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ABSTRACT

Polygenic stratiform deposits are the largest in the world in terms of barite and manganese reserves, as well
as lead and zinc reserves. In the mineral resource complex of the Republic of Kazakhstan, they are of great
importance and are distinguished as an independent genetic Atasu type. In the article, the deposits of the
Zhailma graben-syncline in a large riftogenic structure are considered as a reference for the Atasu type. The
geological structure of the Bestobe stratiform polymetallic deposit located in the eastern part of the
Zhailma synclinorium is presented. The stratigraphy of ore formations, mineralization features, morphology
of the ore body and the pattern of zoning the distribution of elements in the ore-bearing rocks of the
Bestobe deposit are shown. A feature of the deposit is the combination of layered iron-manganese and
lead-zinc ores and superimposed zinc-lead-barite mineralization; the sharply subordinate role of
hydrothermal-sedimentary ores in the total reserves of lead and zinc; comparative abundance of lead,
copper and silver sulfosalts. The analysis of the materials indicates that mineralization at the Bestobe
deposit is complex. Its main value is polymetallic ores. The role of iron ore mineralization of the deposit is
insignificant. Manganese mineralization is practically absent. Polymetallic ores are conventionally
subdivided into lead-zinc-barite, lead-barite, barite and lead-zinc. Strontium is a constant impurity in
barites. Lead is mainly concentrated in galena; its insignificant amount is found in geocronite, boulangerite,
jamsonite, bournonite, cerussite, anglesite, pyromorphite, plumboyarosite. The bulk of zinc is concentrated
in the form of sphalerite.

Keywords: Atasu type, polymetallic, Zhayilma graben-syncline, lead-zinc-barite deposits.

Askarova Nazym Srajadinkyzy

Information about authors:

PhD student of Karaganda Technical University, Master of Engineering, Geology and Exploration of Mineral
Deposits specialty, 100027, Karaganda, Republic of Kazakhstan, e-mail: srajadin-nazym@mail.ru. ORCID:
0000-0002-2103-6198

Portnov Vassiliy Sergeevich

Doctor of Technical Sciences, Professor of the Department of Geology and Exploration of Mineral Deposits at
Karaganda Technical University, 100027, Karaganda, Republic of Kazakhstan, e-mail: vs_portnov@mail.ru.
ORCID: 0000-0002-4940-3156

Blyalova Gulim Galymzhanovna

PhD student of Karaganda Technical University, Master in Science of Engineering, specialty Geology and
Exploration of Mineral Resources, Karaganda Technical University, Karaganda, Republic of Kazakhstan; e-
mail: krg_gulim@mail.ru. ORCID: 0000-0001-8801-8683

Madisheva Rima Kopbosynkyzy

PhD, senior lecturer of the Department of Geology and Exploration of Mineral Resources, Karaganda
Technical University, Karaganda, Republic of Kazakhstan, e-mail: rimma_kz@mail.ru. ORCID: 0000-0002-
5726-9567

Dyakonov Victor Vasileevich

Doctor of Geological and Mineralogical Sciences, Professor, Head of the Department of General Geology and
Geological Mapping of the S Sergo Ordzhonikidze Russian State University for Geological Prospecting,
101000 Moscow, Russia, e-mail: mdf.rudn@mail.ru.

Introduction zinc reserves [1]. In terms of paragenetic

associations, the deposits of the Atasu type are

Polygenic stratiform ferromanganese and either complex ferromanganese and barite-
barite-lead-zinc  deposits isolated as an polymetallic ones (Ushkatyn |, Il, Ill, East Zhairem,

independent genetic Atasu type, are of great
importance in the mineral resource complex of the
Republic of Kazakhstan [1]. Polygenic stratiform
deposits are the largest in the world in terms of
barite and manganese reserves, as well as lead and

West Kamys, Arap, Keregetas, South Karazhal), or
(according to the prevalence of Fe, Mn)
ferromanganese ones (West and East Karazhal , Big,
Middle and Small Ktai, Zhomart, Vostochny Kamys,
Yuzhny Klych, Akshagat, Kentobe, Bogach, Tur,
Shoyntas), or by the predominance of Pb, Zn, Ba,
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barite-polymetallic and polymetallic ones
(Bestobe, Western and Far-West Zhairem,
Karagayly , Akzhal, Uzunzhal, Mirgalimsay, Shalkiya,
Achisay), or monobarite ones (Kentobe, Zhumanay,
Zhalair), etc. (Figure 1) [1].

Experimental part

The deposits of the Zhailma graben-syncline
(northwestern part of the Zhailma-Talkuduk rift
zone) are considered as a reference for the Atasu
type (Figure 2). The Zhailma graben-syncline
(trough) is a large riftogenic structure, which is
elongated from northwest to southeast. The rift-
generating structure was formed in the Late
Devonian during the destruction of the
Epicaledonian Central Kazakhstan continental block
[[2], [3], [4], [5], [6]].

The outer frame and the base of the graben-
syncline (Figure 2) are composed of terrigenous-
volcanogenic deposits of the Lower-Middle

Devonian and volcanogenic-terrigenous deposits of
the Daira Formation of the Upper Devonian. The
total thickness of the Famennian and Tournaisian
siliceous-terrigenous-carbonate deposits that make
up the graben-syncline is more than 2500 m.
Rectilinear segments of its contours in the
often

northwestern, latitudinal and less

northeastern and submeridional strike reflect the
tectonic boundaries of the blocks of the rigid
basement (Figure 2) [1].

The main value of the Atasu ore region is
represented by stratiform complex deposits of iron-
manganese, lead-zinc and barite ores of multi-stage
and complex formation identified as an
independent Atasu genetic type, one of which is
the Bestobe deposit (Figure 3).

The Bestobe deposit is located in the eastern
part of the Zhailma synclinorium (Zhairem,
Ushkatyn, Zhumart are in the western part) and
reveals a closer spatial relationship with the
northeastern faults represented by barite, barite-
polymetallic, polymetallic and iron-manganese
deposits [[4], [9], [10], [11]]. Below iron-manganese
ores, there are layered and secant bodies of lead-
zinc-barite ores of the same two main stages of
mineralization. Baritization was manifested in two
stages: the first proceeded before folding, and the
second one after it. Early fine-grained barites
contain relict layered textures, sometimes they
contain conformable interlayers with manganese
mineralization. Late bodies of large-crystalline
barite with sulfide mineralization replace even
silicites, they are affected by shearing and faults
associated with regional movements along the
Uspenskaya mobile zone [8].

TIABIIOJAF @

Figure 1 - Geodynamic position of the fields [[4], [5], [6]]:
1 - riftogenic structures (Ds-C1); 2 - geological complexes of the inland sea basin (Ds-C1); 3—7 - pre-Middle
Devonian continental crust: Precambrian sialic massifs (3), Devonian runway (4), marginal sea basin (S1-D2) (5), passive
continental margin (€-03s) (6), island arcs (€-0z) (7), tectonized ophiolite zones (8); Late Paleozoic runway (9);
deposits: barite-polymetallic (10): Zhairem (2.1), Karagayly (2.3); ferromanganese (11): Ushkatyn (2.2), Kentobe (2.4)
(51, [61, [71]
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Figure 2 - Schematic geological map of the Zhailminsky and Karazhal ore clusters (according to A.A. Rozhnov
etal.) [[3], [4], [5], [9]]
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Figure 3 — Pattern of geological structure of the
Bestobe deposit (acc. to N.S. Bozhukha) [[9], [11]]

As an occurrence of iron, it has been known
since  the late  thirties. Zinc-lead-barite
mineralization was discovered on it in 1952 by I.S.
Syromyatnikov [[9], [11], [12], [13], [14]].

The deposit is composed of Upper Devonian
and Lower Carboniferous sedimentary rocks
containing an admixture of volcanic material [15].

There are distinguished the Daira Formation
(Dsfmidr and Famennian deposits subdivided into
five units: unevenly layered (Dsfmsia), rhythmically
layered (Dsfmib), flyschoid (Dsfmic), gray-colored
(Dsfm,a) and red-colored (Dsfmyb), as well as
Tournaisian rocks: dark gray pack (Citia) (Figure 4).

The features of the deposit are as follows: the
combination of layered iron-manganese and lead-
zinc ores and zinc-lead-barite mineralization
superimposed on them; the sharply subordinate
role of hydrothermal-sedimentary ores in the total
reserves of lead and zinc; comparative abundance
of sulfosalts of lead, copper and silver.

The deposits of the Famennian stage, according
to lithological and petrographic features, are
divided into horizons of terrigenous-carbonate
rocks, black clayey marls, gray and black clayey
silicites, ore, gray-colored and red-colored
limestones (Figure 4).

— 94 ——
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Figure 4 - Stratigraphic column of the Bestobe deposit [9]

Results

The Bestobe section is dominated by calcareous
rocks, there are organogenic limestones;
everywhere there are also horizons of
lithocrystalline tuffs (up to 5 m thick) of liparite-
dacitic composition, subvolcanic bodies of diabase
porphyrites. The age of enclosing rocks, according
to A.M. Sadykov is Upper Famennian [8]. In the
ores of the deposit [9] there are about 60 minerals,
of which the main ones are galena, sphalerite,
pyrite, and barite.

The main reserves of barite-polymetallic ores
of the deposit are confined to two synclinal
structures located in the central part of the ore
field (Figure 3).

The synclinal structures of the First section
have been traced for more than 4 km, have the
width of 150-250 m and the minimum depth of 170
m; the Second section of the deposit is up to 400 m
wide and 350-400 m deep (Figure 5).

Morphologically, the ore bodies of the deposit
are characterized by sheet-like and lenticular forms.
They have the same occurrence elements as their
enclosing rocks. In the First and Second sections,

the ore bodies are elongated in the northeastern
direction along the azimuth of about 45° and dip to
the northwest at the angle of 30 to 90°. Their
length is hundreds meters, the thickness is from a
few to tens meters; in strike and dip they are
unsteady. From the flanks to the central parts of
the ore bodies, the thickness increases.

The internal structure of ore deposits is quite
complex. Thus, alongside with an extremely uneven
distribution of ore types, they also contain barren
interlayers up to 5 m thick. The morphology of
individual ore bodies is complicated by numerous
late faults of various scales.

Lead-zinc-barite, lead-barite, barite and lead-
zinc ores have been identified at the deposit. Lead-
zinc-barite ores are developed in the lower parts of
the ore bodies, lead-barite ores stand out as
independent deposits in the central part and on the
southwestern flank of the deposit, barite ores are
widely developed in the near-surface part of the
ore areas and lead-zinc ores form small lenticular
bodies in the lower part of the ore horizon and in
the upper layer of black clayey silicites. Thus, the
deposit exhibits vertical zonality in the distribution
of mineralization.
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Figure 5 - Schematic geological section [7]
1 - barite-polymetallic ores; 2 — polymetallic ores; 3 — lower boundary of the weathering crust; 4 - tectonic faults;
5 —wells

In the distribution of elements in ore-bearing
rocks, zoning is also observed (Table 1). It is
characterized by different concentrations of
elements above and below the ore bodies. Thus,
the content of all the elements, except for copper,
in the over-ore stratum is usually several times

higher than in the under-ore one. Easily mobile
elements in the under-ore zone are found in small
quantities. In the over-ore stratum, the elements
are dispersed over long distances from the ore
bodies and form high concentrations, for example,
arsenic.

Table 1 — Elements distribution zonality in ore-containing rocks of the Bestobe deposit

Zones Number of | Distance from the ore The elemental composition of the zone
samples body, m Basic Rare Very rare

IV above the | 910 from 150 to 350 Hg Ba, As Ba, As

ore

Il above the | 710 from 50 to 150 Ba, As, Hg Pb, Zn, Cu, | TI, St

ore Sb

Il above the ore | 605 from 10 to 50 Pb, Ba, As, Hg, | Sb, Cd, Tl Mo, V, Ge et al.

Ag, Cu, Zn, St

Above the ore 373 up to 10 Pb, Ba, As, Hg, | Ga, Mo, Bi, | Cr, Co, Zr, Li et
Ag, Cu, Zn, St, | In al.
Cd, Ge, Sb, Tl

Ore Ore body Pb, As, Hg, Ag, | Ga, Mo, Bi, | Cr, Co, Zr, Li et
Cu, Zn, St, Cd, | In al.
Ge, Sb, Tl

| under the ore | 393 up to 5-6 Ba, Pb, As, Hg,

Ag, Cu, Zn, Sb,

ore

Cd
Il under the ore | 252 from 5-6 to 20-30 Ba, Pb, Zn, Cu
Il under the | 379 from 20-30 to 70-100 Ba, Cu
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The zonality in the distribution of elements
around the ore bodies of the First and Second
sections is generally the same. There are clearly
distinguished the internal, intermediate and
external zones. In the internal zones, elevated
contents of those elements that are concentrated
in the ore body are noted. In the intermediate
zone, there are mostly common contents of lead,
zinc, barium and arsenic, mercury. In the outer
zone, significant concentrations of only volatile
elements (mercury, sometimes arsenic) are noted.
The most extensive halos are confined to the First
section, where the enclosing rocks are intensely
dislocated and where the thickest ore bodies have
been identified. Such dimensions of the ore tail can
be related to the superimposed
dynamometamorphic flow.

When moving from one zone to another (in the
direction from the ore bodies), the list of elements
is reduced. So, if the number of elements in the
halo in the first over-ore zone is 11, then in the
second one it is 8, in the third one it is 3, and in the
fourth one it is only one (mercury). The elemental
composition of ores in the first over-ore zone is
similar, i.e., this zone is a natural continuation of
the ore body. There is noticed asymmetric
distribution of moving elements relative to the ore
bodies. If in the under-ore strata they (mercury,
arsenic) form only internal zones, then in the over-
ore stratum they form external ones.

The main components of the ores of the
deposit (Table 1) are lead, zinc and barium, the
content of which ranges from tenths to 98-99 %.
Strontium is a constant impurity in barytes. Lead is
mainly concentrated in galena, its insignificant
amount is found in geocronite, boulangerite,
jamsonite, bournonite, cerussite, anglesite,
pyromorphite, and plumboiarosite. The highest
lead content is found in the upper parts of the ore
deposits, and the lowest content is in the lower
ones.

The bulk of zinc is concentrated in the lower
parts of the ore horizon in the form of sphalerite.
Copper is a constant component of ores present as
chalcopyrite, less commonly as fahlore, bournonite,

enargite, chalcocite, and luconite. Silver is the most
widespread impurity in ores. Its contents range
from 3-109 g/t, the highest concentrations are
found in galena (up to 500 g/t), fahlore and
geocronite.

Cadmium is common in ores. Its high content
was established in the significantly zinc varieties. In
sphalerite, the content of cadmium is the highest; it
is lower by 1-2 orders of magnitude in other
sulfides. Mercury is constantly present in fahlore,
sphalerite, as well as in the form of independent
minerals: cinnabar and schwazite. Thallium was not
detected in ores at the spectral analysis sensitivity
of 0.0001 % [16]. But it is found in almost all the
samples of globular pyrite, in galena and minerals
of the jordanite-geocronite-schulcite series.
Germanium occurs sporadically in zinc-lead-barite
ores. Its own mineral, vanadium-arsenic germanite,
was found at the deposit. In the ores there is
almost absent bismuth, selenium and tellurium,
which sharply distinguishes Bestobe, like other
deposits of the Atasu type, from deposits of other
genetic groups.

Conclusions

The analysis of the materials indicates that
mineralization at the Bestobe deposit is a complex
one, of the Atasu type. Its main value is
polymetallic ores, the role of iron ore
mineralization of the deposit is insignificant,
manganese mineralization is practically absent.

Polymetallic ores are conditionally subdivided
into lead-zinc-barite, lead-barite, barite and lead-
zinc ones. According to the composition and
content of lead minerals, the ores of the deposits
are divided into three grades: sulfide (20 %),
oxidized (60 %), and mixed (2060 %). The main
ore-forming minerals are galena, barite, sphalerite,
the main mineral of the oxidation zone is cerussite.
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TYRIHAEME

MonureHaik ctpatudopmabl KeH opbiHAAPbI 6apuT KaHe mapraHel, KOp/iapbl, COHAAN-aK KOPFacbiH
JKOHEe MbIpbIW  Kopnapbl OGoiblHWa anemaeri eH ipi KeHOpblHAApblHA KaTafbl. KasakcTaH
PecnybavKacbiHbIH, MUHEPanAbIK-LUMKI3aT KelwWeHiHAe O0NapApblH, MaHpi3bl 30p KaHe aepbec
reHeTUKanblkK ATacy TUNiHe KaTKpi3blnfaH. Makanaga ipi pudToreHaiK Kypblibimaassl Haliblama
rpabeH-CMHKAMHANbL KeH OpblHAApbl ATacy TUMIHIH 3TaNoHABIK Typi peTiHAe KapacTbipbliagpl.
KalblnMa CMHKAMHOPUIIHIK, WhiFbic BeniriHae opHanackaH bectebe ctpaTudopmabl noanmeTann
KEH OPHbIHbIH, FE0NIOMMANBIK KYPbIJbIMbI YCbIHbINFaH. KeH Ty3inimaepiHiH, cTpaTurpadumacel, KEHAEHY
epekKLenikTepi, KeH AeHeCiHiH, Mopdonormackl aHe bectebe KEH OPHbIHbIH, KEH CbIMbICTbIPYLLbI
JKbIHbICTAPbIHAAFbI  3NEMEHTTEPAIH, alMaKTblK Tapany cxemacbl KepceTinreH. KeH OpHbIHbIH,
epeKweniri: KabaTranfaH Temip-mapraHel, »3dHe KOPFaCblH-MbIPbIW KeHAEepi MeH onapfa
yCTeMeNeHreH MblpbIW-KOPFacbiH-6apuT KeHAepiHiH, bipiryi; KOpfacblH MeH MbIPbILWTbLIH, Kaanbl
KOpPbIHAAFbl TMAPOTEPMANAbI-WOriHAi KeHAepaiH, KYpT 6afblHbIHKbl Peni; KOPFacbiH, MbIC »KaHe
Kymic cynbdo Ty3AapbiHbIH, CanbiCTbipmanbl KenTiri. MaTepuangapapl Tangay KopbITbIHAbICH!
Bectebe KeH OpHbIHAA KeHAeHy KeweHai 6onbin TabblnatblHbiH - KepceTedi. OHblH, 6HacTbl
KYHAbINbIFbI-NONMMETaNN KeHAepi. KeH OpHbIHbIH Temip KeHAi KeHAeHYiHiH peni wamanbl.
MapraHeuTi KeHAeHy ic Ky3iHAe KOK. [onumeTtann keHAepi WapTTbl TypAe KOPFACbIH-MbIpPbILL-
6apuT, KopfacbiH-6apuT, BapuT KaHe KopfacbiH-mblipbiw 6onbin 6eniHeai. Baputrepae Kocnaga
TYPaKTbl CTpOHUMIA 6onagpl. KopfacbiH HerisiHeH raneHWUTTe WOfFblpaHfaH, OHblH, a3 menwepi
reOKPOHUTTE, ByNaHKepuTTe, AXKEMCOHUTTE, BYPHOHUTTE, LepyccuUTTe, aHrNe3nTTe, MMpoMopouTTe,
naymbosaposutte 6onaabl. MblpbIWTbIH, Herisri 6eniri cpaneput TypiHAe WOoFbIpAaHFaH.

TyiiiH ce3pep: Atacy Tuni, nonumertangap, Kalblima rpabeH-CUMHKAUHANb, KOPFacbiH-MblpbIL-
6apuT KeH OpHbI.
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AHHOTALUMUA

MonureHHble cTPaTUPOPMHbIE MECTOPOXKAEHUA ABAAIOTCA KPYMHeMwmnmMm B myupe no 3anacam 6apura u
MapraHua, TaK¥e Mo 3anacam CBMHLA W LMHKA. B MWHepanbHO-CbipbeBOM Kommiekce Pecnybauku
KasaxctaH OHM MMeloT BakHelllee 3HayeHWe W BblAeNeHbl B CaMOCTOATENbHbIN FeHeTUYeCcKuii
ATacyWckuii Tun. B cTaTbe B KauyecTBe 3TafOHHbIX AAA ATacyicKoro Tuma paccmaTpuBsaloTcs
MeCTopoXKAeHUA  aunbMUHCKOM  rpabeH-CUHKAMHAAW, B KPYMHOM  PUDTOreHHOW  CTPYKTYpbI.
MpeacTtaBneHo reonornyeckoe CTpoeHue CTPAaTMGOPMHOrO MNOAMMETANIMYECKOTO MECTOPOXKAEHUSA

Moctynuna: 20 okmAGps 2021 Bectobe, pacnonoxeHHOe B BOCTOYHOM 4YacTi MauabMUHCKOrO CUHKAMHOpUA. MoKasaHa cTpaTurpadus
PeueHsunposaHue: 23 dexkabps 2021 pyAHbiX 06pa3oBaHMi, 0COBEHHOCTM OpyaeHeHuA, MopdONOrNA PyAHOro Tena M CXemMa 30Ha/IbHOCTU
MpuHATa B nevatb: 31 gHeapsa 2022 pacnpefeneHus 3N1eMeHTOB B PyAOBMELLAIOWMX MOpoAax MectopoxaeHuna bectobe. OcobeHHOCTbIO

MECTOPOKAEHUA ABAAETCA: COBMELLEHUE CIOUCTbIX KEeNe30MapraHLeBbiX ¥ CBUHLOBO-LIMHKOBbIX PyA U
Ha/lO}XEHHOTO Ha HWX LMHKOBO-CBMHLOBO-6apUTOBOrO OpPYAEHEHUs; pPe3Ko NOAYMHEHHas ponb
rMAPOTEPMATbHO-0CAA0UHbIX pPyf B OOLWMX 3anacax CBMHLUA W LUWHKA; CpaBHUTENbHOe obunve
cynbboconei cBuHLA, meam 1 cepebpa. AHann3 maTepuanos CBUAETENILCTBYET O TOM, YTO OpPYAEHeHUe Ha
mectopoaeHun bectobe  ABAAETCA  KOMMAEKCHbIM. [N1aBHYlO  €ro  LEHHOCTb  COCTaB/sAIOT
nosMmeTannnyeckme pyabl. Ponb KenesopyaHOro OpyAEHEeHUs MEeCTOPOXKAEHWUS He3HauuTesbHa.
MapraHuesoe opyAeHeHue, MPaKTUYecKW, OoTcyTcTByeT. [loAumeTannuyeckue pyabl  YCAOBHO
NoAPasfeNATCA Ha CBUHLLOBO-LMHKOBO-6apMTOBbIE, CBMHLOBO-6apuTOBble, HapUTOBbIE U CBUHLLOBO-
LMHKoBble. B 6apuTax NOCTOAHHOW NPUMECHIO ABNAETCA CTPOHLMI. CBMHEL, COCPelOTOYEH, B OCHOBHOM, B
rafeHuTe, HEe3HauYWUTE/IbHOE Eero KOJIMYECTBO HaxOAMTCA B FEOKPOHWTE, GynaHxepuTe, AKEMCOHWTe,
6ypHOHUTE, UepyccuTe, aHrnesute, nupomopduTte, naombosposute. OCHOBHas Macca LUMHKA
CKOHL,EHTPUPOBaHa B Buae chaneputa.

KnioueBble cnoBa: ATacyickuit Tun, nonavmeTannbl, *KaunbMUHCKUIA rpabeH-CMHKAWHANb, CBMHLOBO-
LIMHKOBO-6apUTOBbIE MECTOPOKAEHUS.
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