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It is established that the growth of quartz in veins in granodiorites of the Andean intrusive complex (the Barchans
Islands, West Antarctic) happened in rock crystal-bearing veins of steep falling, in which the temperature dif ference
necessary for the dissolution of massive quartz and crystallization of its transparent variety in the shape of perfectly
cut crystals in central parts of secant veins was reached. The discovered enrichment of the fluid medium of the
quartz crystallization with CO,, NaCl, and KCl indicates a carbonate-haloid composition of quartz-forming fluids,
which favoured the formation of jewelry and technologically perfect crystals, possibly having piezoelectric properties
similar to crystals of quartz both from rock-crystal-bearing veins of the Near-polar Ural and those synthesized under
laboratory conditions. As a conclusion, the connection of quartz-forming fluids and the postmagmatic processes
in a granodiorite intrusion is justified, and the view of investigated quartz veins as formations of post-tectonic
hydrothermal stage is confirmed and expanded.

Keywords: quartz, crystal morphology, fluid inclusions, volatile components, secant veins, granodiorites, the Barchans
Islands, West Antarctic.

The Antarctic Peninsula block in the Western Antarctica has traditionally been considered as a
magmatic arc formed along the south-western part of the Paleo-Pacific subregion during the
collapse of the Gondwana supercontinent. About 80 % of the rocks of the Western Antarctica and
the adjacent Bellingshausen Sea shelf area are represented by two groups of rocks — the intrusions
of the batholiths of the Antarctic Peninsula (AP batholiths), also known as Andean Intrusive
Suite rocks, and Volcanogenic rocks of the Antarctic Peninsula [1-3]. Intrusive rocks of the
Antarctic Peninsula are gabbro and granitoids (with prevalence of granodiorites). The age of their
formation in the studied region ranges from 105 to 84 million years ago [4, 5]. A group of volca-
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nogenic rocks represented by lavas and tuffogeneous rocks is traditionally assigned to the Upper
Jurassic (188—153 million years ago) [5].

Our work scope includes the Barchans Islands (65°15" S, 64°15" W) located in the western
part of the Argentine Islands archipelago in a vicinity of the Ukrainian Antarctic station “Aca-
demician Vernadsky”. The group of the Barkhans Islands includes three relatively large islands
(sized about 0.5 km? each) and several dozens of small islands (sized from several to tens of m?).
They are composed of granodiorites of the Andean intrusive complex. On the Barkhans islands,
there exists a series of quartz veins up to 10 m thick that cut through the granodiorite of the
Andes complex (azimuth — 75 degrees North-East, the angle of incidence — 68 degrees). In the
veins of white effluent quartz, there are concentrations of ore minerals sized up to 10x15 cm. They
were first described in work [6], in which it was noted that ore minerals are found in the veins —
magnetite, pyrite, epidote.

In the course of field expeditionary studies, samples from secant veins of white massive quartz
were collected, in which single nests with perfectly cut crystals of transparent quartz occur [7].

The collected crystals of quartz became the object of complex mineralogical-genetic and ther-
mobarogeochemical-mineralfluidological studies, the results of which allowed one to determine
the peculiarities of quartz-forming fluids.

The crystal morphology of quartz was studied, using a two-pointed goniometer GD-1 accord-
ing to the method in [8]. X-ray analysis was performed on a diffractometer ADP-2.0, Fe K,
radiation, Mn-filter; conditions of shooting: I = 14 mA, U = 34 kV, meter speed 2 degrees /min
(analyst Ya.V. Yaremchuk, the X-ray laboratory of the Department of geochemistry of sedimen-
tary strata of oil and gas provinces of IGGGK of the NAS of Ukraine, Lviv). The content of im-
purities was determined by the spectral method (analyst R. P. Kozak, Laboratory of geoecology
problems of IGGGK of the NAS of Ukraine, Lviv). The aggregate state and the homogenization
temperature of inclusions in quartz were determined by the thermometric method [9]. Compo-
sition of volatile components, their relative gas saturation (increase of the pressure in the inlet
system of a mass spectrometer relative to its residual value of the order of 1-1073 Pa in the grind-
ing chamber (AP), Pa), and water saturation (water vapor content in the total volume of volatile
components ( Cyy,0 ), vol. %) were determined by the mass-spectrometric chemical method (de-
vice MSH-3A) (analyst B. E. Sakhno, Laboratory of mass-spectrometric chemical analysis of the
Department of Geochemistry of deep fluids, IGGGK of the NAS of Ukraine, Lviv). The inclusions
were exposed by crushing the standard sample of 200 mg, a fraction of +1—2 mm in a small metal
cylindrical mortar between two planar parallel pobedit surfaces (sintered carbide) under high
vacuum (1-1073 Pa).

The examined quartz crystals are transparent, with shiny surfaces of facets and the hatching
and onflows clearly visible on them and clear images of edges. They possess prismatic habitus
and elongated shape and are characterized by a perfect cut (Fig. 1). Traditional simple forms such
as a hexagonal prism {1010} and two rhombohedra {1011} and {0111} (Fig. 2) are established.
External symmetry of the individuum — P (m) — indicates its growth in rock-crystalline nests of
steep falling [10] as an important prerequisite for the reproduction of a possible direction of the
inflow of quartz-forming fluids. The “lower” part of the crystal is damaged, the head is absent, ap-
parently, as a result of the attachment to the host rock. Four facets of the hexagonal prism can be
observed, two are missing. One of these (missing) facets attached the polyhedron to the rock,
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Fig. 1. General view of the quartz
crystals from veins in granodiorites
and diorites of the Andean intrusive
complex (sample Q-142/12/1)

(01711
. (1010}
Fig. 2. Crystal morphology of quartz.
Traditional simple forms : hexagonal
prism {1010}, thombohedra {1011}
and {0111). External symmetry of
the individuum — P(m) \\/

while, on the other facet, two small crystals of quartz grew in parallel, on which only rhombo-
hedron {0111} is observed. The largest facet of the prism is covered with a traditional quartz
hatching perpendicular to L, and with onflows elongated in the same direction that overlap onto
rhombohedron {1011}. On both rhombohedra, all (for one-headed individuum) facets are pre-
sent. Facets {0111} are smoother than {1011}. Occasionally, there is a blunt edge between facets
(1010) i (1101), which, however, can not be considered as a facet.

The results of X-ray analysis (Fig. 3) indicate a quite high chemical purity of the investi-
gated quartz, which is confirmed by the data of the spectral analysis (mass. %): Zr — <0.001,
Co — <0.001, Fe — 0.11, Pb — <0.001, Be — <0.0001, Sn — <0.001, Cu — <0.001, Ba — 0.004,
Sr — <0.003, Ag — 0.000.

Quartz crystals are saturated with fluid inclusions of various genetic types, in particular,
gas-liquid, complex with a visible phase of liquid CO,, and multiphase ones with captured mi-
nerals (daughter minerals) (Fig. 4, a—c). Inclusions are located mostly in the planes of cracks or
dispersed in separate groups (swarms).

Two-phase gas-liquid and liquid-gas inclusions (see Fig. 4, a) are more prevalent; less fre-
quent are single-phase predominantly gas or liquid inclusions. The latter are often segments se-
parated from the main vacuole due to the dissociation or repositioning of mineral matter on the
walls of inclusions. Some of them contain a solid xenogenic phase. The shape of inclusions is var-
ied: oval, elongated, angular, irregular, and with “torn” jagged edges. They reach considerable
sizes (more than 0.01 mm). Some vacuoles have the shape of perfectly cut negative crystals, or
their fragments. The most common temperatures of homogenization of gas-liquid inclusions are
the intervals 220—250, 250—270, 270—300 °C, and the highest temperature reaches 370 °C (into
the liquid phase). This corresponds to temperatures without correction for pressure, which will be
absent in the case of a likely heterogeneous state of the fluid medium of mineralogenesis.

Complex inclusions with the visible phase of liquid CO,, are three-phase, have mixedcontent,
and are of the type L (solution) + L, (liquid CO,) + G (gas) = 5—15 + 30-40 + 4555 (at +12 °C)
(see Fig. 4, D).
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Fig. 3. Diffractogram of quartz
Composition of the volatile components of fluid inclusions in quartz from veins in granodiorites

of the Andean intrusive complex of the Barchans Islands (Argentine Islands,
West Antarctic) (according to the data from mass-spectrometric chemical analysis!)

Components?:
Voluminous particle, .
. per cent / Relative Water Total mass
Sample Place Title Mass concentration, gas saturation concentration,
number of the selection |  of mineral 110 g/g of sample saturation c vol % | ™ 10 6g/g
AP, Pa? Hy0’ "7 7| of sample®
co, N,
A-142/12/2 (1) | Quartz vein, | Quartz, cent- |97.5/293,8|2.5/0,08 1.27 52.4 293.88
the Barchans |er of crystal
Islands
A-142/12/2 (2) | Ibid Quartz, pe- [989/177,0(1.1/0.01 1.13 47.0 177.01
riphery of
crystal

! Analyst B.E. Sakhno (mass-spectrometer MCX-3A).

2 Sample of quartz of the standard weight of 200 mg and fraction +1—2 was crushed by squashing in a specially
designed mortar, before the analysis, the inlet system of the mass-spectrometer was evacuated to values of order
1-1073 Pa.

3 Relative gas saturation A P, Pa — increase of the pressure in the inlet system of a mass spectrometer (with re-
spect to the residual pressure of order 11073 Pa in it), which is created as a result of the release of volatile
components (without taking into account the steam sorbed on P,O; placed in the inlet system) from inclu-
sions and closed pores in the chopping of the sample and may be a comparative value for the same weight.

4 Relative water saturation CHZO, vol. % — percentage of the steam that was absorbed on P,O; placed in the
intel system, in the total volume of released volatile components.

5 To determine the mass concentration, the crushed analyzed sample was sifted through a 0.25-mm sieve, and
the results were attributed to the sieved portion of the sample.
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Fig. 4. Fluid inclusions of various genetic types in quartz: a — two-phase gas-liquid inclusion, volumic, with
fragments of perfectly cut negative crystals. Temperature of homogenization is 290 °C (into the liquid phase);
b — complex inclusions with the visible phase of liquid CO, of type L (solution) + L, (liquid CO,) + G (gas);
¢ —multiphase gas-liquid inclusion with an authigenic solid phase — captured mineral (daughter mineral) (crys-
tal of salt — NaCl?). Temperature of crystal dissolution is 220 °C, temperature of complete homogenization is
270 °C (into the liquid phase)

The particular attention is drawn to multiphase inclusions with an authigenic solid phase
represented by one or (much rarely) two crystals of a salt, probably (as our experience shows
[11, 12]), captured minerals (daughter minerals) — NaCl and KCI) (see Fig. 4, ¢). This solid
phase (NaCl?) in one of the inclusions dissolves at 220 °C, and the complete homogenization of
an inclusion is achieved at 270 °C (into the liquid phase).

According to data from the mass-spectrometric chemical analysis, the composition of the
volatile components of inclusions in quartz is characterized by the clear prevalence of carbon
dioxide (97.5—98.9 vol. %) over nitrogen (1.1—2.5 vol. %) (Table). The samples have high rela-
tive gas saturation (1.13—1.27 Pa), water saturation (47.0—52.4 vol. %), and total mass concen-
tration (177.01—293.88 - 109 g / g of sample).

The above numbers indicate fairly high temperatures and the carbon dioxide-water compo-
sition of quartz-forming fluids. At the mentioned temperatures of the order of 300 °C, the fluid
became capable of transferring a significant amount of dissolved components, in particular sili-
ca-containing ones. The growth of perfect crystals was carried out in in rock crystal-bearing
veins of steep falling, in which the temperature difference required for the dissolution of massive
quartz and the crystallization of its transparent variety in the shape of perfectly cut crystals in
the central parts of the quartz vein was achieved. The coexistence of multiphase inclusions with
crystals of salts and complex inclusions with the visible phase of liquid CO, confirms the highly
concentrated nature of a fluid, which is separated from the magmatic source, with a significant
carbon dioxide content. This conclusion follows logically from the analysis of experimental da-
ta [13] on the homogeneous state of a complex system of H,O—CO,—NaCl at a high tempera-
ture, its separation during the heterogenization into NaCl or CO,-enriched components, and
spatial-temporal difference of their manifestation.

Thus, according to the study of inclusions, the enrichment in CO,, NaCl, and KCI of the
fluid medium of crystallization of quartz, similar to the rock-crystalline veins of the Near-polar
Ural, indicates the carbonate-haloid composition of quartz-forming fluids during the formation
of the investigated mineral, which contributed to the formation of jewelry and technologically
perfect crystals, possibly having piezoelectric properties. It should be noted that, under labora-
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tory conditions, very high quality quartz crystals were synthesized from aqueous solutions of
hydroxides and carbonates of alkali metals within a similar interval of temperatures and in the
presence of a corresponding temperature gradient [14, 15].

The obtained data indicate the connection of quartz-forming fluids with postmagmatic proc-
esses in the granodiorite intrusion and confirm and expand the idea of the investigated quartz
veins as formations of the post-tectonic hydrothermal stage [7].

REFERENCES

1. Grikurov, G. E. (1973). The geology of the Antarctic Peninsula. Moscow: Nauka (in Russian).

2. Leat, P. T, Scarrow, J. H. & Millar, I. L. (1995). On the Antarctic Peninsula batholith. Geol. Mag., 132. Iss. 4,
pp. 399-412.

3. Bakhmutov, V. G. (1998). Geological review of Argentine islands archipelago and adjoining territory of the
Antarctic Peninsula. Bull. UATs, Vyp. 2, pp. 77-84 (in Russian).

4. Bakhmutov, V. G., Gladkochub, D. P. & Shpyra, V. V. (2013). Age position, geodynamic specific and paleo-
magnetism of intrusive complexes of the western sea coast of the Antarctic Peninsula. Geophys. J., 35, No. 3,
pp. 3-30 (in Russian).

5. Pankhurst, R. J., Riley, T. R., Fanning, C. M. & Kelley, S. P. (2000). Episodic silicik volcanism in Patagonia
and the Antarctic Peninsula: Chronology of magmatism associated with the break-up of Gondwana. J. Petrol,,
41, Iss. 5, pp. 605-625.

6. Elliot, D. H. (1964). The petrology of the Argentine islands. British Antarctic surv. Sci. reports, No. 41,
pp. 1-31.

7. Artemenko, G. V., Bakhmutov, V. G, Samborskaia, I. A. & Kanunikova, L. I. (2011). Manifestations of the ore
mineralization in the intrusive complex of the archipelago Argentine islands, West Antarctica. Mineral. J.
(Ukraine), 33, No. 3, pp. 90-99 (in Russian).

8. Vovk, O. P. (2016). Crystal morphology of topaz and beryl of chamber pegmatites of Korosten’ pluton (north-
western part of the Ukrainian Shield). (Extended abstract of candidate thesis). M.P. Semenenko Institute of
Geochemistry, Mineralogy and Ore Formation of the NAS of Ukraine, Kiev, Ukraine (in Ukrainian).

9. Kalyuzhnyi, V. A. (1982). Principles of knowledge on mineral-forming fluids. Kiev: Naukova dumka
(in Russian).

10. Shaphranovskiy, I. 1. (1974). Essays over the mineralogical crystallography. Leningrad: Nedra (in Russian).

11. Naumko, L., Zinchuk, I., Kalyuzhnyi, V. & Red’ko, L. (2005). Multiphase fluid inclusions with captive miner-
als: formation, preservation, interpretation and application with the purpose of forecasting and prospective
estimating. In Mineralogical Museum (pp. 223-224). Saint-Petersburg: Department of Mineralogy SPbSU
(in Russian).

12. Naumko, I. M. (2006). Fluid regime of mineral genesis of the rock-ore complexes of Ukraine (based on in-
clusions in minerals of typical parageneses). (Extended abstract of Doctor thesis). Institute of Geology and
Geochemistry of Combustible Minerals of the NAS of Ukraine, Lviv, Ukraine (in Ukrainian).

13. Takenouchi, S. & Kennedy, G. C. (1965). The solubility of carbon dioxide in NaCl solutions at high tempe-
ratures and pressures. Amer. J. Sci., 263. No. 5, pp. 445-454.

14. Balitskiy, V. S. (1978). Experimentic investigation of processes of the cut-glass formation. Moscow: Nedra
(in Russian).

15. Balitskiy, V. S. & Lisitsyna, Ie. Ie. (1981). Synthetic analogues and immitations of nature gem stones. Moscow:
Nedra (in Russian).

Received 26.12.2017

ISSN 1025-6415. /Tonos. Hay. axad. nayx Yxp. 2018. No 4 79



IM. Naumko, G.V. Artemenko, V.G. Bakhmutov, O.P. Vovk, L.F. Telepko, B.E. Sakhno

LM. Haymxo!, I B. Apmemenxo?, B.I. Baxmymos?,
O.I1. Bosx?, JI.®. Tenenxo!, b.E. Caxno'

! TncTuTyT reosorii i reoximii roprounx xonamun HAH Ykpainu, JIbsis

2 IncTuTyT Teoximii, Minepasorii Ta pysoyTteopenns im. M.II. Cemenenka HAH Ykpainu, Kuis

3 IncturyT reodisuxu im. C.I. Cy66otina HAH Ykpainu, Kuis

4 CxigHoeBpomelichkuil HallioHaTbHNi yHiBepenuTeT iM. Jleci Yipainku, JIyubk

E-mail: igggk@mail.lviv.ua, regul@igmof.gov.ua, bakhm@igph.kiev.ua, geologygeochemistry@gmail.com

YMOBU ®OPMYBAHH{ KBAPILY B CIHHUX JKUJIAX Y TPAHOJJIOPUTAX
AHJACBKOTI'O IHTPY3UBHOTO KOMIIVIEKCY OCTPOBIB BAPXAHU
(APTEHTHMHCDBKI OCTPOBH, SAXITHA AHTAPKTUKA)

BcranoBieno, 110 picT JKUJIBHOTO KBAPILY B TPAHOIOPUTAX aHICHKOTO IHTPY3UBHOTO KoMILIeKcy (ocTpoBu bap-
XaHu, 3axiHa AHTapKTH/a) 3/11ICHIOBABCS y KPUIITATIEHOCHNX KIJIaX KPYTOTO Na/[iHHS, B SIKUX JIOCSTaBCs T1e-
pernaj TeMIiepatypy, HeoOXiTHUI J[JIsT PO3YMHEHHST MACBHOTO KBapILy 1 KPUCTAIi3allii i10TO TPO30POTo Pi3HOBHU-
Iy y BUTJISII] MIPEKPACHO OTPAHEHUX KPUCTAJIB y IEHTPATbHIX YaCTHHAX CIYHMX XXUJI. BusiBiieHa 36aradeHicTs
dumoinnoro cepenosuma kpucranisarii kapiy CO,, NaCl i KCI Bkasye na kap6onaTHO-raioiinmii ckiaj Ksap-
Iy TBOPIOBAJIBHUX (DJTIOI/IiB, 11O CTIPUI0 (GOPMYBAaHHIO I0BEJIIPHO i TEXHOJIOTIYHO TOCKOHATIMX KPUCTAJIIB, MOXK-
JIMBO, 3 II'€30€JeKTPUYHUMHU BJIACTUBOCTSMHU, TIOAIOHO 10 KPUCTAMIB KBapIly, Ik KPUIITAJEHOCHUX Kui [Tpu-
HOJISIPHOTO YPauty, Tak i CHHTE30BaHUX y 1ab0paTOPHUX YMOBAX. Y IMICYMKY 0OTPYHTOBAHO 3B’sI30K KBAPI[yTBO-
PIOBaIbHUX (DJTIOI/IIB TA TTOCTMATrMAaTUYHUX TPOTIECIB Y TPAHOMIOPUTOBIN IHTPY3ii 1 MIATBEP/KEHO Ta PO3BUHEHO
TOYKY 30pYy Ha BUBYEHI KBapPIIOBi KU SIK HA YTBOPEHHS MOCTTEKTOHIYHOI TiZIPOTEPMAIbHOI CTalil.

Knouosi crosa: xeapu, kpucmaiomopgonozis, Gaoioni 6kuouenis, 1emxi KOMNOHEHMU, CIUHE JICUIU, 2PAHOOI0PU-
mu, ocmposeu bapxanu, 3axiona Awmapxmuxa.
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YCJIIOBUA ®OPMUPOBAHNMA KBAPIIA B CEKYIIIUX JKNJIAX B TPAHOJINOPUTAX
AH/ICKOTI'O MHTPY3MBHOI'O KOMIIJIEKCA OCTPOBOB BAPXAHDBI
(APTEHTMHCKUE OCTPOBA, SAITAITHAA AHTAPKTUKA)

YeTanoBiieHo, 94TO POCT JKUIIBHOTO KBAPI[A B IPAHOMOPHUTAX aHICKOTO MHTPY3UBHOTO KoMILIekca (ocTposa bap-
XaHbl, 3amajHas AHTAPKTHA) OCYIIECTBIISICS B XPYCTAJIEHOCHBIX JKUJIAX KPYTOTO TajIeHusI, B KOTOPBIX TOCTHU-
TaJICS TePEna/l TEMIIEPATYPbI, HEOOXOIUMBIH JI7s PACTBOPEHMSI MACCUBHOTO KBApIla U KPUCTAIIITM3AIINH €T0 TIPO-
3pavyHON Pa3HOBUIHOCTU B BHUJIE TPEKPACHO OTPAHEHHBIX KPUCTAJJIOB B IEHTPATBHBIX YACTAX CEKYIIUX KL
BrrsiBiennoe oboramntenue daonHoii cpeasl kpucrammsanun ksapia CO,, NaCl u KCl ykaspiBaer Ha Kap-
GOHATHO-TAJIOUIHBIN COCTaB KBapIOGPasyoIux (JIOUA0B, YTO CIOCOOGCTBOBATIO (POPMUPOBAHKIO OBEMPHO 1
TEXHOJOTHYECKH COBEPITEHHBIX KPUCTAIIOB, BO3MOKHO, C TTHE302JIEKTPUIECKUMI CBOICTBAMH, TOTOOHO KPH-
cTajijlaM KBaplla, Kak XpyCTaJeHOCHBIX 1 [IpunosisipHoro Ypasia, Tak U CHHTE3UPOBAHHbBIX B JJaOOPATOPHBIX
ycaoBusiX. B utore o6ocHOBaHa CBsI3b KBapIoOpasyomux (GIIionI0B 1 TIOCTMATMATHYECKUX TTPOTIECCOB B Tpa-
HOZIMOPUTOBOW MHTPY3UU M MOATBEPIK/IEHA U PA3BUTA TOYKA 3PEHUST HA U3yYEHHBIE KBAPIEBBIE XKIJIbI KaK HA
06pa3oBaHMsT MOCTTEKTOHUIECKOH THAPOTEPMATHHON CTAINN.

Knroueswie cnosa: xeapu, Kpucmaiiomopponozus, paioudivie GKIUeHUs, IeMyUue KOMIOHEHNbL, CEKYULLE HCUTbL,
epanoduopumut, ocmposa bapxanvi, 3anaonas Awmaprmuxa.
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