-286.
This is a good review of Whitefs ideas on the interrelationships
of various types of waters, and their relation to fluid inclusion data (ER).
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WILCOX, W.R., 1968, Removing inclusions from crystals by gradient
techniques: Indust. Eng. Chem. v. 60, no. 3, p. 13-23,

An extensive review, with 111 references, of the host of new
phenomena and the possibilities of effective industrial application of
the movement of fluid inclusions in crystals, particularly by thermal
gradients. (ER)

WILCOX, W. R., l969f Fractional solidification phenomena: Separation
Science, v. 4, pt. b, p- 95-109 (author at University of Southern
California and the Aerospace Corporation, Los Angeles, California).

Zone melting of organic compounds was observed under the microscope.
A host of phenomena were noted that can greatly affect the separation
attained in a fractional-solidification operation. Liquid and gaseous
inclusions moved toward the melt in some systems and farther into the
solid in other situations. Sometimes impure melt was sucked into the
frozen solid through cracks. Insoluble foreign particles were both
bounced and incorporated by freezing interfaces of camphor and anthra-
cene. Oscillations in interface position were caused by irregqular free
connection both inside and outside the sample cells. Bubbles in the
melt sometimes caused agitation of the melt and other times selective
growth of a volatile component. Bulk drainage and falling crystals
from horizontal melting interfaces were observed. During melting of
camphor-anthracene mixtures some anthracene platelets grew larger.
(Author's abstract.) Note: The many phenomena observed are pertinent
to the problems of the origin of many natural inclusions. The new
zone-melting device (described)could also be useful. (ER)

WILCOX, W.R., 19697 Anomalous gas-liquid inclusion movement: Ind. Eng.
Chem., v. 61, no. 3, p. 76-77.

W presents evidence that some inclusions move away from the heat
source rather than toward 1t during temperature gradient processes for
removing gas and liquid inclusions from crystals. He concludes that
surface tension effects resulting from concentration gradients set up
by evaporation and condensation cause the reverse movement. Of pertinence
to studies of inclusions in soluble minerals. (ER)

YAJIMA, Junkichi, 1969, Fundamental research on fluid inclusions in
minerals: Kozan Chishitsu v. 19, no. 98, p. 376~388 (in Japanese), Arcu.cw

YAKOVLEV,Ya.V. and LEBEDEV, P.P., 1968, Formation temperature of cassi-
terite-fluorite~-tourmaline-quartz veins in the Deputat deposit in
Mineralogical Thermometry and Barometry, N.P. Ermakov, ed., v. 2, New
methods and results of investigations of the conditions of ore forma-
tion: Moscow, "Nauka" Press, p. 162-168, (in Russian).

Homogenization (into the liquid phase) at temperatures of 145-
355°C was measured on inclusions in tourmaline, quartz, cassiterite,
fluorite and siderite. (ER).

YASINSKAYA, A.A., 1967, Inclusions in stony meteorities: Mineralog.
Sbornik L'vov Gos. Univ. v. 21, p. 278-281 (in Russian). Author at
Ivan Frank Gos. Univ., L'vov. (See Translations Section).

YODER, H.S. Jr., 1969 , Phlogopite-Hz0-COp: An example of the multi-
component gas problem, in Annual Rept. of the Director, Geophysical
Laboratory, Carnegie Inst. of Washington Yearbook 68, p. 236-2L0 (plus
plate following p. 356).

Several types of inclusions were found in synthetic forsterite
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crystals formed in the systems phlogopite-Hz0 and phlogopite Hz0-COo
(pressure, 10kb.; temp. 1225°C). The phases present at room tempera-
ture are glass, liquid water, liquid COp, vapor and several crystalline
phases (daughter minerals?),"It was hoped that the study of the inclusions
would aid in defining the nature of the fluid in both major assemblages.
However, the wide variety of inclusions, the uncertainty of conditions
under which the inclusions were incorporated in the growing crystal,
i.e. during run-up or under the run conditions, the heterogeneous
distribution of inclusions within and between crystals, and the chang=-
ing of the immediate chemical environment about the growing crystal
cast doubts on interpretation. Both fosterite and phlogopite grow ex-
ceptionally fast relative to other silicates in the laboratory, and yet
one commonly entraps the surrounding fluid and the other does not.
These phenomena of crystal growth preclude a definitive conclusion on
the character of the fluid phase at the present state of knowledge.
Similar difficulties arise fmm the interpretation of the variety of
some of the fluid inclusions found in rgﬁgs from Ascension Island
(Roedder and Coombs,1967)." (p. 239). [ THe author does not mention,
however, that although the inclusions in - his products may indeed
represent transient or local conditions (such as the rapid growth of
crystals during the heat-up of the bomb), most natural ¢rystals, and
their inclusions, do not form under such extremely variable and dis-
equilibrium conditions. (ER)
YUDIN, I.M., 1968, Temperature conditions and the formation sequence
of endogenic ores of the Kounrad deposit, in Mineralcgical Thermometry
and Barometry, N.P. Ermekov, ed., v.2, New methods and results of '.. H
investigations of the conditions of ore formation: Moscow, "Nauka'
Press, p. 174-18% (in Russian).

Several stages in the paragenesis each give decreasing homogeni-
zation (or decrepitation) temperatures from 470° to 150°.
Horizontal temperature zonging was also detected. (ER).

YUSHKIN, N.P.,, 1968, Mineralogy and paragenesis of native sulfur 4n
exogenic deposits: Leningrad, "Neuka' Press 187pp. (in Russian).
Considerable discussion of the morphology and growth phenomena
of sulfur crystals and 5 pages (70-74) on their inclusions, Includes
3 analyses of inclusions for (Na + K), Ca, Mg, Fe, Cl, SO, HCOgq,
HsS, COp, and pH (E.R.)
YUSHKIN, N.P. and SREBRODOL'SKII, B.I., 1965, Study of the compo-
sition of liquid inclusions in crystals of native sulfur: L'vov.
Gos. Univ., Mineralog. Sbornik, v. 19, p. 229-2%6. (In Russian}
authors at Syktyvkar. Inst. Geol., Komi Filial Akad. Nauk S.S.S.R.
L'vov Gos. Univ. named for Ivan Franko), (See Translations Sectionj.

ZATSIKHA, B.V., 1968, Formation conditions of fluorite in pegmatites
of the Kamennye Mogily granite massif (Azov Sea region), in Mineral-
ogical Thermometry and Barometry, N.P. Ermakov, ed., v.2, New methods
and results of investigations of the conditions of ore formation:
Moscow, "Nauka" Press, p. 219-22% (in Russian)

Primary fluid inclusions associated with specific growth zones
show that these fluorites crystallized first as cubes at 320-340°,
then formed cubooctahedrons at 125-128°, then cubes again at 145-155°C.
Daughter crystals of annhydrite are reported, and pH dets. on leach
solutions (5.0-6.2). (ER)
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ZATSIKHA, B.V. and VOVK, P.K., 196G, On calcites from {he boundsry of
the Donbas with the Azov area: Akad. Nauk Ukr. RSR Dopovidi, v. 31,
nc. 7, p. 586-588 (in Ukrainian).

A study of the crystal forms and change in habit of the calcite
erystals. Homogenization of the gas-liguid inelusions occurs et 125~
60°C. (E.R.)

ZATSIKHA, B.V., ZARITSKII, A.I., and STREMOVSKII, A.M., 1967,
Study of the nature of hydrothermal mineralizaticn of the connect-
ing zone of the Donbass with the near-Azov: Geol. Geoklilm. Goryuch.
Iskou., no. 9, ». 127-145 (in Russian)., Fluid inclusion homogeni-
zation tewperatures, six analyses of water leaches for 8 constilu-
ents and 4 analyses of gases for 9 constituents.{Ee)
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Ttems presented here are selected on the basis of 1) availabil-
ity of translaetion, 2) signiTicence to inclusion research, 3) lack
of publication elsewhere, and 4} date of publication. Some older
items are thus inceluded where particularly significant. Phobographs
de not reproduce well and are nol locluded, but the photo caption
translations are given. Fd.

ARKHIPCHUK, R.Z., and LYSAK, G.I., 1968, Temperature types of fluorite
deposits of the Chikol ¢lucrite district, western Transbaikailia (abst. }:
Abstracts of Reports of Third All-Union Conference on Mineralogical
Thermobaromelry, Moscew, Sepb. 9-15, 1668, p. 172-17h4. Authors at

L'vov University.

The Chikoi fluorite districl includes the fluorite deposits of
Nijnechikei, Chikoi, Pyavrotinsky, Novopavloveky-2, Novopavlovsky-1,
Virkheveky and Kameh=vshy. They lie in a zone of Caledonian folds
and aro contrclled by the grano-syenite stocks of the Guzirsky
intrusive complex () T-1. and by NE-striking deep fractures.
Thermopmetric methods (Friakov, 1950) were applied to the study of

the conditions of fomeation of these deposits. These studies show
that the formation «f ores and the composition of ming.'-forming
scluticons may be clascified, as follows, according to the temperature:
hich temperaturs vnoimatolytic to hydrothermal soluticus (A20°-145°C),
Hovopavlovsxy-£ deposit; medium temperature nydrotlermal sclutions
(310°-190°C), i inechikoi deposit; and low Lemperature hydrothernal
solutions, (£20°-1%25°C), Povorotinsky and other deposits.

The geological situation and the coourrence of Lhe dervosits ot
different tempsrature types are not identicul.

The high- and middle-temperature deposits lie fwmediately within
the grano-syenite stocks of the Guzirsky complax, on their ouker
contacts. The ore bodigs of these depositc have a [-0 strike and

a dip of £0°-80° toward east., On the basis of mini:l composition
they belong to the barite-quartz-flucrite tyee. 7o Inelusions
and polyphase inclusions with liquid 00, and rarely also with solid
phases are characteristic of the minerals o« f the early astage of
mineralization in the high temperature ore deposits.

Fluorite and quartz from middle tempersture deposits contain fluid
inclusions and rarely three-phase inclusions with liguid COs5.
On heating all the inclusions homogenize in the liguid phase.

The low temperature deposits lie between the granites and syenites
of Thidinsky complex (P71) at & distince of § km from the surface
outd<rop of the Guzirsky complex. A NE strike of the veins and a
dip of £0°-70° toward the 5& is characteristic of these ore bodies.
According to the minersl compoétion these belong to the quartz-
fluorite type (Chikoi and Povorotinsky) and to the barite-quartz-
flucrite type (Novopavlovsky-l)}. A druse texture is typical for
the fluorite veins and morecver there occur very often chalcedony
4 also porcelain type quartz and hexsgonal gquartz. Mostly primary
inclusions with only twe phases were found in all generations of
fluorite of the investigated {low temperature) deposits. At room
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temperature the inclusions contained about 90 % volume percent of
aqueous solution and 10% gas. On heating they homogenize in the
llquld phase at the following temperatures‘ 178°-170°C (Chikoi);
£00°-135°C (Povorotinsky); 178°-145°C (Novopavlovsky-=1l). The age
relationship between the deposits ot different temperature. types is
not exactly determinable. But on the basis of the min€ve] composi-
tion and the uniform succession of deposition of minerals, it can
be assumed that the high, middle, and low temperature deposits of
thie Chikoi fluorite district have an identical age of mineraliza-
tion, even though differences in the temperature of crystallaatlon
between minerals and the differences in the distribution of ore
bodies exist. Translated by Asoke Lahiry.

BALITSKII, V.S., SAMOILOVICH, M.I., NOVOZHILOV, A.I., and STUPAKOV,
G.P., 1966, On the influence of temperature conditions of formation
of quartz on the content of the structural aluminum impurity:
Mineralog. Sbornik L'vov Gosudarst. Univ. v. 20, p. 420-434 (in
Russian); authors at V.N.I.I.S.I.M.3., Ministry of Geology, U.S.S5.R.

A study of formation temperatures of quartz crystals
from Central Kazakhstan by the method of inclusion homogenization
was carried out. The same crystals were studied by EPR (electron
paramagnetic resonance) method. It has been determined that the
content of structural impurity in quartz decreases with the fall of
the crystalllzatlonItemperaturu A similar dependence is found for
a structural tltan impurity in series of pegmatitesA.Tvr-r3' ol o

Attempts to estimate the influence of temperature conditicns of
the crystallization of quartz on the entry of structural admixtures
of aluminum were undertaken recently by Kamentsev (2). As the result
of precision determinations of the unit cell parameters of quartz,
Kamentsev came to the conclusion that on lowering the temperature
cf crystallization of quartz, the content in it of structural admix-
tures of aluminum is increased.

We undertook experiments to determine by another method of
study the effect of temperature of formation of quartz on the entry
of admixtures of aluminum and titanium. The object of the studies
was crystals of quartz from the well-studied pegmatites of Central
Kazakhstan (Kent, Bektauata, and Akzhailyau). The temperature
conditions of crystallization of the quartz were determined by the
method of homogenization of gas-liguid inclusions: the character of
changes by the structural admixture of aluminum and titanium was de-
termined by the method of electron paramagnetic resonance (E.P.R.).

A general feature of the crystals studied is their polyzonal
structure, which is well emphasized by the alternation of different-
ly colored zones of growth. Most abundant is smoky color: at
Akzhailyau and Bektauata there occur relatively often crystals with
zones of growth of golden-yellow color (citrine), and at Kent -

a rose color with a violet tint (amethystine quartz).

In the distribution of the main zones of growth of the quartz,
strict regularities were observed. The very earliest zones often
consisted of the so-called "honeycomb" quartz, which at Bektaﬁ@a and
Akzhailyau has, as a rule, a pale- or dark-gray color with a slight
smoky tint. At Kent "honeycomb" quartz of dense smoky color occurs.

"Honeycomb" quartz (sometimes with notable discontinuities)
alternates with zones of crystal (Akzhailyau) or amethystine quartz
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(Kent), after which there follows a zone of smoky quartz having max-
imum development, and further a zone of citrine. The latest zone
consists of colorless or white quartz. Crystals with all the zones
noted occur much more rarely than crystals in which part of the
zones (especially the early ones) are omitted.

The temperature conditions of the individual zones of growth of
the crystals from different pegmatite fields are rather similar and
are compared in Table 1, including generalized data of L. Sh.
Bazarov, A.I. Zakharchenko, V.N. Trufanov, and F.P. Mel'nikov, and
our observations.

Table 1 (p. 431)

Temperature of formetion of different zones of growth of quartz
crystals (°C)
No. of Pegmatite field
zone of Characteristics of zone
srowth Kent Bektauata | Akzhailyau
1 "Honeycomb" quartz 600-550] 620-510 500-420
2 Crystals (or rose guartz) 570-520
3 Smoky quartz 520-350 510 380-250
L Citrine ~260-200 250-200
5 Transparent or white
crust of the edge of
the crystal 100-250] 260-180 150-100

As seen from the table, the "honeycomb" quartz is the highest
temperature; it is characterized by fracturing and twinning, which
must owe their origin to the formation of paramorphs of 42 -quartz
after &-quartz (1). Each consecutive zone is characterized by
lower temperature of formation, such that differences in the temp-
eratures of crystallization of early "honeycomb" quartz and late
quartz of the edge of the crystal are 500 to 400°C. It is interest-
ing that the pressure at the moment of crystallization in this series
of zones (according to the data of Bazarov and Trufanov) falls from
T00-500 to 100-35 atm.

Estimates of the content of structural admixtures of aluminum
in different zones of quartz were made by comparison of the relative
intensities of the lines in E.P.R. spectra. It is known that the
centers of smoky coloration in quartz, originating under the action
of ionizing radiation, are assoclated with holes, localized at +h
"defective" tetrahedra, in which Al - ions isomorphously replace Si
ions (4,6). The E.P.R. spectra of such crystels consist of 6
groups of 6 lines and are described by g-tensors of axial symmetry.
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Phe axes of symrelry of the g-tensors, directed aloug the direction
5i-531, which are six in a single cell, which expleins the presence
off six groups of linvs (h,6)}. Fach line iu spliffinto six by the
hypertine interaction with the nucleus of Lhe Isolope <Ual (epin of
nuclovs Te= 5/2, content 100%).  Admixztures of alurdram in quactz can
culer both structurally (isomorphism with silicon) and also nou-
chruc turally (in the form Oi‘ injection of othor phases, inelusions,
a. ). The nf the smely rol(‘w'«+-r'r1 sre forred only at

1

wl‘:ereb; the 1ngens Lol Lnvie
soentrur (et slipht HPNE ' Tiae:
Le ho zamvie) 1o aprroximately ‘oral nters
™

of srructural alumdrmun, i.-_-omcr;.,houblj cogilicon, ‘_]‘}--\-zr-r_-_el'u}_.-",
4 oie well known, univalent dons (TiT, Ba®, M) are Jocatod in the
cteuetural canals ol quartz for charge compenaatiorn,

photc_rr,}‘a'p}:y off the ¥, P.i. specta o 1i0forent sooen of

of guarty, samples were selectod of spproximalel) Lio same
below all magnitudes are glven per unit wedght ). In the
ants hhero wps aot s orjentations of the crystalle-
5 oof Lhe cample relative to the dirsction off the vagnetlic
it Vessurements of the intens ity ¢of the EZLP.R. signal of the
cmoky center in all samples were mece tw! oo befors andg afier Irrad-
iation by y-rays (usource ©0Co, € x 100r. ). The results are given in
Table 2 and Fig. 1(a,b}. As is seen, tke original smoky colur of
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Fig. 1. Measurement of intensity of signal of EPR center in crystals
of quartz, depending on the temperature of formation: (a) in
pegmatites of Kent, (b} in pegmatites of Akzhallyau.

different zones and, consequently, the intensity of the I.P.R. signal
from the Al-centers does not reflect the true content of structurally
admixed aluminum. In the studied samples the depth of coloratinn of
the outer zone (up to the zone of citrine quartzg after irradiation
became considerably more intense then previously. In Table Z and in
Fig. 1, the zones of quartz are arranged in the order of their
sequential deposition, and reflect the regular change of the temperatures
of formation of the crystal. As the temperature of crystallization
decreases, the content in the quartz of structural admixture of
aluminum decreases considerably, although the total amount of alumi-
num, as Judged by precision spectrographic analysis of zoned
erystals of gquartz (made at GIREDMET), increases from the early to
the late by 2-% fold.

In quartz from the Kent and Bektauate pegmatites, along with the
centers of smoky color there are observed lines in the E.P.R.
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spectrum, associated with electron Ti-centers, formed under the action
of ionizing radiation. These centers are electronsi localized at
"defect" tetrabedra, in which Ti*™ ions replaced Si 4. These centers
were Tirst observed and studied by the E.P.R. method in rose quartz
(7). As charge compensation here ions can serve (Na%t, Li+,H+), in
distinction from smoky centers which are not formed if the ion com-
pensator is hydrogen(5). A large part of such Ti-centers have alkali
ions (Lit+ or Nat) as ion compensators, so that one can assume that
for most of the structural alumimum, alkali metals (Li, Na) serve as
ion compensators. It is interesting that for quartz from the
Bektauvata pegmatite the content of structural admixture of titanium
also increases with increase of the temperature of formation of the
crystals. However, for quartz of the Kent pegmatite this dependence
is not noted.

For more detailed characterization of the structural admixtures
of aluminum and titanium in quartz, a polyzonal crystal from the
Bektauata pegmatite was selected. In this crystal, in the main zones
of "honeycomb" and smoky quartz there were observed many fine zones
of growth, from which sixteen samples were selected ( 2 from the
zones of "honeycomb" quartz and 14 from the zone of smoky quartz).
Study of these samplgs by the E.P.R. method showed distinetly a
general tendeney towrds decrease of the temperature of crystalliza-
tion of the quartz (Fig. 2).

IR 'S

Zonge UF Zuq/fz
[

ST SO Y
- L

TaT
2 4 6 8 1012 M4 f6 M 2

Fig. 2 (p. 433%). Variation of intensity of signal of EPR-centers in
polyzonal crystals of quartz from the Bektausta pegmatite.
Ordinate - zone of quartz.

Thus, study by the method of homogenization of inclusions of
temperature conditions of formation of crystals of quartz from
crystal-bearing pegmatites of Central Kazakhstan, in connection with
studies of the same samples by the E.P.R. method, permitted us to
establish that with decrease of the temperatures of crystallization,
the content of structural admixture of aluminum in quartz decreases
substantially. The total content of aluminum in the crystal increases
in this direction (probably at the expense of non-structural ad-
mixtures of inclusions of aluminosilicates). Anaslogous conclusions
were reached by V.E. Khadzhi on the basis of optical study of
Volynian quartsz.
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Table

2 (p. 432). Relative intensities of signal of E.P.R. of Al-
and Ti-centers in quartz from pegmatites of Central Kazakhstan

Besides the structural admixture of aluminum in the crystals

« Sic (1Ed)

Relative intensities of signals
of EPR (before and after
irradiation)

No.
of Characteristics of zone Kent Bektauata Akzhailyau
zones
Iﬁl ITi IAl I:'I'i IAl ITi
1 Colorless or white
quartz o/kd] 0/0 0/25 0/0 - --
&
2 | Citrine quartz 7/6% 0/40 | 6/100 0.0 | 10/6% 0/0
3 Smoky quartz
(deeply colored) 20/750/12 | -- o/so | 12/79 0/0
L4 | Smoky quartz .
(slightly colored) e Jeo | 3/10.51 20/175] 60/175| -~ -
5 Rose quartz or N x
crystals 37| 1e.50 | L/150] 15/200] -~ --
6 | "Honeycomb" gquartz ——} -- L/200} 15/200 -1 --

from Kent and Bektauata, structural titanium has been found, the
content of which in the quartz from Bektauata decreases with tempera-
ture of formaetion of the quartz.
Other factors also show an influence on the entry into crystals
of quartz of structural admixture of aluminum (composition of mineral-
forming solution, their aggregate state, the pH of the medium, etc.).

Nevertheless, according to the data of V.E. Khadzhi, studying the

micro-isomorphism of aluminum in synthetic crystals of quartz grown
under fixed conditions, the amount of structural aluminum (at

constant content of it in the system) is determined first of all
by the temperature and speed of crystallization.
of structural aluminum in the synthetic crystals increases with

increase of the temperature of crystallization.

Increase of the

Thereby the content

speed of growth of the crystals has a negative influence on the entry

inte them of structural aluminum. The formation of natural quartz

from the early zone of growth to the later pr:soceeded, as was shown
above, under conditions of substantially decreasing temperature and

pressure.

Thereby with over-all small velocity of growth of the

natural crystals (5), and also according to other considerations, the
growth of the late zones was relatively less than that of the
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earlier zones, However, despite this, the content of structural
aluminum in the late quartz is m any times less thean in the early
quartz. This egain confirms that the main factor determining the
entry of aluminum into the structure of natural quartz, is the temp-
erature of its crystallization.
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DOLGOV, Yu.A., 1968, Pressures and temperatures in the process of
formation of chambered pegmatites: Doklady Akad. Nauk S.S.S.R., v.
178, p. 1171-1174 (in Russian).

Studies of the temperature of mineral formation by means of the
homogenization of inZclusions in minerals has become an effective
method for the determination of the minimum temperature regime of
mineral formation of various post-magmatic deposits, including peg-
matites. Determinations of pressure are few. This is explained by
the difficulties in determination of the composition of the inclu-
sions, and mainly, the quantitative contents of salts and COy,, which
are the main components, after water, of the system. The second dif-
ficulty is the impossibility of accurate measurement of the total vol-
ume of inclusions or irregular forms and of the volume of the phases
included in them. The development of new methods of study of inclu-
sions and the finding of forms of inclusionsin topaz very satisfact-
ory for thelr accurate measurement permitted us to solve both these
problems. To measure the temperature and pressure, we used a group
of plane pseudosecondary inclusions (Fig. 1). The parallel nature of
the walls of the inclusion is confirmed by the constancy off the widths
of the bands of complete internal reflections (i.e., interferometry?).
The pseduosecondary inclusions are located in healed fractures of the
topaz crystals. In correspondence with experiments (1), the fractures
in crystals of topaz are formed during sudden cooling of plates and
crystals, mostly in the direction of the perfect cleavage on the
pinacoid (001). Fractures obtained by sudden cooling do not, in
most cases, have & healed character and encompass zones of various
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of homcecrization. A groun of e lacicens 30 froaocbures ol Jidferant
Slreen of Tormad jon 16 churscboriceoua by different states orf zolutions
fu Lhe cgritics of the chambered pegmatite.  Studiss of psondosecond-
a0y inclusions show deviatiors from an evelubicnary course of devel-
opment according to temporature, pressure, and composilion of solu-
tion.

Topaz was selected for study in the form of many crystals from
one pegmatite body. In any of the crystals of topaz, thers are re-
corased in the pseudosecondary irelusions the same episofes of changeg
of the state of the solution, associated with ihe adiabatbie enlarpe-
menl of the cavity of the chambered pegmatitc.

According 1o the degree of growth of the {opsz crystals, any
zrwup of pseuduseccudary inclusions corresvonds Lo primary Inclusions,
because the healing of the fractures and the growth of ke crystals
oceurred at the same time and under the same conditions (2). For the
determinaticn of the pressures on the curve of two-phase eguilibrium
corresponding to the temperature of homogenization of 1he inclusions,
the following measurersnts were made: (1} temperatures of howeogeni za~
tion of inclusions with accuracy 1-2%; (2) condensation of CO iu the
inclusions at 0°; (3) determination of the temperature of freeging
{thawing) of the salt solutions with accuracy up to 0.17; {(4) determ-
ination of the concentrations of salts by NaCl-equivaleris within the
limits of accuracy of th available handbook experimental data; ()
three~fold planimetric measurement of the area of il phases in the
inclusions with the error, usual in such cases, of *1%. Areal meusure-
ments were used for the volume because the Lhickness of the planar
inclusions were constant. As the result of the measurements, we ob-
tained source data for calculaticn of the pressure correspoading e
the temperature of homogenization, and also datas on the complete con-
tents of COp and salts (in WaCl-equivalents). The total pressure was
calevlated according to Dalton's law (3):

Protal = TH.0 + mac1 * Foo,.
The values of PH O+Nacl YETE taken from the data of Styrikovich and
Khaibullin {4) ¢ nd from the newest experimental data of
Borisov and Khaibyllin ?5); the P from the data of Kennedy (8).
Comparison of the data obtaii 2 ed by wusz Tor pressure with the
experimental shows that the error rarely exceeds 5% of the measured
value. 1In Table 1 ere shown the temperatures of homogenization, the
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Table 1 {p. 1172)

Temp. Concentr. Total P of Tenp. Conceﬁtr. Total P of
hom. of salts wt. homogert. hom. of salts wt. Thomogen.
No. °C wt% COx* atm. No. °C wt. % COz*  atm.
1 260 26.2 3,80 260 10 710 26.2 7,69 2908
2 400 26.2 4,03 L35 17 290 26.2 2.65 255
3 P60 26.3 2.82 o7 18 300 L2 z.29 28y
L 200 p6.2 2.93% 227 19 280 6.2 L. €C  %eb
5 300 26,2 1.64 o4l 20 295  26.2 L,ohb  a48
6 330 26.¢ 3.09 317 21 hos  26.2 1.65 354
7 290 26.2 3.65 276 20 hos  26.2 1.82 43
8 260 26.2 2.71 281 23 325  26.2 .45 2%}
g 280 26.% 3.18 25% oh 4os  26.2 Lo7o  2Gt
1 305 26.2 (.99 285 25 0 pb.2 6.6z 285
11 280 26.2 [.01 o7h 26 Lpo 26.0 2.9% 415
12 300 26.73 7.5% 292 27 hho o 26.2 .03 WO
1% 220 26.0 2.57 231 28 hhe 6.2 .67 7%
14 210 2F. 2 7-47 327 29 oo  eh.2 1,17 3G
15 270 26,2 L.16 30k 30 300 26.2 boorro =)y,

* Jditor's note - Fig. 1 shows & much higher amount of liguid CUg.

total vcontent of COn, the concentration of salts in Nall-equiwvalents,
and the calculated pressures, corresponding to temperatire of homogen-
ization.

The dats given permit one to assert:

1. The temperatures of healing cof fractures in topaz and Lrap-
sing pseudosecondsry inclusions in them had a minimum interval of
tzmperature on the curve of two-phase equilibrium of Z60 1o L40°.

2. All inclusions homogenized in the gas phase. In this
cas2 the correcticon of temperstures for presswre is large, even for
small changes of pressure. The capture of inclusions can be accomp-
lizihed at relatively large superheat under isochoric cenditions;
however, the pressures for inclusions with low density were changed
slightly,

%. The ranges of minimum pressure on the curve of two-phase
equiltisrium, corresponding to the temperature of homogonization, is
230-530 atwm.

As chown on the graph {Fig. 2), the temperatures supd pressures
of homosenization show that they are all, without exception, located
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tial change of the state of the system. The greatest change is reg-
istered for the inclusions of field 3. The low temperatures are
united with low pressures and density of the solution. Together with
this, there are observed relatively high contents of COp. This feature
is explained by the sharp difference in volatility of COz and water.
From the pore space of the rocks surrounding the pegmatite, the solu-
tions will be transported into the region of lower pressure (chamber)
until there arises an equilibrium pressure between rocks and the
chamber. The process of transfer of the water-COp mixture is accomp-
lished in accord with the volatility of the components of the mix-
ture. The volatilities will characterize the tendency of the compon-
ent to escape from the given phase.

For the temperature L00O° the volatility of water equals 200 at-
mospheres, that of CO, 600 atm. With large drops in pressure equil-
ibrium will be established at the expense of the predominating entry
into the region of low pressures of the more volatile component--
COz. Predominance of COp is observed for inclusions of region 3.

For fields 2 and 1 the content of COs is less; the temperatures,
pressures, and densities of solutions are higher than correspond to
tl.e smaller magnitude of the adiabatic expansion. The close position
of the inclusions of fields 1 and 2 to the curve of two-phase equil-
ibrium of pure water also is confirmed by the low content of CO- and
the small deviation from the evolutionary state. Surveys of tempera-
ture, pressure, and contents of the main components in the system
were made in a pegmatite field, from which about two tons of crystals
of topaz were found (Volynia, Ukr. S.S.R.). The high speed of cryst-
allization is explained by the episodic drops of temperature, the
cause of which i1s the adiabatic expansion. The sharp acceleration of
recrystallization under natural conditions, as well as in laboratory
and industrial experiments, is attained as the result of the effect
of temperature decrease. The decreases of pressure found also un-
doubtedly promote mass transfer and increase the speed of growth of
the crystals (9). The adiabatic expansion of any developing cavity
space in the Earth's crust, in distinction from isochoric conditions
of growth, lead to sharp disturbance of the evolutionary heat trans-
fer and mass transfer, and also assists the acceleration of recrystal-
lizaetion and localization of mineral matter.
Received 9-20-1966
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IKORSKII, S.V., 1966, Inlusions of villiamumite and their ccunection
with organic matter in rock-Torwming winevals of the hibioa massif:
Geokhimiya 1966, No. &, p. 1002-1003 (in Russian). (Author at Geol.
Tust., Kolg Filial, Acad. Sei. USSR, Ap&titw.) Abhstract pub. in
Geochen, Inlernat., v.3%, no. 4, p. 791.

Villiavmite (HaF) is a characteristis typomorviic o' bueeiies-
containing mineral of sgpaitic alkalic rocks (1), T 1he opizion
of Kogarko (1), who studisd the sopditicns of formabion o i lian-
mite in nepheline syoenites, tThe crystallization o ibis princens
creurrsd Crorm residoesl zolutions eneicbed in fluceiw:, ob the Losh-nae-
matie shazye, Sranciticnal tovards the hyarotborersl (207

aring Lhe ztudy of inclusicons of hydrocarpons
mineralc off Yhibina, it was Sound that oo i
ipnslusions o Haf. Observavions were mice urt e

rolicbog suntions (herti of & millimetor
: inlt sl magnificortions off LEG-00G 1o
copvained inslucions in bhe Pialt o of thedr lowinegoei: zeed
Llhae-  ani ulbtre-viclel Lisbt, was carviced cab oo b hanlogoor
microscone LT oang on oo plerogaone MIN-o LR Laminesoccnb acrangiie-
mert Cl-U7. 0 Yo cliserve the iactvsions in o the procos. of Ledng Licotod
te OG0, tbess was used a nicpoilnrmechamber witl eonlact waenliog oL
Livo colsr i snd watop-cocling of Lhe frame.  Defore otady e Lluoc~ wnd
nltea-violol Tieli and il o ccothermoo hamber, the nolicned lates
winersls wer: remeved Wil chloroform from Lie oojeehive ntago
woashod witio aleohel.
iooisions o1l iliianedit were first fowed Lo owdialyte
atd pecherin: o o porpahice, crourring in trachyte-cive viibinttes.
Prewicnsly, in Lhe winweals of those pegmatites, Lhare wore gtadiod
inciusions of bydrocarbon gacon and bitumena (b}, On fucthcs chservas
bion, fnclusions of dad were fcusi in nervheline  of wetifos, selocted
at diifecent rarte of the smascir (Kukisvumchorr dt., Suclusiv #t.,
Kuc l'ooe ML, Pasvunchore ML) Tror the resulte of stadr of agueons
cutposots, the neesencs of vilitaweite was sstablished Ta nevheliine
o whiltindts, Toyaite, and riociorrite.

Tao wdial e villienuite ceours in the form of indspendent ders
osits oy ar dauwshter crystai- vidligumite in the cavitiss of multi-
vhass fnolusions (gastbitnesdaushter crystal ). In the ~rynta)

"hene” the inclusicns are lovated in zones, golng in varicus directions,
Gr oerd asceiatsd with the olesvace direction in endislybe. 1o the

gave yepes intergrowths of crystallites of asgirine and pas inclusicons
ar. ususlly presont.  The form of the independent deposits of villiau-
mite is rounded, sometimes bounded by irregular or smecth cutlines, of
size up o 0.1 mm. (Fig. 1). ¢fton on the surface of the inclusions

Thiok
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Fig. L {1, 1002a). Tnpeclusicos of villiaumite in eudialyle of pegmatite.
{2} ~ greup of swmall inclusicns of villiaumite (B) and gas (x260);
{b) - cubic crystallites ct villiaumite, adhering 0 inclusions of

aegirine (x 5%). ( R e hnfr)
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abite areosits o the ihibina

of the Fhiibina LT Tuanov,
tundr, VORI, 03,

In nephelipe or wrtite villiswiite forms roundsd or partially
cownded inclusions of size up o 5.00 sm. Yhnose Lneluaslons, 23 &
rule, adhuere Lo prismalic crystals of ocgivine, which ismreinate
nepiled ine, locaved mainly alongs The cleavage dirvections I Lthe crysta
"host" (Fig. %a). Previously there were notedfnephchruz analogous
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cases O8f adherence of similar crystallites of aegirine to gas inclu-~--
sions (6). Sometimes there is observed the adherence of villiaumite

(N* inchd ¢ d Atfe)
Fig. 3 (p. 1002a), Inclusions of villiaumite (B) in nepheline of
urtite. X 350.
(a) Inclusions adhering to crystallite of aegirine;
(b) 1Inclusions adhering to deposits of feldspar(?).

to deposits of an o ptically biaxial mineral (feldspar?), which does
not dissolve in HCl, has lower indices of refraction than nepheline,
and lower birefringence (Fig. 3b).

The index of refraction of villiaumite is somewhat lower than that
of methyl alecohol (1.%29). On introducing water under the cover
glass, villiaumite in opened inclusions is dissolved in 2-% seconds.
Under the microscope, deposits of villiaumite,because of its very low
index of refraction are very similar to gaseous inclusions, but differ
from them in the rose color. In refiected light, reflections are
not observed at the surface of inclusions of villiaumite, unlike
gaseous inclusions.

With the purpose of approximately estimating the number of
inclusions of villiaumite in different minerals F was determined in
agqueous estracts from monomineralic fractions of different samples
of rock. The determim %ion of fluorine was made as follows: A weighed
sample of mineral (10g) was pulverized in a porcelain mortar for 30-
40 minutes, treated in a porcelain dish with several portions of
hot distilled water of total volume 50-70ml. After obtaining on the
centrifuge a solution free from mineral suspension, half of it (25-30
ml.) was diluted with water to a volume of 90 ml., in which F was
determined colormetrically (E.I. Uspenskaya, analyst) by the use of
acid zirconium-alizarin lake) (7). The analyses were completed
directly after centrifuging. The content of F in such diluted vol-
umes of extracts was usually in the range 0.0%-0.99 mg¥. The computed
contents of F (in %) from the weight of sample taken were: for

*¥For control, the determination of F~ in the extract of one
sample of nepheline (sample 2005a) was made both by direct analysis
and also with preliminery distillation of the solution. The contents
of F obtained were 0.84 and 0.80 mg., respectively.

nepheline (13 samples) 0.0074-0.0232, feldspar (8 samples) 0.0006-
0.005%, aegirine (5 samples) 0.003%6-0.0077. 1In two samples of
nepheline (from urtite and ijolite), fluorine was not found.

In eudialyte, where the above-described inclusions of villiaumite

were observed, the content of F- egualled 0.008%. On comparison of
the amounts of fluorine and hydrocarbon gases given off by grinding in
a hermetic ball mill of the same samples of nepheline, a specific
association was found between these two components. As a rule, high
contents of fluorine (0.01-0.02%) are characteristic of samples of

nepheline in which the amount of hydrocarbon gases is close to 100 cu.
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KOPLUS, A.V., KORYTOV, F. Ya.;rPUZANOV, L.S., 1968, New data on the
vertical temperature zoning of fluorite deposits (abst): Abstracts
of Report.of Third Al1-Union Conference on Mineralogical Thermo-
barometry, Moscow, Sept. 9-15, 1968, pb. 198-200. The quartz-
fluorite type and the sujphide-fluorite type deposits have a
great economic importance within the fluorite formation of the
fluorite deposits. These deposits are very widely distributed in
Transhaikal and the central Asiatic region. In past vears they
have been discovered in the Altai mountains also. A detailed study
of the important fluorite deposits of these areas shows that there
exists a similarity in regard to the geological structure and minz
alogical-geochemical conditions of formation. Besides it is
typical that the process of mine¢r.i formation took place in several
stages and that the distribution in space of theparagen.tically
associated mineriz of similar composition shows a reqularity.
Earlier it was believed that a direct pulsation zoning had devel=
oped during the min««wization in the deposits of the quartz-
fluorite type and the sulphide-fluorite type. The new investiga-
tions of the deposits in Transbaikal, central Asia, and the Altai
mountains, however, indicate a reverse zon_ing in most. Such is the
case in the following deposits:
Transbaikal - Kalunguisky Usuglinsky, Khuraisky, Abagaituisky,
Solonechny, “etc.
Altai mountains - Kayanchinsky, Busyginsky, Tayezny, etc.
Central Asia - Agata-Chibargatinsky, Takobsky, Naugarjansky,
Kanimansursky, etc.
In these the minerals of earlier stage of mineralization were
deposittd predominantly in the upper parts of the ore bodies,
whereas the late stage mincéal associations, which consist mainly
of porcelain quartz, sulphides, light colored fluorite and barite,
are found in the deeper(lower) parts of the ov¢ bodies. Similar
reqularities in the distribution of mineral associations deposited
in different period.of time confirm the existence of a revcrse
temperature zoning. According to the resilts of homogenization
temperature measurements, the process of formation of ores took
place between 300° C and 60°C. The major part of the vein
mineralization in the upper parts of the ore bodies occurred
between 300°C-180°C. With increasing depth a decrease in temp:r-
ature of formation of about 10-15°C, rarely 20°C and in individ-
ual cases even about 50°C (Usuglinsky deposit, Transbaikal) per
100 meter is recorded. This reverse vertical temperature zoning
is to be expected in newly opened up deposits of the quartz-
fluorite type and the sulphide-fluorite type in Transbaikal, Altai
and central Asia also. From these facts it is to be expected that
only those fluorite deposits which show a mineral paragenesis of
the earlier stage, deposited relatively at higher temperatures, at
the present surface of erosion are to be considered as good
prospects. Translated by Asoke Lahicy.
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KOVALISHIN, Z.I., 1966, Cher#cteristics of gascous components of some
pegmatites of Volynia, Akad. Nasuk SSR, Issled. prirod. tekh mineral.
Ltvov, 1964, p. 49-5% {pub. 1966).

Study of the genesis of the pegmetites of Volynia is to a con-
siderable degree made difficult by the processes of intensive
kaolinization of both the country rocks and also the vegmatites them-
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biotite-amphibole granites with structures which outline the regmatite
body. In this pegmatite there is punched a verticzl hole of diameter
6 m. and depth 7-8m. In the walls of this hole (Fig. 1) there are

traced the following zones of the pegmatites: (a) the graphic zone of
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Fig. 1 (p. S0}. Schematic drawing of the walls of the hele in the

pegmatite body; (1) biotite-amphibole granite: (Z) graphic zone;
(%) pegmatite zone; (4) block microline; (5) blocky quartz:

{6) nests with crystals of morion; (7) place of selechion oF
sample and thelr numbers; (8) region of crushing; {A) - northurn
wall; (B) eastern wall; (C) southern wall; (D) western wall,

thickness from 5-10 cm. to 0.5 m.; (b) pegmatite zon: (developed in
the lower part); (c) zone of blocky feldspar of thicknuss from 1 to 3
%m.; (d) quartz core of size 6 x 4 wm.

Of major interest is the clarification of the role nlayed by the
volatile components in the process of formation of pegmatltes of this
type. All investigators, even though differing on the method and
source of the formation of pegmatites, assume an important role cf
gases in pegmatite formation {(Fersman , 1940; Zavaritskii, 1947;
Korghinskii, 1953). Several papers have been devoted in recent yeears
to clarifying the cdﬁposition of the gases of pegmalitic processes
{Elinson and Polykovskii, 196la, 1961b).

To study the composition of the gases taking part in the forwation
of a completely differentiated pegmatite, the wethod was used of ex-
tracting them in & spherical vaecuum grinder, followed by collection
in a special apparatus (Kovalishin, 1962) and aﬁlysis in the gas
analyzer V.T.I.-2. During the grinding the gasé% were liberated from
the inclusions, which are relicts of the mineral-forming solution
{Ermakov, 1950; Kalyuzhnyi, 1960). With the aim of establishing
specific regularities in the change if composition of the gases,

samples were taken py.op different-age zones of the pegmatites.
The gas was studied as to its contents of acid gases (CO, +HaS +
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other), CmHn, Oz, Hp, COp, CnHpn+2, N,, and total rare gases (He,
Al (sic, Ar?), and other). Water vapor was first condensed in a trap
at -78°C and did not hinder the analysis.

The results of the analyses of the gases extracted from samples
selected by the zones of the pegmatites are given in Table 1. The samples
were collected in the walls of the hole downward in the section, In the
table the results of the analyses are given in correspondence with this
section, which gives the possibility of tracing the change of composition
of the gases with depth. As seen from the first section (samples 595,
596, 597, 598, 599, 626, 6257, the total amount of the gaseous mixture
(see Table) gradually decreases, and in the period of crystallization
of large crystals of morion eguals 26-28 ml/kg. The content of acid
gases (CO,, H,S, and others) gradually increases and attains 92 volume %.
The content o% co, predominates over those of other acid gases. 1In
general, the tendency of increase of the content of acid gases has some
deviations for the region of crushing in the quartz zone (sample 597).
With this same region is associated the largest amount of extracted gas
(232.9 ml/kg]. The content of saturated hydrocarbons (CnH2n+ ) likewise
increases with depth. It is characteristic that for quartz from the
feldspar zone it is approximately 1.5 volume %, and for guartz of wvarious
types of the quartz zone 3-3.5 volume %.

In distinction to the acid gases and the saturated hydrocarbons,
the role of the remaining components decreases with depth. They change
within the following limits (in volume %): hydrogen from 5.67 to 1.68;
oxygen from 1.03 to 0.37; nitrogen + rare gases from 33.03 to 2.63.

The second section (samples 29, 4, 5, 6-63) were taken from the
graphic and feldspar zones (see Fig, 1). Despite the large differences
in type of formation (graphic zone, quartz, feldspar), here also was
observed increase of the content of acid gases with depth. They
increased from 17.18 through 21.30~37.30 to 59.95 volume %. The remaining
gases obeyed the same rules with depth as in the previous section
(contents of N + rare gases, H, and others decrease)}. The last section
(samples 22, 24, 23-63] was collected in the quartz zone. Here are
noted some reversed regularities. The content of acid gases is small,
but is less towards the center zone (60-58-56 volume %). The contents
of H, saturated hydrocarbons, and 0 decrease, whereas the content of
N + rare gases increases from 34 to 40 volume %. One analysis was made
from the pegmatite zone, located below the quartz core, near the granite.
In contents of the most important constituents it is similar to the results
of the analyses of gases extracted from the upper peripheral part of the
pegmatite.

With the aim of establishing the effect of the volatile components
taking part in the process of formation of the pegmatite on the enclosing
granite, we give analyses of gaseous extracts from the core at different
depths of some drill cores in the region of the studied pegmatite. The
results of these analyses are given in the table. The places where
samples were taken are plotted in Fig. 2, from which it follows that the
studied granite is below and above, in the center and at the edges of the
pegmatite body. This section of samples according to the cross—section
made it possible to establish some very interesting reqularities,

As seen from the table (samples 686, 688, 690, 692, 694), the
caontent of acid gases in the granites increases with approach to the
pegmatite (8.33~30.14 wvolume %), is highest in the pegmatite itself
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Tablel(p. 51-52). Results of analyses of gas extracts.

Composition of gas, volu[ne.s }Vblume of gas,
No. of| Flace sample collected COp+HaS[CpHy [0,  THp {CO lCnHzglzl Ny+rare gases|mg per kg
sample sample
{ 1 1
A. From minerals of the pegmatite zone ;
595 Gray, smoky gquartz at the
contact with feldspar 64.69 0.00 |1.031|5.67|0.00 {1.54 27.07 159.0
596 | Light-gray quartz, upper
quartz zone 76.65 0.00 |0.92(4.11;0.00 (1.72 16.60 176.6
597| Gray mottled quartz of
area of crushing in
. quartz zone 64.0 0.00 [0.501{0.99/0.00 |1.48 33.03 232.9
8
! 598} sSmoky, platy quartz of
quartz zone 84.28 0.00 (0.3215.38{0.00 |{3.01 7.01 215.6
599| Platy morion of quartz
zone 89.51 0.00 [0.75{3.00|0.00 }|3.00 3.74 66.8
626! Milky-ice quartz, center
of giant crystal from
cavity 91.97 0.00 }0.37{1.68{0.00 | 3.35 2.63 25.7
" 625} Morion of outer zone of
crystal-giant from
cavity 87.19 0.00 |1.01|3.25{0.00 |3.45 5.10 28.6
71] Gray topaz from feldspar
zone 89.42 0.00 lo.7612.1110.00 1'1.92 5.79 40.3
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Table {p. 51-52) - continued

|
1
29-63 | Pegmatite of graphic : :
structure 17.18! 0.00! 3.78 51.37'0.00

0.34 ), 77.33 126.9

4-63 |Microline from blocky J
feldspar zone 21.307 0.00 9.02 |2.24 |0.cO 0.001 57.34 | 78.6

5-63 |Gray quartz from
Jquartz segregations
of feldspar zone 37.30| 0.00 3.17 (0.59 |0.00 0.00 | 58.94 253.5

6-63 [Gray quartz from
gJuartz Ssegregations
cf feldspar zone, 1.5

m. depth 53.95| 0.00] 0.83 J0.00(0.00 | 0.00 39.22 | 236.0

22-63 IMilky-white gquartz of
gquartz zone, 0.5 m. i '
from feldspar zone £0.51] 0.00 0.86 11,50 10,00 2.78 1 34.135

147.8

24-63 |Smoky quartz of guartz
zone, 1.2 m. from
i feldspar zone 58.92

0.00

|—
~4
o8}

32.03 | 218.4

23-63 !Dark smcoky morion of i }
quartz zone, 2.0 m. i ; : ' . : ‘
from faldspar zone ? 36.94

O
@]
[
]
9]
)
o
<
i\
o
2
[
bt
=~
(9]

40.12 | i36.3

zone below quartz zone,

i
72-63 |Pegmatite, pecmatite ] ! '
depth 7 m. ' 19.25

1.010.00 {2.0266.91 ' 137.4
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o e Fig. 2 {p. 50)}. Schematic section of

+ [5]r Dpesmatite body from drilling date; Sl)
+ granite; (2) pegmatitic granite; (3

L [« 2] graphic zone; (4) blocky microcline, (5)
™ (T T)7  blocky quartz; (6) cavities: {7) place
nonle core was selected.

Bzl

{(77.50 volume %)}, and then diminishes with distance from the pegmatite
(61.97-6.66 volume %). Very distinctly is traced the regularity of the
diminishing role of oxygen with approach to the pegmatite (4.44 - 2.11 -
1.46 = 2,20 = 2,08 volume %). There is a decrease of the content of
hydrogen, saturated hydrocarbons, and nitrogen in total rare gases. Thus,
only the contents of acid gases increase. Quantitatively the gas
predominates in the pegmatite; it is less in the granite, and the amount
of gas decreases sharply with distance of the peint of collection of the
sample from the pegmatite. Other sections in the gpilnites repeat in the
principal features (samples 701, 702, 703} the regularities found in the
sections discussed above.

Conclusions

1. Study of the gases leached from different minerals and zones of
a pegmatite permitted us to determine in them acid gases, hydrogen,
saturated hydrocarbons, oxygen, nitrogen and total rare gases, C02 was
not determined and CO was not found anywhere.

2, In different stages of the formation of the pegmatite, the rcles
of the separate components of the gas mixture change. Thus, the acid
gases (especially C02] have the highest concentrations in the last
stages of the process. Tt must be stated that these are the dominant
gases, because they are ncted in all stages in contents more than 50
velume %. The role of saturated hydrocarbons also increases. Their
contents increase, as compared to the starting stages, and then change
slightly. The roles of hydrogen, nitrogen, and total rare gases, and
oxygen diminish with the progress of the process.

3. The guantitative content of volatile components is considerably
decreased in the late stages.

4. Study of the gases from the enclosing granites showed that the
gaseous components of the pegmatitic fluids were diffused into the
country rocks, causing some changes in them. Thus, around the pegmatite
there is formed an aureole, which 1s easily found%’studying the content
of gases in the enclosing granites,
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LYAKHOV, YU. V., and MYAZ', N. I., 1966, Temperature regime of formation
of quartz of the Baleisk deposit, eastern Transbaikal, in Tsvetkov, A.
I., ed., Studies of natural and synthetic mineral formation (Material
Soveshch:hnie, 7th, L'vov 1964): Moscow, Nauka press, p. 43-48 (in
Russian) .

The Baleisk gold-ore deposits are located in the rim part of a
small tectonic depression of graben type, filled predominantly by con-
glomerates of Lower Cretaceous age (Petrovskaya and others, 1961;
Bernshtein, 1963). The base and edge of the depression consist mainly
of granodiorites of Hercynian age. The ore body is located in conglo-
merates, granodiorites, and also Upper Jurassic sandstones. Within
the deposits are distinguished ore zones, including a series
of connecting veins, veinlets, and stockworks of mineralization, the
latter constituting an unusual mineralization of carbonate-quarz compo-
sition with admixtures of kaolinite and adularia. Of the ore minerals,
there are known pyrite, marcasite, arsenopyrite, galena, sphalerite,
chalcopyrite, stibnite; rare are hessite, calaverite, pyrargyrite, and
tetrahedrite; the latter is an unusual indicator of commercially valuable
ore and accompanies accumulations of gold. In general, the ores are
characterized by extremely small content of sulfides and are classified
as lean-sulfide ore. According to the data of Petrovskaya and others,
(1961), the ore deposits in the Baleisk deposit were formed in five
steps, ccnnected by the following stages: I - pre-productive stage (1)
early chalcedonic quartz; II - first productive stage (2) adularia-
carbonate~guartz stage; ITI - interproductive stage (3) carbonate-
quartz stage; IV - second productive stage (4) in quartz-polymetallic
sulfide stage; (5) gold-pyrargyrite stage; (6) comb-like guartz and
redeposited gold; V - post-productive stage; (7) "porcelain-like'"
quartz; (8) quartz-pyrite; (9) quartz-stibnite; (10) horizontally
banded chalcedony.

The wide development in the ores of the Baleisk type of the fine-
grained variety of quartz, the presence of carbonate, kaolinite, and
adularia, the only occurrence of hessite and calaverite, the high silver
content of the gold, and alsc the abundance of banded, collomorphic,
and skeletal texture permitted the same authors (petrovskaya and others,
1961; Petrovskaya, 1963) to find features relating the Baleisk deposit
with the group of epithermal formations, produced under near-surface
conditions.

In contrast with the fine-grained chalcedony-like accumulations
of gquartz, its medium- and coarsely-crystalline aggregates are not
typical for the deposit as a whole. In connection with this, the
Baleisk gold-ore deposits up to now have not been studied by the method
of mineral thermometry. In 1963 we hegan the mineral-~thermometric study
of Baleisk ores. To accomplish this, columnar, somewhat comb-shaped
and platy varieties of quartz, and also separate varieties of carbonates
were used. The most favorable object for study were the veins of the
northern flank of the deposit; a steeply-dipping body of thickness from
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inclusions permit one to consider them as relicts of liquid and gas
phases of a single mineral-forming syitem existing in dynamic equilibrium
under definite thermodynamic conditions (Ermakov, 1950, Kalyuzhnyg 1961) .
It is evident that the crystallization of the coarsely-crystalline quartz
ITI took place from periodically boiling aqueous solutions. The total
concentration of salts in the liquid phase of the inclusions, determined
from the degree of filling and the temperature of their homogenization,
is 5-10%. Using the laws of heterogeneous equilibrium for the system
vapor-water and vapor-30% agueous solution of NaCl (Lemmlein and Klevtsov,
1956), one can calculate that the pressure in the process of quartz
formation was of the magnitude 30-40 atm. So low a pressure excludes

the necessity of introducing corrections for pressure into the temper-
ature of homogenization of the inclusions, and permits one to consider
them as true temperatures of mineral paragenesis (Ermakov, 1950;
Kalyuzhnyi, 1961).

By microscopic study, the platy crystals of the cream-colored
carbonate of the formation II are shown to be saturated by gas—-liquid
inclusions (0.001-0.01 mm.), analogous to those in the carbonate I.

They are characterized by maintained filling (L=85-87%) and are homo-
genized in the liquid phase in the temperature interval 210~105°C. The
occurrence of these inclusions is strictly limited to the platy crystals
of carbonate II. The carbonate III surrounding it is entirely free of
similar inclusions. It is probably that with respect to carbonate II,
such inclusions are pseudo-secondary and q;ﬂracterize the temperature
conditions of its crystallization.

With complete replacement of carbonte IT by quartz III there
originated a guartz skeleton, which dlffers from the structure of quartz
I only in the interaction with quartz II and a somewhat larger size.

The gas-liquid inclusions, located in the coarse~platy guartz III, are
homogenized in the liquid phase in the temperature interval 225-190°C.

It is curious that the process of development of pseudomorphs of
gquartz after early "paper spar" from one of the polymetallic deposits
of the Far East, according to the data of Ermakov (1950), also proceeded
slowly in a considerable interval of decrease of temperature from 250
to 150°C.

In the completion of the carbonate-quartz stage of mineral para-
genesis of the Baleisk deposits, there occurred abundant deposition of
carbonate III in the form of large crystals of rhombohedral habit, tinted
in white and greenish zones. Bmong the gas-liquid inclusions found in
carbonate IIT, one can distinguish two temperature groups: 180-170° and
150-140°C, which apparently also correspond to the period of most active
crystallization of the mineral. Among the clearly secondary inclusions
are found two-~phase gas-liquid inclusions with temperature of homogeni-
zation 90-~70°C, and single-phase liquid inclusions, corresponding to
warm aqueous solutions having temperatures below 50°C.

Study of the inclusions of mineral-forming solutions in minerals
of the Baleisk ores gives the basis for affirming that the formation of

these ores in different stages of mineral genesis (Fig. 5) occurred from
ionic-molecular solutions, having temperatures of 270-250°C In the

process of ore formation the temperature of the solution dropped without
special drops. Notable temperature discontinuity marked the ore deposi-
tion in the carbonate-quartz stage of the process. To the same period
belongs frequent boiling of the solution, caused apparently by the
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MIRONOVA, O.F. and NAUMOV, G.B., 1967, Method of determining the
concentration of COs in gas-liquid inclusions;Geokhimiya 1967, No. 10,
p. 1121-1123 (in Russian) (Authors at Vernadskii Inst. of Geochem-
istry and Analytical Chemistry, Acad. 5ci. USSR, Moscow ).

The determination of the concentration of COp in gas-liquid in-
clusions of minerals permits one to obtain very useful information
on the behavior of one of the main components of ore-forming hydro-
thermal solutions. However, in the existing methods up to the pre-
ient, the determination of water and CO, has been made on separate
samples, which entails a series of additional errors.

COo is usually determined by the conductometric method pro-
posed in 1947 by B. Bruns and others (1). The nature of the method
is essentially the recording of the change of electrical conductiv-
ity of a solution of Ba(OH), as CO, is absorbed. This principle was
used by Kryukov and Rengarten for the microdetermination of C in
metals (2). In application to gas-liguid inclusions, the method
has been described in detail by Khitarov and Rengarten (3). The
method is not laborious and is sufficiently accurate, but for the
occurrences of COp, its content in gas-liquid inclusions is compar-
able to that of water in them.

Water 1s determined mostly by the method of Brush-Penfield,
which consists essentially in heating a weighed sample strongly in
a sealed tube, after which its middle part in which the water has
condensed is cut off, and weighed, either directly or by a tube of
absorbent (4). The first method is distinguished by its speed, but
is less accurate than the second, and requires a large number of
parallel determinations for satisfactory results. With a small
number of gas-liquid inclusions, where especially there are irreg-
ularities in their distribution, there are given in the literature
average data of 20-30 determinations of the water content (5).
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No data are given in the literature on the accuracy and sensitivity

of this method, but because of the completion by weighing, one can

say that the accuracy does not exceed the accuracy of weighing,

and the sensitivity that of the analytical weights. To determine
water, small weights of sample, of the order of 1 g., are usually
teken. The absolute amount of water is thereby often tenths of
milligrams, which is at the limit of sensitivity of the weighing methcd.

T'he obteined contents of the components ere calculeted to 100 g.
of mineral, and for concentrations of CO, and H-O, one takes the ratio
of these magnitudes. Thereby the calculation hes, besides the errors
associated with the determination of small contents, also the in-
homogeneity of the distribution of the inclusions, the incomplete-
ness of their opening at varying temperature and time of opening,
size of fraction, etc. It is not accidental that in such a method
perellel determinations commonly diverge greatly from one another
and it is necessary to make a large number of repeat determinetions
to obtain satisfactory results (5).

Often the determination of water and COp are generally made on
different fractions with different temperatures of decrepitation.
Thereby, the percent of inclusions opened in the same weight of
mineral will differ, which necessitates the appearance of an addition-
al systematic error.

Many of these errors can be excluded if one analyzes the gas-
liquid inclusions for different components on a single weight of
sample. We undertook experiments to find methods of determination
of water and CO, from & single weight of sample by means of the sep-
aration of the COp and H:0 set free by decrepitetion, and their
further independent determination.

As concerns water, we used the usual method, proposed by
A.G, Elitsur for the determination of water in aguo-complex com-
pounds (6). The method essentially consists of the reaction of
water with calecium hydride; the amount of water is judged from the
volume of hydrogen given off, assuming that the reaction proceeds
stoichiometrically according to the equation: CaHg + 2H0 =
Ca(OH), + 2H .

The method is rather simple, and the slight solubility of hydro-
gen and the large specific volume imparts to it high sensitivity.

In the paper by Goldinov et al. (7) it was shown by calcula-
tion that according to the thermodynamic stability of the products
of reaction given above, they should be CaO, not the hydroxide.

In order to insure the formation of the stoichiometric amount of
Ca0, it was proposed to carry out the reaction at a temperature
of 550-600° (8). However, the determ nation of water in standard
samples gives the basis of assuming that at room temperature be-
cause of the low speed of reaction the product is practically cal-
cium hydroxide.

Because the opening of the ges-liquid inclusions is carried out
by heating in a current of nitrogen, we were obliged to modify the
original method. 1In the process of decrepitation of the sample, the
water vapor given off is carried off by the current of nitrogen and
is caught in the calcium hydride unit.

To check the method, determinations of water were made in arti-
ficially prepared mixtures (potassium ferrocyanide with potassium
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gas-liquid inclusions,to discontinue the experimers:, toeaise Lo
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cannot obtain an exact weight of sample.

is passed through about 40 minutes more. All this tipe the tewp-
erature of the cooling mixture is kept at ~-65° by addine "dry iz,
At the conclusion of the experiment, the cell with ecal-tim fydpeide
is changed over to a burette with a levelling Lobtie, Lo Lovel of
the water in the burette is determined at zero, and thawing of the
cell is begun. After the volume of water in the buretic ceases

to change, the volume of evolved gas i3 read off. The numper ob-
tained is corrected for the change in wolume of the as in ns 20l
during the thawing. This correcticon can be calculated in & "tlank
experiment' or its magnitude can be excluded, bringing the tempera-
ture of the cell, after thawing, again to -65°, and reading off at
this tempersture. Along with the burette with leveliny botlle, coc
can use the simplest or an auvtomatic graduated pac burctie with a
drop of mercury {see the figure). The content of water is caleulat-
ed according to the formula:

m= Vx18 P,
(227 + tg) x 62351

wvhere m is the amount of water in g., V the volume of hydrogen
given off in mil., 18 is the equivalent (weight) of water, P is
atmospheric pressure in mm Hg st. (standard? MF), 62351 is the gas
censtavt tx is room temperature in °C.

Calculation of the contents of COp is given in the paper by
Kryukov and Rengarten (2).

The method was tested on some samp{es ol quartz. The re-
sults are given in the table.
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From fhe talls it 15 cesn thalt o Lhe sample of quartz No. 3
theri: 10 obderved a conasidaerakle divcrgmmee of results. This is
cxplained by bio fact that of low concenbrations of COp, the more
80 when the number of inclusions is not large wnd the amount of
materiel is limited, the content of COp in the weighed sample is
a few gammas, which is within the limit of sensitivity of the con-
ductometric method. In these cases a more sensitive method of
determining CO, is necessary.

The obtained percent content of COp is the total content, in-
cluding dissolved CO., COs from independent phases, if they are
present, and half the HCOs; ion from bicarbonate present in the solutiun,

In the analysis of carbonate minerals, it 1s necessary to con-
sider the possibility of dissociation of the mineral itself. During
the analysis of calcite and dolomite, we have found that up to
400° their dissociation can practically be disregarded. In the
analysis of minerals intergrown with calcite, this necessitates
precautionary measures.

Conclusions

A method is proposed for determination of water and CO, in
gas-liguid inclusions in a single weighed sample. The water 1s de-
termined by a modification of the Elitsur method.

Inclusion of a cell with calcium hydride for the determination
of water in the system of conductometric determination of CCOs per-
mits one to determine water alsc on the same weighed sample without
using additional time, with the same accuracy and degree of sensi-
tivity.

Received by the editors
May 18, 1967

Literature

1. Bruns, B., Braude, G., Tsiklis, D., The determination of some
gases by the method of electrical conductivity: Zhur. Analit.
Khim. v.2, No. 5 (1947).
2. Kryukov, P.A. and Rengarten, E.V., Micro-method of determination
of carbon in metals: Zhur. Analit. Khim. v. 10, no. 51 (1955).
3. Khitarov, N.I. and Rengarten, E.V., Geochemistry of CO, in
granitic intrusives: Geokhimiya 1956, No. 2.
4. Ponomarev, A.I., Methods of chemical analysis of silicate and
carbonate rocks: Izdatelstvo Akad. Nauk S.S5.S.R., Moscow, tdtf-
5. Sushchevskaya, T.M, and Barsukov, V.L., The composition of in-
clusions in quartz of some sulfide-cassiterite deposits: In
the volume: Mineralogical thermometry and barometry: Izdat.
"Nauka", Moscow, 1965.
6. Elitsur, A.G., Determination of water in aquo-complex compounds
by the hydride method: Izvest. Sektor Platin, no. 22 (1948).
7. Gol'dinov, A.L., Lukhovitskii, V.I., and Mal'kova, G. Ya., The
problem of the determination of water: Zhur. Analit. Khim.
v. 16, no, 6 (1961).
8. Gol'dinov, A.L., Lukhovitskii, V.I., and Srubinskays, G.Z.,
Determination of water using calcium hydride: Zhur Analit.
Khim. v. 17, No. 4 (1962).
Translated by Michael Fleischer

-11k-



MOROZOV, S.A., 1966, The chemical composition of quartz-forming
solutions of Western Pamir (from study of gas-liquid inclusions in
quartz) : Doklady Akad. Nauk Tadzhik S.S.R. v. 9, p. 28-31 (in Russian).
(Presented by R.B. Baratov, Corresponding Member of the Academy of
Sciences, TadzhiX S.S.R., 2-17-1965)

Inclucione of residual enlutions can be used with calculations
in certain circumstances to clarify the composition of mineral-forming
solutions. For this purpose several methods have been worked out,
which we have used to clarify the chemical composition of quartz-
forming solutions, which formed the hydrothermal crystal-bearing veins
of Western Pamir. Below are given only the data obtained as the re-
sult of determinations of the chemical composition of aqueous extracts
from quartz and the study of the salt content in inclusions according
to the "daughter" minerals. Similar studies were previously made by
A.I. Zakharchenko (1,2); our observations supplement and refine the
conclusions of this invd}stigator.

The method of preparation of aqueous extracts adopted by us is
similar to that described (3). Colloidal solutions of quartz, obtained
by grinding samples, were removed by centrifugation. In the treatment
of the results, we took into account that far from all the mineral
matter trapped in the inclusions went into solution, and that the
samples themselves wWere not equivalent on the score of amounts and
volumes of inclusions. In this connection, in order to avoid large
errors in the interpretation of the results of the analyses, we
worked only with approximate quantitative ratios.

The data obtained of chemical study of aqueous extracts of
quartz (see Table) show the solutions preserved in the inclusions
argﬁainly chloride, but with a very significant content of bicarbonate.
In the overwhelming majority of the samples, c11 predominates over
HCO3". The ion 504'2 always occurs ln subordinate amounts with respect
to C171 and in most cases to HCO3 h\only a few samples does sulfate
predominate over bicarbonate.

Of the cations present in the aqueous extracts, Mg, Na, and K
are constantly present. Ca is noted in some samples. The results
of the analyses permit one to draw the conclusion that in most samples
the cations occur in the relations: §a+K>Mg, and only in some samplkes
was the reverse relation noted. Ca in the overwhelming majority
of cases occurs in subordinate amounts, and only in a single case pre-
dominated over Mg*2 or Na +ktl, The separate determination of Na
and K on aqueous extracts from quartz veins of this region, made pre-
viously (2), show that in most cases Na predominates over K.

Besides the components listed, there was constantly recorded in
the aqueous extracts SiO2 in amounts from tenths to 53 mg per 100 g
sample. Fluorine was also found in the aqueous extracts (1).

Spectrographic analysis shows that in dry residues from the
aqueous extracts of quartz there were presemt constantly and in sig-
nificant amountg,si, Na, Ca, K, Mg, Fe, Al, and Mn, Also present
constantly, but in somewhat smaller amounts were found Ba, Sr, B, Cu,
Ti, and traces of Cr. Rather often Ni and Zn were present, and in a
single sample were found small amounts of Pb, V, Ag, and Cd, and
traces of Mo.
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The analyses were made in the chemical laboratory of the Institute

of Geology (Dushanbe), analyst Z.A. Shakhalieva. Fo'2 and ret3

were not found, therefore are not licted in the tahle. The difference
betwean the sum of the anions and of the cations was taken as the
content of Nat? +x+l,

The spectrographic analyses confirm qualitatively the above-
given characteristics of the compositions of the solutions in the
inclusions, and in sSome cases supplement them. Thus, thc chemical
analyses did not show many elements, whereas the spectographic
analyses show their presence in significant amounts (for example.

Fe, A1, Mn, Ba, B, etc.).

On examination of quartz plates under the microscope, there were
found in inclusions of residual solutions, in addition *o the usual
liquid and gas phases, a series of "daughter" minerals, the identifi-
cation of which is known to be difficult.

We determined reliably halite, sylvite, carbonate, hematite, and
hydromica. Halite is a very common '"daughter" mineral and is found
tn inclusions, both in vein quartz and in rock crystal, in high-temp-
crature and in low-temperature primary inclusions. It is absent onlu
in some low-temperature primary and in secondary inclusions of
residual solutions. Sylvite occurs much more rarely than halite and
always with the latter. Its crystallites also yield in size to those
of halite. Occurrences in the inclusions of residual sclutions of
carbonate, hematite, and hydromica, are rather rare, so that on this
basis one can only assume the presence of their components in the
mineral-forming solutions. In many inclusions of some deposits there
was noted an . independent phase liquid COZ, sometimes in rather
considerable amounts -- up to 50-80 volume percent of the vacuole.
in some sections of vein quartz we found inclusions very similar
to bitumen in outward appearance,

The presence of H,S was noted in some, especially low-temperature
inclusions (1,2).

Thus, generalizing the data obtained, one may draw the following
conclusions: In the solutiogﬁd%9{gquénclusion&)chlorides of Na, K,
and Mg predominate; bicarbonateéA ave somewhat aﬁundance, but in
some samples predominate over chlorides. Sulfates of Ca, Mg, and Na
occur _. 2 always in subordinate amounts, and in many samples are
generally absent. It was noted that the role of chloride decreases
with increase of the bicarbonate content. In the solutions Si0Os is
always recorded (probably all in the form of easily soluble salts --
R28i03 or R25i205). Rather often free CO, is present in the inclusions.

Comparing the analyses of aqueous exgracts from vein quartz and
rock crystal, one can note that these solutions have, in the main,
similar compositions. However, there are sometimes observed rather
sharp differences. . Thus, for example, in some aqueous extracts from
veiln quartz the Cl1 ion predominates whereas in extracts from rock
crystal its role decreases. _Simultaneously there is an increase of
the ratio of Mg+ to Na+l+K+ , 1.e. apparently there is noted a certain
change in the composition of the solution.
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Chemical analyses

of agueous extracts from guartz of crystal-beazing veins of Western Pamir®

No. of | Dry I { |
sample | residue, SOy~2 c1-1 HCOA™L cat? Mgt2  natl 4xtl 1 3105 | Total
mg. by | | ™g/
biifferencel } oeguiv.
In mc. per 100 g. sample [anions (Czticns
Veln gquartz

B78 34 not found = 19 not found 3 7 C.4 0.564f C.247
308 37 8 26 8 " " 2 20 .4 1.031{ 0.1¢4
827 38 not found 9 28 " " 2 12 53 0.711 ©.164
838 34 2 8 13 " " 1 9 4¢ 0.479{ ©0.08B2
740 36 13 11 1 “ " 4 6 not &efdi’ 0,597 0.329
790 26 2 16 1 4 3 1 oo 0.509) 0.445
165 a4 not found 11 22 | not founa | 4 4 50 0.6891 G.2322
160 50 2 22 14 4 " 3 15 ¢ 0.891| 0.z47
238 49 1 22 16 " L 15 46 g.902l o.247
793 32 3 17 not found " g 3 9 not detd. 0. 541 0.246
796 | 30 6 = o " 2 3 5 % m 0,548 2.3
737 Ii 22 not found 15 I. ' " not found |, » 0.2 I r " 6‘42‘5 T
802 18l 3 33 " i L o2 23 o 1.162° .o.3
442 a3 not found 55 ! 17 3 | B 27 0.2 1.913| .75
666 i 82 " " 34 26 i 3 l 1 26 not found|l.38:%1 7.232
510 ;103 i " 45 33 3 7 25 3 1.2043 &.70%
889 | 24 , " 2 9 | rot found 3 3 & 0.401: ©.247
912 | 7 4 2| 1 - 2 4 10.155] 0.0%2
831 L dg 2 25 16 " . 3 15 30 i0.910| 0.247
572 ‘ 30 not found 4 1] i " " 3 1 50) 0.292, 0,247
451 39 " » iz | 5 2 1 10 38 0.632; n.1e1
382 l 16 " " 3 7 net found 1 3 2 not Zound|0.3391 0.247
12 i 38 10 8 12 1 4 6 a6 0.629| ©.379
44 L 41 8 | 11 18 nct found 6 6 53 l0.771] 0.493
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as the content of Natl + x+l.
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By comparison of spectrographic analyses of dry residues of
aqueous extracts from vein quartz and rock crystal, one can sometimes
note only a greater variety of elements in the vein quartz. 1In other
cases such differences are not detected.

Comparing the results obtained with the data on other crystal-
bearing provinces of the Soviet Union (4,5,6), one must admit that
the chemical features of guartz-forming solutions are apparently very
similar.

Institute of Geology, Received 2-26-1965
Dushanbe
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PANINA, L.I,, 1966, On the genesis of nepheline syenites of Borgoi:
Akad. Nauk SSSR Sibirskoye Otdeleleniye, Geologii i Geofizikii,
Trudy, 1966, no. 8, p., 114-115 {(in Russian).

During 1958~196¢0 in the territory of the Buryat A.S5.5.R. in the
lower course of the Dzhidy River a series of massifs of nepheline
syenite was found, among which the Borgoi has the largest size
(area 3.5 sq. km.) . Most geologists (1) state that the Borgoi
nepheline syenites were formed under hypabyssal conditions during
intensive tectonic activity as the result of differentiation of a
basic nepheline magma with some assimilation of the rocks of its
roof.

G.V. Smirnov (3,4) suggests the formation of these nepheline
syenites from'"magma of a one-phase complex." The injected magma of
syenitic composition subjected to endogenic autometasomatism an early
alkalic stage. At the high temperatures the "through-magmatic" solu-
tions existed in equilibrium with the minerals of the rocks and pro-
duced only their recrystallization. Later on the cooling of the
massif progressed non-uniformly: decreasing temperatures quickly
were attained in the near-contact areas. With a sufficiently long
process, the course of the "through-magmatic" solutions across this
endocontact zone raised the activity of the alkali metals so high
that the formation of a magma of high alkalinity became possible.
As the reult of this process there were formed nepheline and biotite
after aegirine.
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In connection with such contradictory ideas on the genesis of
the Borgoi nepheline syenites, the specific temperatures of formation,
are of great interestw@f unaltered minerals of These_ syenites:

For this purpose we have carried out mineralothermometric analyses.
The objects of study were predominantly fresh gray-green or green
nepheline, both from pegmatitic and from medium-fine-grained varie-
ties. To hest the ineclusicns up to their homogenization we used the
method, develdped in 1961 in the laboratory of mineral-forming
solutions of the Institute of Geol. Geophys., Siberian branch,
Academy of Sciences, U.5.S5.R., by means of a high-temperature
microthermo-chamber, permitting us to heat the sample to 1200°C.

The hermeticy of the inclusions was verified by repeated homogeniza-
tion.

In a survey of plates of nepheline syenites the presence was
established of both solid, liguid, and gaseous inclusions (according
to the terminology of Lesnyak (2)). Only the liquid and gaseous
inclusions were studied, which differed from one another only in the
degree of filling.

Morphologically the inclusions are very diverse, but more often
negative crystals were noted, repeating the form of the mineral-
"host." Their size in most cases was thousandths of a millimeter.
Because of the small size, the accuracy of measurement of the results
of homogenization is *10°. Often at high temperatures of homogeniza-
tion there was observed a general darkening of the inclusion,
because of which the phase boundasries became difficult to determine,
and naturally the accuracy of the measurement was also altered.

149 measurements were made of the most characteristic tempera-
tures of homogenization (see Table), of liguid and gaseous inclusions,
of which liquid two-phase constituted 90-92%, liquid three-phase
5%, and essentially gaseous, 3-5%.

The essentially gaseous (liquid-gas) inclusions consist of gas
and liquid solutions, such that the gaseous phase occupies 60-75%
of the volume of the vacucle. Homogenization occurs in the gas at
high temperatures (750° in sample 24a and 700° in sample 20b).

The liquid two-phase inclusions ( gas + solution ) have degrees of
filling from 0.7 to 0.95 and are homogenized in a very broad interval
(from 730° to 60°).

The three-phase inclusions, composed of "aqueous solution +
gas bubbles + mineral-host," are homogenized in the liquid phase in
the interval of 200° to 23%0°. On heating the inclusions, the mineral-
hostsY as a rule, are dissolved somewhat before the gas bubb%gs dis -
appear. Dark-brown, and sometimes transparent, mineral-hosts have
either disk-like or nearly rounded forms, are of very small size,
s0 that the determination of their composition and properties is
nearly impossible,

Because it 1s not possible to determine the primary nature of
the inclusions nor can the inclusions studied be referred to
secondary ones, consequently the temperature of crystallization
df the nepheline ought to be not lower than the maximum temperatures
of homogenization of inclusions, i.e. 750°.

The data given by us are of preliminary character and are not
entirely sufficient to generalize conclusions; however, with some

*~ Pmsumqbw daughhf'uyiw)f(fd)
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assurance one can say that the Borgoed nepheline crystallized from a
magmatic melt,
The author expresses thanks to 4. fu, Bazarova and V.FP. Kostyuk
for scientific advice and help during the study.
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PETERSIL'E, I. A., ANDREEVA, E. D., and SVESHNIKOVA, E. V{?fﬁhe organic
matter in the rocks of some elkaline massifs of Siberia: Izv. Ak. Nauk
S.8.S.R., The Geology Series 1965, No. 6, pp. 26-37 (in Russian),
translated by Aelita Demin, Geol. Survey of Greenland, Copenhagen.

The presence of hydrocarbon gases and reduced high-molecular weight
organic compounds sealed in rocks or in cavities in the minerals from
alkaline intrusive massifs are of theoretical as well as praectical
interest. At first hydrocarbon gases and reduced bitumen, close in
composition to that of bitumens of the petroleum series, were studied
from the largest alkaline massifs in the world, Khibina and ILovozero,
situated in the central part of the Kola peninsula (1).

The amount and composition of the gases differ in the various rocks
of the different intrusive complexes of these massifs. Also, the gas
phase of the intrusive rocks differs considerably from that of the
metasomatic rocks subjected to secondary processes.

The rock-forming minerals of the alkaline rocks are also different
in respect to the gas phase. For instance, the highest hydrocarbon
gas content has been determined in nepheline. The non-albitised potassium-
sodium feldspars are also characterised by high contents, while the
feldspars subjected to even the slightest albitization contain almost no
hydrocarbon gases. Such gases are practically absent from albite. The
minerals contain the gases as primary gas- or gas-liquid inclusions under
high pressure.

Besides, closed pores of the alkaline rocks and mineral cavities con-
tain bitumen, the composition of which varies in different intrusive and
metasomatic alkaline formations and in the host-rocks.

The study of the gas phase in the alkaline rocks may help to reconstruct
the environments during their formation. In this connection the authors
of the present article undertcock a study of the organic substances in
the rocks of certain intrusive massifs of the Siberian Platform. The
gases and bitumens from the Sredne-Tatarkov and Kiya-Shaltyr massifs,
and the gas phase from five rock specimens from the Goryachegory massif
were examined. The gas was extracted by mechanical crushing of the rocks
to 0.0l mm in a sealed ball-mill. The gas was analysed on a gas chroma-
tograph with the following sensitivities: Hs - 0.005%; CO - 0.01%; CH, -
0.03%; hydrocarbons Cs - Cgz - 0.005%. The accuracy of the determination
is i5%. The noble gases were not analysed. The bitumen analysis was
carried ocut in order to study the elementary composition of a chloroform
extract of bitumen ("A") and the composition of the disseminated carbon
(Caisp.) in the rocks.

The Middle-Tatar alkaline massif is situated on the Yenisei Ridge in
the western-most fold ranges of the Siberian Platform. A leucocratic
segirine-mepheline syenite intrusion breaks through the Sinian limestones
and schists. The absolute age of the intrusion was determined with K/Ar
method as 662 m.y. The structure of the massif is simple, the nepheline
syenite forming the main bulk of its volume. Only in the apical part
this rock is replaced by rocks of ijolitic composition which, according
to geologic and petrographic data, were possibly formed as the result of
replacement of the schists and limestones of the roof during the magmatic
stage of the intrusion. The marginal contacts of the intrusion are some-
what enriched in aeﬁirine and accessory minerals compared to the nepheline
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syenites. Veins of alkaline syenite are widely developed. The chemical
composition of the Middle-Tatar nepheline syenite is similar to that o
the Lovozero foyaite.

As & result of the contact action of the intrusion on the enclosing
limestones and schists the latter were recrystallized to form augite,
tremolite, phlogopite, sphene and other minerals., The thickness of the
outer contact zone is sbout 300 m. During the postmegmatic stage the
nepheline syenites near faults were albitized and migroclinized by alka-
line solutions.

A schematic geological section of the massif, the sampling localities
and the average content of the hydrocarbon gases in the rocks are presented
in figure A, and the composition of the gases is given in Table 1.
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Average content of hydrocarbon gases 1n seated pores of igneous rocks
of Middle Tateria (A) and Kiya - Shaltyrsk (B) alkalic massifs
1 ~ nepheline syenites; z - reocks of ijolite composition;
3 -~ urtites; 4 - olivine~titanaugite gabbro; 5 - alkalic pegmatites;
6 - alkitized nepheline syenites; T - albsitized and zeolitized
urtites; 8 - country rock limestone; 9 - nlace of colleection of
sample; 10 - average content of hydrocaribon gas,

The natural gas mixture in the closed pores and in the cavities of the
nepheline syenite minerals is characterised by a strong prevalence of
CH, (94.38%) over other components; the amount of Hs, €O, Cp - (g hydro-
carbons and COs is insignificant. The maximum gas content in the nephe-
line syenites is 3L.69 cm3/kg of the rock; the average content {(according
to the analyses of four samples) is 22,12 cmB/kg.

Compared to the nepheline syenite, the ijolite of the apical part of
the massif contains only one twentieth as much gas {0.9% cmd/kg of rock).
The gas phase of the ijolite contains a considerable amount of COg, Hg
(37.26%) and CO {13.82%); the COp content is higher {(9.57%) while the

-122-



hydrocarbon gas has decreased markedly. The amount of hydrocarbon gases
in the ijolite (0.57 cm5/kg) is 57 times lower than that in nepheline
syenite. It is of interest to note that a specimen of nepheline syenite °
from the contact zone with_ijolite is also characterised by an %nsignifi-
cant gas content - 1.42 cum’/kg; methene here makes only 0.79 cm.

The great quantity of hydrocarbon gas- in the nepheline syenite indicate s
the reducing character of the medium during the crystallization of the
alkaline magma. The ijolites were présumably formed under somewhat
different conditions, i.e. the magma reacted with the rocks of the roof;
in this case the magma was oxidized and the chemistry of the process was
also different. The alkaline pegmatites genetically connected with the
nepheline-syenite intrusion h%ve the seme gas phase as the latter, though
in 8 swaller amount (14.25 cm”’/kg of rock).

Later albitization greatly affects the content and composition of the
gas phase of the nepheline syenite. For instance, in albitized nepheline
syenite the average gas content is 3.7f7 cm5/kg of rock, that is one
seventh of that in the non-albitized rock (Table 1). . The change in the
amount of methane in the natural gas mixture in the alkhitized rocks is
particularly abrupt; the hydrogen and carbon monoxide contents are less
than half as much.

The effect of the intrusion on the gas phase of the host rocks can
be traced only in the zone of the marginal contacts. The limestones at
a distance of 1-10 m from the contact contain a fair amount of gas
(3.47 em®/kg). In comparison with the nepheline syenite this limestone
contains more Hy, CO and COp, and much less methane (0.325 cms/kg) and is
free of Cg - Cp hydrocarbons. 1In the limestones 300-L00 m from the con-
tact Lhe gas content is considerably lower (0.69 cm®), the Hp, amount is
insignigicant and much less than CO (from 0.06 to 0.13 cms), and the
amounts of CHy (0.25 cm®) and COp (0.16 cm®) have also decreased.

The Kiya-Shaltyr massif is situated in the northeastern part of the
Kuznets-Alatau, which forms a part of the Altar-Sayan folded province.
The massif occurs in Lower Cambrian effusive-sedimentary series and was
apparently formed in three phases: first an intrusion of gabbro, then
a horse-shoe-like body of urtite, and finally nepheline syenite veins.
Urtite was intruded at the contact between the gabbro and the limestone;
its absolute age according to the yﬁr method is 371 % 17 m.y.

The contact action of urtite on the gabbro has resulted in the forma-
tion of a contact-reaction zone of nephelinized gabbro and ijolite, aver-
aging 30-40 m thick. The limestone in the narrow contact Zone with
urtite contains scapolite and other metamorphic minerals. During the
postmagmatic stage the urtite was albitized and zeolitized. These pro-
cesses are mainly developed in the marginal parts and in the apophses
of the intrusion; they are rarely observed in fracture zones.

Figure B presents a schematic section of the urtite body, the points
of sampling, and the hydrocarbon gas contents in the rocks (the diagram
above the section). Table 2 presents the amount and constitution of the
gases in the closed pores of the rocks and in the cavities of the miner-
als for the Kiya-Shaltyr alkaline massif_as a whole.

The highest gas content (up to 105 cm3/kg) is observed in the urtite.
A predominant component of the natural gas mixture in this rock is methane
(97.7%) the average content of which is 64.42 cm3/kg (62.94 in table 2).
Besides methane the mixture also contains its homologues ~ ethane and
propane. The amounts of H, (0.69 cm3/kg), Co (0.29 cm3/kg) and Co,
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Table 1.

The content {cu®/kg

of the rock) and composition {vol. %) of the gases in the rocks

of the Middle-Tatar alkaline massif.

Ho. of the peoints [No. of [Average Hydrocarbon
(localities) pre- [speci- tetal gas|gas content Composi ionl/
sented on rie, A | mens |Rook Neme [ conbernt |min, max. Ho CH: | CoHe | CoHp co 05
1 L liepheline .87 | 20.8€ ] 0.27 | 0.01 0.56 0.04
svenites 22,12 |7.57 133.08 | 1.72 [ g4.28 | 1.22 | O.Ch 2.50 0,15
2 7 Metasoma-
ic rocrs
of ijo-
lite com- 0.%4% [0.01 1 1.04 [ 0.35 0.35 ] 0.01 |¢.00 0.13% 0.09
position 27.26 | 28.29 | 1.06 | 0.00 [ 13.82 9.57
% 1 Alkaline
pegma- 14.25 0.72 [ 12.C7 [ 0.5% ) 0.02 0.85 0.06
tite O [ 8h.70 1 3.71 10.28 5.96 0.k2
L 3 Albitized
nephiline 277 ]0.60 | s.he | 0.15 %.%25 10,00 | 0.0C 0.19 0.08
syenites 3.98 [ &8.85 | 0.00 [ 0.CC 5.0k 2.13
5 3 The lime-
stonegs 1-
10 m from
the intru-| 3.47 [0.23 { &.45 [_L1.0O4 0.35 | 0.00 | 0.00 1.84 0.24
sion 30.00 | w.08 [0.00 |0.00 |53.02 6.90
2 2 e 1ime-
stones
00-400 m
from tihe 0.69 0.1k | 0.42 | 0.09 0.24 (0.0 {0.00 0.17 0.16
iptrusion 13,05 1 27.68 11.45 10.00 24,63 12%.16

tne gas and the denominator presents the amount of the gas related to the total
emount of gases, 100%.

In this table, as well as in Table 2, the numerator presents the average content of
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Table 2. The gas content (cmB/kg} and composition {vol. %} in the rocks of the Kiya-Shaltyr
alkaline massif.

No. of the
localities | No. of Average Hydrocarbon 1/
presented speci« total gas gas content Composition
on fig. B. mens - Rock name content min. max., Ho CHy CoHe CaHe co CO~
1 6 Urtite 64.42 35.42{103.31 0.69 62.94 0.40 0.01 |0.29 | 0.08
e 1.07 97,70 .63 0.01 0.45 | .0.14
2 3 Albitized
and zeoli- 0.64 G.54 0.00 0.00 0.13 0.21
tized urtites 1.54 0.31 0.67 41.55 35.07 0.00 0.00 9.74 (13.64
3 2 Metamorphosed
limestone
with scapo- 0.86 4.61 0.04 0.00 .29 0.23
lite 6.03 4.45 44.86 14.40 76.55 G.66 .00 4,83 3.66
4 4 Olivine-
titanaugite 1.16 6.02 0.01 0.00 0.22 0.10
gabbro 7.51 2.321 10.35 15.45 80.16 0.13 ¢.C0 2.92 1.34
2 Nepheline
syenite 0.52 2.26 0.01 0.00 0.24 0.13
from veins 3.16 1.55 3.00 l6.67 | 71.42 0.31 .00 7.49 4.11

1/ See note on Table 1.



(0.08 cm3/kg) are insignificant. Thus, the gas phase of the urtite con-
sists almost entirely of hydrocarbon gases (98.34%).

Albitization and zeolitization of the urtite led to the loss of the
gas phase. Thus the average gas content of the rock has decreased to
1.54 cm3{*the CH4 content has decreased 12 times (0.54 cm3). The amounts
of Hy a%d CO are also lower, but the amount of CO, has increased up to
0.21 cm~/kg.

In the olivine-titanaugite gabbro the average gas content is 7.5

3/kg, and there is rather much methane (6.02 cm ), but the C, - C gases
are practically absent. The H, content in the gabbro (1.16 cmg) is hlgher
than that of the urtite, and the amounts of CO and CO, are insignificant.
The metamorphosed limestones with scapollte are distinguished by a rela-
tively high content of CO,y (0.23 cm ), comparatively low contents of
methane (4.61 cm ) and H, (0.86 cm3) and by an insignificant amount of
ethane (0.04 cm3/kg) )

The Goryachegorsk alkaline massif 1s situated in the Southern part of
the Krasnoyarsk region within the Chulymo-Yenisei basin. The nepheline-
bearing rocks form a large stock-like rounded body composed mainly of
equigranular theralite-syenite. Porphyritic varieties are found only in
the north%eastern part of the massif. The equigranular rocks are composed
mainly of nepheline, plagioclase, and augite which in places grades into
titanaugite or aegirine-augite. The secondary minerals cancrinite, hydro-
micas, zeolites, calcite, etc. are characteristic. The porphyritic rocks
are characterised by a high nepheline content (70-80%), soda-orthoclase
instead of plagioclase, and by the predominance of olivine among the
mafic minerals. According to I. V. Luchitskii (8) the nepheline crystals
are in many places altered and in some cases are wholly replaced by
cancrinite, hydromicas and zeolites.

The authors have studied the gas phases in five rock specimens from
the Goryachegorsk massif (from A. S. Sakharov's collection) with the
following results:

Table 3. The average gas com9051tlon (cm3/kg rock)

Rock names H2 CH4 C2H6 3 8 CcO CO2
Theralite 2.28( 0.016] 0.00 ] 0.00| 2.02] 0.04
Pink nepheline syenite 2.40| 0.26 | 0.00 | 0.00| 1.22]| 0.07
Nepheline syenite-porphyry 0.61| 0.03 0.00 | 0.00f] 0.44]| 0.11
Nepheline syenite 5.97] 0.00 0.00 ] 0,.00) 2.93} 0.12
Feldspatic urtite (plag10]uv1te°)l 3.041 0.00 0.0010.001 1.52} 0.07

The composition of the gas phase of the rocks of the Goyrachegorsk
massif differs widely from that of the alkaline rocks of the Middle-
Tatarka and Kiya-Shaltyr massifs. The former rocks contain considerably
less gases (1.19-8.02 cm3/kg) and are almost free of hydrocarbon
gases. Only in one of five samples was methane found (0.26 cm ),
while the rest are either free of methane or contain it in a very small
amount. The C, - C; hydrocarbons were not found in any of these five
specimens.

A dispersed bituminous substance ("A") has been extracted from the
rocks of the Middle-Tatarka and Kiya-Shaltyr alkaline massif. It is a
dense gréasy mass of a light brown to dark brown color and with a pleas-
ant odor. It is free of humic acids and contains little sulphur. The
composition of a chloroform extract of bitumen ("A") varies from 0.0017
to 0.0085 weight % of the rock.
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Table 4.

carbon (C disp.)} in the rocks of

The average composition of the chloroform extract from the bitumen "A" and of the dispersed
the Middle-Tatarka and Kiva-Shaltyr alkaline massifs (in weight %)

| . Bitumen
No. of ' content, Elcmentary composition of bitumen, A’ ¢
samples | Rock Names % of rock C disp C H N+C+ 35 LfF ]

f The Middle-“atarre massif i
4 iNepheline svenite I ©£.0041 ' 0.065 . 75.22 . 11.74 12.03 | £od
5 i Metasomatic rocks of ijo~ ! ! | : ‘

litic composition ! 0.0043 | 0.071 | 60.65 i 8.3l . 30.34 | 6.9
1 NMepheline syenite at con- | | ! i : E
tact with ijolite I 0.0032 0.118 E 63,66 8.9% | 27.39 ; 7.1

4 | Pegmatites ' 0.0043 | 0.054 ¢ G2.a4 ¢ .76 | 23.40 , 7.2
3 | Albitized nepheline ] i ! ' i |

! syenite i 0.0026 i ©0.054 . 54,05 . 7.94 | 38.00 1 G.8
2 | Limestones 1-10 m from i | : ! ’ '

i the contact L 0.0050 3.560 . EDLAR 10,43 10700 6.8
2 ! Limestones 300-400 m : ' ! . : ’

: from the intrusion 1 O.0052 D820 £1.39 ML 22.94 7.0

i The Xiva-Shaltyy massif . ,
7 | Urtite Ol d 1.120 75.00 10.54 ‘16,45 | a9
3 i Albitized and zeco- : : : | J

| litized urtite ' 0,001 ' 096 £3.4 .64 0 27,29 7.3
2 Limestone with : l ' |

| scapolite L 0.5033 , 2,167 | ~ - ; - : -
3 | Gabbro ' o0,0035 7 0,030 G A7.95 ' 10.44 | 21,61, 4.5



The bituminous substance from the nepheline syenites of the Middle-
Tatarka massif contains considerable amounts of carbon (up to 80.50%) and
hydrogen (up to 13.77%). The bitumen from the metasomatic ijolitic rocks
is more acidic and contains much less carbon (up to 65.95%) and hydrogen
(up to 9.46%); sulphur, oxygen and nitrogen make up 40.73%. The bitumen
of the albitized nepheline syenite contains the lowest amount of carbon
and hydrogen. It is of interest to note that the bituminous substance
of the limestones at the contact with the intrusive body, which were
affected by the alkaline melt, is of a more reducing nature and contains
up to 75.04% of carbon and up to 11.59% of hydrogen. 1In the limestone
specimens taken at a distance of 300-400 m from the intrusion the maxi-
mum carbon content in the bitumen does not exceed 63.67%, and hydrogen -
8.95%. The average content of the dispersed carbon (C disp.), the bitu-
men and the elementary composition of the organic matter of the rocks of
the Middle-Tatarka are presented in Table 4.

Among the rocks of the Kiya-Shaltyr massif the highest amounts of
carbon and hydrogen in bitumens are found in urtite (up to 76.90% and
13.05%) and in gabbro (up to 72.23% and 11.19% respectively). The albi-
tized urtite is characteriged by low contents of carbon (up to 65.81%)
and hydrogen (up to 8.83%).

The examination of the organic substances from the rocks of the
Middle Tatarka ¢ind Kiya-Shaltyr massifs revealed that the highest C and
H contents in bitumens is characteristic of the unaltered intrusive
rocks - nepheline syenite, urtite, and gabbro - in the closed pores of
which there is a considerable quantity of hydrocarbon gases. The bitu-
mens from the metasomatic, especially the albitized rocks, are more acidic
and contain considerably less C and H.

It should be remembered that in these alkaline massifs of Siberia
the main component of the gas phase of the unaltered (or slightly altered)
rocks is methane, which makes up 80-90% of the natural gas mixture. The
methane homologous (ethane and propane) are also present. The amount
of other components of the gas phase (exclusive of the inert gases) is
limited to 1.5 - 4%. The unaltered intrusive rocks differ from the alka-
line metasomatic rocks and from the rocks enclosing the massif by the
amount of gas. For example, in nepheline syenite (the Middle-Tatarka
massif) and urtite (the Kiya-Shaltyr massif) the gas content is 7-20
times higher than in the other rocks of these massifs.

Table 5. The average content of gases, cms kq.

Names of rock and massif H2 CH4 C2H6 C3H8 co CO2

Nepheline syenite of the Middle~
Tatarka massif 0.38 20.86 0.27 0.01 0.56 10.04
Foyaite from the upper part of
the differentiated complex of
the Lovozero massif 1.50 22.02 1.01 0.84 0.17 10.04
Foyaite from the lower part of :
the differentiated complex of
the Iovozero massif 1.32 32.66 0.88 0.35 1.01 }0.04
It is of interest to compare the gas composition of the alkaline
rocks of the Siberian massifs with that of previously studied alkaline
intrusions of the Kola peninsula. As mentioned above, the chamical
composition of the nepheline syenites of the Tatarka is close to that
of the Lovozero foyaite, which is also substantiated by a comparison
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of the compositions 6f the natural gases presented below. A certain
siiilarity between the gas compounds of the Kiya-Shaltyr urtite and the
Khibina urtite can be observed. The highest content of the hydrocarbon
gases in the J{iya-Shaltyr urtite reaches 103.31 cm3, and in the Khibina
urtite - 139.99 cm3. 3

Table 6. The average content of gases, cm” /kg.
Names of rock and massif H, CH, C2H6 CqH

co Co,

o

Urtite from the Kiya- .
Shaltyr massif 0.69 62.94 0.40 0.01 0.29 0.08
Urtite from the Khibina y
massif (Kuel'por Mounain) 0.75( 72.88] 1.04( 0.03! 0.95 | 0.008
Urtite from the Khibina
massif (MN'orpakhk Mountain}y 0.71 46 .58 0.60 0.05 0.86 0.04
Thus, the nepheline syenite of Tatarka and the urtite of Kiya-Shaltyr
are close to the foyaite and urtite of the Lovozero and Khibina massifs
on the Kola peninsula by the character of the gas components: the pre-
dominance of methane and the presence of a small amount of ethane and
propane. The difference is only in a somewhat lower content of the
hydrocarbons Cy - C3.
With respect to composition of the gas phase, the rocks of the
Goryachegorsk massif and the metasomatic alkaline rocks of Middle-
Tatarka are close to the alkaline rocks of the ultrabasic-alkaline mas-
sifs of the Kola peninsula: Afrikanda, Kovdor and Gremyakha-Vyrmes.
These rocks from Siberia and Kola contain an insignificant amount of
methane and are pr@actically free of the Cy - C hydrocarbons. There-
fore the intrusive and presumably metasomatic alka-
line rocks can be clearly distinguishedby Iheic Gas ccmpaanly
The metamorphosed carbonate host rocks of the Middle-Tatarka massif
contain small volumesof gases (0.69 cm3/kg): up to 0.1 cm3/kq of hydro-
carbons and up to 0.01 cm3/kg of hydrogen and are free of the C, - Cj
hydrocarbon gases. The limestones and dolomites of the Imandra-Varzuga
suite, which encloses the Khibina massif, are characterised by a small
content of methane (0.05 - 0.85 cm3) and hydrogen (0.09 - 0.45 cm3).
Table 7. The average content of gases, em3/kg.

(Name of rock and massif) H, CHy | CoH. | CHg co CO2

The metasomatic ijolitic rocks
of the Middle-Tatarka massiﬂ 0.35 0.36 0.01 0.00 0.13 0.09
The nepheline syenite-porphyry
of the Goryachegorsk massif 0.61 0.03| 0.00 0.00 ) 0.44 0.11
The alkaline rocks of the

Bol'shoi Kovdor massif 0.61 0.07 0.00 0.00 - 0.02
The alkaline rocks of the Malyi

Kovdor massif 0.33 0.14 0.00 0.00 - ] 0.01
The alkaline rocks of the 1

Afrikanda massif 2.93 0.33 0.00 0.00 - 1 0.00
The nepheline syenite of the

Gremyakha~Vyrmes massif 1.47 0.34 0.00 0.00 - 0.00

The total gas volume in limestones around each of these two massifs
does not exceed 1.0 cm3/kg (exclusive of the inert gases). Therefore
the metamorphosed limestones enclosing the Middle-Tatarka and Khibina
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nassifs are characterised by similar gas contents.

The characteristic feature of the intrusive alkaline rocks of
Siberia and Kola is the presence of hydrocarbon gases and bituminous
substances.  liowever, the amount of carbon in these rocks is low,
which 15 shown on the Table 8 below:

Table 8 _
Content, weight %
Name of massif and rock " gas bitu- Dis~- total
men persed

e carbon
The Middle-Tatarka nepheline

syenite 0.0015| 0.0038 0.065 0.070
The Lovozero foyaite 0.0017{ 0.0016 0.060 0.063
The Kiva-Shaltyr urtite 0.0034] 0.0033 0.120 0.127
The Khikina Urtite ‘ 0.0040( 0.0017 0.070 0.076

When calculating the content of carbon in a gas only the carbon
of the gases captured in the closed pores of the rocks and in the
cavities of the minerals was taken into account. The carbon of gases
of the free phase was not included. Regardless of the small percentage
of carbon in the alkaline igneous rocks its total content in the large
massifs is fairly great. Thus if the thickness of the Khibina massif
is taken to be a depth o{ seven kilometers, the carbon mass in the
massif will be 1.52 ° 10 tons.

The study of the gas phase and dlspersed bitumens in the alkaline
rocks in certain Siberian massifs, and comparison of the results with
those previously obtained for the alkaline massifs of the Kola penin-
sula make it possible to form an idea about the regularity of the
character of the organic substances in these intrusive formations of
the two largest alkaline provinces, which are of different ages.

At present there are two hypotheses to explain the presence of
organic substances in igneous rocks. N.A. Eremenko and N.B. Vassoevich,
M.F. Dvali (3;1959), and E.M. Lyutkevich (9;1960) consider that the
metamorphosed sedimentary host rocks are the source of the organic
substances in the alkaline rocks. This idea has been disproved by one
of the authors of the present article on the basis of the results of a
study of the alkaline massifs of Kola. The present results of the
examination of organic substances from the alkaline massifs of Siberia
provide additional evidence against this hypothesis.

The host-rocks of the Middle-Tatarka and Kiya-Shaltyr massifs are
limestones. In order to be able to enrich the alkaline melt with
organic substances these limestones ‘ought to contain these substances
in sufficient amounts. The organic substances should have been accum-
ulated mainly in the apical and marginal parts of an intrusion.

The study of the limestones enclosing the Middle-Tatarka massif
showed that these rocks are practically free of hydrocarbon gases and
the amount of bituminous substances is only 0.005%. The bitumens ex-
tracted from the limestones are more acid than the bitumens from the
nepheline syenite and contain less carbon and hydrogen. To remind, the
gas phasgbf the limestones 300-400 m from the massif (table 1) contains
a very small amount of hydrogen (0.09 cm3/kg) and carbon monoxide
(0.17 cm3), and an insignificant amount of methane (0.25 cm3), but
relatively large amounts of carbon dioxide (0.16 cm3). The average
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total gas content in the limestones s 0.69 em3/ka,

The limestones from the contadt rons ave recrvstallized ond bave
been heated by the alkaline saluticns.  Thoe conteopt of 17, (“.P&gm3} oA
€O (31.81 an™) has been abruptly i
amount ot mothane (0,35 om?/ ) ia et
cor.tent of the gases in thne lio fronm tiw f iz
3.47 Lnng/kg. The awsvmt of bitumineas snbcfans s in the JTom o iones of
tthe outer contact zone of the massift and o the limestones <iltuscod fax
from the intrusion iu the same, hub Uhe bivamen contaios higlery =
of carbon and hydroo.n and iweer areant of geganto carbon (zic.) It
should he emphasized that in the ouvtor contact zane the 1, O Aand o
a lessenr extent the Lo, contents have bean incroased, which 1o prokably
yoflosued in the composition ofF Lhe bitumen.,

Ti the apical part of the Middle-Tatarka massif thore are places
where lhe schists and limestones of the roof arce fully noseimilated,
roseltiig in the formation of alkaline rocks of {jolitic sorpesition,
At the zame time hydrocarbon gascs and reduced bltuminons suabctanoces
vere not observed in Lhe closed pores of the rocks or in thoe cavities
the minerals.  The highest content of hvdrocarbon gases in thes
Adcos nol exoect 1.04 cm3/kg. The amount of bitumen in theso e
in nepheline syonite far from the contact 1s the same, but in Lhe former
rocks the bitumen is considerably oxidised (C - £0.65%, 0 - H.81%) . With-
in the Middle-Tatarka massit the highest content of hvidrocavrbon gascs
(up to 33.1 em?) has been observed in the intrusive rocks proper (nephe=
ling syonite) far from the contact with the sedimentary rocks and without
tracecs of azsinilation of the latter, '

Thus, the <ontaci zone of the Middle-Tatarka massif, whea tho alka-
lLine solution activity was most effective on the host rvooeks, is practically
free of hydrosarbon gases and the content of dispersed bkitumen in this
zone doos ner oxceed the amcunt of that in the ignecus vocks.  ‘The apical
part of the massif, where the limestones and the schists of the rood ware
fully assimilated, docs not contain any significant amount of the hydro-
carpon gascs, and the situnincus substancos are oxidiscd Dhore,

e o rocks while the

tobal average

W

Humt s

casoar

In the Kiva-Shaltyr massif high contaents of hydrocarboangases arc
observed also conly in the intrusive alkaline rock {urtitel}. Im the
limestenes of the outer contact zone the content of gascs is lowar than
in urtite. Thus, the sedimontary rocks enclosing the atkaline massifs
and the localities of their distinct assimilation are fraa
carsben gasss, At the same iime the amount of gas i< hichaest in The
igneous alkaline rocks where the interaction of the alkaline melt and
the sedimentary rocks has not been observed, All this indicates that
the gases in nevheline syenits do not come frorm thn sedimantary rochks,

At the same time a guestion arises: could the crganis substancos
cxist as methane series hydrocarbons and high molecular o grghi Ditumi -
nous compounds at the high temperature conditions of an alkzline mejiL?
uring thermal breakdown of paraffinic nydrocarbens, metnuns o the
most stable, but according to experimental data it also breako down
to € and H at a tempurature abhowe 500°., The heavier C,-U3 hvdrocarbons
breaﬁaown at lower tenmperatureas.

For the determination of the temperature limit for bitwiinous
substances exiracted from the alkaline rocks, the bitumens were heabed
in a nitrogen atmosphere at a wressure of 1 atr (1}, &A% 2206-2107 fhe

of hydro-
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bitumen boiled up and after evaporation of the easily boiling fract%On
it changed into a dense dark brown mass. At 600° the bitumen vaporized.

S.V. Tkorskii (5) heated the bitumen from a gas inclusion in
eudialyte without opening the inclusion. Because the gas in this in-
clusion was under a high pressure this experiment can be likened to the
processes in a natural autoclave. Here the pressure corresponded
to that at which this alkaline rock crystallized. The examination
of the bitumen was under the luminescence microscope. At about 350°
the bitumen in the inclusion ligquified and moved around; over 400°
the bitumen began to decay and ceased to be luminescent.

The numerous experimental studies here and abroad show that at
the temperature of beginning of crystallization of alkaline melts,
organic substance§occur as hydrocarbon gases. Bitumens, which are
formed only at lower temperatures, could not exist. Therefore,if the
organic compounds were adopted from the sedimentary rocks during assim-
ilation in the high temperature alkaline melt they ought to have been
broken down into carbon and hydrogen. The synthesis of hydrocarbon com-
poundj was possible only at lower temperatures.

Most supporters of the hypothesis of a non-organic origin of oil
admit the impossibility of formation of hydrocarbo_ns in a magmatic
melt at high temperatures. They suggest as most probable that the
hydrocarbons were formed in the hydrothermal solutions. This was sug--
gested by V.N. Florovskaya and V.G. Melkov (11), L.N. Kapchenko (6),
A.N. Dubrovin (4), K.K. Volosovich (2) and others. According to L.N.
Kapchenko: "as the magma cooled, the high temperature front moved to-
wards the chamber, and hydrothermal processes and the processes of
synthesis of the hydrocarbons took place in fractures of the upper
part of the already crystallized magmatic massif."” (6, p. 52).

The temperature of crystallization of the hydrothermal minerals (from
50 to 500°), according to this group of scientists, coincided with the
temperature of synthesis of the hydrocarbons.

The study of the hydrocarbon gases and bitumens from the rocks of
the alkaline massifs of Kola and Siberia reveals that their formation
is not connected with hydrothermal processes. The upper and outer
contact parts of the massifs, where the hydrothermal solutions usually
are concentrated, are free of hydrocarbon gases and the bituminous
substances here have a more oxidized character than in the intrusive
rocks. Moreover, the hydrothermal formations developed within the
massifs do not contain hydrocarbon gases.

Hydrocarbon gases and reduced bitumens occur in the closed pores
of all intrusive rocks of the examined alkaline massifs and in the
inclusions of all magmatic high-temperature minerals. At the same time
the hydrocarbon gases are found in a free phase within the system of
primary fractures in the rocks of the massifs, except in the fractures
formed after the complete consolidation of an intrusion. The total
content of hydrocarbon gases in the volume of the rocks of the massifs
is rather significant. But the intrusive alkaline rocks affected by
secondary processes (including hydrothermal processes) have lost their
hydrocarbon gases. As mentioned above, the hydrothermal vein formations
within the intrusive alkaline rocks are free of hydrocarbon gases (10).

There is no doubt that the alkaline intrusive rocks and minerals
contain a great amount of hydrocarbon gases and a bituminous substance
of the petroleum family which could not, as such compounds, exist in
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the high-temperature magmatic melt itself. The optimum temperature

range for the synthesis of hydrocarbons is 500-150°. It is natural to
suggest that this process took a long (geological) time during the

slow coolong of the intrusive body and the presence of natural catalysts.
The entire mass of data accumulated during the studies of the alkaline
massifs substantiates this point of view.

The synthesis of hydrocarbons from CO and H, or CO and H20 is widely
used in industry. The parameters and conditions of this process have
been determined. The synthesis of hydrocarbons from C and Hy or C and
H20 is also easy enough. Hydrogen and carbon monoxide and also carbon
are very common in the magmatic rocks and could serve a source material
for the synthesis of the hydrocarbons.

The duration of the process of natural catalysts is of a great
importance. By studying the gases from the rock-forming minerals of
the Khibina and Lovozero alkaline massifs it was revealed that nepheline
contains a greater amount of the hydrocarbon gases than aegirine (10).
A.N. Bashkirov and his co-authors (1) tested the catalytic effects
during the synthesis of hydrocarbons from CO and Hy in a matrix of
natural silicate minerals. They found out that nepheline is a stronger

catalyst than aegirine. During the synthesis at a pressure of 30 atm
and a temperature of 450°, nepheline being a catalyst, the degree of

transformation of CO was 90% and the yield of total hydrocarbons reached
50 g/m3. When aegirine was used as a catalyst at the same conditions the
degree of transformation of CO was only 26% and the total yield of
hydrocarbons was 34 g/m3.
The new data obtained during the study of the isotopic composition
of carbon from the hydrocarbon gases and dispersed bitumens of the
rocks of the Kola peninsula substantiates the hypothesis that the
hydrocarbons were synthesized dquring the slow cooling of the alkaline
massifs (7). The isotopic composition of carbon of the bitumens extract-
ed from the alkaline rocks is close to that of petroleum carbon.
The hydrocarbon gases of the alkaline rocks differ considerably in
carbon isotopic composition from the gases of the o0il and gas deposits.
The carbon of the latter deposits is heavier than that of the bitumen
of the alkaline rocks. This might indicate that the hydrocarbon gases
of the alkaline rocks were formed at higher temperatures than the
biutmens, and that the carbon of the former is closer to primary
carbon. In the bittmens, aégthe lower temperature formations, the
processes of the isotepic fractionation are more effective. This fact
conforms to our idea that during the gradual cooling of an alkaline
massif at first methane was formed, then its homologs at a lower
temperature, and fimally the high molecular weight bituminous sub-~
stance were formed (10).
Conclusions

1. The study of the organic substances from the Middle Tatarka
and Kiya-Shal¥yr alkaline massifs of Siberia revealed a considerable
content of hydrocarbon gases and reduced bituminous substances in the
alkaline intrusive rocks. The amounts and compositions of the gases
in these rocks are close to those of the chemically similar rocks of
the Khibina and Lovozero alkaline massifs in the Kola peninsula,

2. The metasomatic nepheline-bearing ijolitic rocks from the near
roof part of the Middle-Tatarka massif and the alkaline rocks of the
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Goryavhoeacrsh massif are almost free of hydrocarbon gases and contain
a bitwrinous swbstance of an acidic nature. Hy the compesition of the
gases contained in these rocks they are similar to the allaline forma-
tigns of the Fovder, Afrikanda and Cremyakha~Vyrmes nassifs in the
¥Kola reninsula.

3. The study of organic substances, along with the geologic and
perrographic criteria, may substantially help to reveal the magmatic
or metasomatic nature of the alkaline rocks.

4.  The postmagmatic processes modifying the intrusive alkaline
rocks also alter theiyr gas-phase; this phenomenon can be used to find
out: the character and intensity of the superposed processes,

%. The regularity in kehavior of the organic substances in the
alkaline irtrusive rocks of Siberia and the Kola peninsula and the ex-~
perimental data make possible a suggestion that the hydrocarbon gases
and hitumons in these rocks were formed as a result of the non-crganic
aynthezis which took place during the gradual cooling of the intrusive
bodies.
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SUSHCHEVSKAYA, T.M., BARSUKOV, V.L., ahd TRUSIKOVA, T.A., 1966, The
composition of mineral-Torming solutions of tin-ore deposits of
Mvao-Chan (from date on gas-1iquid inclusions): Geokhimiya 1965,
No. 8, p. 949-959 (in kussian). (Authors at Vernadskit Inast. of
Gen:uc‘pemistr']r and Analytical Chemistry, Acmd. Jel. USSR, Mogeow ).
Weskly minermlized alkaline hydrothermal solutions ere typleal
of tip=-ore deposits of the Far Tast I:M;, rmo=-Chan, Lifudzin, Khrustalnoye,
1’r1mnrﬂ.1|:|;|;.re}. Two solution groups, chloride-carbonate sodise potassic
and chloride-sodie solutions beve been singled out according to the
chemical composition. In the studied solwtions fluorine plays an
important role its concentration varying from 0.2 to 1.5 /1.
It hes been found thet 1ithiuvm concentration in the zolutions 1s
0.002-0.009 g/l (Authers' abghe ).

The tln-ore deposits of the Koemaomolsk reglon, belonging to cas-
siterite-silicate formations (1), coour in sgndstone-shale strata
of the Jurassic and effusive-gedimentary rocke of the Dretuceous.

The process of ore formation bhegun with the formatlon of meta-
somatic quartz-tourmaline rock (Stage I). AL Lhe sume time op
somewhat earlier, metasomatic quartz-senicite rocks were devaloped,
the appeargnce of which can be considercd as alteration sround the
ore of the guartz-tourmaline stage. The temperature duterval of this
stage, according to the determinations of A.P. Kokokina and
P.G. Horosteleva and our data, is 200-%00%. Then (somotimes with
cruﬂhiug} begins the productive guartr-cassiterite’ staps (quarte
for the ore-free zone). Together with gquartz are denosited
cassiterlite, wolframite, arsenopyrite, and cheleopyrite. Tvu this
stagelis not characteristicjwell rock alteration) There is noted
only slight silicification of the contact and fragmente of early
formed rock fallen into the rone, and alszo the reervethlilizaticon of
toursaline with the formation of & rim of mciculmr, ususlly Ereeu.
toursaline. The temperatiure interval of ztawe II 1ies [n tho rans
272-%350"; the maximum mumber of determinaticns ure In the inte ':".-'ﬂ.l
from 270 to 320°.

The appearance of the following stapes -- quartz-sulfide,
quartz-gulfide-carbonate, sericite-carbonate--ls not always obhserved,
and they ere characteristic of the completely formed gone of mineral-
ization with the development of tin mineralirzaticn.

In view cf the difficulty of separating the guartz-sulfide and
the guartz-sulfide-carbonate stages, very similer In time, conditions
of deposition, and temperature, it seems permissable to unite them
into a single stage 111 of mineralization. In stage ITT the deposi-
ticn preoceeds of chalcopyrite; pyrrhotite, pyrlte, guartz, sphaler-
ite, gelena, fluorite, and carbonetes. For this stage of cro
formation; alteration arocund the velns is expressed by proprlitizae-
tion of the country rock, but the intensity of this phencmencn depends
on the composition of the country rock. The mineral complex of
stege IV--sericite-kaolin with chalcedony and stitbnite, scmetimes
with ecinnabar--occuples a very small place of the %otal wolume of
the zone, but the stage represents e substantially different state
and is therefore considered as an independent one.
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In the Myao-Chan region there is developed a normel temperature
vertical zoning. The zoning is expressed in changes of types of
ores and metasomatites of differing mineralogical composition.

Thus, in the Pereval'nyii deposits, with gradual withdrawal from the
intrusive (from south to north), wolframite-cassiterite-quartz ores
(southern zone) change intc cassiterite-arsenopyrite-quartz ores
(Maisk zone), then to cassiterite-arsenopyrite-quartz ores with
sphalerite and chalcopyrite (central zone) and further pass into
sulfide-wolframite-cassiterite-quartz ores in the northern ore zone.

The zoning of metasomatic wall rocks is expressed in the change
vertically from the bottom upward of quartz-tourmaline rocks to the
lower-temperature complex--the propylites.

The thickness of the quartz-tourmaline rock from below is re-
duced up to complete disappearance in the rocks of the Amutsk sbrata
of the Upper Cretaeous (for example, the surfaces of the upper zone
of Snezhinka in the Levo-Khumulinsk field.) In layers of various,
mainly intermediate effusives of this formation, constituting the
Upper Mesozoic section of the region, there occurs intensive devel-
opment of propylite around the ore. In these same effusive layers
the appearance of regional early propylitization is independent of
the ore. The formation of propylite around the ore apparently is
aided by the combination of two factors: favorable composition of
country rock (for example, intermediate effusive and intrusive rocks)
and the deposition of essentially sulfidic ores. When only one of
these factors appears, there is usually observed slight development
of propylite, while in the zone of quartz-sericite rocks chloritiza-
tion is developed in places.

Summarizing, one can represent schematically the sequence of
development of mineralization in these deposits as given in Table 1.

Table 1 (p. 950)

No. Temp.
of Alteration of Range
stage Stage country rock °C
I Quartz-tourmaline* Formation of quartz- 300-360
sericite rock
T Quartz-cassiterite Silicification
Propylitization 270-320
IIT Sulfide-quartz- " 100-260
carbonate
Iv Sericite-kaolinite -=- 50-100

*Provisionally separated.

Thereby it must be added that the separation of the quartz-tourmaline
stage as the first stege of the process 1s somewhat provisional,
because it is inseparably associlated with the following quartz-
cassiterite stage, but for discussion of the data obtained on the
composition of gas-liquid inclusions it 1s convenient to consider it
separately,
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Study of the composition of incluslons in the minerals of the
Myac-Chan tin-ore zone (2) showed that deposition of the minerals
cecurred from chloride=bicarbonate sodium-potassium soluticns.

With the transition to the later stages at lower temperatures in

the solutions, the concentration of bicarbonate lon incressed and
that of shloride decreased. Tt has been established that the solu-
tions were slightly minerslized, the aversge magnitude of minerali-
zation beilng about 2.2%. 5o low a magnitude of the concentration of
ionz in solution did not permit at first by means of ususl analysis
to find & series of ions and to determine the changes of their
concentrations in the process or ore formation. This referred
eapecially to fluorine end calcium, and to some degree to other lons.

Iuring continued work there was addltlonally specially selected
and enelyzed material such that it gave the possibility of more
complete and exect characterization of the composition of the
hydrothermal solutions of individuml deposits. Most of the analyses
were made for the deposits Solnech, Festival, and Pereval; data were
alsoc obtained for the poorer and barren minersllized zones.

For comparison, material was analyzed of the sulfide-cassiterite
deposite of the Maritime Region -- Fhrustal, Lifudzin, Primorsk,
2ilin.

The most useful mineral for analysis of the composition of
inclusions is quartz, which is deosited in the course of all the
processes of ore formation, But only in the guartz-cassiterite
gtage does it form coarsely-crystalline and compact masses suitable
for selection of material . In Stege I, poorly crystalline quarte
is ¢losely asscoclieted with sericite and touwrmaline; in stage ITI
with sulfides. Therefore most of our delerminations refer to atage
II, the quartz-cassiterite stage.

0f the esrly pre-cre samples, we were able to separabe gquartz
of the Chalbin granite (ne. 554), quartz from quartz-feldspar
soparates in the Chalby granite and in the granite-porphyry of the
Eholdamin area (nos. 313 and Z6), quartz from essentially quartzitic
areas of the guarte-touwrmaline rocks (no. 1107, stage I, Krasivaya
zone ), drusy pre-ore guartr with mice {no. 57) from the Primorsk
deposlt.

For stage III samples nos. U7, 4OL, and 1387 were analyzed of
sugary quartz of the Yagodnays zone and no, %2 of the main zone
from the Sclnech deposit (gquarry).

The remaining determinations refer to stage II for various ore
zores and deposits. Samples nos. 12, A9, 100, V, 30, 65, 202, 66,
gefl, 262, and 229 are from the main zone, centrel area, Solnech
deposit. Samples T1 and 200--southern zone, Solnech. Semples no.
IEEE, 625,186, 177, and 145--pnorthern zope, Pereval. Samples nos.
97, 105, 106, 107, 351, 385, 397, 413, 417, 431, 458, and 1388--
Yagodnays zone, Festival. Samples nos. 1107 and 1408--Krasivaya
zone, Festival. GSamples nos. 575 and 5Tu--Preryvistyl area,
Fegtival. Samples nos. 01 and 92--Ozernce. Samples nos., 77 and
925--Levoeilin zone, Samples nos. 595 and E00-=Avral 'naya rzone,
Semple no, 589--Zverineys zone. Sample no. 264--Iifudrzin. Sample
ne. 47--Primorsk. Samples nos. B129, BOL1, and A--Khrustal.

Sample mo. S207--5ilin.
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laneiustcons in quacts and in enssitorite were analyzed feom
sanplea 64, 197, 2%, and 62, tut ouly in guertz from the remuining
ramp e,

r Hellability of determinstions weo sitedned by two methods:

(1) t1r lapge muber o wonlyaces, (2) bipgh soalyticel accurscy of
deteminesions by concuentrabing the ngqueome extracts.

Hops then 50 comnlete analyaes of the composition of aquecus
P xbracty of Anelvaions wera made. He wors puceeasful in determining
macuretely for concsntoated solutiond the concentrationn of calelum,
{Tuoring, aod 1ithiwn.  Aegeetinbly, magresivn vas oot determined.
As mly:ad: poted (3], the chmucter of the curves of temperature of
lecropitatlon chows the ratic of primery and secondary lneluslons.
Fletting deerenitotion curves cor our smrples shows that the per-
corbug ol Jocondury loclusionn, Dormed bt & later time, 13 small,
uok e cwiading 107, Geme of these curves swre glven in Fig. 1.
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Mg, 1 (p, 351). Toercpitsticn surves of some les from the
me=Nian tin-besa-Iing zone. MNo. of Impulses Enrdin&tn} VB,
toarerature (pbeisma ).

In Teabls 2 are gliven the rezults of the analyses of the combined
smples by Separate horirops of the ore sone, delected by drifts.
e rorainiog data are plotted on the triangular disgrems of compo-
sition Ls-¥-Ta and 01-HDCO.-F (Flg. 2), and the ratios of the
componeETEE o ghown ino Tables 3-5. For the grestest clarity dno
ronaldering Lhe dsta further, we shall work with the ratics of the
icng, whick proctically do not depend on the copcentratlen of the
golution and closely express the changes of the ratios of the ioms in
the zolutlon in Che prosess of ore formetion.
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Table 2 (p. 952). Composition of soluticn from mnalv-1is of inelusicny
No. of EE'J Ji K Ca id
samvle | Brief characteristics Jhlecequivl g/1. |acequiv] g/1. | greguis] g/1. g-eguiv/I.| o/1.
1 L. 1 | LT S |
554 | Quartz from granite, | 0.30| 1.19 | 27.37] o0.3% | 12.87| o0.kg 9.8 | ot detd. -
Chalb ares
1107 | Quartz, stage I,
from guartz-
towmaline rock,
Erasivaya zone,
Festival o.22| 0.6 | 10.88) 0.08 22| .11 2.ap ! -
]
3 1388 | Quartz, stege II,
b Yegodnays zone,
cuta F=5, T-9-
11-15-17,
Featival o.b7] 0.73 | 16.59| o0.0% 2.15 | 0.0% C. 08 o.00% ol -1
1387 | quartz, stage III,
Yagodnays zone,
cut 1-%5, Featival 0.5k o.32 | 12.05| 0.05 1.9 0.06 1.0 oot de=t --
k=R CQuarte, stage II.
Yagodnaya none,
eut 35, Festival 0.2El 0.33 T-41] .ok L.t | o 1.7 213
1541 | Quartz, stage II, I
North zone, Pereval | 0.i5| 1.3 | 30.50| o.28 | 11.5%| o.zc =, 7L C.0hY g
b7z fpartz, stege III,
valo rope, cubt 15,
Solnesh 0.2%] 0.89 E£.TL} 0.0% LIk | 713 A not dotd -
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c1 HOO% - F "Motal
g-equiv | §/1. | g-equiv] g/1. |g-equiv] g/1.] caticns
1. 1 1 g-e 1_
2.10  f7h.55 tr. | == 0.10 h.84 2.01
0.61  i21.98 0,01 0.68] 0.11 [2.18 0.65
0.76 27.72 0.0% | 1.95| 0.0l :j0.32 0.81
0. 58 20.78 0.0B 1 0.45| 0.05 f0.79 .73
0. 44 o.87 tr. | == | D.13 ru.eﬁ 0.46
L.T5 61.9% .81 | 3.66| 0,12 |2.56 1.90
0. 12. 11| &.1 - :
3h 33 0.11 3 .fﬁi 0.45

Totel Atomic ratics Totel
anions |Wa/E] Na/ca] CLU/F [CL/HCOs) g/1
E-ug-"ll

2.20 {3.60] 2.43 | 210 | ~-- 126.43
o.7% 15.75| 4.18 5.55 | 6L.0 Lo.Bo
0.8z 1Lh.60{2L.3% | 78.0 26.0 ko.38
o.71 1o.k | 8.66 | T.25 1.16 36.97
0.57 |B.25] L.74 .38 -- 20.72
o.68 |4.78] 6.70 | 14.58 | 21.6 B6.L1
0.45 |9.67| 2.2% -- 3.09 28.83




Begulte and thelr discussion

Comparison of the analyses of the water-soluble part of the
inclusions (Fig. 2) shows that of the three principal cations of
the solution -- NHa, K, and Ca --, Na is the main one. Maximum
predominance of Na over K i3 observed for horizen 2 adit of the
Yagodnays zone (Festival deposit), for the Levosilin zone, and the
gone of the Avral'nyl spréng, where this ratio increases to 10.

The minimim megnitude of Na/K found is 1-2.

Potassium is not always second in concentration of the caticns.
For the solutions from lpcluslicns in quarte of granite and quartz-
feldspar deposite, caleium is more characteristic. In some ore zones,
for example the Czernyi (Lake) zone, the concentration of Ca is also
high and equal to that of K. The ratic Na/Ca varies in approximately
the same limits as Na/K, from 2 to 10.

among the anions in the hydrotherwmai sclutions of Myaoc-Chan,
chloride predominates. For the minerslized zonez of the Festlval
and Pereval deposits, chloride predominates significantly over
bilcerbonate lon.

In some samples blearbonate fon 1s not found or is present in
traces. The same plcture Is characteristic for inclusions in the
quartz of granite and of quartz-feldspar deposits. On the diagram
cf anlonic composition, the cowpositions of the polnts are grouped
in the chloride zone. On the other hand, in samples from Solnech,
Lunn, and Tikhii, the concentrations of bicarbonate ion in the
solutions is consliderable; sometimes a predeminance of HOO 3'1 over
Cl 18 cbeerved. The ratio Elfﬂﬂﬂﬁ varies in the ranges D;E-h,
averaging 2.2, TFor many samples, characterized by high concentration
of blcerbonete ion, & diminisked g:_rl.n: of sodium is observed =-
the ratics Ne/K and Na/Ca diminish,2-3. It 13 interesting to compare
the dats on this group of ore zones with those for tin-ore deposits
of the Kavalercv region, Maritime Province (Far East) (Lifudzin,
Khrustal, Silinskii). TFor these deposits a constant predominance of
bicarbonate ion in the mineral-forming solutions is characteristie.
Chloride is found in traces or not et all. The ratios Ne/K and
Na/Ca in these solutions are low == from 0.5 to %; solutions predom-
inate in which the concentrations of He and K are similer.

A very important ion of hydrothermal solutions is fluoride, able
to form stable complex compounds with many metal ions. Por sulfide-
cagsiterite deposits, fluoride is not as charg cteristic es it is for
quartz-cassiterite onea, where a whole series of minerals enriched in
flupfiide is present. In the Myso-Chan dsposits, fluoride minerals
goour very rarely and in small smounts (fluorite in the Yagodnyi
end Vodorazdel'nyi zones).

At the sape time, determinations of the composition of inclusiocns
(Tebles 3,4) showed thet the concemtrations of fluoride in hydrotherm-
gl soluticons of sulfide-cassiterite deposita are considerable, in
the range 0.1-1.5 g/l. The maximum magnitudes {3.4% and 1.90 g/1.)
were found in the Yagednyi zone in a sample from drill hole 110 and
in sample 397 on the horizon of adit 2. A high content of F was
noted in sample no. 1107 -- the guartz, quartz-tourmaline stage of
the Krasive zone. In samples of esrly pre-ore material (samples
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Table 3 (p. 955). Composition of mineral-formin: solutions of tin-ore ceposibs--Continued.

Festivel ! b | aje 1 G/HCes | OSF
3 |

Krosivayasad iverage | Stndstoc=! 1| CadBayk| HCOJ O 1.5 | == |0aB| == | 0.5 = | 2.67) -
ohalo

Festival, F.T ugg | 2 | BayGasE| CLHP=HCO, 2L5- 3.2|3 |3 |20 | =16 -

Provy- n{h')'

viaty zono

Fereval fugrd Intor=

narth zcm*:., Fieh nediste, S | RayE=Cax | CLHCOy | 5-0 6.3, 5+ .2] 7-1 —=|11.6-|13.6
basi =F T 100 15.6 ;
€ “lik‘

Ozermara zone |[Average |Dittc 2 | KaCa=K ﬂ}}ﬁﬁﬂ; 3ul: | 35 1-E'_-2'.'5‘ '3'-%'5 - | G0 -

F 1 =

Tikhii area, | | Send- 2 | NayKxCa | C1)HCO, £ | we—|10- 02.511,1- | La5|— -—

Levogilinck [Lean stone= 15 )

Tone shole

Tikhii crea,

Avrelraya zew|Parren  |Ditto 2 | NayKpCa | CIYHCOy | 7-8 | ToB| == |om | b | o= |~ ~—

Lone of ’

Everin syriag| " " 1 | MayKrCa | CX>HCO, C | mm | = | Euf | o= |== —_—

Irhrus‘t-nl‘j E

Lifuczin » Very o

Eﬂﬂﬂl:j rich " T | BaoErCa | HOO5PF=| 0.5- 1.2 0,6 0| == | == [2.0- ] —-

Baritime HCOg B B.0 ] 7.5

# In 21l the columna besides the ﬂrs'b two, data for the gquortz-cassiterdto stage srs cconsidered.
#¢ Anglynes in vhich the ion was cither not dotermised eor oy found, ore nob caleulcotnd, The average
pagnitudes are for the most relisble cases,

w2 Of 1k anelyscs, HCDS was not found in six.



Table L (p. 956). Content of fluoride in ore-forming sclutionh
Woe of Flice colleotou ond Conc, of F

samnla mineral analvzod mE - equiy g/l. ElfI-'
100
Solnsoh dopooit
Quaniic, wain sone 0,008 0.25]| 3.1
a0 " ” " G.008 | Cal5 Tel
L6 " I 0,008 0.5 | 32
12 " xR 0.015 0.50 | 5.6
2ok " = " 0.008 0.25 -
376 " ® 0,015 0U7 | -
&5 " LA 0.020 0.62 | 12.7
65 | Cassiterite, main zone| 0,019 0.60 | 1.7
228 O L 1 " 0023 060 (A
220 Casuiierite F W 0.035 1.10 | 1.6
31 | Quaric, south zomo 0.027 D.éﬁ 13.6

Fagtivel danna‘j;i:.

305-4 Quartz, Tagednoya zons | @,012 0,37 | ==

385-B B " L 0,015 0T | -
L5 " " " 0.004 0.12 | 30.0

LB7 ¢ " " 0.110 3ek3 | -
397 b " " 0.052 1,90 | LS
1367 " " A 0.024 0.75 | 13.0
1366 " " " 0.008 0.25 | k5.2
1107 ", Krasivaya zems | p,081 1.59 Sel
1408 n " " 0.005 0.19 | 97

_1j|_l;-



Tebile b {pe 955). Content of fluordds in wroe-Teredng selulicso--Cortlnmucd.
666 Quords, Luchisteya rone : 0,659 0,20 | =
66T [ i i 0005 [ a-
573 i, Proryviotaya ® 0012 0,60 | 16.0

Povevrdvd donosifh
117 Qurass, north sono O.0LT 0.53 | i5.6
625 " i u 0.020 0uf2 | 115
Priborcch:d depenit
197 Qurirts U007 G256 | 11,4
197 Coonlterite QL0290 0.85 -
21l Tecatte Cunoudi AR Okl 3.0
Eela, Mhawestal o 0.025 0.76 | 2.0
5T Voviidne ¢ 0.072 0,69 | 7.5
55k Cuarts, frea Chalbinsk prondte 0,025 1.%2 | 21.7
o " Fholderinck peenite 0022 .32 1 18.L

Pamivkiraato: un Pahlle s

U
1
nod, 554 wnd 36), the concentretions ur fluorine mr: plse bl

(1.7

and 1.5 gfi. ).
Iwwer levels. F10.5-0.8 gf1., are characterictis of (e Meritin

gquartz-chsciterite ores. Acelysiz of the ratic C1/F chows thet with
a conoiderable acatter of the data, they can be serarstiug 1oto proups
of ommples Wlth low magnitudes. They are cheractorigtic ' zamples
I'rom arcas very rich in (early) caszsiterite (Maln, Holrceh, wad
Lunnaya zones). The composition of the inolusions din the ~seriterite
itgelf also reflects the enrichment of the soluticn in 1iwcy'lds
during the deposition of cassiterite. Thus, for sasele po, §0%, the
ratic C1/F equals 1.7, whercas for quartz no, 65 it io increassd to

12.7.
I =1

Sample no. 288-1 of gray early quartz with shbundant nasoiterite
.G, and for no. 288-2, a white, later gquartz with -mssziterite

1T, this ratic equals £.2. In cassiterite from the Lifudrin desosit
{oo. 264), chloride is not found and H20, end F predominste amcig
the anions with HCO./F 1.5, whereas in the guart: Assoclated with
the cazsiterite, shirp predomicance of bicerbonate wes <stablished.
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¥
& {p. 957) Concentraiion of lithiva in pineral-forming aclutiona.

Table

Ho. of Hamo of mones and the Concentration of Li

e ik me=equiv/100 m. fl.
71 | Solmcchnoc, southern Asie, querts, stepo I 0.0028 0.008%
197 | Prideroszhnaya, cuarte, stege IT 0.0025 0.0029
26l |Iifudein, cassiterite II, quartz, stage II 0,0047 -
151 | lorth zone, Perevol, quartz, stege II 0.0043 0.0ckLg
625 . " n ' u n 0.003%6 0.00l1
397 |Yagodnaye zone, Festival, quarts, stage II 0.0081 0.0033
597 " n " " LR 0.0084 0.0096
1158 " " " LI 0.0O01 0,005
1385 " " " " LA 10,0021 0.0024

¥ Correction, printed in Geckhimlys, 1966, no 12, p, 1520:

golutions containing fluorine, from 1.7 to 10 g,.l"l.

Foctnote to tables 4 end 5: Welght concentretions of F and Li

in the mineral-forming aolutions were caleuleted fron the mesn
value of the concentretion of water in the inelusions: 0.61% in

tege II, end 0.%% in pre-ore ssmples.

From the paper of Barsukov and Kuril'chikova (&) on the transport
of tin under hydrothermal conditions, it follows that tin can form
rather stable Fluor-hydroxyl complex compounds.
of various compositions permitted the awthors to draw the conclusion
that wunder natural conditions the transport’ed tin is realized in
the form of hydroxgr=-fluor-stannates.
The solubility of tin hydroxide was determined at 300" for

Study of systems

In all cases

Tlucr-hydroxyl complexes were formed and increased solubility of

tin (up to 0.4 gfl} was cbserved. The lower limit of the concen-

tration of F in the experiments was elmilar to the conotent of F

found by us in the soluticns - 1.5 g/l.

that the enrichment in flucwine of the gas-liguid iaclusions in
cagaiterite and in the gquartz asscciated with its deposition is
gescciated with the Iyrdrolysis of the transported tin compound,
accompanying the escape into the soluticn of free fluoride ions.
It has already been menticned that in concentrated aguecus

extracts ve were able to determine lithium.
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1.5-2 orders lower than the content of the main cation - sodium
{Teble 5). Approximately the same ratic Na/Ii was firet found by
Roedder (5), but for lead-zinc deposits of Mississippi (sic).

The problem of acidity-alkalinity regime of hydrothermal
golutions is importent for the interpretation of processes of mineral
formation and is not simple to solve. Often on the basis of miner-
alogical and petrographic observations, establishing the carrylng
out of alkaslies from the country rock, one speaka of the appear-
ance of acid solutions where o ne must speak only of a comparitive-
1y small decrease of the megnitude of the pH, rarely attaining the
pH of a neutral medium. It is evident that in Bature the most
abundant deep hydrotherms are nearly neutrallalightly alkaline and
glightly acid.

Mrect measurement of the pH of solutions of maguecus extracts
from inclusions does not glve reliable data. It seems to us that &
mere rellisble methed of estimating pH, starting from carbonate
equilibria, was proposed by Ryszhenke (6). Calculetion of data pre-
vicusly obteined by ws on the contents in the sclutions of O02 and
HOO=, given in ref. (2), show that the solutions were slightly
alkaline with a range of pH from 6.5 to 9.5%., With decrease of
temperature, with transition from quarta-cassiterite stage to guartz-
sulfide and ecarbonate-sulfide, the alkalinity of the solutions
increases,

Analysis of the data presented leads to the following conclusions:

1. For sulfide-cassiterite depoaits of the Far East there have
been established two types of chemical composition of hydrothermal
soluticns (in each of which there exists variation of composition).
The first iz the chloride-carbonate, sodium-potassium solutions.

The ratios of the components on the average sre Na/K L.4, Na/fca 6.2,
Cl/HCO= 2, CL/F 6, This type i8 characteristic for the zones of
‘Pri-dnr‘g:.hn:.ri, Ozernaya, Levosilinek, Avral'myi, and the main Solnech,
and for the Maritime deposits.

The zecond type is the sodium=chloride soluticns; in which the
average magnitudes of ratios ere approximately Na/K 5.8, Ne/Ca 6.6;
for ElfHMﬂj the lower limit of the ratic is 5, the upper limit is
very high, because the concentration of HCOz™ falls below the limit of
sensitivity of the method. For the ratic C1/F there is a large
poatter of magnitudes -- from 4 to L6 with an average of about 10-11.

2. The concentratlion of fluorine in the hydrothermal solutions
that formed the sulfide-cassiterite deposits 1s significant; of the
order of 1.5 g/l., which mey provide for the transport of tin in
the form of complex compounds of the type /Sn(0H),FS-x7 "2
The transport of tin in the form of such complex ions i1s confirmed
by the deta on the decrease of the ratio GlfF in sclutione of inclu-
Bions in aress of emnriched tin mineralization end in cassiterite.

%. The concentrations of lithium in the mineral-forming
solutions ranged from 2.4 to 9.6 mg/l.

L. The hydrothermal solutions forming sulfide-cassiterite
deposits were alkaline.

In conclusion the authors express thanks to V.I. Lebedev who
made the flame-photometric determinatione of Na, K, and Ca.

*The neutral point at 300' corresponds to a pH E.ET g0 that all the
gtudied soclutions are practically alkaline.
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Mimate inclusions of highly compressed, mostly liguidfied CO2
and the inclusions of another composition were found in olivine,
Mpfoxene and plagioclase by microscopic examination of thin doubly
polished plates of chondritesand achondrites, The description of
different kinds of inclusions is given in the 1cle. Bome compar-
igcons and coanclusions are gi\reu.fﬁurh-flh L O

During the microscopic study of thin (0.1-0.%mm.) sections,
polished cn both sides, of the chondrites "Saratov”, "Ckhansk,"”
and "Beleopel,” and transparent sections of the schondrites "Chervonyl
Kut” and "Yurtuk,"# inclusions of different composition were found,
and among them inclusions of dense, moatly compressed carbon dioxide.
These inclusions occur in fine cystallites and grains of olivine,
constituting chondrmules of microghyritic and completely ¢r ystalline
structure, and also in grains of plegloclase and pyroxene of achon-
drites. The inclusions are easily seen in immersion preparations
cbtained from grains, for example olivine, selected from the
chondrule under the binocular lens, erushed between two mieroscope
glides, and placed in an immersion liquid with n close to the Q3 of
the mineral. In the usual mieroscopic survey of a sample, the COm

inclusions appear as small (less than 3-5 am) non-tra sparent dark

#Material for study was from samples from the personal cclleticon of
Prof. P.M. Chirvingkii, located in the Mineralogical Museum of
L'vov Univ.
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apots | Flg. I,0), ang only rarely do largoe inclusiong Secur. In the
metn, the fnelusicns mre close in Bize Lo the resolving power of the
riaronoous,  Theeoby 1t 1y necessary for theire stwly %o wac strong
magiifleation amd breight 11lwdination, obtained by means of A condenser.

GFhe inohweions of 00 Alffer feom Lhe non-transparent small
incluglonn off nlckel=1son und triolite in thai ln €hem there 1ia
wauaily 8 Mgkt yoint in the conter anddst a dark part around 1t,

The jpslusiona are distriluted irregularly in the antire wolume of
the grein aund thelpe cortonbs oe ot the rame in different greing.

Tir edividual geaines of olivine and plaploclace there are ob-
gerved dopoely located small and very vory smell] inclusions, oriembed
ppproxbmlely slong erystalloqraphie divections or locuted along
cirved guefaces within the proln, traced by small clovation or lower-
g of ths misrcsoone tube.

latst of the fpelusions are sescndary, teappsd at the Uime of bl
healing of Preacturcs in the grains of olivine, plagleclase; and
e e, (ut tews of them are spparently primery awd pocude-gecondacy
|: Fppe e lons 6 i Ueoand melt, wideh filled £ssures uhi-~'h orlginated
i e v sens of the grovtll of the eryotel (g, ,,.} e the
bt led frerfuse ploches cut within & single prals, widel to =ontieoed
Lo b creannl nsrcetes of size and oumbey of fneluidons fn the
Alrertion of pivchilug oud. Tt is  peasible that et of the
secandary innlusions of 00z originated during the decrepitation of larger
joimary ionvilusicas in the perlod of beallng of vory Poe fissures in
WU el ol G araty edleecul o the caminle,

Erpdor="phtuee ana dao=riase Inoluclon. covees Too ey oormo=
pivlun ond rakds o nhasan, The InGInlioh. bps s vi-del fnto
SeTan, cagenially gusetic, gas=1iguld, 1iguid, ccngeal-d. and
gy iel iness, Thoerely "Lere are mlsblognlspel among she oot el ly
prietm ard gan-ltgatd oongs, o thelr Tw inelve s with 06 ed
A LI Ll kB [t

LA, r‘:.l‘]'-' to Lhe merdholosion) Prabivee ope chn doparate e
"ol lowlag “aricuiea of inelusions: lrremier and ooel plase (FPlg. L,1);
ety ing £l Tory of Isomabels fgacabivd aso !11.- (it 1, eap 1. 1,
Pt)g tabmbeae (Fle. 1,Eh Y vermifors (£1,:.1.%0; nval and arherisal
(Pha, 1. &n By L:.dp_tihltc forms (1. 1, J.L,,J.

The filliog of two-phass gna=iiculd inelusilons varlcs wiluhile
viie Jimlts == feow 50-907 Iauid o o £0=10 (tubular inxinsions).
For those whers /A0 bubbles aro omell wisd cersratod feom Lhe wall
of tlw vasuole, ong can obserye Arownisn sovemenl,  InmclusioRs with o
high pereemt of £1311ng by 1iguid 00w i:-.tu.ng'-n“s-rl In ke Liguid phese
cn heating in the uempersturs {olory al Crom 207 o #31°%0,  Thersby
the bubbles I:'I.'F.uupphtred Instamte heounly, did vel a;pese J1u'itl.|:_r.
cooling to room temperature, but on tveezing to -5 in some single-
phese inclusione, small gas bubbles were forsed.

The gas-liguld inclusicng of indefMnibe compoalticn helave
othervise, Individual small oval inclusions of slcller Gyme with
#i11inr WN-407% homuzenived on heating in the goaz ;-!msn% so that bubbles
do not change tor a long time In volume, tu’t at 50-90°C gradually
axpéended to the aloappearance of the meniuvcus. Spherical, dark,
larger inclusions 4id act change vhen healed up to tesperstures of
the order of P50=300°C.
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Fig. 1. Types of inclusions in olivinc, plagioclasze, nod prroxene
from stony meteorites. £t s -t

6 - distribution of inelusions within o cirgie grain of olivina,
Zarisovka under the binocular meroscope. ]
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As noted above, besides the gas-liquid and liquid inclusions
of COs, there are also found congealed (Fig. 1, 4v, 5, and fig. 2v)
gnd solid inciusicne. Especlally sbundant are such inclusions in
plagicelase and pyroxene from the achondrites "Chervonyl Kut" and
"Yu.‘l'tuk.“

.HIIEJI'IIJ tha mﬁ;leﬂ in{:luaiﬂﬂﬂ, !.:E-Pﬂt'ﬁntl]l' melts of FIiWﬂl’dill
material, cne can separate glassy, combined (glassy and recrystallized),
and recrystallized. Glassy inclusions have predominantly owval form,
and for them is characteristic the presence of small, immcbile ("fas-
tened”) gas bubbles, probably originating 4t o requlf of contractiom.
The volume of bubbles is usually constant with respect to the volume
of the glass (3-5%). There also occur small glassy inclusions without
bubbles, apparently originating during rapld cooling of the melt.

The recrystallized inclusions have a brownish tint and contain gas
bubbles; the ratio of the volumes of gas and glass, converted into a
granular mass, i% generally inconstant in them. As a rule, the gas
bubbles of this variety of inclusions are larger than the bubbles in
glassy inclusions. The combined inclusions contain small immobile
bubbles in the glassy part. Inclusions also occur that consist of
glass, crystalline phases, and gas bubbles. Besides, one must note
congealing of inclusions of glass in the form of very fine veinlets
in crystals and grains, which apparently originated as the result of
partial melting of minerals of the meteorite in cosmic space (1).

The results of preliminary cbservations on inclusions in olivine
constituting chondrules of metecrite, and also in plagioclase and
pYroxene entering into the composition of achondrites, permits one to
draw some comparisens and conclusions. The described inclusiocns in
meteorites are wvery similar to inclusions in phenocrysts of alivine,
pyroxene, and plagioclase from dunite, peridotite, pyroxenite, gabbro,
basalt, from wariows areas of the Earth, described by Roedder (2).

Carbon dioxide is one of the constituents of the parental matter,
from which the minerals occurring in meteorites originated. If one
assumes (by analegy with terrestrial ultrabasic rocks) that ©0. can
form in the original silicate melt as a separate, immiscible pﬁuuu [2] +
cne does not exclude the possibility that in the period of capture
{trapping), both primary and secondary inclusions of melt are growing
or healing crystals with a silicate fluid containing microsceopic
globules of ancther immiscible fluid, consisting of dense supercritical
L 4

’ Comparison of the ratios of ligquid and gas phase CO_ in the inclu-
Siongd in olivine of meteorites with the analogous data for terrestrial
2livine rocks (for systems at high temperatures and pressures) permit
ane to Jjudge as a first approximation the pressures at the period of
trapping the primary or the predeminantly secondary inclusions. These
magnitudes are of the order 2520=-5000 bars, corresponding to depths of
deposition of about 8 to 16 km. If one takes into account that even
in the parental body, or in consequence of collision and impact of the
parental body in cosmic space, there can occur decrepitation of the

inclusions eccurring under higher pressures, then the mentioned limits
of magnitude of pressure and depth of deposition can be considered
minima. Hot excluded alsc is the possibility of partial loss of CO
and the decrepitation of larger inclusions during the travel of the

P
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metesrate i 1 e b ooerh e atneaphere and ita fall to the sarth.
this ol akly explains the presannﬁ in minerals of the meteorite of
only wery small inclusions, the size of which is often at the limit
of the resolution of the microscope. One must also consider the
mechanlical stability and resistance to cracking of olivine at high
tamparatures.

We have carried out only the first observations on inclusions
in stony meteorites and have stated some considerations relative to
the origin of CO; and the tharmodynamic conditions in the period of
trapping inclusions by crystals of olivine, plagioclase, and
pyroxene. It is possible that further studiles will show new Ffacts and
other interpretations; yet there remains the undoubted fact of the
unity of matter in the universe.

Thanks are expressed to Docents L.I. Koltun and A.V. Plznyur for
scientific comsultations while this work was being done.

Fig. 2 (opp. p. 275). Inclusions of ll::nt:n2 in olivine from chondrules
of "Saratov” meteorite.{v~Tcd)
{a) two-phase gas=-liguid inclusicns
(b) iscmetric and oval inclusions, predominently one-phase
{c) recrystallized inclusions of glass. Thin section, X 500
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- "Mhe liquid inclusions in the crystals of native sulphur
from the Rozdol and Shorshuisk deposits have been determined. A
short characteristic of sulphur-precipitating solutions is given.”
(A thees' aburemd),

The problems of the genédsis of deposits of mative sulpbur, occurring
in Eulphatevcarbqnnte rocks, have not yet been solved. Light can be
shed on them q}y by direct or indirect determination of the sulphur-
depositing solutions, from which the crystallization of native sul-
phur cccurred. Knowledge of the composition of relict mineral-
forming medium ie of importance also for other problems of mineral
formation.

Until recently the position and charscter of sulphur-depoceiting
solutions has been diermined on the basis of indirect methods.

Thus, as the result of studies of the minerqlogical paragenetic com=
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plex of native sulpbur minerals ?nﬂaﬁhg ph{ﬁica-z:fmignl r;:turu:u:f
contempor sul sition (1,d), most investigators have c

to the ca:i{uninﬁéziaiezae primery forms of natlve sulfur are deposit-
ed from hydrogen sulfide, chloride, alkali-earth-godium waters of
high salinity during their mixing with oxygen-conteining sulfate
caleium-magnesium infiltration weters. Study of the ground waters

of the Shorsul deposit (Uszbek 5.5.R.) by one of us (£) permitted a
rather detailed characterization of cortemporary sulfur-depositing
solutions and the geochemistry of the processes proceeding in the
system of these waters, and by means of the ontogeny of the mineral
aggregates (9) to state that the geochemical features of this deposit
from the beginning of its formation to the present had not changed
essentially, and the data on contemporary sulfur deposlition (with
known reservations) can be extrapolated to all periods of the
formation of the deposit.

Hav&r&heleas, as nzﬁtinned above, all these judgments on the charact-
er of the sulfur-depositing sclutions are based in indirect determinag-
tions, and Gly the study of primary liguid inelusions in the

crystals of ‘sulfur, which are the residue of the minegul-fbrmina
medium, can give the key to knowledge of the physico=-_chemical
character of the sulfur-depositing solutions.

Inclusions of liguids are noted in the crystals of sulfur arpd their
paragenetic minerals from many depesits, but limited knowledge of
their composition is contained only, to our knowledge, in papers by
gilvestri (11) end Sjégren (10), who made analyses of ligquid
inciusions in erystals of Sieilian sulfur. Recently one of us (5),
studyling crystals of sulfur from the near-Carpathian deposits,
described in them inelusions of liguid, some primery, scome Secondary.
We have studied the morpholegy of liguid inclusions in Shorsui and
Rozdol crystals, and in the former we have also studied the composi-
ticn of the solutions contained in the crystals.

In the Shorsui crystals of sulfur, inclusions are found very often.

In individual samples they occupy 10-15% of the volume of the crys-
tels. Most often the erystals of sulfur contain many small inclusions
of liquid, of volume 0.001-0.01 me? and individual large
inclusions 1.25=1.5%0 mm’  Tha average content of the inclusilons o5 =27

All the inclusions are single phase liguid. Sometimes the
surfaces of the vacuoles are covered by fine brown films of
entrained bitumen, which indicates a comnecticn of the sulfur-
depositing solutions with o0il. Such films are noted in the body
of the crystals; and outside the inclusions, where they cover
the buried faces marking zones of growth. The form of the
inclusions is elongated, spindle-shaped, and capillary, rarely
complex, with branches directed toward the center of origin of the
crystal (Fig. 1).

Rather often the inclusions hawve faces of the form of rhombic
negative cryatals.

The distribution of the inclusions in the obdy of the crystal-
host, as a rule, is regular--they are elongated with the long side
parallel to specific erystallographle directicons, corresponding to
faces of a crystal, and recorded, although very crudely, by zones of
growth. Some inclusions are curved, but ilndividual stralght-line
parts are in this case always parallel to faces. All this indicates

_151"._



7 l b b ] -
‘l-,_l;l" e - =
.'.

Fig. 1 (p.231). Liguid inclusions in nrysfhls of sulfur from the
Shorsui deposit.

that the liguid inclusions are primary and wore formed during the
gelactive growth of the crystal, alternating with normal growth.

In the Bozdol crystals of sulfur, the liguid inclusions are
more diverde than those from Shorsui, .

Primary inclugions (Fig. 2, 1=5), thanks ko their Eiz&t'j:lel:!:r
are notaed even by the naked eye and are easily diagnosed under the
binoculars. In outward apppearance onhe can Sseparate hmong them the
irregular and the spindle-shaped.

The irregular inclusions (see Fig. 2, nos. 1,4) are attracted

Fig. 2 (p. 231). Liguid inclusions in crystals of sulfur from the
Fozdol deposit.

to the zone of growth of the peripheral part of the crystal.
They have irregular, winding contours, sometlmes with sharp,
spine-like off-shoots; which are located cloze to the thrcker part
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of the inclusions. In one of these a gas bubble was found, of
anomalous origin, which occupled two-thirds of the cavity of the
inclusion (Fig.2 ). It is difficult to determine the volume of the

Fig. 3 {opp. p- 232). Irregular liquid inclusions in crystals aof
sulfur. Rordol. X13.(c~tted)

gas bubble more accurately, because of the irregular form of the
inclusions. If one assumes that the contained inclusions have
not changed since the time of capture by the crystal of the

relict mineral-forming medium, one can assume that 503 or CO,
enter into the composition of the gas phase. Inclusions with wery
large gas bubbles, apparently containing 505 gas, were found by
Lazarenks and Slivko (3) in crystals of celestite in paragenesis
with sulfur.

The spindle-shaped inclusions (see Fig. 2, nos. 2,3,5) are
located close to the central part of the crystal. Their cutlines
are smooth, with gradual transition from the thickened part
(bulge) to the narrower (constricted} (Fig. 4}. In the very narrow
places a tendency 1s cbhserved towards the separation of the

Fig. 4 {epp. p. 232). Spindle-shaped liguid inclusions in crystals
of sulfur, Rozdol. X12.[(Uwm.th &

inelusion inte independent parts. This is well shown in Fig. 5,

where three inclusions, previously constituting a single one, later

aolit and are 4ndined onlv by a fine connector.

Fig. 5 {opp. p. 232). Splitting of band of spindle-shaped
inclusions inte compound, mﬂtéﬁalanced parts. Rozdol. xla.hn“Jhﬂ

Under crossed Micols the inclusions are dark, and in trans-
mitted light are clear only in the central part. In two of these
(sea Fig. 2; nos. 1,2) there are observed clearly well-defined
areas that do not extinguish in crossed Nieols.

The secondary inclusions (see Fig. 2, 6-8) are most abundant in
crystals of sulfur from Rozdol. They are located in the near-
surface part of the crystal, sometimes egqually distributed on all
planes of the faces (most often (00Ll}). Rarely they are arranged on
curved Surfaces, devoid of definite crystallographic indexes and
approximately parallel to cne another, To the secondary inclu-
sions also are referred the small inclusions of wvolume up te 0.01

», arranged in chains of 10-15 in one series.

According to the classification of Kalyuzhmyi (2], the studied
inclusicns are sarly secondary. Although they have zonal growth,
it is not in direct contact with them!

Thanks to the fact that in the Shorsul sulfur there were
excellently preserved primary vacuoles and secondary inclusions
are absent, crystals from this deposit were chosen for study of
the composition of the mineral-forming solutions.

To analyze the liguid inclusions, opened by crushing the
mineral, thelr contents were extracted.

For microchemical analysis were selected, well-faceted crystals
of native sulfur of all morphological types in the proportions in
which they occur in the deposit. All crystals were inspected under
the binoculars, and only those were chosen for study in which there
were no s6lid inclusions. Small pieces of the crystals after being
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freed from liguid inclusions by crushing and washing in alcochol were
tested for purity by semiguantitative spectrographic analysis.

In most of the crystals, there were small contents--thousandths, or
rarely hundredths of a percent of Al, Mg, Ca, 5i, and ten-thousandths
of a percent of Ba.

All these elements apparently occur as submicroscopic solid in=-
clusicns, invisible sven under the microscope. AReocording to the
chemical analyses, made of the extracts of liguid inclusions, they
contained less than 0.0l% of solid admixtures.

Thus the material for the experiments was selected very pure
and the effect of soluble solid particles on the composition of the
extracts was reduced a minifum.

Weights of sulfur up to 200g. were extracted as a powder with
grain size 0.01-0.001 mm., which made sure that practically all the
liguid inclusicns in the arystal were opened. The extraction of the
soluble salts in the inclusions was made with distilled water.

The sample was wetted with 500ml. of distillate at a temperature of
18®* and was intensely shaken for 20 minutes,; let stand for an hour,
and then filtered on a Buchner funnel and washed. The total amount
of leach water was 700ml. Chemical analysis of the aguecus extract
was made in the laboratory of the geological institute of the Komi
Filial, Academy of Sciences, USSR, by T.V. Andreeva. Parallel
control blank analyses were made of bidistillate to determine the
corrections for the water;, reagents, and dishware.

The content of liguid inclusions in the sample were determined
by drying a guartered sample of 2.780 g. in a drying cabinet at a
temperature of 62=-72%C., In the first mifutes of heating, there
was a loss of weight of 1.08% and then for four hours heating,
constant weight was maintained. At the end of the experiment the
sample was fused at 110*C and then cooled, its welght not changing
thereby. According the measurements of the volume of the inclusions,
their content inm the sample was determined as 1%, which hardly
differs from the content dtermined by drying. These data permit
ona to establish that in extraction of the 200 g. of powder used in
washing by 700ml. H0 there was dissolved salts from 2.16 ml.
of solvent.

In the table are given the results of analysis of agueous
extracts from crystals of sulfur and their calculation to the compo-
sition of the liguid inclusions. PBesides the components given in
the table, traces of Sr and Ba were found in the samples, and during
grinding of the v:::::rat.-uls there was apparent a sharp smell of HpS.
The concentration of H'ion, determined by a colorimetric method==
by the introduction with a needle into large inclusions = ~—= of
indicators (bromthymol blue, bromcorescl purple, and oresol red)--
was J=T=5.

As seen from the table, the solutions of the inclusions, and
consequently the sulfur-depositing solutions,in chemical composition
beloeng to the type of Hy5-bearing chloride alkali-earth sodiun brines
with total mineralization of more than 60g/1., as determined by
indirect methods. Theilr reactikon is neutral or slightly alkaline and
the presence of H,5 indicates their reducing properties.+*

* The salt composition of inclusions of erystals of sulfur from
Shorsui is rather similar to the composition of inclusions of
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Sicilion aypsum in  paragenesis with sul fur (10}, but the latter
iz ponr in calciwn fon.

T T herording te the magnituds of pll, the lisuid ipclusions in Shorsul
aul fur are nolt different from those In  the sulfur of the Rozdol deposit.
(he magnitude of pH of the aolution of inclusions for Rozdol sulfuy,
megsuged at our eoguest by V.A. Ealyuzhovi, was 7 + 0.2).

We hawe plotted on the rectangular graph of H.I. Telstikhin (Fig.
N} daka on the compositclien of the waters of the Shorsui selfur deposits,

participating in contemporary sulfur deposition. Field T 1s occupied

L W T R o = —a

e R mnsaw T

g}t wid i .
B e ———— T ey -

Fig. & {p. 234). Chemical composiclon of subsurface water, participating
in cantomporary sul fur deposition, and the composition of liguid
snclusiens (diametet nf circles on the scale &f 1 mm: 10 g
charactervizes Ehi magnitede of tobal minsralization of the wators}).

1 — ligusid inclusions in eryetals HF natural sal fue;

2 == infilreration warer;

3 == yater From which native i depnsiting

4§ == wager from which native 5 and caloite are depoziting;

9 == Holiwboaring vhloride sodinw byines, associated with oil-

bearing depositg;
& == yain inclusions in gypaws Eres Sdaily (14) .,

hy chloride-aodiim brinas, hichly mineccalized, associated with ofl
deposity also preducing Hoi, Freld 111 o0 khe slightly saline ipnfiltra=-
Lion water of calcive-magnosiveesal Eate typo.  L¥ing botween them in
the ficld IT neecustsd By waters transitiomal from the infiltration o
the "oily” type, which were frormad sz oa result of Gixing T and II1.
Aegording to the chemical composition they diffey $from the Ca-Na
chiorido=sulfate waters by theiyr incyeass~d salinity and are kransition—
al o brines of chloride sodivrm--alkali-earth tyce. The zolutisnz of the
liguid inclusions also lia in this field and differ from the contoroor=
ary sul fur-depositing solutions ocaly by somewhat higher conbent of
bicarbonats ion, which in the Subsurface water, permenting the mining
works, i8 able bo escape becawse of the sharp decrease in partial
pressure of *.'-".fzn

Thus, the presence of single-phase liguid inclusions in crystals
of pative sulfur from the studied deposits conflrm the low temperature
of the mineral-forming solutions. The crystallization of sulfor from
HaS=hearing chloride sodium--alkali-earth waters during their mixing
with Ca-Mg infiltration waters in the Shorsul deposit, and the separa-
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Tabla « 233) . Analysis of aguecus extracts of crystals of sulfur and the compesition of subsurface
Form ntent ,per liter
of Cations Anions
calen. E-rHa~ Ca- i .F!'+fFE"‘ e By E0g" _|UCGy’
2
L 31.00 ig & |1.70 0.08 45.73 | 15.85 ]Zli.-ﬁl ok
Aqueous | peje
extract from | mg-equi. 1.34 0.64. lo.14+ = 1.29 | 0.33 |0.40
crystals of | I
sulfur ¥ mg-eguiv. 6i.43 | 31.65 |6.92 |- 63.87 | 16.33 Qe.g0
The Same Bg. 14,888.90 %,335.18|784.04 {37.04 27:171.29 .33?.9G| 11 ,300.98
tacalculated
to the Bg-eauiv. 638.91 296,16 £4.73 |l.31" i 597.08 N52.77 ||'.'|’.H5+31
compositisn [t {
of the b mg-eguiv. 6l.39 31.56 |6.91 0. 14 63.87 | 16.33 19.80
inclusions 1
mg. 8,633.26 ,926.00)1,350.23 17,004.00 3,393.40 5,886.50
Subsurface watsg H ’ i
in one of thel mg-sguiv. 375.62 96.33 [110.67 @ == i 479.0 1 71.65 | 96.9
warkings . :
i mg-eguiv. 64.56 16.50 | 18.94 == E 7l.400 12.30 : 16.30




I:Eﬁ.'..h.ql..pd oz PiTwadnid pqg,.-:']
water of the Shorsul deposit

Minerali-
zation H,S COa PH Hotes
131.51 i+ + n 700 ml. of

distilled water,
2.16 ml. dis-=
golved of the
golution of
ligquid inclusions
60,921.31 a4 + 1=7.5 pualitative
analysis showed
traces of Sr
and Ba

34,195.99 155.7 155.0 7.4

tion of multi-faceted sulfur as the result of the recrystallization of

crytocrystalline sulfer in the Rozdol deposit occurred in solutions
neay neutrality.

In conclusion, the authors express deep thanks to V.A. Kalyuzhnyi

for reviewing the manuscript and making several suggestions.

1a.
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