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FEATURES OF THE MICROELEMENT
COMPOSITION OF ORE OF THE
ARTEMYEVSKOYE DEPOSIT (RUDNY ALTAI)

Abstract. The mineralogical composition of ores from the Artemyevskoye deposit, located in the Irtysh ore district of the Rudny Altai polymetallic belt, has been inves-
tigated. The ores exhibit complex mineralogical zoning and are classified into barite-polymetallic, polymetallic, copper-zinc, and copper types. Both the primary ores and
their beneficiation products contain elevated concentrations of a wide range of trace elements, which in many cases exceed the clarke values for volcanogenic-sedimentary
rocks by an order of magnitude or more. Against the background of progressive depletion of polymetallic ore reserves in the Rudny Altai, the processing and recycling
of mining and beneficiation waste are considered a potentially sustainable source not only of major metals but also of strategically important and commercially valuable
by-products (Bi, Cd, Ga, Sb, In and others).
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ApTeMbeB KeH OPHBLIHBIH KeHepiHiH MIKPO03JIeMeHTTIK KYpaMbIHbIH epekmesikTepi (Kenai Anraii)

AHpmarna. ApTeMbeB KCHOPHBIHBIH MUHEPAIIBIK Kypambl 3eprrenai. KeHopHbl keHai Antail monuMeTast Oenaeyiniy [IpuupThiil KeH aylaHbl ayMarblHIa OpHAIac-
KaH. Kenzep kyp/eni MUHEpanablK alMaKTaaybIMEH epeKIIeICHE Il )KOHEe OapHT-MOIMMETAIIIBI, TOJMMETAIIbl, MbIC-MBIPBIIITHI )KOHE MBIC THIITepiHe Oomineni. Tynki
KEeHJEp Jie, onap/bl OaifbiTy eHIMIEpi Je MUKPOIEMEHTTEPIIH KeH CHEKTPIHIH KOFapbl KOHIEHTPALMSIAPbIH KAMTHU/IbI, OJIap KONTEreH JKaFJaiinapaa aHapTayTeKTi-
TepPHUIeH]Ii XKBIHBICTAPFa TOH KJIAPK MOHJIEpiHeH Oip Hemece GipHemre perTi xorapbl Oomanel. Kenaui Anraitarsl momuMeTant KeHIAepiHiH KOPBIHBIH OipTiHAEN CapKbLTy
JKarIaiblHIa OHAIPY KOHE OalbITy Ke3iHIeTr! TEXHOTCHIIK KaJIbIKTap/bl KaiiTa eHaeyre TapTy Heri3ri MeTanaapiblH FaHa eMeC, COHBIMEH KaTap CTPaTerusiIbIK MaHbI3/Ibl
JKOHE KOMMEPLMSUIBIK TYPFBIAAH KYH/IbI Kocna koMmnonentrepai (Bi, Cd, Ga, Sh, In xoue T. 0.) TYpaKThl KO3i peTiHAE KapaCThIPbUIAIbL.

Tyiinoi co3oep: Kendi Anmaii 6endemi, nonumemanoap, Munepanobix Kypamol, Cyib@uomi kenoep, cupex snemenmmep, KaioblKmapobl Katima o4oey, mypaxmol may-
KeH OHOIpICI.

Oco0eHHOCTH MUKPO03JIEMEHTHOI0 COCTAaBa Pyl ApTeMbeBCKOro Mecropo:xaeHust (Pyanblii Asraii)

AuHoTanus. V3yueH MUHEPAIOrHIECKUI COCTAB Py MECTOPOXKICHUSI APTEMBEBCKOE, PACTIONOKEHHOTO B [IpHUPTHILICKOM pyaHOM paiione PynHo-AnTaiickoro nomnu-
METAJUTMYECKOr0 10sica. Py/ibl XapakTepHU3yIOTCst CII0KHON MUHEPAIOrMYECKOM 30HAIBHOCTBIO M OAPA3ACISIOTCS Ha OapUT-MOINMETAIIHYECKHE, TTONTHMETAINIHYECKHE,
MEJIHO-LIMHKOBBIE M ME/IHbIC TUIIbI. Kak KOPEHHBIE Py/ibl, TAK U MPOIAYKTHI HX 00OTALICHHS COACPIKAT MOBBIIICHHbIC KOHLEHTPALMH IHPOKOTO CIIEKTPA MUKPOIJIEMEHTOB,
KOTOpbIC BO MHOTHX CIIy4asix MPEBBIIIAIOT KJIAPKOBBIC 3HAYCHHs! JUISl BYJKAHOTEHHO-0CA/I0YHbIX MTOPOJl Ha MOPsoK 1 Gonee. Ha (oHe mporpeccupyromero HCTomeH s
3aI1acoB MOJMMETAUIMYECKUX pya PyaHoro Aunrast BoBiedeHHE B nepepabOTKy TEXHOTCHHBIX MPOAYKTOB JOOBIMM M O0OTaleHUs PACCMAaTPUBACTCS KAK MOTEHI[HAIBHO
YCTOMYHMBBINM HCTOYHUK HE TOJIIBKO OCHOBHBIX METAJIIOB, HO U CTPATErMYeCKH BaXKHBIX M KOMMEPYECKH 3HAYMMBIX MOITyTHBIX KoMIIOHEeHTOB (Bi, Cd, Ga, Sb, In v nip.).

Kntouesvte cnosa: Pyono-Anmaickuii nosc, noniumemanivl, MUHEPAIbHbLIL COCMAs, Cyib@uonble pyobl, peoKue 31eMeHmbl, nepepabomka omxo008, YCmouuusas 0o-
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Introduction

In recent years, due to rising global prices for non-ferrous
metals, the problem of replenishing the mineral resource base
for strategically important rare and non-ferrous metals has be-
come particularly acute in Kazakhstan. The main constraints to
the development of the mining industry in the republic include
limited geological exploration and a declining supply of raw
materials, largely due to the lack of comprehensive extraction
of useful ore components.

One illustrative example of the complex composition of
ores is the Artemyevskoye polymetallic deposit, located in the
East Kazakhstan region. It is one of the major deposits in the
Rudny Altai region and is distinguished by significant volumes
of both mined and accumulated man-made formations, which
can be considered a promising source of non-ferrous and rare
metals.

The purpose of this article is to clarify the mineral and el-
emental composition of various commercial ore types at the
Artemyevskoye polymetallic deposit, identifying associated
rare metal mineralization.

The main objectives are to study the mineral and trace el-
ement composition of primary ores and man-made mineral
formations (dumps and beneficiation tailings); using modern,
high-precision laboratory research methods (ICP-MS, scan-
ning electron microscopy), to clarify the composition and
contents of commercially attractive by-products in ores and
beneficiation products.

The study examines the geological structure and mineral
composition of the Artemyevsky deposit, assesses the rare
metal resources in its ores, and examines the potential of the

beneficiation plant’s tailings ponds as a source of secondary
metals.

Material and methods

The research methodology was based on a comprehensive
analysis of geological data from prospecting and exploration
work conducted at various times. Samples were collected from
various ore types at the Artemyevskoye deposit (50 speci-
mens). The mineral and elemental composition of the ores was
studied using modern analytical methods: inductively coupled
plasma mass spectrometry (ICP-MS) to determine the weight
content of trace elements, and scanning electron microscopy
with energy-dispersive analysis to study the mineral compo-
sition [1].

Geological structure of the Artemyevsky deposit. The Ar-
temyevskoye deposit is located 9 km from the town of Shem-
onaikha in the East Kazakhstan region. It was discovered in
1984 and is currently developed by Kazakhmys JSC. The
deposit is located in the Priirtyshsky ore district of the Ka-
zakh part of Rudny Altai (Fig. 1) and is part of the Artem-
yevsko-Kamyshinskaya ore zone. In plan view, the ore zone
is traced between the Kamyshinsky and Artemyevsky blocks;
the Kamyshinskoye deposit (discovered in 1958) was devel-
oped earlier, while the Artemyevskoye deposit was explored
between 1985 and 1993 and commissioned in 2005 (according
to other sources, pilot production since 1994, and full-scale
production since 2005) [2, 3].

The Kamyshin-Artemyevsk ore zone extends for approx-
imately 4 km, is approximately 600 m wide, and is up to
200 m thick. Its structures are nearly flat, dipping northeast-

Topnuuit sicypnan Kazaxcmana Nel’ 2026



26

Teonorus

| Kaz;mtan 7

. Russian =~

© Charsk

=1
[EDl2[o s
L2 As[@ ]
(&) [e T
T o g o

)

1 — boundaries of the Rudny-Altai belt; 2 — boundaries of ore
regions (1, II, Il — Bukhtarma, 1V — Rubtsovsky,

V- Zmeinogorsk, VI — Leninogorsk, VII — Zyryanovsky, VIII,
IX — Priirtyshsky),; 3 — Irtysh shear zone; 4 — ore regions,
8-12 — deposits: 8 — copper,; 9 — copper-zinc; 10 — pyrite-

polymetallic; 11 — lead-zinc; 12 — zinc-lead

Figure 1. Layout of the Rudnoaltai pyrite-polymetallic belt.
Cyper 1. Kenpiaaraii komadegan-noauMertas oeseyin
OpHAJACTBIPY CXeMAaChI.

Puc. 1. Cxema pasmenienusi Pynnoanraiickoro
KOJTY€eIaHHO-TI0JIUMETAINYECKOTO Tosica.

ward. The ore depth increases from southwest to northeast:
while in the Kamyshinsky area (southwestern flank of the
zone), ores were exposed at the surface (depths from 0 to
50 m), in the area of the Artemyevskoye deposit itself (north-
eastern flank), mineralization descends to a depth of ~900 m
(Fig. 2). The main ore deposits of the Artemyevsky deposit
are located in the depth range of 600—1600 m (Main depos-
it) and 800—1000 m (Western deposit), while smaller lens-
shaped bodies are located at average depths of approximate-
ly 640-950 m. The thickness of individual ore bodies varies
from a few meters to tens of meters (usually 6—-17 m, maxi-
mum up to 40 m).

Ore mineralization is confined to volcanogenic-sedimenta-
ry rocks of the middle devonian (D,). The main ore bodies are
concentrated within the contact of siltstones and basalts of the
Gerikhovskaya Formation (lower frasnian D,fi substage) with
the overlying tuffs and lava breccias of the rhyolites of the
Talovskaya Formation (middle Devonian Datl). The ore field
is complicated by intrusions of dacitic and diabase dikes as-
sociated with Late Devonian magmatism; however, the main
contrasting granitoid intrusions are absent [4].

The formation of ore bodies was accompanied by intense
hydrothermal-metasomatic alteration of the host rocks. At the
base of the ore deposits, the rock section is heavily perme-
ated with vein-disseminated sulfide mineralization: the host
siltstones are observed to grow into zones of microquartzite,
sericitolite, chloritolite, and quartz-sericite-chlorite metaso-
matites. Roof (hanging wall) rocks near the contact with the
ore body are silicified and sericitized, reflecting the influence
of post-ore hydrothermal solutions [5].
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A fairly consistent vertical zonation is observed in the spatial
distribution of the identified natural varieties of all the main ore
bodies of the deposit. In the generalized ore intersection, the nat-
ural varieties are separated in the following sequence (from top
to bottom): silver-polymetallic (lean, low-sulfide); barite-poly-
metallic (rich and ultra-rich); polymetallic; copper-zinc; copper.
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1 — lava breccias of porphyry of the Talovskaya suite; 2 —
siltstones -a and diabases b of the Gerikhovskaya suite;

3 — porphyry; 4 — porphyrites; 5 — plagiogranite-porphyry;
6 — copper-pyrite ores; 7 — copper-zinc ores, 8 — polymetallic
ores; 9 — disseminated polymetallic mineralization; 10 —
veinlet-disseminated copper mineralization

Figure 2. Longitudinal geological section
of the Artemyevsky deposit.
Cypert 2. ApTeMbeB KeH OPHBIHBIH 00MIBIK
reoJIOTUsIIbIK 00J1iMi.
Puc. 2. IIponoJibHbIii reoornyeckuii paspes
ApTeMbeBCKOT0 MeCTOPOKIeHHSI.

Features of the mineral composition of the ores of the Arte-
myevsky deposit. Main ore minerals. The ores of the Artemye-
vsky deposit are characterized by a complex polymineral com-
position. The total number of minerals exceeds 60, including
44 ore minerals. The main ore minerals are sphalerite (ZnS),
galena (PbS), chalcopyrite (CuFeS,), and pyrite (FeS,). Mi-
nor ore minerals include fahlore, pyrrhotite, marcasite, borni-
te, chalcocite, arsenopyrite, magnetite, and minerals of gold,
silver, germanium, bismuth, and others.

«Fahlores» — a finely crystalline mixture of complex sul-
fosalts of silver, copper, antimony, and arsenic (phases such
as freibergite, tetrahedrite, and tennantine) — play a significant
role. The aforementioned sulfosalts (tetrahedrite-freibergite),
as well as arsenopyrite (FeAssS), marcasite (FeS2, a paramet-
ric modification of pyrite), and other minerals are present as
minor minerals. Rare and precious metals are noted among the
rare minerals in the ores: native gold, electrum (4u-Ag alloy),
native silver and silver sulfides (acanthite A4g,S, stephanite
AgSbS,, polybasite (4g,Cu),;Sb,S,;, etc.), as well as sulfosalts
of bismuth (bismuthinite Bi2S3), lead, and antimony (bourno-
nite PhShS;, geocronite Pb,,(Sb,As),S, aikinite PbCuBiS;, co-



[eonorus

27

salite Ph,Bi,S;, etc.). Thus, in addition to the main sulfides,
the ores contain a wide range of rare metal minerals and noble
elements in the form of finely dispersed inclusions [6, 7, 8].
The main rock-forming (non-metallic) minerals in the ore
are quartz, chalcedony, sericite, chlorite, calcite, barite, and
other minerals typical of hydrothermally altered effusive
rocks. The presence of significant amounts of barite (BaSO,)
in the upper parts of the ore zone correlates with elevated bar-
ium concentrations in the ores and classifies the upper ores
as belonging to the barite-polymetallic subtype of pyrite ores.
Minerals of the main and noble metals. The ores of the Ar-
temyevsky deposit are classified as high-grade complex sul-
fide ores. The average grade of the main metals in the balance
reserves is quite high: copper ~2.2%, lead ~2.2%, zinc ~7.6%
(Fig. 3). In addition, the ores contain precious metals: gold
~0.17 g/t and silver ~13 g/t on average. According to the tech-
nological data of the processing plant, the gold content in the
original ore can be about 0.6 g/t, and silver-up to 50-60 g/t
(in the enriched mass, which depends on sampling and enrich-
ment of high-grade areas). Thus, the ore composition contains
industrial concentrations of Au and Ag, which are extracted as
a by-product during flotation enrichment (into copper and lead
concentrate, or gravity concentrates are concentrated) [9, 10].

Sphalerite]

pyrite

53
e —

— Sowm ]

a — 1 is the fluid dispersion of galena in sphalerite 3;

b — barite crystals in sphalerite; ¢ — 1, 3, 4 — galena,

2 — chalcopyrite in a large grain of pyrite; d — 1, 2, 3
chalcopyrite in pyrite

Figure 3. The ratio of the main ore minerals.
Cyper 3. Herisri keH MUHepaJ1apbIHbIH KATbIHACKI.
Puc. 3. CooTHOIICHHE OCHOBHBIX PYIHBIX MUHEPAJIOB.

Trace and rare elements. Along with the main sulfide miner-
als, gold and silver, the ores of the Artemyevsky deposit contain
a whole complex of associated elements or rare metals. These
include: cadmium (Cd), selenium (Se), indium (In), bismuth
(Bi), antimony (Sh), mercury (Hg), arsenic (A4s), etc. The aver-
age contents of some of these elements in the ores of the Arte-
myevsky deposit, according to the State Reserves Committee,
are: Cd from 80.0 to 480.0 g/t; Se from 40 to 70 g/t; Bi up to
80 g/t; Sbup to 470.0 g/t; As — 830.0 g/t; In up to 1.0 g/t; Se up
to 45.4 g/t; Te up to 10.0 g/t; T1 33.0 g/t; Ga — 15.4 g/t (Fig. 4).

a — large grain of arsenopyrite, gray-fahlore (freibergite
Cu,,As,S,;(Ag); b — bismuthinite with increased selenium
content in chalcopyrite; ¢ — fahlore in chalcopyrite; d — 3 —
fahlore (tennantite Cu;AsS) in a sphalerite grain

Figure 4. Microelement composition of ores of the
Artemyovskoye deposit.
Cypet 4. ApTeMbeB KeH OPHBI KeHAepiHiH
MHKPO0JIEMEHTTIK KYpaMmbl.
Puc. 4. Mukpos/1eMeHTHBIH COCTaB Pyl APTeMbeBCKOI0
MeCTOPOK/IeHMSI.

The figure below (Fig. 5) presents the average concen-
trations of trace and minor elements (Pb-/Vi, log scale) in
Cu-pyrite, pyrite, Cu-pyrite-polymetallic, polymetallic,
and barite-polymetallic ores of the Artemyevskoye deposit,
based on ICP-MS analysis performed at the VERITAS lab-
oratory of D. Serikbayev East Kazakhstan Technical Uni-
versity. The dashed black line indicates Clarke values for
comparison [11].

Average concentrations of trace and minor elements in ores of different types

Ore type
—e— Cupyrite ores
—o Barite-polymetallic ores
—e— Pyrite ores

etallic ores

Element concentration, g/t (log scale)
-
i

Pb Zn Cu Ag Sb Bi Cd Ga Mo w Co Ni

In
Elements

Figure 5. Average concentrations of trace and minor
elements in the different types of ores of Artemyevsky
deposit.

Cypert 5. ApTeMbeB KeH OPHBIHBIH 9P TYPJIi KeHAepinaeri
CHpeK k9He KOChIMIIA 3JIeMEeHTTep/AiH opTamia
KOHIEHTPALHUSIChI.

Puc. 5. Cpennne KOHIEHTPAIUH PEIKUX U
BTOPOCTENEeHHbIX 371eMEHTOB B Pa3JTUYHbBIX THIAX Py
ApTeMbeBCKOr0 MeCTOPOK/ICHHS.
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Man-made mineral formations of ores of the Artemyevsky
deposits. Modern technologies for the extraction and process-
ing of mineral raw materials ensure, on average, the utilization
of only about 3% of the rock mass extracted from the subsoil;
the remainder ends up in waste heaps and tailings dams. Up to
50% of non-ferrous metals are lost during the enrichment of
complex ores, and the production of 1 ton of finished non-fer-
rous metal is accompanied by the formation of 1,000-3,000
tons of host and overburden rock and up to 100 tons of enrich-
ment tailings.

Thus, with mineral resources becoming depleted, rational
subsoil use and the inclusion of man-made formations in pro-
cessing are becoming increasingly important. Ores from the
Artemyevsky and neighboring deposits are processed at the
Nikolayevskaya processing plant. Tailings from the Artemy-
evsky and other deposits primarily consist of gangue (quartz,
sericite, chlorite, feldspar material) and pyrite remaining after
the extraction of copper, lead, and zinc.

Metals in the tailings are present in trace amounts: zinc,
copper, and lead together typically do not exceed fractions of
a percent (e.g., Zn ~0.3-0.5%, Cu ~0.1-0.2%, Pb ~0.1% in
final tailings), depending on the degree of extraction. When
processing high-grade ores, some of the valuable component
is always lost with tailings: for example, flotation recovery of
zinc and lead is ~85-90%, copper ~70—80%, and gold ~60—
70%, with the remainder ending up in tailings. Thus, signif-
icant metal resources accumulate in tailings dams. Estimates
indicate that waste tailings may contain hundreds of thousands
of tons of pyrite sulfur, tens of thousands of tons of zinc and
copper, thousands of tons of lead, significant amounts of bar-
ium (as barite), as well as gold and silver distributed between
the pyrite and silicate mass [12].

Furthermore, man-made tailings concentrate rare metals:
the aforementioned indium, selenium, bismuth, and cadmium
are almost entirely lost in tailings, as they are not specifically
extracted. For example, with an average indium grade of ~1
g/t in ore, approximately 1 ton of indium accumulates in the
annually generated tailings (volume > 1 million tons); Simi-
larly, cadmium (approximately 50-80 g/t in ore) accumulates
in tailings in tens of tons annually. A significant portion of se-
lenium and tellurium associates with pyrite and also remains
in the tailings.

From the analysis of this graph, it can be concluded that
the tailings of the Nikolaev processing plant are an addition-
al source of mineral resources for the additional extraction of
non-ferrous, precious and rare metals.

105F
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Concentration, g/t (log10 scale
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Fe Ga In Mn Mo Pb S Se Te Zn

Elements

L . n L L .
Ag As Au Bi Cd Cu

Artemyevskoye: Ore —+— Nikolaevskaya: Tailings

Figure 6. The contents of the main elements in ores and
tailings of the Artemyevskoye deposit.
Cyper 6. ApreMbeBcKO€e KEH OPHBIHBIH KeH/iepi MeH
KaJIbIKTAPbIHAAFbI HETi3Ti JJIeMeHTTePAiH KYpaMbl.
Puc. 6. Coaep:xaHusi OCHOBHBIX 3J1€MEHTOB B py1ax u
XBOCTaX MECTOPOK/IEHUS] APTEMbEBCKOE.

Conclusion

According to the research results, it was established that the
Artemyevskoye deposit, in addition to the main components
(copper, zinc, lead), its ores and processed products contain
a number of rare and trace elements. Significant volumes of
already accumulated man-made waste dumps and enrichment
tailings can be considered as secondary sources of valuable
metals. Based on the obtained data, it is possible to recom-
mend: (1) when processing the ores of the Artemyevskoye
deposit, paying more attention to monitoring the distribution
of indium, selenium, bismuth, etc. in the products, with the
possibility of their selective concentration; (2) conducting pi-
lot tests to extract Au and Ag from old tailings (for example,
by heap leaching or gravity) — given that a significant portion
of the gold remains in the tailings, this may be economically
justified; (3) monitor the condition of the tailings storage facil-
ity and the quality of filtration waters, since the high content of
sulphides (pyrite) in the tailings can lead to acid drainage and
migration of elements such as As, Cd, Se — this requires envi-
ronmental measures in parallel with the extraction of valuable
components.

Acknowledgments

This research was carried out with the financial support of
the Ministry of Science and Higher Education of the Repub-
lic of Kazakhstan under the scientific project BR24992854
«Development and implementation of competitive sci-
ence-based technologies to ensure sustainable development
of mining and metallurgy industry East Kazakhstan regiony.

REFERENCES
1. Osobennosti geotektonicheskogo razvitiya i rudonosnosti Yuzhnogo Altaya (Vostochnyi Kazakhstan)
[Features of geotectonic development and ore content of the Southern Altai (Eastern Kazakhstan)],
D’yachkov B.A [et al.], Geologiya rudnykh mestorozhdenii [Geology of ore deposits]. 2021. V. 63. No. 5.

399-426 pp. (in Russian)

2. Nikolaeva A.N., Mazurov A.K. Tellurium-bismuth mineralization in ores of the Maleevskoe pyrite deposit
(Eastern Kazakhstan) // Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024.

V. 335 (5). 233-250 pp. (in English)

3. Perspektivy ukrepleniya mineral 'no-syr’evoi bazy metallurgii tsvetnykh metallov Kazakhstana [Prospects
for strengthening the mineral resource base of non-ferrous metallurgy in Kazakhstan], Mizernaya M.A.
[et al.], Otechestvennaya geologiya [Domestic geology]. 2021. No. 5. 3—16 pp. (in Russian)

Topnwiir srcyprnan Kazaxcmana Nel’ 2026



[eonorus

29

10.

11.

12.

10.

11.

12.

Dannye khimicheskogo analiza rudy Artem’evskogo mestorozhdeniya [Chemical analysis data of ore from
the Artemyevsky deposit], Kompleksnoe ispol’zovanie mineral 'nogo syr’ya [Integrated use of mineral raw
materials]. 2018. No. 2 (10). 20-27 pp. (in Russian)
Korporatsiya «Kazakhmys» nachala modernizatsiyu Nikolaevskoi obogatitel 'noi fabriki (press-reliz)
[Kazakhmys Corporation has begun modernization of the Nikolaev processing plant (press release)].
Kazinform, 25.06.2012 (in Russian)
Proekt rekonstruktsii khvostovogo khozyaistva Nikolaevskoi obogatitel 'noi fabriki: otchet TOO
«Vostoktsvetmet» [Project for reconstruction of the tailings storage facility of the Nikolaev processing
plant: Report of Vostoktsvetmet LLC.]. Ust’-Kamenogorsk: Kazmekhanobr, 1992. 120 p. (in Russian)
Sepidbar F., Mirnejad H. Mineralogy, geochemistry and geotectonic of plagiogranites from Shahre-Babak
ophiolite, Zagros zone, Iran // Journal of Earth Science. 2016. V. 27. 507-518 pp. (in English)
Osnovnye gipotezy o genezise kolchedanno-polimetallicheskikh mestorozhdenii Rudnogo Altaya [The
main hypotheses about the genesis of pyrite-polymetallic deposits of Rudny Altai], Kayupov A.K. [et al.],
Problemy genezisa kolchedanno-polimetallicheskikh mestorozhdenii Rudnogo Altaya [Problems of genesis
of pyrite-polymetallic deposits of Rudny Altai]. Almaty, 1977. 5-27 pp. (in Russian)
Mestorozhdeniya svintsa i tsinka Kazakhstana. Mineral 'nye resursy Kazakhstana. Spravochnik [Lead and zinc
deposits in Kazakhstan. Mineral Resources of Kazakhstan. Handbook]. Almaty, 1997. 152 p. (in Russian)
Gas’kov 1.V. Osobennosti endogennoi metallogenii Gornogo i Rudnogo Altaya (Rossiya) [Features of
endogenous metallogeny of the Gorny and Rudny Altai (Russia)], Geologiya i geofizika [Geology and
Geophysics]. 2018. V. 59. No. 8. 1254—1270 pp. (in Russian)
Sulphur and lead isotope geochemistry of sulphide minerals from the Zn-Pb-Cu-Ag-Au Lemarchant
volcanogenic massive sulphide (VMS) deposit, Newfoundland, Canada / Shannon B. Gilla [et al.] // Ore
Geology Reviews. 2019. V. 3. 422—435 pp. (in English)
Ridley J. Ore Deposit Geology: Cambridge: Cambridge University Press, 2016. 406 p. (in English)
HAFI)IAJIAHI)IJIFAH OJEBUETTEP TI3IMI

Oymycmik Armatiovly 2eeo0meKmoHUKANIbLE 0aMybl MeH pyoanviivieblHoly epexuienikmepi ([lvievic
Kaszaxcman) / [vssuxkoe B.A. [scone m. 6.] // Kendi ken opvinoapwinsiy eeonoeusicol. 2021. T. 63. Ne 5.
b. 399-426 (opvic mininoe)
Hukonaesea A.H., Masypos A.K. Maneesckoe nupum xen opnuvl KeHOepinde2i meiiiopym-8Ucmym
munepanoanyel (Llvizvic Kazaxcman) // Tomck norumexHuKaivlk yHugepcumeminiy Xxabaputvlcol.
Huowcenepnix eceoakmusmep. 2024. T. 335 (5). Ne 5. 5. 233-250 (azvinwvin mininde)
ITamkosa A. I1., [{bauxos b. A. scone m.6. Kazaxcmannovly mycmi MemaiiypeuscolHoly MUHEPATObIK-
wukizam 6azacvin Holeaumy nepcnekmusaiapuol / Musepnas M.A. [acone m. 6.] // Omanovix ceonocus.
2021. Ne 5. b. 3—16 (opvic mininoe)
Apmembes Ken OpHbL pYOANIAPbIHBLY XUMUSALLIK MAL0ayblibly 0epekmepi // Munepanovl wukizammel KeueHol
naudanany. 2018. Ne 2. B. 20-27 (opvic mininde)
«Kazakmoic» kopnopayuscoel Huxonaes 6aiivimy ¢pabpuracoin sgcayevipmyodvl bacmadsl (bacnaces
xabapramacst) // Kazagnapam, 25.06.2012 (opvic mininoe)
Huxkonaes onoey 3ayvimuinbiy Kanowvik KOUMACbIH Kauma Kypy acobacel: «Bocmoxysemmemy» IKIIC ecebi,
Ockemen: Kasmexanobp, 1992. 120 6. (opvic mininde)
Cenuobap ®@., Mupueacao X. lllaxpe-babax opuonuminen anvinean niazuocpanummepoiy MUHEpaio2uscol,
2eOXUMUSACHL JdcIaHe ceomeKkmoHusicol, 3azpoc atimazwl, Upawn // Kep mypaner eviivim scypranvt. 2016. T. 27.
b. 507-518 (agvinwvin mininoe)
Kenoi Anmaiioviy konuedan-noiumemani Ken opblHOAPbIHbIY 2eHe3UCl Mypaibl Heeizei eunomesaiap
/ Kawnoe A.K. [acone m. 6.] // Kendi Anmaudviy nupum-noaumemani KeH OPblHOAPbIHbIY 2eHe3UC]
macenenepi: Anmamet, 1977. B. 5-27 (opvic mininde)
Kazaxcmannwviy gopzacein scone mwvipvius ken opvinoapsl. Kazaxcmannviy natioanel Kazoanapoi.
Anvikmamanvix. Aimamet, 1997. 152 6. (opvic mininoe)
T'acvros U.B. Taynel scone Kenoi Anmaiioviy (Peceil) sH002en0ik Memanno2eHuscoblHbly epekuierikmepi //
Teonoeus scone ceopusurka. 2018. T. 59. Ne 8. B. 1254—1270 (opvic mininde)
Zn-Pb-Cu-Ag-Au Lemarchant syakanocenoix maccuemi cyiv@uo (VMS) ken opuvinbiy KyKipm nem
KOPEACHIHHbLY CYLbPuomi munepandapvinvly ceoxumuscol, Hoiogpaynoneno, Kanaoa / lllennon B. I'unna
[ocone m. 6.] // Ken ceonoeuscoina wonyrap. 2019. T. 3. 5. 422—435 (agvinwvin mininde)
Puonu JJoc. Ken ken oproinoly ceonoeuscol: Kemopuosc: Kembpuooc ynusepcumeminiy 6acnacot, 2016.
406 6. (azviiwvin mininoe)

CIINCOK UCITOJB30OBAHHBIX HCTOYHHUKOB
Ocobennocmu 2eomekmoHuYecko2o pazsumus u pyoonocrnocmu FOoucnoeo Anmas (Bocmounoiii Kazsaxcman)
/ Hosiukos b.A. [u Op.] // Teonoeus pyonsix mecmopooscoenuti. 2021. T. 63. Ne 5. C. 399-426 (na pycckom
a3viKe)

T'opnotit scypnan Kazaxcmana Nel’ 2026



30 I
€0TorIIA

2. Huxonaesa A.H., Masypoe A.K. Tennypo-eucmymosas muneparuzayus ¢ pyoax Maneesckoeo koiuedannozo
mecmopooicoenus (Bocmounwiii Kasaxcman) // Becmuuk Tomckozo noiumexnuueckozo yHugepcumema.
Huoicenepus ceoaxmusog. 2024. T. 335 (5). Ne 5. C. 233-250 (na anenuiickom sa3vike)

3. Ilepcnexmugvl yKpenieHuss MUHEPAIbHO-CbIPbEBOL 6a3bl Memaiiypeuu yeemuulx memanios Kazaxcmauna /
Muszepnas M.A. [u op.] // Omeuecmeennas ceonoeus. 2021. Ne 5. C. 3—16 (na pycckom s3vike)

4. Hannvie xumuyeckozeo ananuza pyovl Apmemvesckozo mecmopooicoenus // Komniexcnoe ucnoivzoganue
MuHnepanvnozo covipvs. 2018. Ne 2 (10). C. 20-27 (na pycckom sa3vike)

5. Kopnopayus «Kazaxmoeicy nauanra mooepruuzayuio Hukonaesckoii obocamumenvrotl pabpuxu (npecc-peius)
// Kasungopm, 25.06.2012 (na pyccrom sazvixe)

6. Ilpoexm pexoncmpyxkyuu x6ocmogoeo xossicmea Huxonaescrkou oboecamumensuou ¢pabpuku: omuem TOO
«Bocmorxyeemmemy, Yemo-Kamenocopck: Kasmexanobp, 1992, 120 c. (na pycckom s3vike)

7. Cenuobap @., Mupneoscao X. Munepanozus, ceoxumus u 2e0meKmoOHUKa Nidcuo2panumos u3 oQuoiumos
Hlaxpe-Babaxk, 3ona 3aepoc, Upan // Kypnan nayx o 3emne. 2016. T. 27. C. 507-518 (na anenutickom
A3blKe)

8. OcHogHbie cunomesvl 0 2eHe3UCe KONYEOAHHO-NOAUMEMANIUYECKUX MeCmopodicOenuti Pyonoeo Anmas /
Kaionos A.K. [u op.] // [Ipobaemvbr cenesuca Konuedanno-noauMemaiiuieckux mecmopodicoenuti Pyonozo
Anmas: Aamamoet, 1977. C. 5-27 (na pyccxom sa3vike)

9. Mecmopoocoenus ceunya u yunka Kazaxcmana. Munepanvnvie pecypcor Kazaxcmana: Cnpagounux.
Aamamuor, 1997. 152 c. (na pycckom a3vike)

10. Tacvkoe U.B. Ocobennocmu sndocennot memannozenuu I'opnozco u Pyonozco Anmas (Poccus) // I'eonoeus u
eeouszura. 2018. T. 59. Ne 8. C. 1254—1270 (na pycckom s3vike)

11. Teoxumusi u30monoe cepvl U C6UHYA 8 CYIbHUOHBIX MUHEPATAX U3 BYIKAHOLEHH020 MACCUBHO2O
cynbuonozo mecmopooicoenus Zn-Pb-Cu-Ag-Au Jlemapwan, Hetopaynoneno, Kanaoa / lllennon b. I'uana
[u op.] // Ore Geology Reviews. 2019. T. 3. C. 422—435 (na anenuiickom si3vixe)

12. Puonu [oc. I'eonoeus pyonvix mecmopoocoenuti:. Kembpudowe: Uzoamenvcmeo Kembpudoicckozo
yrnugepcumema, 2016. 406 c. (na aunenutickom s3vixe)

Information about the authors:

Mizernaya M.A., Candidate of Geological and Mineralogical Sciences, Associate Professor at the School of Earth Sciences, D. Serikbayev East
Kazakhstan Technical University (Ust-Kamenogorsk, Kazakhstan), mizernaya58@bk.ru; https://orcid.org/0000-0001-8618-7352

Agaliyeva B.B., Ph.D, Research Scientist, Senior Lecturer at the School of Earth Sciences, D. Serikbayev East Kazakhstan Technical Univer-
sity (Ust-Kamenogorsk, Kazakhstan), agalieva 00@mail.ru; https://orcid.org/0000-0002-5682-8451

Shayakhmetova Zh.A., Senior Lecturer at the School of Earth Sciences, D. Serikbayev East Kazakhstan Technical University (Ust-Kameno-
gorsk, Kazakhstan), szhyldyz 1808@mail.ru; https://orcid.org/0009-0009-8832-378X

Yeskaliyev Y.T., Postdoctoral Researcher, School of Earth Sciences, D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk,
Kazakhstan), yertayyeskaliyev@gmail.com, https://orcid.org/0000-0003-0899-601X

ABTOpJIap Typajbl MaJiMeTTep:

Musepnas M.A., T-M.F.K, XKep Typaibl FeUTBIMIAP MEKTEOIHIH KaybIMIacThIpbutran npodeccopsl, 1. Cepikdaer arbiaars [Lbirsic Kazakcran
TEeXHUKAJIBIK YHHBepcuTeTi (OckeMeH K., Kasakcran)

Aezanuesa b.b., Ph.D noxropsl, IFK, XKep Typais! FeutbiMaap MekTeOiHiH aFa oKbITyIIbICHL, J[. CepikOaer atsinnars! Llbirpic Kasakcran Tex-
HUKaJIBIK yHUBepcHUTeTi (OckeMeH K., Kazakcran)

Hlasaxmemosa 7K.A., TOKTOPAHT, ep Typasbl FBUIBIMAAP MEKTEOiHIH ara oKbITYIIbICHI, J[. Cepikbae arbiaaarsl Llbirpic KazakcTan TexHuka-
JIBIK yHUBepcuTeTi (OckeMeH K., KazakcTan)

Eckanues E.T., nocrokropant, JKep Typaisl reutbiMaap mekte6i, J[. CepikOaer arsinmarbl [1biFpic KazakcTaH TEXHUKANBIK YHHBEPCUTETI
(OckemeH K., Kazakcran)

Caeenns 00 aBTopax:

Muszepnas M.A., K.T-M.H., acCOIIMUPOBAHHBIN Tpodeccop mKoabsl Hayk o 3emiie, BocTouHo-Ka3axcTtaHCKkuil TEXHUYECKUN YHHUBEPCUTET
nm. [1. Cepuxbaesa (r. Yerb-Kamenoropcek, Kazaxcran)

Aeanuesa b.b., noxrop Ph.D, BHC, ct. mpenojaBaresnp ImKoibl Hayk o 3emiie, Bocrouno-Ka3zaxcTaHCKHI TEXHHYCCKU YHHUBEPCHTET
nm. J1. Cepuxbaea (r. Yerb-Kamenoropcek, Kazaxcran)

Hlaaxmemosa 7K.A., OKTOpaHT, CT. TperojaBaresib IIKOJIbl Hayk o 3emiie, Bocrouno-Kazaxcranckuii TEXHMYECKHH YHHBEPCUTET
nMm. [1. CepuxbaeBa (r. Yerp-Kamenoropck, Kazaxcran)

Eckanueg E.T., mocTIOKTOpaHT LIKOJIBI HAayK 0 3emite, Boctouno-Kasaxcranckuii texuuueckuit ynusepcuret uM. J{. Cepukbaesa (. Yers-Ka-
MeHoropck, Kazaxcran)

Topnwiir srcyprnan Kazaxcmana Nel’ 2026



