P-T CONDITIONS OF GOLD MINERALIZATION FORMATION IN ORES FROM KYZYL-TASHTYG VMS-POLYMETALLIC DEPOSIT, EASTERN TUVA, SIBERIA
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[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The Kyzyl-Tashtyg massive sulfide polymetallic deposit is situated 120 km north-east of Kyzyl (the capital of Tuva Republic, Russia). It is located in the Ulug-O volcanic zone which is interpreted as the northern segment of the Kaa-Khem rift in Sayano-Tuva marginal sea, one of the Paleoasian Ocean margin [Zaykov, 2006]. The Kyzyl-Tashtyg deposit is located in rhyolite-basaltic complex of the Lower Cambrian Tumat-Tayga formation on the northern side of a volcano-tectonic depression [Kuzebny et al., 2001; Zaykov, 2006]. This depression is the most important ore-bearing structure in the region known as Kyzyl-Tashtyg ore area including Kyzyl-Tashtyg, Dalneye deposits, and Yuzhnoye, Perevalnoye, Rudonosnoye, etc. ore mineralizations. Kyzyl-Tashtyg depression is 4×12 km size, and bounded of the Kyzyl-Tashtyg fault at the north and Kaadyr fault – at the south (fig. 1). 
The host rocks at the ore area are metamorphosed in greenschist facies, and metasomatites are altered with quartz and sericite formation. Volcanic rocks are transformed to argillites and secondary quartzites. Ores are confined to dacite-rhyolite intrusions. Ore bodies are located in a narrow belt zone of 1200 m length and 130–250 m width.
Fig. 1. The geological structure of Kyzyl-Tashtyg ore field, simplified after [Zaykov, 2006]:
1 – sandstones and aleurolites of the Tashtyg-Chem suit (Є3 tљ); 2 – tuffs, sandstones, aleurolites and limestones of the Syynak suit (Є1sn); 3 – volcanogenic-sedimentary rocks of the Tumat-Tayga upper subsuit (Є1tm2); 4–5 – volcanic uplifts: 4 – rhyolites and dacites of the Tumat-Tayga upper subsuit (Є1tm2); 5 – basalts of the Tumat-Tayga lower subsuit (Є1tm1); 6 – schistosed sandstones and aleurolites, calcic schists of the Okhem suit (RF3oh): 7 – basalt, andesite-basalt sheets; 8 – rhyolite-dacite domes; 9 – andesite-dacite-rhyolite edifices; 10 – caldera depression with volcanogenic-terrigenic rocks; 11 – block breccia; 12–14 – latter subvolcanic and hypabyssal intrusions and dykes; 12 – diabase dykes and sills (a), rhyolites and dacites (b); 13 – large subvolcanic and hypabyssal rhyolite intrusions and volcanic breccia; 14 – gabbro-diabase and gabbro-diorites; 15 – dolerites; 16 – thrusts; 17 – sericite-quartz metasomatites; 18 – VMS-polymetallic ore bodies; 19 – ore clasts; 20 – faults; 21 – deposits (KT – Kyzyl-Tashtyg, D – Dalneye) and ore mineralizations (Y – Yuznoe, P – Perevalnoye, R – Rudonosnoye); 22 – Kyzyl-Tashtyg ore field boundaries.

The average contents of metals in ores are Pb – 2.8 %, Zn – 10.3 %, Cu – 0.65 %, Au up to 2.5 ppm, Ag up to 121 ppm. The reserves of deposit of В+С1+С2 categories are Zn – 1295 000 t; Pb – 202 000 t; Сu – 166 600 t; Cd – 2 200 t, Se – 670 t. The Au reserves of С2 category are 15.4 t, with an average content of 1.027 ppm; Ag – 730.6 t, with an average content of 48.71 ppm [Lebedev, 2012; Voytov, 2012].
This study is aimed to establish the conditions of formation of the gold mineralization in ores of the Kyzyl-Tashtyg deposit based on the fluid inclusion data. 
Previous studies [Kuzebny et al., 2001] and our data [Kuzhuget, Ankusheva, 2016] distinguished six stages (mineral associations) of VMS mineralization at Kyzyl-Tashtyg deposit. Gold mineralization is confined to two of them: polymetallic ores  (
4
)with galena, chalcopyrite, sphalerite, pyrite, dolomite, quartz, barite, calcite, chlorite, magnesite, Zn-tennantite-tetrahedrite (Ag up to 1.35 мас. %), electrum ± acanthite ± pearceite ± kervelliite; and polymetallic-barite ores with barite, quartz, chlorite, pyrite, galena, chalcopyrite, sphalerite, tennantite-tetrahedrite, dolomite, ankerite, calcite, enargite, native gold, electrum ± acanthite (fig. 2). Ore mineral associations at the deposit are separated in time by tectonic schifts with ore crushing and breccia structures formation.
Fig. 2. Mineral composition of polymetallic (a, b) and polymetallic-barite (c, d) ores. 
a – Idiomorphic pyrite grains (Py) with galena (Gn), sphalerite (Sp), dolomite (Dol) and quartz (Qz); 
b – Zn-tennantite-tetrahedrite (Zn-tn-td) associated with sphalerite (Sp), chalcopyrite (Ccp), galena (Gn) and dolomite (Dol); 
c – Idiomorphic pyrite grains (Py) with galena (Gn), sphalerite (Sp), dolomite (Dol) and barite (Brt); 
d – Enargite (Eng) in galena (Gn) associated with sphalerite (Sp), pyrite (Py), barite (Brt) and dolomite (Dol).
BSE-photos, MIRA LM scanning electronic microscope (Institute of Geology and Mineralogy SB RAS, Novosibirsk, operator N.S. Karmanov).

Polymetallic ores have sublatitudinal strike (260–300°), and incline to the south from 15–20° up to 65–85° angularly. They confined to the interstratal and cutting schist-forming zones. The thickness of the ore bodies ranges between 1.4 and 74.8 m. The vertical extent ranges between 300 and 520 m, and horizontal extent is 280–710 m. Polymetallic ores are subdivided into essentially polymetallic, barite-polymetallic, and barite-dolomite-polymetallic ore types. The latter types contain from 30 up to 70 % of transparent minerals, however, in massive polymetallic ores they are from 15 up to 50 %. Gold in polymetallic ores is viewed as the electrum grains of 15–135 m size confined to tennantite-tetrahedrite or contact zone with sphalerite. According to published data [Kovalev et al., 2004] and our data, the composition of electrum is following (mass %): Au 67.71–39.52; Ag 60.42–32.18; Hg 0.00–0.07; Cu 0.00–0.26.
The latest polymetallic-barite ores are lower spread, and viewed as the veinlets with thickness ranged between 0.5 and 3 cm, and veins up to 3 m which are cutting ore bodies of polymetallic and barite-polymetallic ore bodies, and host rocks. Their contacts with host rocks are strong. Barite contents range between 80 and 95 %. The ores have streaky, disseminated, nest-disseminated textures, and xenomorphic-granular, fine- and medium-grained structures. Gold is viewed as low-fineness native gold and electrum. The compositions (mass %) of native gold is Au 70.43; Ag 30.01; and electrum – Au 61.12–33.52; Ag 66.42–36.25; Hg 0.00–0.01; Cu 0.00–0.01.
Fluid inclusions were studied in double-polished sections using TMS-600 (Linkam) thermo- cryostage at the laboratory of thermobarogeochemistry of the South-Urals State University (Miass). The temperatures between –20 and +80°C were measured with a precision of ±0.1 °C and ±1 °C – out of this range. Salt composition and salinity of the aqueous phase of inclusions were determined using methodologies described by Borisenko [1977]. Salinities were calculated using the temperatures of final ice melting of fluid inclusions [Bodnar, Vityk, 1994]. Microthermometric measurements were obtained from over 100 individual inclusions.
Fluid inclusions are two-phase (V+LH2O) and occurred as either isolated individual inclusions, as groups unrelated to healed fractures. Inclusions are irregular or subrounded, locally as negative crystal shapes; and their sizes are 10–20 m.
The eutectic temperatures measured in fluid inclusions from quartz of barite-polymetallic ores range between –21.6 and –23.8 °С. These temperatures are close to the eutectic temperatures in the systems NaCl-H2O and NaCl-KCl-H2O [Borisenko, 1977]. For most inclusions the final melting temperatures of ice range between –3 and –5.7 °С. This corresponds to the salinities of 4 to 8.8 mass % (NaCl equiv). The homogenization temperatures range 150 and 250 °С, with single mode frequency (peak 150–170 °С) (fig. 3a, b). 
Fig. 3. Results of fluid inclusion measurements.
a, b – Histograms of homogenization temperatures (a) and salinities (b) of fluid inclusions;
c – Salinity vs trapping temperatures of fluid inclusions.
1 – polymetallic ores, 2 – polymetallic-barite ores, 3 – massive sulfide ores.

The latest polymetallic-barite ores were formed due to NaCl-H2O and NaCl-KCl-H2O fluids with a similar salinity of 4–7.8 mass % NaCl-equiv, and temperatures of fluid inclusion homogenization 140–170°C, with multimode frequency (see fig. 3a, b). These data are close to the published data of fluid inclusions in barite [Simonov and Kotlyarov, 2013].
The pressure of mineral formation calculated for Cu-Zn ores is 0.91 kbar [Kuzebny et al., 2001], and ∆Т for the homogenization temperatures is 80ºС [Potter, 1977]. If approve that the depths of Cu-Zn and polymetallic and polymetallic-barite ores are similar, therefore their trapping temperatures are 230–330 and 220–250°C, respectively (fig. 3c). 
According to [Melekestseva et al., 2007] and our data, fluid inclusions trapped in quartz from the primary pyrite-sphalerite ores are MgCl2-NaCl-H2O with a salinity of 8–11 mass % NaCl-equiv, and temperatures of homogenization 300–400°C. 
Thus, the fluid inclusion study of ore mineral associations in Kyzyl-Tashtyg deposit clarified the reduction of the trapping temperatures and fluid salinities from the primary pyrite-sphalerite ores to the Au-bearing polymetallic and polymetallic-barite ores: from 400 up to 220°C and from 11 up to 4 mass %, respectively. The similar fluid characteristics indicate the common fluid source for different ore types of Kyzyl-Tashtyg deposit. The presence of Mg and K chlorides and higher fluid salinity up to 9 mass % may be related to a magmatic contribution. 
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