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Purpose. To characterize leading geological-industrial types of gold deposits within Kazakhstani part of the Great Altai.

Methodology. Field studies are within proper gold ore and ore-bearing deposits. Sampling is carried out for defining chemical
composition and regularities of basic ore minerals and impurities distribution. Microprobe analysis by using a scanning election
microscope JSM 6390LV, comparative analysis of ore mineralization were applied at the studied deposits.

Findings. Gold ore deposits of the Great Altai were formed within the period from the end of Riphean to the end of Phanerozoe
time in different geodynamic conditions. The most productive ones are O3, D,_,, C and K, age boundaries. Island arc, ensimatic,
ensialic, volcanogenic-sedimentary and collision environments are of great interest for gold mineralization. The most important
sources of gold mineralization within the Great Altai are gold-base metals, gold-quartz, gold-sulphide-quartz deposits. Part of
medium and small deposits can be transferred to the higher rank after additional evaluation. Moreover, prerequisites for discover-
ing new deposits are far from being exhausted in traditional ore mining regions. Complex gold-base metals (polymetallic and
copper-lead-zinc) deposits of Rudny Altai belt also have high content of associated gold and silver.

Originality. The research novelty is in using of highly precise methods for studying ores and host rocks that can be used for the
development of low-cost technologies for qualitative evaluation of gold ore deposits that were formed in different geodynamic
conditions and time intervals on the basis of mineralogical sampling method, topo-mineralogy method, which enables one to solve
the task of replenishing mineral-raw materials of precious metals in Kazakhstan.

Practical value. For the last 15 years there has been a clear tendency towards increase in the world demand and gold production.
Although the world gold reserve base features abundant types of deposits, development of gold mining has slowed down in Kazakh-
stan since 1990-s due to depletion of the richest and favorable deposits, decrease in gold raw material quality, and increase in negative
impact on the environment. Extra study on the known gold ore objects, search for gold deposits from the aspect of integrated develop-
ment imply the aim of overall accounting of basic and secondary components when all the stages of operation are carried out — rang-
ing from geological-estimating and to operational exploration. Nowadays, up-to-date technologies of concentration, and develop-
ment methods enable to refer these deposits to the objects of primary commercial exploitation. Their studying has scientific value in
the issues of endogenetic mineralization and creates prerequisites of discovering new perspective areas and deposits in Kazakhstan.
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Introduction. According to the generally accepted concept
[1, 2], basic geological structures of the Great Altai are located
in the north [west of the Central Asian mobile belt. They are
separated by deep-seated faults of north-west direction from
Caledonian structures of the Gorny Altai (by Loktevsko-
Karairtysh fault in the north-east) and from Chingiz-Tarbaga-
tai by Chingiz-Saur fault (in the south-west) [3, 4].

According to metallogenic zoning inside of the GA the fol-
lowing ore belts are distinguished in geologic structures of the
GA within East Kazakhstan: gold-copper-polymetallic (Rud-
ny Altai); rare metal (Kalba-Narym); gold ore (West Kalba);
multimetal (Zharma-Saur). Their total length is more than
1000 km whereas their average width is 300 km (Fig. 1) [3, 6].

Commercial mineralization is localized in the Rudny Altai
zone that is characterized by high femicity of the section, high
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magma saturation and ore density. Epicenters of ore areas and
clusters tend to thickening of metabasalt layer (thickness is
20—24 km) and to ridge-like elevating of surface M (40—43 km
deep) [7, 8].

Basic geological-industrial types of gold ore deposits. There
are several industrial types of gold ore deposits in East Ka-
zakhstan. They are both proper gold ore and gold bearing de-
posits (Table 1). Important sources of gold mining are large
Au-Cu-Pb-Zn deposits of the Rudny Altai structural-forma-
tion zone where there are high contents of Au, Ag, rare and
rare earth elements (Cd, Se, Re, etc.), along with base metals.
The deposits are genetically related to the group of Devonian
basalt-andesite-rhyolite formations that build up several pro-
ductive stratolayers, and the most ore-bearing of them are
Emsian, Eifelian, and Givetian. Multi-intermittency of for-
mation and multi-deck distribution of ore mineralization are
characteristic within ore zones, ore clusters, and fields. Verti-
cal length of ore mineralization is up to 1500 m [9]. Ore was
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Fig. 1. Tectonic scheme of Kazakhstan part of the GA 1 — Cale-
donian structural zones of the GA (ChT — Chinghiz-Tar-
bagatay; KhCh — Kholzunsko-Chuiskaya):

2—9 — structural zones of the Hercynian consolidation area: 2 —
Beloubinsko-Sarymsaktinskaya — BS; 3 — Rudno-Altaiskaya — RA
(subband — Zmeinogorsko-Zyryanovskaya — ZZ); 4 — Irtyshs-
kaya — Irt; 5 — Kalba- Narymskaya (KN); 6 — Zapadno-Kalbins-
kaya — ZK; 7— Charsko-Zimunaiskaya — ChZ; 8§ — Zharma-Saur-
skaya — ZhS; 9 — Seriktas-Sarsazanskaya — SS; 10 — Dzhungaro-
Balkhashskaya folded system — DB; 11 — borders of folded zones
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formed under submarine conditions, evidently when there was
ascending vadose-hydrothermal system of solutions with juve-
nile spring of metals (Fe, Cu, Pb, Zn, S, Au, Ag, etc.) and
dissolved gases (CO,, N,, H,S, S, Cl, etc.) [10, 11]. There are
two types of ores according to the way of formation:

- Stratiform (volcanogenic-sedimentary) ores are charac-
terized by accumulation of ore matter at the bottom of basin
where bedded-rhythmic-laminated ores occur (deposits: Rid-
der-Sokolnoye, Verh-Ubinskoye, Nikitinskoye and others);

- Hydrothermal-metasomatic is connected with the change
in volcanogenic-sedimentary rocks and fluid-porphyritic
complexes on the way of ore-bearing flows movement.

The last type includes most commercial sulphide-polyme-
tallic deposits (Zyryanovskoye, Maleyevskoye, Beloussovs-
koye and others).

There is deposit confinedness to Devonian ring volcanic
arcs. Besides sulphide-polymetallic ore mineralization is as-
sociated with subvolcanic porphyrites. Porphyritic bodies are
the most ore-bearing. They are located in frontal parts of flu-
id-magmatic flows of Devonian geochronological level.

Metasomatic criteria of ore formation. Hydrothermal meta-
morphism is of great importance. Propylitization, beresitiza-
tion, and albitization are widely manifested in ore bearing ter-
rigenous rocks and in partially intrusive rocks of proper gold
ore deposits. There are both early areal and syn-ore alterations
of host rocks. The first ones go before gold ore mineralization,
and form zonal areolas often with arsenic, rare elements, and
sulphides gain. Syn-ore alteration is expressed locally in the
form of margins on the contact with quartz veins and sulphide
containing zones in intrusive and terrigenous rocks.

Gold-copper-polymetallic deposits of the Rudny Altai
zone are formed by hydrothermal-sedimentary and hydro-
thermal-metasomatic ways. The beginning of ore process goes
along with formation of hydrothermally altered rocks in ore-
localized structure. The content of ore mineralization depends
on the degree of hydrothermal alternations of host rocks and
character of metasomatosis. As hydrotherms gain potassium,
sericites are formed mainly with lead and precious metals.
When iron and magnesium are gained, chlorites are formed
that go along with copper and iron.

In this area there is close positional connection of sul-
phide-polymetallic (hydrothermal-metasomatic) ore mineral-
ization with porphirites, especially in the zones of their thin-
ning. It should be taken into account during prognostic-explo-
ration operations [12].

The largest deposits of the Rudny Altai are positioned in
multilayers of ore-localized horizons, which indicates pulse
character of geothermal solutions. The thickest deposits of solid
polymetallic ores were formed above output of gas-hydrothermal
solutions (Ridder-Sokolnoye, Maleyevskoye, Artemyevskoye
deposits). Places of hydrotherms output on the seabed are fixed
as dome-lensoid formations with mineralogical and geochemical
deposition zoning manifested by alteration of vertical texture fea-
tures, and by mineralogical and chemical ore composition.

There are three groups of deposits according to the level of
Au and Ag accumulation:

1. Deposits with high content of Au (1—5 g/t) and medium
content of Ag (20—85 g/t) — Ridder-Sokolnoye, Novo-Lenin-
ogorskoye, Tishinskoye, Dolinnoye.

2. Deposits with low-medium content of Au (0.3—1.3 g/t)
and medium-high content of Ag (35—120 g/t) — Irtyshskoye,
Artemyevskoye, Maleyevskoye, Orlovskoye, Nikolayevskoye
and others.

3. Deposits with low Au and Ag content (0.2—0.5 g/t and
10—20 g/t respectively) — Grehovskoye, Chekmar, Putintsevs-
koye and others. The basic resource of precious metals is con-
centrated in deposits of the first and second groups.

The Rudny Altai type and its technogenic products con-
tain a wide range of secondary impurities (Cd, Se, Te, Tl, Ga,
Ge, Jn, Bi, As, Sb, S) together with basic components [13].
The Rudny Altai type of deposits provides 50—60 % of annual
gold mining from subsurface resources of Kazakhstan.

Maleyevskoye deposit is situated in Zyryanovsk ore region
of Leninigorsk-Zyryanovsk subband of the Rudny Altai struc-
tural formation zone. Accumulations of Devonian and Low-
er-Carbonian ages, quartz-feldspar porphyries and porphy-
rites of Middle-Devonian age, porphyrites of Lower-Carbo-
nian age take place in structure of the deposit. Accumulations
of Devonian age are presented by Revnyushinskaya (De—
D,ef\rv), Maslyanskaya (D,ef,—zv;ms) and Khamirskaya
(D,zv,—Dshr) suites. Maslyanskaya suite is the main ore-bear-
ing mass (Fig. 2). Polymetallic and pyritic-copper-zinc types
of ore are two main technological types on this deposit.

The main ore components are: zinc, copper, lead. Gold,
silver, cadmium, bismuth, indium, selenium, tellurium, anti-
mony, arsenic and other elements are present. The increased
concentration of gold, silver, cadmium, mercury, bismuth,
molybdenum, cobalt, arsenic, antimony, selenium, thallium,
tellurium, gallium, indium, germanium, nickel is also noted.
Sulphides serve as a carrier and concentrate of passing compo-
nents (Figs. 2, a, b, ¢).

Characteristics of gold deposits. Gold deposits were formed
in collision geodynamic conditions (in the Zaisan suture zone)
and are located within the West Kalba gold ore belt and the
Irtysh shear zone. The following ore types are distinguished:
gold-listvenite type; gold-sulphide vein-disseminated type;
gold-quartz type; gold-arsenic-carbon-bearing type [14].

Gold-listvenite type occurs in the Irtysh zone (Maraliha de-
posit). Crystalline schist and amphibolites including serpenti-
nite lenslike mass, dikes of diabase porphyrites and plagio-
granite-porphyrites are ore-hosting. Gold-bearing ores were
formed in the process of fold-thrust deformations of collision
stage and is fixed in ore fold silica-listvenite zones (gold sul-
phide ore is associated with amphibolite shales). Ore is vein-
disseminated, basic ore minerals are pyrites, arsenopyrites and
gold (Figs. 2, d, e, f). Chalcopyrite, sphalerite, galenite and
fahlore belong to affluent ore minerals. Free and fine-grained
gold is in pyrite, arsenopyrite and magnetic iron ore [15].

The gold-sulphide vein-disseminated type belongs to uncon-
ventional type of gold ore spatially associated with island-arc,
volcanogenic-carbonate-terrigenous formation C1v2-3 (Suz-
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Table 1

Main types of economic gold deposits

Ore zone Ore knot Ore field Metalgenius Deposits
Rudny Altai
Leninogorsko-Zyryanovskoye | Leninogorsko- Zyryanovsku | Leninogorskoye Pb, Zn, Cu, Au, Ag | Ridder-Sokolnoye, Maleyevskoye
Maleyevskoye
Orlovsko-Belousovskoye Atremyevsky, Nikolaevsky | Atremyevsky, Cu, Zn, Pb, Au, Ag | Tishinskoye, Nikolaevskoye,
Nikolaevsky Artemyevskoye
Sekisovskoye Tserkovsko- Sekisovsky Sekisovskoye Au, Ag, Te, Bi Sekisovskoye
Yuzhny Altai
Maralikhinskaya | Maralikhinskoye | Au, As, Hg, Maralikha, Manka, Kystav-Kurchum
Charsko-Zimunaysky metalgenic zone
Gornostayevskaya Ni, Co, Hg, Au Gornostayevskoye
Kempirskaya Zhanan-Kempirsky Au, Ag Camper, Zhanan
Suzdalsko- Arkalykskoye Au, Ag Severny Arkalyk
Arkalykskaya Suzdalskoye Au, As Suzdal, Maycheku, Zhaym
Charskaya Cr, Ni, Co, Hg, Au | Belogorskoye
Akzhal-Boko-Zaysanskaya Akzhal-Boko Au, As Akzhal, Boko, Vasilyevskoye
Ashaly Ashaly Au, As Yuzhnye Ashaly
Koytas Koytas W, Sn, Au, Sb Suurly
Zapadno- Kalbinskaya metalgenic zone
Mukursky Cewmeiitay Zherek Au, As, Sb Zherek
Kedey Kedey Au, Ag, As Kedey, Central Mukkur
Bakyrchiksky Baygorinsky Baygora Au, As Baygora I
Miyaly Au, Ag, As Miyaly
Espe Espe Au, Ag Espe
Sarytau Sarytau Au Sarytau, Dymovka
Bakyrchik Bakyrchikskoye Au, Ag, As, Sb Bakyrchik, Bolshevik
Kanaysky Au, As Kanayka
Kazanchunkur Au, Ag, As Kazanchunkur
Zhanatas Zhanatas Au, As Zhanatas
Kuludzhunsky Sentash Sentash Au Sentash
Dzhumba Dzhumba Au, As Dzhumba, Zaninskoye
Kuludzhun Terekty Au, As Terekty
Kuludzhun Au, As, Sb, Hg, W Kuludzhun
Laily Au, As, W Laily
Baladzhalsky Baladzhal Baladzhal Au, As Baladzhal, Marinovskoye

dalskoye, Akzhal, Zhaima and others). Geological-genetic
model of ore formation is defined as hydrothermal-metasomat-
ic and determined by formation of gold-bearing crushed vein
and jasperoids in tectonically fractured carbonate- terrigenous
rocks. Auriferous ore stratum was formed as a result of minor
intrusions, plagiogranite dikes and granodiorites (Knushsky
complex Cs). Ore bodies are represented by crushed veins, in-
terlacing veins, and quartzitic veins with pyrites, arsenopyrite,
rarely with antimonite. Free gold is fine and submicroscopic
(average content is 8—10 g/t) [16]. Ores are related to Carlin-
style deposit type according to basic characteristics. These de-
posits are being developed as they are of economic interest.

Akzhal gold-sulphide vein-disseminated deposit. Volcano-
genic terrigenous rocks of Arkalyk formation of lower-Car-
boniferous age (porphyrite, jasper, aleurolite, sandstone, sili-
ceous shales with rare lenses of rift limestone) and small in-
trusions of the Kunush complex (C;-P;) take place in the
structure of the deposit.

Pre-ore metasomatism is shown mostly in fault zones en-
closing quartz gold bodies. An increase in gold and arsenic oc-
curs in birchites near quartz veins. Gold in berezites is associ-
ated with arsenic pyrite. Gold-sulphide-quartz mineralization
of the Akzhal deposit is composed by mineralized crushing

zones with uneven distribution of sulphides and gold
(Figs. 3, a, b, ¢).

Ore bodies are represented by gold-bearing quartz veins
with free gold and by mineralized zones with thickness up to
1—1.5 and 100 m, respectively.

Gold-quartz type is characterized by gold-quartz-vein de-
posits widely represented in West-Kalba zone (Kuludgun,
Sentash, Kazan-Chunkur and others). They are spacely lo-
cated in low carbon graywacke sediments

(Aganaktinskaya suite Clg). Ore is controlled by faulting
and is genetically associated with minor intrusions and Ku-
nushsky complex dikes (C3). Ores are characterized by great
variety: pyrite, arsenopyrite, gold, chalcopyrite, sphalerite,
fahlores, antimonite, scheelite and others [17, 18]. Gold is free
in polysulfide and stibial assemblages. The deposits refer to
small ones by scale of ore. These deposits are being developed.
Besides they are the source of placer gold (Figs. 3, d, e, f).

Gold-arsenic-carbon-bearing type is presented by larger de-
posits in terms of gold reserves (Bakyrchik, Bolshevik,
Gluboky Log and others) and is formed on middle-Hercynian
collision ore-bearing level (C2-C3). Sub-aerial grey molasses,
alluvial-limnic and bog carbon-bearing black-shale lithofacies
(Bukon suite (C2-3)), subjected to intensive dynamic-meta-
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Fig. 2. Mineralization of the Maleyevskoye deposit (a, b, c) and
Maralicha deposit (d, e, f) (chp — chalcopyrite, sp — sphal-
erite, py — pyrite, apy — arsenopyrite, gn — galena, cv —
covelline, bo — bornite, tnh — tennantite, au — gold)

Fig. 3. Mineralization of the Akzhal deposit (a, b, c) and
Sentash deposit (d, e, f) (chp — chalcopyrite, py — pyrite,
apy — arsenopyrite, au — gold)

morphic and hydrothermal-metasomatic changes (zone of the
Kyzylovsky deep-seated fault), and to the influence of deep
seated (3—5 km) rock bodies.

Gold ore deposits in carboniferous volcanogenic-carbon-
ate-terrigene formation make up considerable share of the world
gold reserves. Large objects are known in the USA, Australia,
Russia, China, Kazakhstan and other regions of the world [19].

Bakyrchik deposit is located in East Kazakhstan region in
the north-west of the central part of the Kalba structural-fa-
cial zone of Zaisan fold system. Together with minor deposits
and ore occurrences, distributed in the Kyzylovsky zone or in
its plan-parallel splays, it forms a single the Bakyrchik-Bol-
shevik ore field. The Kyzylovsk zone is understood as a com-
plex, long-lived structure that develops in the side part of the
basin at the boundary of sediments of Arkalyk and Bukon for-
mations and hosts dykes and mineralization. In the contempo-
rary view, the geological structure of the sedimentary section
within the Bakyrchik ore field is represented as follows [20].

Analysis of geologic conditions for forming deposit Bakyr-
chik proves complicated history of gold accumulation and
concentration in ores of gold-arsenic-carbon-bearing type.
Ore bodies of the deposit are represented by mineralized zones
of banded, phacoidal and tabular shapes of considerable thick-
ness (up-to 10—20 m) and more than 1.0—1.2 km deep. Basic
ore-control elements are failure frames of north-west and sub-
latitudinal direction (overthrusting, shift-upthrow fault), lith-
ological composition of reservoirs and magmatic formations
(granitoid mass hidden in depth of 3.0—3.5 km and dikes of
marmorate compound noted in the zone of ore-bearing re-
verse).

Ore minerals of Bakyrchik deposit form five paragenetic
assemblages: early melnicovite-pyrites-pyrrhotine-marcasite
(with nickeline and pentlandite); ore gold-pyrite-arsenic pyrite
(with cubanite and gersdorffite), gold-quartz-polymetallic
(fahlore, chalcopyrite, galenite, and sphalerite), and gold-
quartz-carbonate-scheelite-chalcopyrite (with breunnerite,
dolomite, aikinite, free gold); late quartz-carbonate-antimo-
nite-tetrahedrite (with marcasite, remanie gold). Gold-pyrite-
arsenic pyrite assemblage have “through” expansion, melnico-
vite-pyrites-pyrrhotine-marcasite melnicovite-pyrites-pyrrho-
tine-marcasite and gold-quartz-carbonate-scheelite-chalco-
pyrite are developed at deep levels, gold-quartz-polymetallic
and quartz-carbonate-antimonite-tetrahedrite are inclined to
upper and medium horizons. Impregnated and vein-impreg-
nated gold-pyrite-arsenic pyrite assemblage association is the
most significant (90 %) in total mass of silphides and total gold
balance (Fig. 4).

Carbon-bearing, sericitic, kaolinite-hydromica, quartz-ser-
icitic, sericite-phlogopite-carbonate, chlorite-albite and other
metasomatic associations are developed at the deposit [19].

Ore bodies are represented by phacoidal and taenioid de-
posits with abundant impregnations of gold-bearing pyrite and
arsenopyrite. The thickness is 0.6—20 m, flat deposits are
reaching 1700 m to the dip. Basic ore minerals are pyrite, arse-
nopyrite and gold, secondary minerals are antimonite, pyr-
rhotite, marcasite, chalcopyrite, galenite and others. Gold is
hard to recover and its content ranges from 0.2 to 60 g/t, aver-
age is 8—9 g/t. Considerable part of gold is found in carbona-
ceous compounds. Fullerene and fullerene-shaped precipi-
tates, micro- and nanoparticles, nanotubes containing Au, Ag,
Pt, Pd, W, Mo, Sn, Y, Yb, Ta and other elements were deter-
mined by using scanning election microscope (SEM). The
considered type is leading in prospected reserves and forecast
resources among gold ore deposits of Kazakhstan.

Conclusions. The lithologic-and-stratigraphic factor is of
great importance in defining gold control with distinguishing
geochronological levels and sediments of increased carbona-
ceousness that are favourable for sedimentation and concen-
tration of gold. All ore fields and deposits have magmatic con-
trol of gold ore that is genetically related to hypabyssal minor
intrusions and dikes of collision geodynamic conditions. Geo-
logical-structural, geophysical and mineralogical-geochemi-
cal, prognostic-prospecting criteria and results of geological-
genetic modelling of ore objects were taken into account, and
on their basis the evaluation of the studied region perspectives
was carried out (Seltmann et al. 1994, 2007).
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Fig. 4. Mineralization of the Bakyrchik gold deposit (py — py-
rite, apy — arsenopyrite, au — gold)
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Merta. XapakTepucThKa MPOBIIHUX I'€0J0ro-IMPOMUCIIO-
BUX THUIIiB 30JI0TOPYIHUX POIOBMII Ka3aXCTAHCHKOI YaCTUHU
Benukoro Anrato.

Metomuka. [ToaboBi HOCTIIKEHHST B MeXax BJIacHE-30-
JIOTOPYAHUX i 30JIOTOBMICHUX poaoBull. BinGip nmpo6 mis
BU3HAYEHHSI XiMiYHOTO CKJIaly i 3aKOHOMipHOCTE pO3MOIi-
JIy OCHOBHMX PYyIHUX MiHEpaIiB i 1oMiloK. Mikpo30HIOBUIA
aHaJIi3 3 BAKOPUCTAHHSIM CKAHYIOUOTO eJIEKTPOHHOI'O MiKpO-
ckora JSM 6390LV, nopiBHIbHUI aHali3 pya1HOT MiHepaJTi-
3allil Ha JOCiIKyBaHUX POJOBUIIAX.

PesyabTaTi. 3010TOPYAHI i1 30J10TOBMIiCHI ponoBuia Be-
JIMKOTO ATaio (DOpMyBaIUCS B Pi3HUX FeOAMHAMIYHUX 00CTa-
HOBKax, MounHatouu 3 pudes-¢aHeposoro. Haitbinbin mpo-
nyktuBHuMu € O;, D, C i K, Bikosi pyoexi. Hait6inbimit
iHTepec Ha 30JI0TO TPEACTABJISIOTH OCTHOBOMYKHA €HCUMa-
TUYHA, OCTPOBOJIY>KHA €HCiaJliYHa, ByJIKAHOT€HHO-0Ca/10Ba Ta
KoJi3iiiHa 00cTaHOBKU. OIHUM i3 TOJIOBHUX JKEpesT 30J10Ta B
Mexxax Bemmkoro Anraio € 3010TO-KBaplieBi, 30JI0TO-CYJIb-
GbinHo-KBaploBi popoBUIlia. YacTuHA cepefHiX i ApiOHUX po-
TIOBUIIT 32 TOJATKOBOI OLIIHITi MOKE TIEPETH B OLTbII BEIUKUIA
paHT, JI0 TOTO XX Y TPAIUIITHUX TIpHUYOPYIHUX paiioHaX ma-
JIEKO He BUUEpIaHi MepeTyMOBU BUSIBICHHS HOBUX POIOBUIII.
KomrutekcHi nonimeTaniyHi i MiTHO-CBUHIIEBO-1IIUHKOBI pO-
noBuila PynHoanTaiichbKoro nosica 3 BACOKMUM BMiCTOM CYITyT-
HBOTO 30JI0Ta Ta CPi0JIa TAKOXK € Ay>K€ MEePCIEKTUBHUMMU.

HayxkoBa noBusna. HoBusHa gociimkeHb — y BAKOPUCTaH-
Hi Cy4aCHMX BUCOKOTOYHMX METOJIiB BUBUEHHST PYIT i BMIII[YIO-
YU TTOPi/l POIOBUIIL 30J10Ta, 1110 MOXKYTb OYTH BUKOPHCTAHi 17151
PO3pOOKM MAJIOBUTPATHUX TEXHOJIOTI SIKICHOI OLIIHKM 30J10-
TOPYIHUX PONOBUILL, IKi C(hOpMYBaIMCS B Pi3HUX FeONMHAMIY-
HUX 00CTaHOBKaX i YacoBoMy iHTepBaJli. PO60TH npoBoanancs
Ha OCHOBI METO/IB MiHEPaJIOriYHOIO KapTyBaHHsI, TOITIOMiHe-
paJiorii, 1110 103BOJIUTb BUPILLIUTU 33124y TOMOBHEHHS MiHe-
PaJIbHO-CUPOBUHHOI 6a3u 6aropoaHux MetaniB Kazaxcrany.

IIpakTiuna 3HauuMicTh. 3a octaHHi 15 poKiB HaMiTHIACS
YiTKa TeHAEHLIisl 10 301IbILIEHHS CBITOBOIO MOMUTY Ta BUPOO-
HUILITBA 30JI0Ta. I X04a CBiTOBa 30JI0TO-CUPOBUHHA 0a3a Xa-
PAKTEPU3YETHCST BEJIMKOIO KiJIbKICTIO Pi3HUX TUITIB POIOBMIII,
y KazaxcraHi po3BUTOK 30J10TOI00YBaHHS, MTOYMHa04YH 3 90-X
POKiB, OyJI0 3araJibMOBaHO BHACJIiJOK BUYEpITaHHS HAOLIbII
OaraTHx i CIPUSTIUBHUX POTOBUII, 3HUKCHHS IKOCTi 30JI0TOB-
MiCHOI CUPOBMHMU i MOCUJIEHHSI HETATUBHOTO BILJIMBY Ha Ha-
BKOJIMIITHE cepenoBuine. JJOBUBUEHHST BiTOMMX 30JIOTOPYI-
HUX 00’€KTIB, MOIIYKXM HOBUX POMOBUIL 30JI0Ta 3 MO3MLIi iX
KOMITICKCHOTO OCBO€EHHS TIepenbadyae ITOCTAHOBKY 3amadi
Pi3HOGIYHOTO 00J1iKy OCHOBHHUX i CYITyTHiIX KOMIIOHEHTiB MpU
MPOBEEHHI BCiX CTaliil poOiT, MOYMHAIOUU T€0J0Tr0-01[iHOY-
HUMMU JI0 eKCILTyaTalliiiHoi po3Biaku. CyyacHi TeXHOJIOTii 30a-
TrayeHHs, HOBi METOIM PO3POOKM JO3BOJIIOTh 3apa3 BiTHECTH
i pomoBUIlA A0 OO’EKTIB IMEpIIOYEProBOro MPOMHUCIOBOIO
OCBO€HHS. IX BUBUCHHS Ma€ HAYKOBE 3HAYCHHS B MUTAHHSIX
€HIOTEHHOTO PYIOYTBOPEHHST Ta CTBOPIOE TIEPETYMOBH BUSIB-
JIEHHST HOBUX TTePCTIIEKTUBHUX IO i pomoBuin y KazaxcraHi.

KitouoBi cioBa: memanoeeniuna cneuianizayis, pyouuil
nosc, 3010mopyoui podosuwia, llenmpanrvha Asis, Beauxuii An-
maii, Kazaxcman
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Iens. XapakTepuCcTUKa BEIyITUX Te€0JOr0O-TIPOMBIIIIICH-
HBIX THUTIOB 30JI0TOPYIHBIX MECTOPOXICHU Ka3aXCTaHCKOM
yactu bosbiioro Anras.

Meronuka. IloneBbie nccienoBaHusl B Mpeneaax coo-
CTBEHHO-30JIOTOPYIHBIX U 30JI0TOCOAEPKAIIUX MECTOPOXK-
neHuii. OT60p Po6 T ONpeAeIeHUsI XMMUIECKOTO COCTaBa
1 3aKOHOMEPHOCTE! pacrpenesieHUsI OCHOBHBIX PYIHBIX MU~
HepasioB 1 mpuMeceit. MUKpO30HI0BbI aHAJIU3 C UCTIOIb30-
BaHUEM CKaHUPYIOIIEro 3JeKTPOHHOro Mukpockorna JSM
6390LV, cpaBHUTENbHBIA aHAIN3 PYIHON MUHEPAIU3aLIMK
Ha U3y4aeMbIX MECTOPOXICHMSIX.

PesyabTaTel. 30J0TOPYIHBIE U 30J0TOCOACPKAILIIAE ME-
cropoxaeHus bosbioro Anras hopMUpoBaIrCh B pa3inyd-
HBIX T€OAMHAMUYECKUX OOCTaHOBKax, HauuHas ¢ pudes-
(anepozos. Haubosee mpoaykTuBHbIMU aBIsI0TCS O3, D5,
C u K, Bo3pactHbie pybexxu. Hanbombimii nHTepec Ha 30-
JIOTO TIPENCTaBISIIOT COOOM OCTHOBOMYXXHAsl dHCHMMATHUe-
CKasl, OCTPOBOIYXXHAsl SHCHATNYecKasl, ByTKAHOT€HHO-0Cca-
NIOYHAsI ¥ KOJUTM3WOHHAsT 00CTaHOBKU. OIHUM M3 TJIABHBIX
HMCTOYHMKOB 30JI0Ta B pefesax bonbiioro Anrtas sBasioTCst
30JI0TO-TTOJTUMETAJUIMUECKHUE, 30JI0TO-CYIb(MUIHO-KBAPIIEe-
Bble MeCTOPOXIeHUs. YacTb CPeAHUX U METKUX MECTOPOXK-
NEHW TIPU TOTIOTHUTENIEHON OIIeHKEe MOXKET TepeiiTh B 60-
Jiee KPYIHBIN PaHT, K TOMY K€ B TPaIULIMOHHBIX TOPHODPY/I-
HBIX palfoHaX JaJieKO He UCUYePITaHbl TIPEATIOCHUIKU BBISIBIIC-
HUST HOBBIX MecTopoxaeHui. KomruiekcHble monumeTamim-
YecKre W MeTHO-CBUHIIOBO-IIMHKOBBIE MECTOPOXKIECHMS
Pynnoanraiickoro mosica ¢ BBICOKMMU CONEPXKAHUSIMU T1O-
ITyTHOTO 30J10Ta 1 cepedpa TakKe SIBIISTIOTCST OYeHb MTePCTIeK-
TUBHBIMU.

Hayunas nosu3na. HoBu3sHa ucciieioBaHuii — B UCTIOJb-
30BaHUM COBPEMEHHBIX BBICOKOTOYHBIX METONOB M3YyUEHUs
DY ¥ BMETIAIONIUX ITOPOJT MECTOPOKIEHUI 30J10Ta, KOTOPhIE
MOTYT OBITh MCTIOIB30BAHBI 1151 pa3pabOTKM MaI03aTPaTHBIX
TEXHOJIOTU KaYeCTBEHHOI OIIEHKM 30JI0TOPYIHBIX MECTO-
POXAEHUH, KOTOpble cOPMUPOBATIUCH B PA3TMUHbBIX T€OAU-
HaMWYeCKNX 00CTaHOBKAaX M BpeMEHHOM UHTepBasie. PaboTht
MPOBOAWJIKCH HA OCHOBE METOJJOB MUHEPATOrMYECKOro Kap-
TUPOBAHUST, TOMTOMUHEPATIOTVH, YTO TTO3BOJIUT PEIIUTH 3a1a-
4y BOCIIOJIHEHUSI MUHEPaJIbHO-ChIPheBOI 0a3bl Oaropoj-
HbIX MeTayioB Kazaxcrana.

IIpakTHyeckasd 3HAYMMOCTb. 3a TocienHue 15 JeT HaMme-
TUJIACh YeTKasI TEHIEHIINS K YBEJIMISHUIO MUPOBOTO CTIpOCca
Y TIPOU3BOJCTBA 30J10Ta. Y XOTs MUpOBast 30J10TO-ChIpbEBast
0aza xapaKTepu3yeTcsT OOWINeM Pa3TUIHBIX TUIIOB MECTO-
poxneHuii, B Kazaxcrane pazButue 3010TOI00bIYM, HAUU-
Hasi ¢ 90-X rofoB, OBLIO 3aMeJIEHO BCISACTBUE UCUEPTIAHUS
HauOoJyiee OOraTblx M OJIATOMPUSITHBIX MECTOPOXKACHUIA,
CHIDKEHMST KaueCTBa 30JI0TOCOIEPKAIIETO ChIPhSl U yCUIIe-
HMSI OTPUIIATEILHOTO BO3IEWCTBHS HA OKPYKAIOIILYIO CPEy.
[ousyueHne U3BECTHBIX 30JI0TOPYIHBIX 00BbEKTOB, MMOUCKU
HOBBIX MECTOPOXICHWIA 30JI0Ta C TTO3UIIMU UX KOMITIEKC-
HOTO OCBOEHUS TPENIoiaraeT MOCTAaHOBKY 3a/ayd pa3HoO-
CTOPOHHETO ydYeTa OCHOBHBIX W ITOIYTHBIX KOMITOHEHTOB
MpU TPOBECHUN BCEX CTaguii paboT, HAUYMHASI T€0JOTO-
OIIEHOYHBIMU 1O 3KCIUIyaTallmoHHOU pa3Benku. CoBpe-
MEHHBIE TEXHOJIOTUM OOOTalleHNs], HOBEWIlNe CMOCOObI
pa3paboTKM TO3BOJISIIOT CeifYac OTHECTU 3TU MECTOPOXIe-
HUST K 00BEKTaM MePBOOYEPETHOTO MPOMBIIIIIEHHOTO OCBO-
eHusi. Ix u3yyeHue uMeeT HaydHOe 3HAUYEHHME B BOIPOCAX
SHIIOTEHHOTO PyA000pa30BaHUs U CO3MAeT MPEANOCHLTKYI
BBISIBJICHUST HOBBIX TEPCIEKTUBHBIX IUIONIANeH WM MECTO-
poxnaeHuii B KazaxcraHe.

KinioueBbie cioBa: memannocenuueckas cneyuanru3ayus,
PYOHbBLIL nosic, 3010mopyodHble Mecmopoxcoerus, [lenmpanrvhas
Asus, boavuwioit Anmaii, Kazaxcman
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