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PETROLOGY AND GEOCHEMISTRY OF THE HALADALA PLUTON
AND ASSOCIATED Au-BEARING HYDROTHERMAL VEINS
IN SOUTHWESTERN TIAN SHAN, CHINA

[Tnyron Xananana (FOro-3amanueiii TsHb-11laHb) COCTOMT MPEMMYIIECTBEHHO M3 TPOKTOJH-
TOB, OJJMBUHOBOTO rab0po u radopo. [Morenenne P30 1 MajbIx 3JIEMEHTOB CBHJICTEILCTBYET O (hpak-
IUOHUPOBAHWM TEpBHYHONW Marmpl. HamOomee TO3AHMMH — SBISIOTCS — KHJIBI ~ MarHETHT-
KIIMHOIIUPOKCEHOBOT'0 Tab0p0. 30I0TOHOCHBIE KaJIbIIUT-MarHETUTOBBIE YKHJIIbI SABISIOTCS PE3YIbTATOM
MOCTMAarMaTH4ecKOro AMUTEPMAIILHOTO MPOoIlecca.

The Haladala basic-ultrabasic pluton in Southwestern Tian Shan Mountains mainly consists
of troctolite, olivine gabbro and gabbro [Zhang et al., 2000; Xue and Zhu., 2009]. After the fractional
crystallization of olivine and plagioclase from the Haladala primary magma, the rest of the magma
intruded and formed gabbro. The clinopyxene (Cpx-1) of the gabbro has the lowest concentration
of Rare Earth Elements (REEs), and doesn’t show Eu negative anomaly. The concentration of other
trace elements (Sc, Cr etc.) of Cpx-I varies largely with a wide range of the Mg# (80-95). The mag-
netite-clinopyroxene vein intruded into the gabbro, and the composition of the clinopyxene (Cpx-I1) in
the vein is relatively consistent. Compared to Cpx-I, Cpx-1l has a higher concentration of REEs with
distinct Eu negative anomaly. At least two stages of heterogeneous magmas contributed to the forma-
tion of the Haladala pluton. Distinct from the rapid intrusion of the later-stage Fe-riched basic magma
which formed the magnetite- clinopyxene vein, the early-stage magma went through a long period of
evolution before it finally cooled down and formed the gabbro. Besides, exsolution texture can be
found in both Cpx-I and Cpx-Il, which implies that the Haladala pluton experienced rapid uplift or
rapid cooling after the intrusion of the magnetite-clinopyroxene vein. Another auriferous calcite- mag-
netite vein came into being during the epithermal process after the magma process ended. The later
vein ranges from 1mm-10cm in size, and the magnetite in it was cut by the calcite, which indicates
that the magnetite formed earlier than the calcite in the same vein. There is also minor amount of py-
rite in the vein, and it is surrounded by magnetite. I1t’s worth noting that with the intrusion of the cal-
cite-magnetite vein, Au-mineralization has also developed. There are three kinds of circumstances
where native gold could be found: First, gold is located in the boundary of the calcite and magnetite;
second, gold is in the calcite; third, gold is enveloped in the pyrites. The gold is usually about 10um in
size Focus on this vein is of great significance to the gold exploration in this district.
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THE BIGGEST RARE-EARTH DEPOSITS IN TIEN SHAN
[IpuBonATCs JaHHBIE O TE€OJOTMYECKOM CTPOCHUM U MUHEPAJIOTUM KPYIMHEWUIIUX MECTOPOXK-

JIeHHI penko3emMelbHbIX aneMeHToB Kyrrecaii-11 (80% moobruu P33 B Coerckom Corose) u Capacaid.
MecTopOoKIeHHs TPENCTaBICHBI 30HAMHU THIPOTEPMATbHO-METACOMATHUYECKOH TPOpPabOTKH, CBS3aH-
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HOHM ¢ MarMaTU3MOM MEPMCKOro Bo3pacrta. JIokanu3amnus MeCTOPOXKICHUH ONpPe/eNseTcss TeKTOHNYe-
ckuM crpoerreM. OCHOBHBIMHU KOHIIeHTpaTopamu P33 MoryT ObITh cCOOCTBEHHBIE MUHEPAJIbl — KCEHO-
THUM, MOHAIIUT, OACTHE3UT U JIp. KapOOHATHI C ONpPENIEICHHON ponbio B Oanance P3D ¢uroopura u cu-
nukaToB nupkoHus u Topus (Kyrrecaii-1l), Ha mectopoxknennu Capebicail TTaBHast POJb TPUHAJICKUAT
MUPOXJIOPY C BKIIOYEHHUSMH COOCTBEHHBIX P3D-MuHepanos, a Takxke TUIEPreHHBIX OKCHIOB MapraH-
11a ¢ copoupoBaHHbIMU P30,

The Tien Shan fold system is the largest rare earth and rare metal province in the Central Asia.
A number of rare earths deposits and occurrences are concentrated in the territory of the Kyrgyz Re-
public. The most of them are related to the Permian intrusive magmatism.

The Kuttesai-11 deposit. About 80 % of rare-earth elements in the Soviet Union were mined
and extracted from this deposit, which has no analogues in the world. The deposit is composed of
gneisses of the Early Proterozoic (?) Aktuz Formation and amphibole schists of the Middle Riphean
(?) Kuperlisai Formation. The Riphean mafic and ultramafic rocks, Late Ordovician to Silurian grano-
diorites and leucocratic granites, Permian to Triassic monzodiorites, syenites, subalkali leucogranites,
granophyres, lamprophyres, diorites, and diabase porphyrites intrude the metamorphic rocks.

The rare-earth mineralization from the Kuttesai deposit is a result of intense metasomatic
processes associated with intrusion of the Permian granophyres (Fig. 1). The orebodies consist of me
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Fig. 1. Model of zoning for the Kutessai-1I deposit.
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Fig. 2. The geologic map of the Sarysai deposit.

Quaternary sediments (1), Lower Permian shale, conglomerate, limestone, olistostromes (2), Upper Car-
boniferous to Lower Permian limestone, marble (3), Devonian siltstone, shale with interlayers of sandy lime-
stone (4), Late Permian intrusive rocks of the Surteke complex (5-7): carbonatite of third phase (5), fine- to me-
dium-grained alkali and nepheline syenite of the second phase (6), medium- and coarse-grained alkali syenite of
the Kaichin pluton and its apophysises of the first phase (7), Early Permian rapakivi granite and syenite of the
Dzhangar complex (8), glaciers (9), faults (10), ore zones (11), orebodies (12).

tasomatic rocks and eight zonal ore mineral types depend on metasomatic alterations: quartz-chlorite,
guartz-sericite, altered granophyres, biotite hornfelns, altered amphibole schists, metasomatites after
gneisses, and quartz-sericite-muscovite (greisen) and silicified rocks [Kim, 1965]. The carbonate-
phosphate, carbonate-silicate, and silicate rare-earth ores are dominant at the upper, intermediate, and
lower levels of the deposit, respectively.

Monazite, fluocerite, xenotime, yttroparisite, bastanaesite-(Y), cyrtolite, ferrithorite, and yttro-
fluorite, which are present in various proportions, are major minerals-concentrators of Y, La, Ce, Nd,
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Pr, Dy, Sm, and Gd in all ore types. In spite of considerable amount of cyrtolite, ferrithorite, and yttro-
fluorite, they are of secondary importance.

The Sarysai tantalum-niobium-rare-earth deposit is an example of ore mineralization hosted
in carbonatites related to syenites. The deposit is composed of the Devonian, Carboniferous, and Per-
mian terrigenous-carbonate sedimentary rocks. The intrusive rocks include Early Permian granites,
rapakivi granites, and Late Permian alkali rocks of the Kaichin intrusive pluton, whose satellite, the
Sarysai intrusive body, hosts Ta-Ni and rare-earth mineralization (Fig. 2). The latter is composed of
the rocks of three consecutive phases of alkali magmatism: lujavrites and pulaskites of the first phase,
leucocratic alkali syenites of the second phase, and intrusive aegirine-calcite carbonatites of the third
phase. The veins of metasomatic carbonatites branch from the Sarysai stock.

All three stages underwent ore-bearing metasomatism and autometasomatism, which led to
formation of fenites, albitites, and carbonate metasomatic rocks. The ore metasomatites of all stages
form the combined ore zones.

The content of rare earth elements in metasomatites are 0.01-0.05 % for Yb and about 0.05 %
for each of Ce, La, Y, and Nb. The Nb/Ta, ZREE/Y, and Y,0s/TR,Os ratios in different ore bodies are
approximately 10:1, 4:1, and up to 1:4, respectively.

The quartz-feldspar-aegirine ore veins are zonal: the central parts include leucocratic fenites,
rarely with aegirine, and the marginal parts are composed of carbonatites with variable content of cal-
cite. The aegirine-amphibole-feldspar metasomatites are the intermediate varieties. All of them are the
products of metasomatic facies of the carbonatite process. The radioactive pyrochlore (hatchettolite),
euxenite, xenotime, rare earth carbonates and products of their alteration, ilmenorutile, zircon, and
thorite are economically valuable minerals. Sulfides include galena, pyrite, pyrrhotite, and molyb-
denite. Supergene minerals are iron and manganese hydroxides.

According to the geologic position, ore-bearing metasomatites, and ore mineralization, the clos-
est analogues of the Sarysai deposit are the deposits of the carbonatite-related aegirine-albite type with
hatchettolite and zircon [Solodov, 1987]. The high content of Y group elements is untypical of this
type of the deposits. Probably, this is caused by involvement in ore formation both of carbonatites (in-
trusive and metasomatic), syenites, and derivatives of the granite magma.
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HYDROTHERMAL VENT FAUNA IN THE URALS VMS DEPOSITS:
CRITERIA FOR OCCURRENCE

PaccMoTpeHbl kpuTepuM MOSABICHUS, (POCCHIM3AIMU M COXPAaHHOCTH MPUTHIPOTEPMAIBHOM
(hayHBI B pyJlaX KOJTUEIAHHBIX MECTOPOXKACHUN Ypalla U JPYyruX KOA4eJaHOHOCHBIX pernoHos. [Toka-
3aHO, YTO JUIS TOSIBJICHUS (DayHbI OJIATONPUATHBIMU SBJISFOTCS KOJTUEIaHO00pa3yoIue CUCTEMbI Yep-
HBIX KypHJIBIIUKOB, (DOPMUPOBABIIUXCS Ha 0a3ajIbTOBOM M PHOJIMT-0a3aJIbTOBOM OCHOBaHUSX. Y CTa-
HOBJICHO, YTO YepHBbIC KypUJbIUKH, oboramieHHbie Fe, Sn, Te,CO ABIsAIOTCS CIIyTHUKaMU CyJIb(u/I-
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