formation model of the deposits during the convergence of the plate margins [Groves et al., 2007].
According to this model, the ore-forming structure of the Kumtor deposit is confined to a continent-
continent collision zone and was formed in the Late Paleozoic (Upper Carboniferous to Early Per-
mian) orogenic stage of the evolution of the region. That period was characterized by the renewal
of the movements of the Ishim-Central Tien Shan microcontinent toward the Kyrgyz-Kazakh conti-
nent. At the same time, the crust of the Paleoturkestan Ocean was actively subducted under Ishim-
Central Tien Shan microcontinent and the latter was compressed from the south.

This model assumes the ultra-metamorphic transformations of the rocks at the depth. Under
conditions of the pressed wedge and bilateral pressure, the melting of the lithospheric fragments at the
depth and uplift of the asthenospheric boundary in this place are suggested. All these may explain the
peculiarities of ore composition of the Kumtor deposit, in particular, abundant newly formed carbon-
ates. According to the model, ore-forming components originate from a zone of reworking of the
lithosphere blocks and significant amounts of CaO and CO, are resulted from the thermal dissociation
of sedimentary carbonates.

In accordance with a model of Groves et al. [2007], the small multiphase intrusive bodies were
intruded at initial collision stage along the suture zone at the boundary of two continents. In our case,
this is the Nikolaev Line and monzonite, monzogranite and monzogabbro intrusions of the Middle to
Late Carboniferous Songkul-Kensoo complex. The skarn and porphyry Cu-Bi-Au-Mo-W occurrences
and deposits (Kumbel, Kensu, etc.) are known to be related to these intrusions. They were described in
a structure of the Au-Cu-Mo-W Songkel-Kensoo ore belt [Kudrin et al., 1990]. Many geologists relate
the formation of the Kumtor deposit to the intrusions of this complex.

In our opinion, the Kumtor deposit was formed far southward this belt. The major ore-forming
processes occurred at the depth in the central part of the Central Tien Shan structure under conditions
of the Late Paleozoic thrusts system, dynamothermal metamorphism, and multistage hydrothermal
activity. The close modern location of the deposit from the Nikolaev Line (~5 km) is related to the
moving up of the ore-bearing zones along the thrusts to the north and northwest during the Alpine tec-
tonic stage. The Alpine deformations have complicated the postorogenic structure of the region and,
probably, significantly displaced it relative to the primary position.
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PHYSICO-CHEMICAL CONDITIONS OF MAGMATIC AND HYDROTHERMAL
SYSTEMS OF THE PALEOZOIC “BLACK SMOKERS”
FROM THE RUDNY ALTAI, NORTHEAST KAZAKHSTAN

HCCHCZ{OBBHI/I)I paciiaBHBIX U q)HIOI/I[[HI)IX BKJIIOUCHHMI IIO3BOJIMIM BBISICHHUTH (1)I/I3I/IKO-

XMUMUYECKHE YCIOBHS MPOLIECCOB MHUHEPAI000pa30BaHMsl, CBSI3aHHBIX C MarMaTH3MOM W TIOCTMarma-
THYECKUMH (IIOMIHBIMA M PYA000pa3yIOUIMMH THUAPOTEPMAaJIbHBIMA CHCTEMaMH TATe030HCKHX

92



«4epHBIX KypuiblrKkoB» CeBepo-Bocrounoro Kazaxcrana. Y cTaHOBIIEHO, YTO KUCIIbIE pacijiaBbl 00-
Jajiany MoBbIIeHHBIME cofiepkanusaMu CuO (mo 430 1/1) u Boasl (10 5.7 %). BesicueHo, 4ro mo-
CTMarMaTH4eCKue (IIFOH]IbI UMENU 00Jiee BEICOKKE 3HaUeHHsI colieHOCTH (110 8.8 %) u Temnepatyp (110
288 °C) o cpaBHEHHIO ¢ PyA000pa3yImMMHu pactBopamu — 10 5.8 % u 10 160 °C.

The representative samples of sulfide ores and host rocks from the massive sulfide deposits of
the Rudny Altai (northeast Kazakhstan) were collected during the joint field works of specialists from
the Urals and Siberian Branches of Russian Academy of Sciences. The analysis of morphology of ore-
bodies and distribution and correlation of ore facies allowed construction of the morphogenetic range
of the deposits from the sulfide mounds to the bedded massive sulfide deposits. A finding of fragments
of the Paleozoic black smoker chimneys was the major achievement of the field works. This finding
unequivocally indicates that deposits were formed in a similar manner to the modern black smokers
with related abundant biota [Maslennikov et al., 2007; Maslennikov, Simonov, 2012].

Here, we report on new results of formation conditions of the Paleozoic black smokers in the
northeast Kazakhstan based on melt and fluid inclusion study. The study of melt inclusions allows us
to find out the features of the magmatic systems directly affected the hydrothermal ore-forming proc-
esses at the massive sulfide deposits from the Rudny Altai. The investigation of the fluid inclusions
makes possible to identify the physical and chemical parameters of postmagmatic fluids and hydro-
thermal systems, which produced the sulfide mounds at the same deposits of the northeast Kazakhstan.
The melt and fluid inclusions were studied on the specially designed devices at the Institute of Geol-
ogy and Mineralogy SB RAS (Novosibirsk) [Simonov, 1993; Sobolev, Danyushevsky, 1994].

The melt inclusions, reflecting the magmatic system, were studied in quartz from the fine-grained
quartz porphyric rocks of the Nikolaevskoe massive sulfide deposit. The samples were taken from the in-
trusive body 5-10 m thick at the bottom of the open pit in the immediate vicinity of the sulfide ore. The
primary melt inclusions 10-50 um in size are regularly distributed in the quartz phenocrysts. The one-phase
inclusions filled with a pure homogeneous glass are dominant. Some inclusions contain the gas bubble, ore
phases, and light crystals or a great amount of small dark phases in a glass. The majority of melt inclusions
is depressurized during the high-temperature heating stage that indicates significant fluid pressure. The
temperatures of homogenization of stable inclusions were ~1080 °C.

According to the chemical composition of glass, the melt inclusions (with alkali contents up to
5.3 wt %) correspond to the rocks of normal alkalinity and belong to the low-alkali rhyodacites. On
the FeO/MgO-SiO, diagram, the data points of composition of melt inclusions fall to the area of the
tholleiitic rocks. The decrease in TiO, (from 0.27 to 0.09 wt %), Al,O3 (from 11.8 to 9.9 wt %), Fe,O3
(from 2.1 to 1.6 wt %), and CaO (from 1.43 to 1.1 wt %) with simultaneous increase in Cl (from 0.11
to 0.23 wt %) is registered during the evolution of the acid melts (with increase of SiO, content). The
characteristic decrease in Al,O3 content points to the fractionation of plagioclase during the differen-
tiation of the magmatic systems.

Comparing these results with our data on melt inclusions in quartz from effusive rocks
of other massive sulfide deposits, we can conclude that these melts are similar to acid magmas from
the Yubileinoe deposit in the Rudny Altai and Yaman-Kasy deposit in the South Urals in TiO,, Al,Os,
MgO, CaO, and Na,O contents. The content of the majority of oxides from our study also shows simi-
larity with previously published data on melt inclusions in quartz of porphyry rocks from the Pamyat-
nik hill directly associated with the Nikolaevskoe deposit [Mergenov, 1987].

The microprobe analysis has shown the notable CuO content (up to 430 ppm and up to
640 ppm in single analyses) in melt inclusions from the Nikolaevskoe deposit. The copper accumu-
lates during the fractionation of acid melts with increase in FeO/MgO ratio and chlorine content.

The ion microbe analyses of melt inclusion in quartz have revealed the increased H,O contents
(2.4-5.7 wt %) in magma of the Nikolaevskoe deposit comparable with those from the Yubileinoe (up
to 4.30 wt %) and Yaman-Kasy (2.7-5.2 wt %) deposits. Based on ion microbe analyses, the REE dis-
tribution in the studied melt inclusions is similar to that from the felsic volcanic rocks of island arcs. In
the LREE area, they coincide with data on melt inclusions from the Yubileinoe deposit and rhyolites
of the Kuril-Kamchatka island arc. The acid melts from the Yaman-Kasy deposit with typically lower
REE contents are obviously distinct. All REE spectra are characterized by the clear Eu minimum,
which indicates the magma differentiation during the fractionation of plagioclase.

The physical and chemical parameters of postmagmatic fluids are based on the fluid inclusion
study of melt-bearing quartz phenocrysts from quartz-feldspar porphyry rock closely associated with
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sulfide ores of the Kamyshenskoe massive sulfide deposit. The fluid inclusions 3—15 pum in size are
located as chains in quartz. The two-phase (light transparent liquid and gas bubble) inclusions are
dominant.

The freezing temperature of the fluid inclusions is —35 — —40 °C. The eutectic temperatures
vary from —-23 to —26 °C, indicating dominant NaCl admixed with KCI. The final melting temperature
includes two groups of values (-0.9 —-2.5 °C and —3.2 — -5.8 °C) that indicates two groups of salinity:
1.4-3.8 wt % and dominant 5.0-8.8 wt % NaCl-equiv. (up to 13 wt % in some cases). Three tempera-
ture ranges are typical of the studied fluid inclusions: 134-190, 204-250 and 272-288 °C.

The correlation of homogenization temperatures and salinity gives two groups of inclusions,
which are overlapped with those from the Yaman-Kasy porphyry rocks. The low-temperature
(to 190 °C) group is characterized by considerable salinity (up to 13 wt % NaCl-equiv.) that is compa-
rable with data on quartz from the porphyry rocks of the Kyzyl-Tashtyg deposit. At the same time,
inclusions with elevated temperature (up to 288 °C) are characterized by the lower salinity (up to
8.8 wt % NaCl-equiv.). It should be noted that homogenization temperature and salinity directly corre-
late in both groups of inclusions.

The formation conditions of the ore-forming hydrothermal system from the feeder channels to
the top of the sulfide mound were studied in fluid inclusions in barite from sulfide ores of the Ar-
tem’evskoe massive sulfide deposit.

The fluid inclusions in barite from the feeder channels are 3—15 pum in size. They are mostly
regular distributed in the crystals or confined to the numerous intercrossed healed fractures. Three
types of co-existing fluid inclusions may be distinguished: (I) dominant one-phase liquid inclusions,
(11) abundant two-phase inclusions with a light liquid and round gas bubble, and (I11) vapor inclusions.
This is similar to the fluid inclusions from the feeder channels of the Valentorka massive sulfide de-
posit in the North Urals.

The freezing temperature of the two-phase inclusions ranges from —35 to —40 °C. The eutectic
temperatures vary from —24.5 to —26 °C that points to the presence of NaCl and KCI in the fluids.
The final melting temperature of -0.15 — -3.7 °C corresponds to the salinity of 0.2-5.8 wt %
NaCl-equiv. In most cases, the salinity is below that of seawater. The homogenization temperatures
vary from 114 to 160 °C.

The homogenization temperatures and salinity of the studied fluid inclusions are similar to the
low-temperature group of inclusions in barite from the Yaman-Kasy deposit. It should be noted that
studied fluid inclusions are characterized by significant range of salinity at narrow temperature range.
At the same time, fluid inclusions in barite from the Yaman-Kasy deposit and sulfide mounds from the
Manus back-arc basin are characterized by the higher homogenization temperatures.

Thus, out studies of melt and fluid inclusions allowed us to identify the physical and chemical
conditions of related processes of mineral formation at massive sulfide deposits of the Rudny Altai
(northeast Kazakhstan) similar to the modern black smokers and to find the consecutive change of the
magmatic systems by postmagmatic fluids and ore-forming hydrothermal systems. It was established
that acid melts of normal alkalinity, corresponding to low-alkali rhyodacites in composition, have in-
creased CuO (to 430 ppm) and H,O (to 5.7 wt %) contents. The postmagmatic fluids are characterized
by higher salinity (up to 8.8 wt % (rarely up to 13 wt %) NaCl-equiv) and elevated temperatures (up to
288 °C) in comparison with those of ore-forming hydrothermal solutions (up to 5.8 wt % NaCl-equiv
and up to 160 °C).

The work is supported by the project of joint researches of the Siberian and Urals (no. 12-C-
5-1010) Branches of the Russian Academy of Science.
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GEODYNAMIC TYPES
OF THE PYROPHYLLITE DEPOSITS

[MupodummToBOE CHIPbE OTHOCHUTCS K CPaBHUTEIBHO PEAKHM BHIaM HEPYIHBIX MOJIE3HBIX
uckomnaeMbix. [1o reonoruveckol MO3UIKHK U YCIOBHSIM 00pa30BaHUSI MECTOPOXKICHHUS TIOPa3 eI CHbI
Ha 5 tunoB. [lepBbie nBa CBsI3aHBI C THAPOTEPMATHHO M3MEHEHHBIMH MOPOJAMH B BYJIKaHOTE€HHBIX
TOJIIAX KHCIOro U CpeHero coctaBoB. K TpeTbeMy THIy OTHOCSTCS MECTOPOXKICHUS MeTaMopdo-
TeHHO-METacOMaTH4eCKOro reuesuca. IlposBienrs 4eTBepToro THIA MPUYPOUYEHBI K HU3KO- U CpeliHe-
TEeMIIepaTypHBIM CTaJusiM 00pa30BaHUsl THIPOTEPMATBHBIX XU CPEAN BYJIKaHUYECKUX M METaMmop-
¢udeckux Tomul. [IaTeIil TUN - 3TO MUPOGMILIMTCOAEPIKALIHE KOPHI BHIBETPUBAHHUS [10 METaMopQurye-
CKUM TOJIIAM M METacoMaTHTaM. Y CIOBHs 0Opa30BaHMs U Pa3MEIICHHs] MECTOPOXKACHUIN MUPOpUII-
JUTOBOTO CBHIPbS B CKIQA4aThIX I0SICax OMNPEACNAIOTCS TeOoJMHAMHUYeCKOH 00CTaHOBKOH Qop-
MHUPOBaHUS.

Pyrophyllite is a comparatively rare economic mineral. Basic consumers of raw pyrophyllite are
ceramic and fire-resistant industries. It is also used for manufacture of fillers for paper, cardboard,
rubbers, plastic, insecticides, technical ceramics, and in the electro technical industry. Monomineral
pyrophyllite is used in high-pressure apparatus to manufacture synthetic diamonds and also as a mate-
rial for stone culling (agalmatolite). Zaykov et al. [1988] proposed typification of the deposits. We
adopt the scheme and relate it to a modern geodynamic scheme (table).

Deposits in metasomatic rocks of intra-continental and marginal-continental volcanic
zones (Type ). Host rocks of this type deposit are typically calc-alkaline andesitic to rhyolitic lavas,
which are enriched in potassium or sodium and potassium. The pyrophyllite deposits are associated
with volcanogenic metasomatic rocks of the "secondary quartzites - pyrophyllites™ series, and they are
commonly found in ancient rifling zones on platforms and on active continental margins. Pyrophyllite
deposits on Precambrian platforms are found in Ukraine, Sweden, South Africa, USA, Canada and
Brazil. In contrast, pyrophyllite deposits in Middle Asia, Kazakhstan and Australia are distributed in
Paleozoic active continental margins. Pyrophyllite deposits occur at Mesozoic-Cenozoic active conti-
nental margins in USA, Canada, Morocco, China, New Zealand, Korea, Japan, Vietnam, Georgia and
Azerbaijan.

Pyrophyllite deposits in metasomatic rocks in island arcs and Paleozoic and Cenozoic
marginal seas (Type I1). In folded Paleozoic island-arc system there are pyrophyllite deposits, which
occur in bimodal volcanogenic series. This type of deposit is widespread in the Ural folded Paleozoic
island-arc system, where pyrophyllite-bearing metasomatic rocks of sericite-quatrz formations accom-
pany massive sulfide mineralization [Udachin, Zaykov, 1994]. Pyrophyllite mineralizalion in folded
structures of Cenozoic age is known in "green tuff" region of Japan, the Bolnis area of Southeast
Georgia and the Panagursko zone in Bulgaria.

Pyrophyllite deposits in metamorphosed terrigenous-argillaceous strata of Paleozoic and
Mesozoic age, containing pyroclastic material and coals seams (Type I11). Pyrophyllite deposits in
Paleozoic beds in passive continental margins and interior seas and coal-bearing depressions occur in

95



