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THE BAKYRSHIK DEPOSIT’S GOLD MINERALISATION PROSPECTING MODEL

Abstract: Kazakhstan is one of the world's most important gold-bearing provinces. Due to depletion of
easily discovered deposits and the ever-increasing needs of the economy in scarce raw materials and to
replenish the gold reserve of Kazakhstan, a steady increase in the efficiency of prospecting works and the
accelerated development of new gold mining sites are required.

One of the main suppliers of gold in the world are sites of black shale formation, keeping enormous
reserves of the metal.

The unique Bakyrshik gold deposit is a close analogue to the world-famous giant Muruntau in
Uzbekistan and shares its many features in the formation of commercial gold ores. Based on the new factual
data obtained, a three-stage prospecting model of the Bakyrshik deposit formation has been developed
including the sedimentary sedimentary-diagenetic stage, the tectonic-metamorphogenic stage and the
intrusive-thermal-metamorphogenic one.

Key words: gold, black shale strata, prospecting models, deposit.

Introduction. The Bakyrshik ore field, development of ductile faults and zones of cleavage
consisting of a number of carbonaceous-gold- rock flow. They are intersected by a thick (50-350
sulphide deposits (Bakyrshik, Bolshevik, Gluboky m) sublatitudinal Kyzylov thrust zone of crumpling,
Log, Promezhutochnoye, Chalobay, Kholodny manifested along a single deep fault of the Upper

Klyuch and Sarbas) is located in the complication Mesozonal-suture zone of superimposed folding. A
zone of Late Hercynian collisions of simatic blocks system of close, gently sloping to north ductile
and tectonised ophiolite blocks of the Zaisan folding faults is developed in its lying side and central part,
system. It is composed of Carboniferous marine accompanied by inclined compressed folds, layer-
(Cs-Csb), coastal-marine (Bukoni Formation C,m) by-layer cleavage and goffering. Dikes of
and continental (Bakirshik black shale sequence Cs) lamprophyres and sandstone interlayers are
terrigenous sediments with several stratigraphic boudinised, and pressure folds are developed [2].
levels of gold-bearing carbonaceous-silt-pelitic The tectonically weakened Kyzylov zone is
horizons with syngenetic gold-pyrite intruded by a plagiogranite-granodiorites of the
mineralisation. Their gold content is an order of Kunush complex (C;-P;), identified by geophysical
magnitude higher than that of the background, while surveys at a depth of 2-5 km. It is accompanied by
the Bakyrshik black-shale stratum contains 100-150 gold-quartz-vein  occurrences  (Kilometrovoye,
mg/t, 0.2 to 1.5-2.0% of organic matter, which Zolotoye, Fabrichnoye, and others), which are more
reaches 26.5-54.1% in anthraxolite lenses of the recent with respect to the prevailing carbonaceous-
Bakyrshik stratum. Tuff horizons and covers of gold-sulphide mineralization. Precise structural
trachyandesitic porphyrites are isolated in siltstone- control of the gold mineralisation characterised the
sandstone  sediments. = The  Carboniferous deposits. All of the carbonaceous-gold-sulphide ore
terrigenous strata are broken by single stockworks objects are located within the Kyzylov crumpling
and numerous dikes of plagiogranite-porphyries and zone and are confined to junctions where it
dioritic  porphyries, which form belts of intersects the ductile faults of major folding (Figure
northwestern and sublatitudinal strike [1]. 1).

The sedimentary deposits are folds of the
main mesozonal-seam type, linearly stretched in a
northwest direction, compressed with extensive
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1 - Neogene-Quaternary sediments; 2 -
Bakyrshik black shale sequence C3; 3 - Bukoni
conglomerate-sandy formation C,m; 4-6 - siltstone-
sandy stratum sequence C;-S>-Cyb: 4 - upper pelit-
siltstone, 5 - middle siltstone-sandstone, 6 - lower

sandstone; 7 - Aganakti siltstone-sandstone
formation C;S;; 8 - Opanov argillit-limestone
formation C;v; 9 - Karabai basalt-siliceous
formation D3fm,-C,t; 10-11 - dikes: 10 - subalkaline
granite-porphyries and monzonite-porphyries, 11 -
diabase and diorite porphyries; 12-19 - various
rocks: 12 - sandstones, 13 - interbedded sandstones
and siltstones, 14 - clayey siltstones (a) and clayey-
carbonaceous (b), 15 - conglomerates, 16 -
limestones, 17 - phthanites, 18 - tuffs, 19 - basalts
and andesites; 20 - faults (1 - West-Kalba, 2 - North-
West); 21 - ductile faults; 22 - Kyzylov thrust zone;
23 - carbonaceous-gold-sulphide deposits (a) and
occurrences of gold-quartz vein type (b); 24 - gold-
mining pits; 25 - intrusive complexes: a - gabbro-
monzonite-granosienite-granite-porphyry
(Semeitau T1), b - granodiorite-plagiogranite (Cs-
P1); c - ultrabasite protrusions; 26 - elements of rock
occurrence.

Figure 1 - Confinement of the Bakyrshik ore
field gold deposits to parts of the intersection of the
Kyzylov crumpling zone with the main folding’s
ductile faults.

The ore bodies are various of subconcordant
lens-like shapes. They dip northward at 35-40°,
extending along the dip of the Kyzylov thrust, along
the lines of intersection with ductile faults and zones
of cleavage flow of early folding rocks. The gold
deposits are controlled by an area of junction
between the Kyzylov crumpling zone and a series of
ductile faults developed in the axial planes of tightly
compressed congruent folds. The ore bodies along
the strike are no longer than 120 m, while they
exceed 1200 m in the dip direction. Tracings of the
ore-hosting dislocation zones by the secondary
complex metal scattering halos of As, Sb, Mo, W,
Au confirm the mineralisation’s structural control.

Carbonaceous-sericylitic,  kaolinite-hydrosludite,
quartz-sericite, sericite-flogopite-carbonate,
chlorite-albite and other metasomatic associations
are developed in the deposit. The leading type of
hydrothermal  alteration is  carbonaceous-
sericitolitic. Total carbon ranges from 0.3 to 26.5 %
in the host terrigenous rocks and 2.5-6.0 % in the
ore zones. Carbon is represented by oxidized
(carbonates) and reduced (cerite, anthraxolite,
shungite, graphite, bitumoids) forms.

Carbonates form  metasomatic, often
sulphidised dolomite, dolomite-ankerite, brainerite
bodies. Kerite-anthraxolite-shungite, graphite and
bitumoids have a "through" development in the ore-
bearing strata. The halo space is dominated by
alcohol-benzene bitumoid, while the ore bodies are
dominated by chloroform.

Sericite in ore-depositing areas associates
with carbonaceous matter, carbonate and quartz (up
to 60-80%), the intensity of this paragenesis
decreases at the periphery to 10-20% [3].

Methods. Samples of rocks and minerals
from Bakyrshik deposits were analysed at the
Natural History Museum's (London) Laboratory
Research Centre using a Zeiss EVO 15LS SEM
scanning electron microscope and a Cameca SX100
electron probe.

The Zeiss EVO 15LS SEM is a universal
analytical scanning electron microscope, which can
operate in variable pressure and high vacuum
regimes. The low vacuum mode was used for
imaging and qualitative XRF analysis of the
samples. A pressure of 60-100 Pa was mainly used
for sample analysis, although it can be increased up
to 200 Pa. Mineral identification is carried out by an
EDX detector with regular calibration for the
analysis of major elements in silicates, the most
common rock-forming minerals, and can very
quickly provide the needed information for mineral
identification.

In some cases, the chemical composition of
50 samples was studied in the Mineralogy sector of
the IGN wusing a JCXA 733 electron-probe
microanalyser and an INCA ENERGY energy
dispersive spectrometer.

Results. The metasomatic zoning of
Bakyrshik is as follows. Carbonaceous-caolinite-
hydrosludite metasomatites are visible in the upper
horizons, carbonaceous-sericite alterations have a
"through" distribution (maximum pronounced in the
central part), sericite-flogopite-carbonate
association with apatite and tourmaline occupies the
lower levels. Ore minerals form five paragenetic
associations: the early  melnikovite-pyrite-
pyrrhotite-markasite (with nickel, pentlandite); the
ore  gold-pyrite-arsenopyrite  (with  cubanite,
gersdorfite), the gold-quartz-polymetallic (with pale
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ore, chalcopyrite, galena, sphalerite) and gold-
quartz-carbonate-shelite-chalcopyrite with
brainerite, dolomite, aikinite, free Au; and the late
quartz-carbonate-antimonite-tetrahedrite with
marcasite and thin redeposited Au. The gold-pyrite-
arsenopyrite association is "transitional"; the
melnikovite-pyrite-pyrrhotite-marcasite and gold-
quartz-carbonate-shelite-chalcopyrite are observed
at greater depths; the gold-quartz-polymetallic and
quartz-carbonate-antimonite-tetrahedrite gravitate
to the middle and upper horizons.

The vein-impregnated gold-pyrite-
arsenopyrite association (pyrite 1.5-22.0 %,
arsenopyrite 3.0-15.0 %) plays the leading role in
the total gold balance (over 90 %). In the upper
horizons, pyrite predominates over arsenopyrite
(3.5:1); in the middle and deeper horizons, pyrite is
subordinate (1:3). Fe disulphide forms aggregate
clusters, globules, cubic, pentagon dodecahedral,
cubo-octahedral crystals. [4].

The genesis of the deposit continues to be
debated. Majority of researchers (H.A. Bespayev,
V. Globa, V.I. Fomichev, and other) admit the
existence of an ore-preparing exogenous stage, and
a superimposed endogenous hydrothermal-
metasomatic stage over the intrusive zone of the
Kunush complex of small intrusions. However,
these intrusions are absent in the Kyzylovsky thrust
zone, the main ore-controlling structure.
Occasionally, pyrite and contact alterations can be
seen on the contact of dikes. Nevertheless, they are
very small compared to the scale of stratiform ore
bodies of the Bakyrshik deposit. All those who
associate the formation of this deposit with
magmatism should remember this.

Azerbayev N.A. believes that the Bakyrshik
strata was formed in the thalassobatial deep-water
situation at the foot of the continent, and sediments
of gravity flows play a significant role in its
composition. Humic acids of sapropel type played
accumulating role of gold in Bakyrshik stratum, in
his opinion, at the stage of late catagenesis -
metagenesis [5].

According to V.N. Lubetsky and Lubetskaya,
formation of this deposit is connected with mantle
fluid flows, which, in its turn, is connected to the
carbonaceous metasomatism. However, this point
of view should necessarily be confirmed by the
presence of mantle carbon. They believe, the
mineralisation is formed in three main stages: 1)
sedimentary sedimentary-diagenetic, 2) tectonic-
metamorphic and 3) intrusive-thermal-
metamorphogenic. The authors of the article accept
the latter point of view, supported by our
mineralogical data [6].

The sedimentary-diagenetic stage: gold, as
well as associated nickel and cobalt, were extracted

by juvenile fluids during tectonic activation from
ultramafic rocks of oceanic basement and
serpentinite protrusion zones. Mobilized gold was
deposited in the silt-like environment of shallow
basins and submarine deltas rich in organic matter
and hydrogen sulfide; globular-framboidal
inclusions and pyrite veins developed with the
formation of rhythmic layered gold-bearing
carbonaceous-clayey and carbonaceous-silt-pelitic
sediments during diagenesis (Figure 3). Isotopic
composition of rhythmites carbon 313C= -14 + -
31%o indicates its biogenic nature (N.M. Zairi,
1978) [7]. Remobilization and migration of gold
during diagenesis (slightly alkaline environment, T
= 100-150°C) was carried out as hydrosulfide
complexes Au(HS)s.

| 3TAM (T=60-140°C)
NPUBHOC IOBEHUITbHBIMW ®NIOUAAMU 3010TA, OCAXAEHVE HA IHE MENKOBOAHOIO
BACCEVHA, ANATEHETUMECKUE NPEOBPA30BHAHUA OCAKA C ®OPMUPOBAHWEM
30MI0TOHOCHbIX YIMEPOAUCTO-NENUTOBbLIX PUTMUTOB

OGacTs oriokenns Au CB
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Note: See Figure 12 for the legend.

When compiling the prospecting model, materials
by T.M. Zhautikov, Y.V. Gostev, V.I. Zenkov,
L.G. Marchenko, E. Nusipov, V.B. Chekvaidze,

A.A. Shiganov were utilised.

Figure 3 - Graphical model of the diagenesis
process of rhythmic layered gold-bearing
carbonaceous-clayey and carbonaceous-aleurolite-
pelitic sediments

Metamorphism and dynamometamorphism
of rocks, which appeared due to intensively
developed collisional tectonics during the Late
Carboniferous and Permian dislocation epoch, play
the leading role in the transformation of ore material
and formation of commercial vein-impregnated
gold-sulphide ores. The coastal-marine molasse
deposits (Cis - C,b) of 2,000-4,500 m of thickness
are most widespread in the Carboniferous-
terrigenous complex. In terms of carbon content
((Copr = 0.3 to 2.1 %), they are low-carbonaceous
rocks. Above, the marine molasse is replaced by
high-carbon terrestrial molasse dominated by gray-
colored argillaceous-sandstone and fluviolimnitic
high-carboniferous black shale lithofacies with
scattered organic matter of sapropelic and plant-
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detrital nature and Copr contents from 0.3-0.6% to
14.5%, 0.96% on average.

Widely developed are lenses of anthraxolite
and interlayers of stone coal, concretions of siderite-
chamosite bog ores, phosphate-bearing nodules,
horizons and lenses of various-grained sediments of
suspension flows and collapsed breccias of turbidity
with "pellets" of black siltstones (Figures 4-6). In
ore zones, carbonaceous matter is developed as
blind micro-veinlets, embeddings and small nests.
Crumpled, flaky rocks and quartz-carbonaceous
breccias enriched with gold-bearing pyrite appear in
the crushing zones. Monomineral segregations of
carbonaceous matter corresponding to shungite
(according to L.G. Marchenko) were revealed in the
composition of these breccias. According to A.V.
Veselov, based on thermographic studies, the
carbonaceous matter of the host rocks was classified
as anthraxolite [8].

- B e B

1 - micro-layers and dusty detritus of
carbonaceous matter in silty sandstones. Polish slip,
magnified x 25; 2 (3) - lenticular interlayers of
anthraxolite in carbonaceous siltstones (pit scarp 3
at 330 m); 3 (4) - association of anthraxolite,
carbonaceous pelite and sedimentogenic pyrite
(light); 4 (6) - sub-microscopic pyrite
pseudomorphosis as per organics. polished slip,
magnified x 50.

Figure 4 - Nature of distribution of organic
matter in ore-hosting (Cg) sediments at the
Bakyrshik deposit
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Figure 5 - Globular pyrite (bright balls) in
carbonaceous matter. Bakyrshik

The underwater-slide breccias (1-4) with
selective metasomatic replacement by sulfides of
the cementing mass and interlayers of calcareous
silty sandstones (5,6). Fragments of carbonaceous
siltstones with syngenetic sulfides are often found
in breccias (3,4). Figures 4, 6 show the deposition
of pyrite metacrystals on the surface of
carbonaceous siltstones. The samples are polished,
natural size.

Figure  6-Samples
underwater-slide breccias

characterising  the

Tectonic-metamorphogenic ~ stage:  the
mesozonal-seam  folding under increased
temperatures of zeolite and chlorite-sericite facies
of metamorphism and cleavage flow of rocks;
occurring were dehydration of epizonal carbon-
terrigenous sediments with gold extraction as
chloride complexes AuCl,, formation of
hydrothermal-metamorphogenic solutions and their
circulation along highly fluid-permeable viscous
faults (Figure 7).

1 3TAN (T = 250-350° C)
PEMOBMNIU3ALIMA CUHMEHETUYHOTO 30M0TA B TEKTOHOMETAMOPOUYECKMUX 30HAX
KNIMBAXHOIO TEYEHUA NOPOA M OCAXKAEHUE EFrO HA BOCCTAHOBUTENBHBIX
FEOXMMUYECKUX BAPLEPAX B YYACTKAX CMIUSHWUA PASHOHANPABNEHHBIX NOTOKOB
METAMOP®OMEHHbBIX PACTBOPOB

Note: see Figure 12 for the legend

Figure 7- Graphical model of the tectonic-
metamorphogenic phase

The carbonaceous matter was transformed
into shungite, graphite and rare carbin, and the
recrystallized framboidal-globular pyrite acquired
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the pentagonal-dodecahedral and cubic habitus. In
this stage (stress-metamorphic, according to V.B.
Chekvaidze, 1999), migration of metamorphogenic
solutions was accompanied by diffused near-fault
sericitization, manifestation of cleavage and vein
silicification, and formation of shungite-sericite
metasomatites. The content of carbonaceous matter
in shungite-sericite metasomatites and tectonites
framing the mineralization is 13.4-15.2%.
Remobilized gold was deposited on reductive
geochemical barriers, most intensively at the sites of
confluence of differently directed flows of
hydrothermal-metamorphogenic solutions
circulating along ductile faults of the main folding
and Kyzylov crumpling zone. The
metamorphogenic nature of new formations is
confirmed by isotopes of shungite carbon (613C = -
22 +26.8%0), oxygen and carbonate carbon (3180
+12 = +18 %o, 813C = -2.5 + -10%0). The

Figure 8 - Zone of crumpling with maximum
conversion of carbonaceous matter in sliding
mirrors. Grinding-in.

temperature  interval ~of  metamorphogenic
transformation is 200 - 250°C (N. M. Zairi, 1978).
The predominance in the gas phase of fluids of
nitrogen, hydrogen, methane, carbon dioxide (V.A.
Narseev, 2001) is due to their formation during
decomposition of organic, including nitrogen-
containing, compounds during tectono-
metamorphic transformation of rocks [7].

The tectonic-metamorphic stage is combined
with late diagenetic-catagenic transformation of
weakly lithified sediments. During this period,
intensive dynamometamorphism of ore-hosting
rocks takes place along the top-thrust faults,
combined with regional metamorphism of
Carboniferous deposits of the whole West Kalba
metallogenic zone, with hydroplastic extrusion and
flow of sulfide-bearing pelites, their boudinisation,
delamination, brecciation and crushing (Figures 8-
11).

Figure 9 - Distribution of pyrite and arsenopyrite

mineralisation and quartz cuttings in carbonaceous-

enriched boudin. Sample.

Figure 10 - A laminated brecciated argillite with
pyrite embedding. Transparent section.

The intrusive-thermal-metamorphogenic
stage: remobilisation of  syngenetic and
hydrothermal-metamorphogenic gold in areas
affected by intrusion and dikes of the granodiorite-
plagiogranite complex (C3-P1) and pyroxene

Figure 11 - Pyrite-arsenopyrite ore in carbonaceous

laminated argillite. Polished section.

diabases of the Semeitau intrusive complex (T1);
transport of gold by hydrothermal solutions through
viscous disturbances, formation of a gold-
antimonite-anargite paragenetic association with
enrichment of previously formed ore deposits and
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their accompanying metasomatites (Figure 12). In metamorphogenic stage are 300 £15 (C3-P1) and
contrast to the leads of the early ores, the absolute 23010 (T1-2) million years (N.G. Syromyatnikov,
age of leads of the intrusive-thermal- 1999).

1l STAM (T = 350-450 "C)
PEMOBUN3ALNA U NEPEOTNOXEHUE 30M10TA HA FTEOXUMUYECKUX BAPbEPAX B
TEPMONONAX AAEK ¥ UHTPY3UIN NNAMMOIPAHUT-FPAHOANOPUTOBOIO (Cj - Py)
W TABBPOMOHLIOHUT-CUEHUT-MPAHUTOBOrO (T, ) KOMMMEKCOB

kM 103

0 CB

] [T e T s S (- - - 0 @ |+
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i @25-26‘27/28/29 *30 & e S22/ /]33

The legend refers to: 1 - Bakyrshik black shale formation Cs; 2 - Bukoni conglomerate-sandstone
formation Com; 3 - siltstone-sandstone stratum C;s;-Cob; 4 - Aganacti siltstone-sandstone formation Cisy; 5 -
Opanov argillite-limestone suite C;v; 6 - Karabai basalt-siliceous-limestone suite D3fm,-Cit; 7 - siltstone-
pelitic sediments Dsfm;-2; 8 - andesite-basalt-terrigenous deposits; 9 - base of oceanic type; 10 - andesite-
basalt-siliceous-terrigenous formations €;-O»; 11 - plagiogranite-granodioritic intrusions Cs-Py; 12 - dikes of
subalkaline granite-porphyries and monzonite-porphyries (a), diabase and dioritic porphyries (b) of Semeitau
(T1) and Kushun (Cs-P;) intrusive complexes; 13- ultrabasites; 14- fractures; 15- folded ductile fractures; 16-
Kyzylov collapse zone; 17- serpentinite lithomelange; 18 - gold-bearing carbonaceous-pelitic-siltstone
horizons with syngenetic gold-pyrite-arsenopyrite mineralization; 19 - directions of movement of juvenile fluid
streams (a), metamorphogenic solutions (b) and meteoric waters (c); 20 - orogenic components remobilized at
tectonic-metamorphic transformation of rocks (a) and introduced by juvenile fluids (b); 21 - gold-ore deposits;
22-27 - near-ore metasomatic halos; 22 - intensive silicification and sericitization, 23 - albitization,
chloritization and carbonatization, 24 - ankerite-quartz veins, 25 - albitization and weakly manifested
seritization, 26 - schungite-sericite metasomatites, 27 - sideritization sandstones; 28-29 - graphs of lead isotope
relations models: 28 - single-stage development, 29 - plumbotectonic; 30-31 - lead isotopes: 30 - data [70,
p-59] of O.G.Koshevoy for ores (a) and syngenetic mineralization (b), 31 - generalized data of N.G.
Syromyatnikov; 32 - horizon average values of sulphur isotope composition of pyrite (a) and arsenopyrite (b);
33 - distribution trends of 634S values of pyrite (a) and arsenopyrite (b) along the dip of ore deposits.

Figure 12 - Graphical model of the intrusive-thermal-metamorphogenic stage characterising the
remobilisation of syngenetic and hydrothermal-metamorphic gold.

The gold associated with this stage plays a such gold. Figure 13 shows the main concentrators
leading role and is concentrated in two sulphides, of invisible gold. Ultra-dispersed gold, invisible
pyrite and arsenopyrite, in an invisible form, giving under the light microscope, has been detected using
the ores their persistence and thereby requiring a raster electron microscope (Figure 14-15) [9].

technologists to develop special schemes to extract
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Figure 13 — Pentagonal dodecahedral and cubic
pyrite (Py) in fusion with arsenopyrite (Asp)

Figure 14 - Gold in pyrite-arsenopyrite concretion.
Light microscope. Bakyrshik.

Conclusion. The gold-sulphide type
developed in carbonaceous strata (Bakyrshik
deposit) is a unique and promising type in the West
Kalba gold ore belt.

The study of carbonaceous components of
ores and ore-hosting rocks established the presence
there of sapropel organic matter and bitumen, the
degree of post-sedimentary transformations at the
stages of early metagenesis and
dynamometamorphism has been determined by the
character of exothermic effects. The organic matter
from the Dbeginning of sedimentogenesis

concentrated gold in the form of clusters and
nanoclusters and is a source of gold for formation of
gold-bearing sulfides at subsequent stages of
lithogenesis and dynamometamorphism. The gold
content in the organic matter ranges from 3.7- 5.9
g/t (according to atomic absorption analysis) to 10
g/t (according to the author). Significant reserves of
gold in the form of clusters and nanoclusters, not
recoverable in the process of refining are not
accounted for in the calculation of reserves. It is
necessary to develop new methods of gold
extraction from carbonaceous rocks, which would
significantly increase the reserves of the deposit [9].

The main indicators of Bakyrshik-type
deposits include the following: a) gold-bearing
rhythmically layered carbonaceous-clayey and

(white) in pyrite (black) at the boundary with
arsenopyrite (grey). Photographed on the microprobe
in compo mode. Bakyrshik.

carbonaceous-siltstone-pelitic microfacies of the
black shale strata with increased syngenetic gold
content (10-150 mg/t), organic matter (1-10%) and
globular-framboidal pyrite; b) intense manifestation
of mesozonal seam folding accompanied by ductile
faults and zones of cleavage flow of rocks,
multistage deformation processes and formation of
hybrid  structures of intersecting  plicate
dislocations; c) extensive development of chlorite-
albite, shungite-sericite and sericite-flogopite-
carbonate metasomatites in the zones of cleavage
flow and ductile faults.
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BAKBIPIIBIK KEH OPHBIHJIA AJITbIH KEHAEHYIIH HANJA BOJYBIH I3JEY MOJEJII

Annoramms: KazakcraHn onemzeri €H MaHBI3AbI AITHIH MTPOBUHIFSUIAPBIHBIH Oipi OOIBIT TaOBLIIAIbL.
Omnaii alIpUIaTHIH K€H OPBIHIAP KOPHIHBIH TayChUTYbIHA JKOHE XaJIbIK IIApyallbUIbIFBIHBIH TAIIIBl IIHKi3aTKa
JIETeH KKETTUIIrHIH apTyblHa %oHe KazakcTaHHBIH anThlH Pe3ePBiH TOJBIKTHIPYFa OalIaHBICTHI i37€CTipy-
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Oapay KYMBICTAPBIHBIH THIMALUIITIH apTTHIPY JKOHE JKaHA alThIH KeH OOBEKTIIEPiH KeaeN urepy KaxeTTiri
TYbIHAANBI.

OJieM/IeTl alThIHHBIH HETi3ri XKEeTKi3yHIJIepiHiH Oipi — MeTanIblH YJIKEH KOpbl Oap Kapa TakTai
(hopMaIusACHIHAAFBI HBICAHAAP.

AnTeIH KOpBI OOWBIHINA Oipereld BakpIpmIbIK KeH OpHBI O30eKkcTaHmarbl ojemre ourini MypyHTay
ABIOBIHBIH KAKBIH aHAJIOTBI OOJIBIT TAOBIIAIBI XKOHE OHEPKICITITIK aJIThIH KEHIEPiH KaJIBIITACTHIPY1a OHBIMEH
OpTaK KeITereH epeKINeTKTepre ue. AJIBIHFaH jKaHa HAKThI JIEPEKTEPre CYHEeHE OTHIPHIN, BaKbIPIIBbIK KeH
OPHBIH KAJIBINTACTBIPY/IBIH YII KE3CHIIK 13€CTipy MO d3ipJieH i: CeUMEHTTI OTiH/Ii-TuareHeTHKAIBIK
Ke3¢eH; TeKTOHUKa-MeTaMOp(OreHaiK Ke3eH KoHe HHTPY3UBTI-TepMaIABI-MeTaMOP()OTeHIIK Ke3€H.

TyiiiH ce31ep: alThIH, Kapa KaTImapibl KATBIHIBIKTAP, 1376y MOAEThACPi, KECHOPHIH.
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MHOUCKOBAs MOJEJIb OBPA3OBAHUSA 30J10TOI'O OPYAEHEHUSA
HA MECTOPOXIEHUUN BAKBIPILINK

AnHoTtanus: KazaxcTaH 0THOCUTCA K OTHOM M3 BaXKHEUIIIUX 30JI0TOHOCHBIX TPOBUHIIUNA MUpa. B cBsizu
¢ ucyeprnanreM (OHJIA JISTKO OTKPHIBAEMbIX MECTOPOKICHHUN M BCEBO3PACTAIOINX MTOTPEOHOCTEH HAPOAHOTO
X03sicTBa B AE(QHUIINTHOM CHIPhE WM TIOMOJHEHHWH 30JI0TOTO pe3epBa KazaxcraHa TpeOyeTcsi HEYKIIOHHOE
TIOBEITIICHHE Y(PPEKTUBHOCTH TTOMCKOBO-PA3BEIOTHBIX padOT M YCKOPEHHOE OCBOSHHE HOBBIX 30JI0TOPYIHBIX
00BEKTOB

OfHUM W3 OCHOBHBIX MOCTABIUKOB 30J0Ta B MHUPE SIBIISTIOTCS OOBEKTHI B YEPHOCIIAHIIEBOU (hopMaIui,
KOTOpBIE 00JTaJal0T KOJIOCCATHHBIMH 3alacaMi MeTaJlIa.

YHUKaJIbHOE T10 3armacaM 30JI0Ta MECTOPOKIeHUE bakbIpiiuk sSBIseTCss OMM3KUM aHAJIOTOM BCEMHUPHO
W3BECTHOr0 TWraHTa MypyHTay B Y30€KHCTaHE W MMEET MHOTO OOIIMX C HUM 4epT B (DOPMUPOBAHUU
MIPOMBINIUICHHBIX 30JIOTHIX pynA. Omnupasch Ha HOBBIE TONYYEeHHbIE (aKkTHYeCKHe NaHHbIe, pazpaboTaHa
TpexXdTarHas MOMCKOBas MOJAETh (OPMHUPOBAHUS MECTOPOXKICHUS BaKBIPIIUK: CEIUMEHTHBIA OCAIO0THO-
JIUAreHETHYSCKUHN 3Tal; TEKTOHO-METaMOP(OreHHBIN 3Tal M WHTPY3UBHO-TEPMaIbHO-METaMOP(OTreHHbIH
JTall.
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