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ABSTRACT

The article presents a study on the geochemical characteristics of the ore deposits in the Bakyrchik
ore area (Bakyrchik, Glubokiy Log, Zagadka, Promezhutochnoe), which is located in the Zharminsk
district of the Abay region in Eastern Kazakhstan.The aim of the study is to identify and describe
the geochemical characteristics of the ore deposits in the Bakyrchik ore field, and to analyze the
distribution and zonation of elements within ore bodies and areas of dispersed mineralization. The
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Promezhutochnoe, as well as from zones of ore bodies and other areas such as zones of fracture,
mylonite, calcite, and sulfide mineralization, considering lithological features. Based on the results
of geochemical studies conducted, the characteristics and differences in geochemical properties
of large and small ore deposits have been identified, and the distribution of chemical elements
within zones of dispersed mineralization has been described. The practical significance of this work
liesin the fact that the revealed patterns of element distribution and geochemical zoning to predict
the presence of new ore deposits, interpret chemical anomalies, estimate the level of erosion of
mineralization, and optimize exploration and assessment efforts in other areas within the ore field.
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Introduction hidden at considerable depths or covered by dense

sedimentary rocks. With the increasing demand for

Kazakhstan occupies a leading position among  gold in world markets and the dwindling supply of

countries with a rich mineral resource base, readily available raw materials, studying the

particularly in the field of gold mining. However, in  geochemical characteristics of ore bodies becomes
recent decades, there has been a decline in easily  crucial.

accessible gold deposits, leading to the need for The Bakyrchik ore zone is a strategically

strategies to develop “blind” deposits — those important gold mining facility due to its significant
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reserves and unique geochemical zoning. The study
of gold-antimony-arsenic and gold-tungsten zones in
the Bakyrchyk ore field allows us to gain a deeper
understanding of the patterns of ore formation in
difficult tectonic conditions [[1], [2], [3]].

The aim of the study is to study the geochemical
characteristics of ore objects in the Bakyrchik ore
field, as well as to analyze the zoning and
distribution of elements in ore bodies and areas of
scattered mineralization. This will contribute to
developing methods for predicting hidden deposits,
which is particularly important for gold-bearing
areas with dense sedimentary rock cover [[4], [5],
(6]].

The practical significance of the study lies in the
analysis of patterns of distribution of elements that
can be used to predict new ore bodies and assess the
level of erosion of mineralization. The results have

the potential to optimize exploration activities both
in Kazakhstan and other regions with similar
geological features, which will strengthen
Kazakhstan’s position in the gold market and ensure
the sustainable development of its mining industry.

The relevance of studying this ore field is in the
fact that it provides an in-depth and detailed
approach to studying geochemical patterns, which
can improve the efficiency of exploration and
assessment work. Unlike other studies, which often
focus on individual elements or associations, this
study looks at a complex geochemical zone with the
identification of four distinct zones, each with
unique geochemical characteristics. This method
allows not only identifying new ore bodies but also
more accurately predicting their size and
composition.
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Figure 1 - Geological map of the Bakyrchik ore field (using materials by V.l. Tikhonenko)

1 — Quaternary deposits; 2 — 7 — geological formations: 2 — plagiogranite-granodiorite, C3; 3 — Molasses limnic
carbonaceous, Cz3, 4 — grauvaccian silty-lithic sandstone, Cis (4 — upper sandstone — siltstone and 5 — lower sandstone
subformations), 6 — flyschoid carbonate-calcareous — terrigenous, Civ2-3, 7 — limestone — sandstone — silty, Cav1;

8 — 11 — discontinuous faults (8 — deep, 9 — shallow faults, 10 — under loose sediments, 11 — ore-controlling),

12 — thrust, 13 — elements of formation, 14 — 15 — ore formations (14 gold-arsenic — carbonate, 15 gold-quartz).
Deposits: 1- Espe, 2 — Kostobe, 3— Dalny I, 4— Dalny, 5—- Bolshevik, 6— Chelobai, 7 — Bakyrchik, 8 — Glubokiy log,

9 — Promezhutochnoe, 10 — Bizhan
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Figure 2 - Lithological and stratigraphic column of the area with metallogenic load
(according to M. S. Rafailovich and B. A. Dyachkov)

1-5 — magmatic formations and sub-formations of the collision stage: 1 — leucogranite (the Delbegetey complex, P2),
2 — gabbro-diorite-granodiorite granodiorite complex (Kunush complex, C3) 3 —small intrusive plagioclase granites
(Kunush complex. Cs), 4 — dikes of mottled composition, 5 — medium basic composition (Kunush complex and its
analogs, Cs; geological and industrial minerals: 6 — giant Bakyrchik deposit

In addition, a significant difference of this study
is the attention to zones of dispersed mineralization
(zDM), which are usually considered only as by-
products in most world studies. In this case, these
zones have been analyzed in detail, making it
possible to identify promising areas more accurately
and avoid mistakes when selecting objects for
further work.

Knowledge of the features of zonation of ore
bodies and halos helps increase the accuracy of

predictive models and effective planning for

exploration work.
The Bakyrchik ore field is an important gold

mining facility in Kazakhstan. Its peculiarity lies in the
unique geochemical zoning of the ore bodies, which
makes it possible to deeply study the patterns of ore
formation in a complex tectonic environment [[7],
(811

The analysis of near-ore halos and zones of
scattered mineralization at this facility contributes
to the development of new methods for predicting
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“blind” deposits. Successful development of these
“blind” gold deposits within the Bakyrchik ore field
would make it possible to apply the results obtained
in other areas. This would strengthen Kazakhstan’s
position on the global gold market and ensure
steady growth in the mining industry.

Geological settings. According to the traditional
scheme of structural and formation zoning of the
Zaisan fold region, the district is located in the
central part of Kalba synclinorium, within the Kalba-
Naryn structural and formation zone, extending in a
narrow band along the West Kalba fault (Fig. 1) [[9],
[10]].

The following stratigraphic units of the Paleozoic
group are involved in the geological structure of the
area (Fig. 2):

1. Arkalyk formation (Cuar);

2. Aganaktin formation (Ciag);

3. Bukon formation (Caux).

Formations of weathering crusts, of areal and
linear morphological types, are conventionally
attributed to the Mesozoic period. The weathering
crust develops along Paleozoic rocks, sedimentary
and igneous in origin, lies under a cover of Neogene-
Quaternary sediments and, in places, comes to the
surface on tops of hills and steep slopes [[11], [12]].
According to conditions of occurrence and the
structure of the weathered crust within the area
they are divided into two types: areal and linearly
fractured. According to chemical properties they
belong to sialite. Depending on the source rock, the
weathering crusts are divided into kaolin and
nontronite [13].

Cenozoic deposits (Neogene and Quaternary)
are also widely distributed within the area. They
form river valleys, intermountain depressions, and
areas covered with foam, covering 20-30% of the
territory with uneven coverage. Neogene deposits
are products of crustal erosion, weathering, and
sedimentation in lake-lagoon conditions. They are
mainly developed in the valleys of the Kyzyl-Su and
Kuely rivers. Quaternary sediments (clay, sandy
loam, loam, sand, pebble) fill all lowered relief forms
and form terraces in river valleys and outflow cones.
The total thickness is 40-70 meters. The area is
characterized by a weak magmatic activity in the
form of intrusive bodies of serpentinite ultramafic
rocks, several dike formations of varied
composition, and small intrusions of gabbro and
granite. The largest intrusions are part of the Char
complex, located southwest outside the Contract
Square.

Intrusive complexes are distinguished on the
territory of the district — the ultrabasic (Charsky)

complex (Clv), granodiorite-plagiogranite (C3-P),
gabbro-monzocite-granite (T1) [[14], [15], [16]].
Discontinuous faults on the territory of the
region manifest themselves in the form of large
faults of the first order, which serve as boundaries of
large tectonic blocks and have a north-western
strike, intrablock faults of the same strike (of the
second order), as well as near-latitude and
latitudinal carboniferous faults [[17], [18], [19]].

Research methods

In this paper, the patterns of distribution of
geochemical features of the Bakyrchik ore field
objects are analyzed and characterized: Bakyrchik,
Glubokiy Log, Zagadka, Promezhutochnoe.

Core testing of core drilling wells was carried out
on ore bodies, crushing zones, mylonite, hardening,
and sulfide mineralization, with lithology
considered. 30 core samples were analyzed using
the spectral method at the Central Laboratory of
Bakyrchik Mining Enterprise, which is accredited and
registered with the State System for Technical
Regulation in Kazakhstan. To analyze the
geochemical features of ore bodies, spectral analysis
was performed initially for 17 elements: gold (Au),
arsenic  (As), antimony (Sb), copper (Cu),
molybdenum (Mo), tungsten (W), cobalt (Co),
vanadium (V), lead (Pb), zinc (Zn), nickel (Ni),
chromium (Cr), manganese (Mn), iron (Fe), calcium
(Ca) and magnesium (Mg). However, only 6
elements were selected for further detailed study:
gold (Au) arsenic (As) antimony (Sb) Copper (Cu),
Molybdenum (Mo) and tungsten (W). This choice is
due to the fact that some elements were not found
in significant concentrations or were not
geochemically interesting in the context of the
research objectives. Selected elements play a key
role in ore formation processes and reflect
characteristic geochemical patterns in the Bakyrchik
ore zone. Their analysis revealed the geochemical
zonation, features of the mineralization distribution,
and relationships between elements, which are
crucial for predicting new ore deposits and
optimizing exploration and evaluation efforts.
Narrowing the set of analyzed elements ensured a
focus on the most relevant data, increasing the
efficiency of interpretation and application of
results.

Sampling was carried out by cutting the core
along the axis in a stone-cutting machine. After that,
half was sent for testing, and the other half
remained as a backup.

—— 84 ——
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Results and Discussion

A comparative analysis of the geochemical
features of zonation, including antimony
enrichment, transition from antimony to gold
mineralization, association of gold with arsenic and
tungsten with gold mineralization revealed
characteristic zones in the vertical range of the
studied area:

1. Upper antimony — gold-arsenic zone; which
are characterized by a sharp predominance of
antimony over gold and arsenic;

2. The first intermediate — gold-arsenic-
antimony zone (with or without weakly manifested
tungsten mineralization);

3. The second intermediate zone is mainly a
gold-arsenic zone (without antimony, often with
weakly manifested tungsten mineralization).
Sometimes there is an increase in concentrations of
cobalt, vanadium, copper, and molybdenum.;

4. The root — gold-tungsten-arsenic zone (often
with an abnormally high content of copper and
molybdenum). The tungsten content reaches tenths
of a percent, and tungsten is strongly correlated with
copper. The zone can be represented as an area of
combination of two clearly manifested geochemical

associations: gold-arsenic and tungsten-copper
(with molybdenum) [20].

An analysis of the geochemical distribution
showed that the zonation of elements in the ore
bodies of Bakyrchik’s ore zone is formed by the
vertical profile of mineralization. Figure 3 shows the
distribution of main and associated elements,
revealing a concentric zoning structure resembling a
funnel-shaped beam.

The bundle-like development of ore bodies,
accompanied by contrasting vertical differentiation
of elements, can be used to interpret chemical
anomalies, linking ore bodies and assessing the level
of erosion in other parts of an ore field. Thus, two
geochemical zones (gold-arsenic-antimony and
gold-arsenic with tungsten) are distinguished at
Zagadka site, corresponding to the first intermediate
and second intermediate zones.

Antimony-gold-arsenic mineralization can be
attributed to the upper ore erosion section.

The presence of a second independent ore body
with tungsten-containing gold-arsenic ores at deep
levels is justified by geochemical zoning, analogy
with the vertical scale of mineralization, and data on
erosion sections
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Figure 3 — Distribution of elements in ore bodies in the Bakyrchik ore zone
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Geochemical features of ore bodies having
various sizes

Ore bodies of different sizes vary significantly in
their geochemical characteristics.

In the 12 ore body (Fig. 4, 5), the concentration
of gold (Au) is unevenly distributed. This indicates
local enrichment zones associated  with
hydrothermal activity. In small ore bodies, gold is
distributed more evenly, which indicates their
simplified structure and the absence of obvious
zonation.

Arsenic (As) in the 12™ ore body correlates
closely with gold, reaching peaks in the range of 583-
599 m, which is typical for arsenopyrite
mineralization. In small ore bodies, the
concentration of arsenic is low and practically does
not change, indicating its lesser role in the formation
of these bodies.

Copper (Cu) exhibits similar behavior in both
types of ore bodies: its concentration increases at a
depth of 702 m, which may be associated with the
transition to deeper mineralization zones, where
copper plays a major role.

The concentrations of tungsten (W) and
molybdenum (Mo) in both types of ore bodies are
extremely low, indicating a weak participation of
these elements in the mineralization process.

In general, the 12% ore body is characterized by
complex zonation and local enrichment zones,
reflecting the multilayered nature of its formation.
Small ore bodies, in contrast, demonstrate a
homogeneous distribution of elements, indicating a
more simplified process of formation. This
difference highlights the geochemical complexity of
large ore bodies compared to smaller ones.
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Geochemical features of zones of dispersed
mineralization

In addition to concentrated ore deposits, there
are numerous zones of gold-arsenic dispersed
7ineralization (ZDM) in ore fields that are of no
practical interest. Due to their high content of gold
and arsenic, they resemble near-ore haloes.
Therefore, the problem of detecting and
disassembling them is urgent. The geochemical
features of several reference zones (Bakyrchik and
Glubokiy Log) were studied [[21], [22], [23], [24]].

Based on the data obtained, a correlation matrix
of near-ore haloes and zone of dispersed
mineralization was constructed, which allowed us to
assess the relationship between concentrations of
various elements (Au, As, W, Cu, Mo) (Fig. 6).

Correlation between elements may indicate that
minerals are found together under certain
geological conditions. The positive correlation
between gold (Au) and arsenic (As), for example,
indicates that these elements often occur together
in arsenopyrite zones. This is due to the fact that
arsenic plays an important role in the formation of

gold, suggesting that significant gold deposits may
be located within these zones.

On the other hand, a negative correlation
between gold and antimony (Sb) may indicate their
mutual exclusion under geochemical conditions.
This means that in places with high levels of
antimony, gold content may be reduced. This
information is important to consider when assessing
the prospect of deposits.

' '
Au As

Figure 6 — Correlation matrix of elements near ore halos
and zones of dispersed mineralization
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The weak correlation of gold with arsenic,
molybdenum (Mo) and tungsten (W) may indicate
that they belong to different mineralogical
associations formed under different conditions, and
this knowledge can be useful to geologists and
mining engineers in planning exploration and
assessing potential deposits.

Based on the above, it can be concluded that the
analysis of correlations between elements in areas
of dispersed mineralization not only deepens our
understanding of geochemical processes but also
provides a basis for developing new methods for
predicting and evaluating deposits.

Conclusions
The study confirmed the complexity of
geochemical processes and emphasized the

importance of considering geochemical and
geological-structural features for forecasting and
evaluating gold ore objects. As a result of this work
four main geochemical zones were identified: the
upper antimony-gold-arsenic zone, the intermediate
gold-arsenics-antimony zone, and the gold-arsensic
zone, as well as the root zone of gold, tungsten, and
arsenic. These zones show vertical differentiation of
elements that is manifested in beamlike structures,
most prominent in the axial zones of ore bodies.
Significant differences between large and small
ore bodies have been established. In large bodies,

such as ore body 12, local gold enrichment zones are
observed at depths of 583 meters and 684 meters,
associated with a multilayer formation process.
These zones are also associated with high
correlation with arsenic, indicating the influence of
arsenopyrite mineralization. On the other hand,
small ore bodies are characterized by a more
uniform distribution of elements, indicating a
simpler process of their formation.

It has been established that zones of dispersed
gold-arsenic mineralization have low concentrations
of ore elements. This implies that these zones are
not practical for practical use, and despite the
presence of gold and arsenic, economic feasibility of
developing such areas may be questionable since
they do not contain enough minerals for efficient
extraction. Therefore, for successful prediction and
evaluation of gold ore bodies, it is essential to focus
on ore bodies with higher levels of mineralization
that are more concentrated.
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bakblpLWbIK KeH aﬁManlelH, reoOXmMmunAnbiK CUNaTTamMmanapbiH 3epTTey

Konob6aesa A.H., Mycabaesa M.K., "AmaHrenaikpbisbi A., Ackaposa H.C.,
WUcataeBa ®.M., Teneybek K.E., Ma3ax b.

3binkac CarbiHo8 ambiHOaFbl KaparaHObl mexHUKanslK yHusepcumemi, KaparaHoel, Kazakcmax

TYWIHAEME

Makanaga Abait 06/bicbiHbIH, apma ayaaHblHOA@ OpHanackaH BaKkplpwblk, KeH almafblHbIH,
(Bakpipwblk, TepeH, caii, Mymbak, Apanbik) KeH AeHenepiHiH reoXMMUANbIK epeKLenikTepiH
3epTTey YCbiHbIIFAH. 3epTrTeyaiH, Makcatbl — BaKkplpliblK KEeH OpPHbIHbIH KeH O6beKTiNepiHiH
reoXMMMUANBIK epeKLLENiKTEPIH aHbIKTay KIHEe CMNATTay, COHbIMEH KaTap KeH AeHenepiHAaeri )KaHe

Makana kengi: 24 aknaH 2025 K . . o
AncnepcTi MUHepanaaHy aimaKTapblHAAFbl 31eMeHTTepAiH aiMakTapFa 6eniHyiH KaHe TapanyblH

CapantamagaH eTTi: 18 Haypeiz 2025

Ka6b|}1,ﬂ,aH,ﬂ,bII30 cayip 2025 Tanpay. FeoxumuanbiK Tangay YUJiH aKKpegutTenreH 3epTxaHaaa 3epTrenreH 30 KbIHbICO3EKTI

CblHaManapAblH, CNEKTPAiK TandayblHblH, HITWXKenepi nanganaHbingpl. IDpTypAi TepeHaikTeri
YHFbIManapapiH, (550-700 m gManasoHbiHAA) XbIHbICE3EriHEH afiblHFaH CbiHamanap BakpipLubIK,
KEH OPHbIHbIH, dPTYPAi yyacKkenepiHaeri KeHAeHyAiH BepTUKanbablK npoduni 6oibiHWa, aTtan
aWTKaHAaa, Keneci obbekTinepaeH: Bakbipwblk, TepeH, Cait, Mymbak, Apanbik, KeH AeHenepiHiH,
aliMaKTapblHAQ, COHAAN-aK ycaKTay, MUAOHUTTEHY, KBapuTaHy XaHe cynbduaTi MuHepangaHy

aliMaKTapblHAA /IMTONOTUANBIK epeKWenikTepai eckepe OTblpbin TangaHagbl. MyprisiareH
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reoXMMUANBIK 3epTTeynepdiH, HaTuKenepi 6oMbiHWA ipi KeHe YycaK KeHAi AeHenepaiH,
reoXMMUANBbIK  CUNATTaManapbiHblH, EepeKLenikTepi MeH alblpMalbIIbIKTapbl aHbIKTanabl,
COHAaW-aK LWalbipaHKbl MWHepangaHy almaKTapblHAA@ XMMUANbIK 3N1eMeHTTepaiH Tapany
epekwenikTepi cunatrangbl. HKyMmbICTbiH, MPAKTUKANbIK MaHbI3AbINbIFbl MbIHAAA: 3/1EMEHTTEPAIH,
Tapany KaHe reoXMMUANbIK ayAaHaaCTblPyAblH, aHblKTaNfaH 3aHAbINbIKTaPbl }KaHa KeH AeHenepiH
6o/Kay, XMMUANbIK aHOManuANapabl TyCiHAIPY, MUHEpPanaaHyaplH, 3po3na AeHreiiH bafanay
YWiH KONAaHbINaAbl, COHbIMEH KaTap KeH OPHbIHbIH, 6acka yyackenepiHgeri 6apnay xaHe 6afanay
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Mas3zax baKkbim»xcaH

N3yyeHne reoOXMMHUUECKMX XapaKTepPUCTUK BaKbIpUMKCKOWM pyaHOM 30HbI

Konob6aesa A.H., Mycabaesa M.K., "AmaHrenaikpbisbi A., Ackaposa H.C.,
WUcataeBa ®.M., Teneybek K.E., Ma3ax b.

KapazaHduHckuli TexHuyeckuli YHusepcumem umeHu Abblakaca CaeuHosa, KaparaHda, KazaxcmaH

AHHOTAUMA

B cTaTbe NpeAcTaBiEHO UCCIef0BaHNE FEOXMMUYECKUX OCOBEHHOCTEN PYAHbIX Te BaKbIpUMKCKOM
pyaHoit 30Hbl (BakblpumK, [nybokuii Jlor, 3arafka, [MpomexkyTOYHOE), PacnofioKeHHOU B
*KapmuHckom paitoHe Abaiickoit obnactu. Llenblo uccnefoBaHMA ABAAETCA BbISBAEHUE U
XapaKTepUCTUKA reOXMMUYECKUX 0cOBeHHOCTEN pyAHbIX 06beKTOB BaKbIPUMKCKOTO PYAHOTO NOAA,
a TaK¥Ke aHa/n3 30HaNbHOCTU M pacnpeaeneHnn 31eMEHTOB B PyAHbIX TeNax U 30HaxX PacceaHHoM

Moctynuna: 24 pespans 2025 MUHepanusaumm. [1na reoXMMUYEecKoro aHann3a MCMNoNb30BaHbl Pe3yNbTaTbl CMEKTPasbHOrO
PeueH3nposaHue: 18 mapma 2025 aHanusa no 30 KepHOBbIM Npobam, UCCe0BaHHbIX B aKKpeauToBaHHOW nabopatopuu. Mpobbi
MpuHAaTa B neyvatb: 30 anpens 2025 oTOBpPaHble U3 KepHA CKBAXKUH Pas/iMyHbIX rybuH (B AnanasoHe 550-700m), npoaHann3MpoBaHbl

B BEPTUKaNbHOM Npodune opyaeHEeHUsn, Ha PasINMYHbIX y4acTKax bakbIpUMKCKOro pyaHoro nons,
B Y4aCTHOCTU, C 06beKTOB: BakbipuumK, [ny6okuii Jlor, 3aragka, MpomexKyTouHoe, B 30HaX PyAHbIX
TeN, a TaKkKe B 30HaX ApobneHus, MWIOHUTU3ALMKM, OKBapLueBaHWAa W cynbouaHou
MWHEpPanusaumm, C y4eTom JSIUTONOrMYecKux ocobeHHocTel. Mo pesynbTaTam NpoBeAeHHbIX
reoXMMMUYECKMUX WCCNeA0BaHMI YCTAHOB/IEHbI OCOBEHHOCTM W PasAnuMA B FEOXMMUYECKUX
XapPaKTEPUCTUKAX KPYMHbIX W MENKUX PyAHbIX Tesa, a TaKXKe onucaHbl 0cobeHHOoCTU
pacnpegeneHms XMMUYeCKUX 31eMEeHTOB B 30HAX pacceAHHON MUHepanusaumu. MpakTuyeckas
3HAaYMMOCTb PaboTbl 3aK/OYaeTcA B TOM, YTO BbIABEHHbIE 3aKOHOMEPHOCTU pacnpegeneHuns
3/1EMEHTOB U FEOXMMMUYECKOIN 30HaZIbHOCTU MOTYT BbiTb MCMO/b30BaHbl ANA NMPOrHO3UPOBAHMUA
HOBbIX PYAHbIX TeN, MHTeprnpeTaumm XMMWUYECKMX aHOMANWNIA, OLEHKM 3PO3MOHHOMO YPOBHSA
OopyZAeHeHUs, a TaKKe NO3BOAIOT ONTMMMU3NPOBATb NOUCKOBbIE M OLLeHOYHbIe PaboTbl Ha APYrvMxX
y4acTKax pyZHOro nons.
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Knrouesblie cnoea: reoxmmmyeckas 30HANbHOCTb, pyAHble Tesa, OKoJsiopyaHble Opeonbl,
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