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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. The Bakyrchik gold ore district, located in Eastern Kazakhstan,
represents one of the most promising areas for gold reserve expansion. This paper
examines the geological structure of the district, with a particular focus on the
Kyzylovskiy compression zone as a key element of the ore-bearing structure. Special
attention is given to gold deposits hosted within black shale formations, including
the type locality—Bakyrchik. The study analyzes the lithogeochemical conditions
governing the formation of gold-carbon-sulfide ores, which are associated with
Carboniferous-age carbonaceous marine formations that played a crucial role in
ore-forming processes.

Prospective ore localization zones have been identified, encompassing the
Bakyrchik ore field, which hosts both large deposits (Bakyrchik, Bolshevik)
and medium to small-scale occurrences (Sholabay, Kholodny Klyuch,
Promezhutochnoye, Goluboy Log, Sarbas). The structural characteristics of ore-
hosting rocks and their influence on gold concentration are described. The study
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also explores the role of tectonic deformations, hydrothermal processes, and
metamorphism in the redistribution of gold within ore-bearing zones.

Specific recommendations for geological exploration aimed at expanding the
resource base are provided. Methods of structural-geological and geochemical
analysis are suggested for predicting new ore occurrences. The paper also discusses
the potential for discovering additional deposits within the studied area and the
applicability of these findings to other ore-bearing regions in Kazakhstan.

The results of this study hold significant theoretical and practical value for
gold deposit forecasting and exploration in black shale complexes, as well as for
assessing the potential of analogous structures in other regions. The findings can be
utilized to optimize exploration strategies and the development of gold ore deposits.

Keywords: Bakyrchik, Bakyrchik ore district, Kyzylovskiy deformation zone,
black shale formations, gold deposits.
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Oonpint TaObLIagBl. Makanaga OOJBICTBIH TCONOTHSUIBIK KYPBUIBIMBI OHE KEHI1
KYPBUIBIMHBIH HET13T1 3JIeMeHTi peTiHie KpI3bI bIFbICY aiiMaFbIHBIH EPEKIIeTIKTepi
KapacTelpbuiabl. Kapa Takrarac kabaTTapblHAAFbl alNTbIH KEH OPBIHAAPHIHA,
COHBIH IIIiHAE TUNTIK BakKbIpIIBIK KeH OpHBbIHA epekiie KoHin Oeminemi. Ken
TY311y TpoIlecTepiH/ie MaHBI3IbI POJT aTKapFaH KapOOH JI9YipiHiH KOMIPTEKTi TeHI3
Ty3iTiMIepiMEeH OalIaHBICTBI ANTHIH-KOMIPTEK-CYyTb(PUATI KEHASPIIH TY3UTyiHIH
JUTOTCOXUMHUSUTBIK KaFIaiiapbl TalJaHabl.

Kenni okmaymnayaslH nepcreKTHBAIbIK aiiMaKTapbl aHBIKTAJIbl, OHBIH iIIiHAE
ipi xeH opbIHAaph! 1a (bakeIpiibiK, BOMBIIEBUK), MAFBIH JKOHE OpTa OOBEKTiIEep
ne (Ilonabait, Xonoxuslii xmoy, IIpomexxyrounoe, I'omy6oit Jlor, Capbac) Oap.
Kenni KbIHBICTapABIH KYPBUIBIMABIK EPEKLICTIKTEPi JKOHE ONapiblH alThIH
KOHIEHTpaLMsIChIHA ocepl cumartairaH. Kenai aiiMakTapia aiTbIHHBIH KalTa
OeMiHYIHAETI TEKTOHUKAIBIK OY3BUTYJIAPbIH, THAPOTCPMHUSIIBIK MPOIECTep MEH
MeTaMophU3MHIH pelli KapacThIpbUIaAbl. PecypcThiK 0azaHbl KeHEHTyre OarbIT-
TaJFaH reoJIOTUSUIBIK Oapiay >KYMBICTApbIH KYPri3y OOWBIHIIA HAKTBI YChIHBICTAD
Oepinren. YKaHa keH 00beKTiNIepiH OoKayFa O0NAThIH KYPBUIBIMIBIK-TEOIOT FSLTHIK
JKOHE TEOXUMUSUIBIK Tajjiay oficTepi KepCeTUIreH. 3epTTeNeTiH ayMaK IIeriHe
»aHa KeH OpbIHJApbIH O0JKay JKoHE aslblHFaH MaimMertepai KazakcTanHblH Oacka
KeH/Ii alilMaKTapblHa KOJIaHy MYMKIHJIIT1 Moceesepi KapacThIPhLUIFaH.

3epTTey HOTHXKEJEepl Kapa TakTaTac KeUICHICPiHAEer! auTblH KeH OPbIHAApbIH
Ooipkay >koHe Oapnay YIIiH, COHIAK-ak 0acka aliMakKTapAarbl YKCAc KYpPbUIbIM-
JapAblH oNieyeTiH Oarajay YIIIH MaHBI3ABI TEOPHSJIBIK JKOHE IPAaKTHUKAJBIK
MOHIe He. AJIBIHFaH MOJIIMETTEpP alThIH KEH OPBIHIAPBIHBIH Oapiiay >KoHE Hrepy
CTpaTerusIapblH OHTAWIaHABIPY YIUiH Mai1anaHbluTybl MYMKIH.

Tyiiin ce3nep: bakppmibik, BakpIpIIbIK KeH i aiiMarbl, KbI3bUT BIFBICY aliMaFFI,
Kapa TaKTarac KadarTapsbl, aJlThlH KEH OPbIHIAPHI.
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AHHOTanus. DBaKbIPIIBIKCKUI 30JI0TOPYAHBIN paloH, pPacHOJOXKEHHBIH B
Boctounom Kazaxcrane, siBiseTcst OqHOM 13 HanOos1ee MepCreKTHBHBIX TEPPUTOPHI
JUIsL PacIIMpEeHusl 3alacoB 30JI0Ta. B crarbe paccMarpUBarOTCs I'eOJIOTHYECKOe
CTpoeHHUE paiioHa M 0COOEHHOCTH KBI3BIIIOBCKOH 30HBI CMATHUSI KaK KIIOUYEBOTO
3NIEMEHTa PYIOHOCHOH cTpyKTyphl. Ocob00e BHUMaHKE YIEIEHO MECTOPOKICHUIM
30J10Ta B YEPHOCIAHILIEBBIX TONINAX, BKIKYAs TUIOBOE MECTOPOXKICHHE
BakpIpiiblk. AHaIM3HPYIOTCST JIUTOTCOXHMHUYECKUE YCIOBUS (OPMUPOBAHUS
30JI0TO-YIJIEPOANCTO-CYNb(OUAHBIX Py, CBSI3aHHBIC C YIIEPOIUCTHIMA MOPCKHMU
(dbopManusiIMi KaMEHHOYTOJILHOTO BO3pacTa, KOTOPBIE CHITPalil BaXXHYIO POJb B
nporeccax pyaooOpa3oBaHusl.

Belaenensl  NEpCHEKTHBHBIE  30HBI  PYyJHOM  JIOKAJIM3AallUMM, BKIIOYas
bakbIpIIBIKCKOE pyJHOE IIOJIe, COAEpXKAllee KaK KpPYIHbIE MECTOPOXKICHUS
(baxwipmbik, BonbiieBuk), Tak n Meskue 1 cpeanue 00bekThl (L onabait, XomomHbiit
Kitou, TIpomexyrounoe, lomyboit Jlor, Capbac). OmnucaHbl CTPYKTypHBIC
0COOCHHOCTH PYJIOBMELIAIONINX MMOPOA U WX BIUSHHE HAa KOHIIGHTPAILUIO 30J10TA.
PaccmarpuBaercs posib TEKTOHMYECKUX HAPYLLIEHUH, THAPOTEPMAIIbHBIX IIPOLIECCOB
u MetamMopdu3Ma B IepepacnpeeIeHuH 30JI0Ta B IpeeiaX PyIOHOCHBIX 30H.

IIpuBeneHbI KOHKPETHBIE PEKOMEHIALIMH 10 IIPOBEACHHIO I'€0I0rOpa3BeJ0YHbIX
paloT, HampaBlICHHBIX HA pacUIMPEHHE PECypCHOM O0a3bl. YKazaHbI METOIbI
CTPYKTYPHO-TEOJIOTHYECKOTO U F€OXMMHYECKOTO aHaIN3a, KOTOPBIE MOTYT OBITH
WCTIOJIB30BaHBI JUIsSl MPOTHO3MPOBAHMS HOBBIX PYAHBIX O00BEKTOB. PaccMoTpeHb
BOIIPOCHI IIPOTHO3a HOBBIX MECTOPOKICHUH B IIpeieax UCCIENYyEMON TEPPUTOPUU
U BO3MOXHOCTh IPHMEHEHMS IIOJYYEHHBIX JAHHBIX K JPYTUM PYIOHOCHBIM
paifonam Kazaxcrana.

Pesynbrarsel ucciie0BaHUS MUMEIOT Ba)XXHOE TEOPETUYECKOE U IPAKTHUECKOE
3HAQYEHUE Il IPOTHO3UPOBAHMS M Pa3BEJKM MECTOPOXKACHUM 30J0Ta B
YEPHOCIAHIEBbIX KOMILIEKCAX, & TaKXKe JUIsl OLEHKH MOTCHIMAIA aHAJIOIMYHBIX
CTPYKTYD B IpyTuX peruonax. [lomyueHHbIe JaHHbIE MOTYT OBITh HCTIOJIB30BAHBI JJIS
ONTUMM3ALUU CTPATErUM Pa3BEIKU U OCBOEHUS 30JI0TOPYAHBIX MECTOPOXKACHUMN.

KuroueBbie ciioBa: bakbipiibik, bakspiislkckuii pyiHbIi paiioH, KeI3putoBekas
30HA CMSATHUS, YEPHOCIAHLIEBBIE TOJIIU, MECTOPOKACHUS 30J10T4a.

Introduction. Gold is one of the key mineral resources playing an important
role in the global economy. The necessity of conducting prospecting and geological
exploration to expand gold reserves in Kazakhstan is evident. Gold deposits in black
shale formations are highly attractive in terms of resource potential. Gold deposits
of the black shale type are localized in carbon-bearing sediments covering a wide
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stratigraphic range from the Proterozoic to the Mesozoic-Cenozoic. More than 15
giant and large deposits of this category have been recorded across Asia, with total
resources exceeding 12,000 tons of gold. A significant portion of these deposits
is concentrated in CIS countries, including Uzbekistan (Muruntau, Myutenbai),
Kyrgyzstan (Kumtor, Taldybulak, etc.), Russia (Sukhoi Log, Natalka, Sovetskoye,
etc.), and Kazakhstan (Bakyrchik, Bolshevik, etc.). All of these deposits are
characterized as complex polygenetic formations.

The Bakyrchik gold ore district is located in Eastern Kazakhstan and is one of
the promising areas for expanding gold reserves. Several zones have been identified
here, including the Kyzylovskiy deformation zone, the Parallel zone, the Western
Kalba Fault zone, and others (Figure 1).

This article examines the geological characteristics of the Kyzylovskiy
deformation zone, the specific features of gold deposits in black shale formations
using the Bakyrchik deposit as an example, as well as the prospects and specific
recommendations for geological exploration aimed at expanding gold reserves in
the Bakyrchik ore district (Zholtaev, 2024: 11; Marchenko, 2011: 9).

Materials and Methods

This study is based on a comprehensive analysis of geological, geophysical, and
mineralogical data obtained from the Bakyrchik and Bolshevik deposits, as well as
from the Bakyrchik ore district as a whole. Additionally, we utilized data provided
by S.A. Stepanov. The recommendations regarding the exploration prospects were
developed using his insights and data.

Ore-controlling Kyzylovskiy zone.

The large gold deposits Bakyrchik and Bolshevik are located within the
Kyzylovskiy zone of the Western Kalba gold-bearing belt in Eastern Kazakhstan.
Carboniferous carbonaceous-terrigenous marine formations play a significant
role in their geological structure, serving as a lithogeochemical foundation for
subsequent metamorphic processes that led to the formation of industrial gold-
carbon-sulfide deposits (Atlas of models of mineral deposits, 2004: 140; Gavrilov,
1971: 7). The Kyzylovskaya ore-controlling thrust zone is conventionally divided
into three sections from west to east: western section — Bolshevik deposit, including
the Western Bolshevik, Chalobay, and Kholodny Klyuch sites; central section —
Bakyrchik deposit, including the Central, Intermediate, and Glubokiy Log sites;
eastern section — Sarbas deposit and the Carmen ore occurrences.
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Along the thrust zone, a unified Bakyrchik ore field is identified over a distance of
15 km, encompassing similar-type deposits. In addition to Bakyrchik and Bolshevik,
it includes small and medium-sized deposits such as Sholabay, Kholodny Klyuch,
Promezhutochnoye, Goluboy Log, and Sarbas (Figure 1).

According to seismic exploration data, the Kyzylovskiy zone extends to a depth
of up to 3 km from the surface (with a total dip depth of 5.0-5.5 km) and has an
average dip angle of 35-40° to the north. The thickness of this zone at the surface
varies from 15 to 30 meters and reaches up to 300 meters.

Initially formed as a major splay fault of the Western Kalba deep fault (strike-
slip), this structure later underwent multiple tectonic transformations, resulting in
the formation of a complex fault-related deformation zone. A characteristic feature
of'this zone is the presence of ductile deformations at its base and brittle dislocations
in its upper part (Zhautikov, 1987: 448; Zhautikov, 1985: 6).

Overall, the Kyzylovskiy zone is characterized by a highly complex structure,
with more than 70 ore bodies identified within its territory. Of these, 35 ore bodies
have been explored to depths of 160-200 meters and up to 1,000-2,000 meters
down-dip, with an average gold grade of 810 g/t.

The largest ore body, No. 1 of the Bakyrchik deposit, extends 170 meters along
the surface and reaches 200-500 meters at various depths without significant
thickness reduction with increasing depth. This ore body has been traced down-dip
to 700 meters. Its morphology is highly complex, featuring significant thickening in
the central part and occasional pinching and branching at the flanks. The maximum
ore body thickness reaches 32.8 meters (Umarbekova, 2021: 8).

The stratigraphic section of the Kyzylovskiy zone includes the Aganaktinskiy
(C,s), Bukonskiy (C,), and Bakyrchikskiy (C,) formations, which formed within a
residual, degrading marine and later continental sedimentary basin (Figure 2).

C, =@ —W>200 | Bakvrchik, Bolshevik
C.mi—@—W1100 | Dalnee I

' o O ©

bl -— — W 395
L.’;bl —m——) 025 | Kilometrovoe
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O Juiiiy 940 zone
Bakyrchik black shale formation (C,);
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Carbonaceous-terrigenous formations are located within a narrow trough,
60-90 km wide and extending over 750 km. The internal structure of this trough
is characterized by complex folding, the extensive development of metamélange
facies within the axial subzone, as well as olistostrome facies and thrust-nappe
dislocations associated with the late-collisional stage (C,-P,) of the region’s
evolution.

The key features of the depositional conditions of carbonaceous-terrigenous
formations that determine the gold-bearing profile of the region include:

1) The composition and structure of the Caledonian basement, represented
by a melanocratic, locally sialitized complex of metamorphic oceanic crust. This
contrasts with the neighboring Kalba-Narym and Zharma-Saur geoblocks of the
Hercynides, which developed on continental crust.

2) The ophiolitic composition of the underlying formations (O,-D,fm),
predominantly consisting of spilite-diabase and limestone-siliceous sequences.

3) The presence of volcano-terrigenous deposits directly beneath the
carbonaceous-terrigenous sequences, containing a large number of gold-sulfide
occurrences.

4) The subsequent multiple transformations of petro- and ore-forming components
of carbonaceous-terrigenous rocks due to diagenetic, dynamometamorphic, and
magmatic processes, which contributed to the gradual conversion of initially mobile
gold forms (ionic and colloidal) into native gold (Evgeny, 2017: 115).

The carbonaceous-terrigenous complex is dominated by coastal-marine molasse
deposits (C,s-C,b) with a thickness ranging from 2,000 to 4,500 m. Based on carbon
content (Corg = 0.3-2.1%), these rocks are classified as low-carbonaceous. Above
this, the marine molasse transitions into a highly carbonaceous terrestrial formation,
characterized by gray-colored argillaceous sandstones and fluviolacustrine high-
carbonaceous black shale lithofacies with dispersed organic matter of sapropelic
and plant-detrital origin. The carbon content (Corg) in these formations varies from
0.3-0.6% to 14.5%, with an average of 0.96%.

Lenses of anthraxolite, interlayers of coal, siderite-chamosite bog ore
concretions, phosphatic nodules, and horizons and lenses of polymictic suspension
flow deposits and collapse breccias with “pebbles” of black siltstones are widely
distributed. In ore zones, carbonaceous material is present in the form of fine blind
microveins, disseminations, and small nests. The fracture zones contain deformed
and schistose rocks, as well as quartz-carbonaceous breccias enriched with gold-
bearing pyrite.

These breccias contain monomineral segregations of carbonaceous matter
identified as shungite (according to Marchenko L.G.). Specific facies of C,
deposits enriched with syngenetic ore material are also present. These ores, along
with carbonaceous-clayey aleuropelites, are frequently found in fragments of
postsedimentary breccias. Under the influence of localized tectonic stress along
faults, combined with late diagenetic and catagenetic rock transformations, these
formations progressively acquired high mobility, undergoing general hydroplastic
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extrusion and layer flow. This process facilitated the solid-state transport of mineral
substances, leading to the separation of gas-fluid components and the formation of
ore-bearing metamorphogenic-hydrothermal systems (Zhautikov, 1985: 6).

The ore-generating energy capacity of carbonaceous-terrigenous sediments
is determined by the presence of highly migratory organometallic compounds of
carboxylic acids with heavy metal ions, which, during metamorphism, transition
into hydrothermal solutions. Additionally, the heterogeneous layered internal
structure of the sedimentary sequence, which includes both productive components
and reservoir rocks, contributes to this process. This could explain the frequent
localization of gold mineralization within layered (often rhythmically layered)
carbonaceous-terrigenous sequences.

At the Bakyrchik and Bolshevik deposits, the dominant gold phases are colloidal
and ionic, while free native gold is predominantly present in a finely dispersed form.
The highest concentrations of native gold are recorded at levels of 5-10 g/t in ores
with dense disseminated and massive pyrite-arsenopyrite mineralization. These
findings indicate that free native gold could have significant industrial value in the
Bakyrchik deposit ores. However, according to rational analysis of a technological
sample, the content of free amalgamable gold is only 0.14 g/t, representing 2.02%
of the total gold content (with an average of 6.9 g/t) in the ores.

Native gold at the Bakyrchik deposit exhibits distinctive features, including a
fine, spongy structure and crystalline (hollow crystal) formations, with gold grains
measuring 30—50 microns. In addition to hundreds of small grains, there are also
dozens reaching sizes of 1-2 mm.

The metasomatic zonation of the Bakyrchik deposit is as follows. In the upper
horizons, carbonaceous-kaolinite-hydromuscovite metasomatites are present, while
carbonaceous-sericite alterations have a widespread, “pervasive” distribution, with
the most intense development in the central part of the deposit. The lower level
is characterized by a sericite-phlogopite-carbonate association with anorthite and
tourmaline (Rafailovich, 2009: 7). Carbonate accumulations (breunnerite, ankerite,
dolomite) are associated with quartz, native gold, chalcopyrite, and scheelite in
deeper horizons. Albite and albite-chlorite alterations (10-20%) occur along
fracture zones, extending for hundreds of meters, and are widespread in the supra-
ore and upper ore zones. Fine-veined albite-chlorite mineralization is associated
with supra-ore migration halos of carbonaceous material, serving as an indicator of
“hidden” mineralization.

The deposit hosts at least 35 ore minerals (Gavrilov, 1971: 7; Zhautikov,
1987: 448), which form five paragenetic associations: Early: Melnikovite-pyrite-
pyrrhotite-marcasite (with niccolite and pentlandite); Ore-forming: Gold-pyrite-
arsenopyrite (with cubanite and gersdorffite), gold-quartz-polymetallic (with
sulfosalts, chalcopyrite, galena, sphalerite), and gold-quartz-carbonate-scheelite-
chalcopyrite (with breunnerite, dolomite, aikinite, and native gold); Late: Quartz-
carbonate-stibnite-tetrahedrite (with marcasite and remobilized gold).

The gold-pyrite-arsenopyrite association has a “pervasive” distribution
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throughout the deposit. At greater depths, the melnikovite-pyrite-pyrrhotite-
marcasite and gold-quartz-carbonate-scheelite-chalcopyrite associations are
dominant, whereas the gold-quartz-polymetallic and quartz-carbonate-stibnite-
tetrahedrite associations are more common in the middle and upper horizons.

More than 90% of the total sulfide mass and gold balance is concentrated in
disseminated and vein-disseminated gold-pyrite-arsenopyrite mineralization. In
the upper horizons, pyrite dominates over arsenopyrite, occurring 3.5 times more
frequently. However, in the middle and deeper horizons, the reverse pattern is
observed, with pyrite being subordinate (ratio 1:3). Iron disulfide (FeS:) forms
aggregate accumulations as well as crystals of various morphologies, including
globular, cubic, pentagonal dodecahedral, and cuboctahedral shapes (Shao, 1982: 10).

Gold is concentrated in pyrite and arsenopyrite. The highest gold concentration
in pyrite is observed in the upper part of the main ore zone, whereas in arsenopyrite,
it is found in the lower part of the main zone and the root zones.

Small ore bodies located on the flanks (e.g., Promezhutochnoe, Glubokiy Log,
and others) are characterized by a simple elemental composition and reduced
zonality. V.A. Narseyev and his co-authors (Narseev, 2001: 174) note that studies of
ore zonality at Bakyrchik indicate low gradients in ore properties and mineralization
with depth. These findings strongly suggest a significant extent of mineralization,
reaching 2.5-3 km. This is further supported by the gold fineness gradient (5% per
100 m), vertical geochemical zonation (VGZ), and the thermoelectromotive force
(TEMF) of pyrites and arsenopyrites.

During the sedimentogenic sedimentary-diagenetic stage, gold, along with
associated nickel and cobalt, was extracted by juvenile fluids from ultramafic
rocks of the oceanic basement and serpentinite protrusion zones during periods
of tectonic activation. The mobilized gold precipitated in a mud-rich environment
of shallow-water basins and submarine deltas, characterized by high organic
matter content and hydrogen sulfide. Globular-framboidal pyrite inclusions and
veinlets developed, leading to the formation of rhythmically layered gold-bearing
carbonaceous-clay and carbonaceous-aleurolite-pelite sediments during diagenesis.
The carbon isotope composition of these rhythmites (6'3C = -14 to -31 %o) indicates
a biogenic origin (Zairi, 1987: 7).

Gold remobilization and migration occurred in the form of hydrosulfide
complexes Au(HS)2, under diagenetic conditions in a weakly alkaline environment
at temperatures ranging from 100-150°C.

The highest amount of native gold has been recorded in densely disseminated
and massive pyrite-arsenopyrite ores.

Under high-temperature conditions of zeolite and chlorite-sericite metamorphic
facies, along with cleavage flow of rocks, dehydration of epizonal carbonaceous-
terrigenous sediments occurred. This process led to the extraction of gold in
the form of chloride complexes AuCl: and the formation of hydrothermal-
metamorphogenic solutions, which circulated through highly fluid-permeable
ductile faults (Umarbekova, 2017: 7).
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Considering its explored reserves and potential for further development, the
Bakyrchik deposit represents a site of significant interest from a microbiological
perspective, especially in the context of ore beneficiation via bioleaching.

Bakyrchik ores are also valuable as a potential source of platinum group metals
(PGMs). Studies conducted by researchers from Tomsk Polytechnic University
(Korobeinikov) have shown that sulfide-rich aleurolites and aleurosandstones
contain metals such as platinum (Pt) and osmium (Os) at levels reaching the first
grams per ton (g/t). In vein-disseminated pyrite-arsenopyrite ores of Bakyrchik, PGM
concentrations reach up to 1.0 g/t, while platinum content in gold ores averages 0.4
g/t. Platinum accumulation occurs in gravity and flotation concentrates, necessitating
further research to assess the reproducibility of PGM concentrations and to deepen
the study of their occurrence forms (Antonov, 2012: 152; Kovalev, 2014: 12).

The Bolshevik deposit is located 5 km west of the Bakyrchik deposit and is
part of the Bakyrchik ore district. The northwestern section, associated with the
West Kalba Fault, is referred to as Western Bolshevik. To the southeast and west
of the known ore bodies, similar deposits are likely to be found, but geological
exploration in these areas has been minimal. Sparse drill holes have recorded gold
grades of up to 50 g/t.

Results and Discussion

It is recommended to conduct a geochemical survey across the Bakyrchik ore
field. However, traditional surveys based on secondary dispersion halos are likely
to be ineffective due to significant anthropogenic contamination in the area. At
this stage, geochemical exploration should focus on primary dispersion halos,
employing active drilling methods such as hydraulic core transport, pneumatic
drilling, and auger drilling. Drilling should be conducted along known fault lines.

Special attention should be paid to the valley of the Kyzyl-Su River, where the
West Kalba fault and the western continuation of the Kyzylovskiy deformation
zone intersect. The valley is filled with Neogene clays up to 30—70 meters thick in
the area of the Bolshevik deposit. In such conditions, hydraulic core transport is the
most effective drilling method. Gold-bearing alluvial gravels are often encountered
beneath the clays and should be sampled for heavy mineral (placer) gold.

In the Kyzyl-Su valley, under the Neogene clays, ore bodies typically lack
oxidation zones, and oxidized ores are not expected in this area. However, oxidized
gold-bearing ores may be encountered where ore bodies emerge on the elevated
right bank of the river.

Ore-controlling structures consist of multiple faults and fractures with diverse
orientations and planes. Therefore, exploration should aim to identify potential
extensions of ore bodies in various spatial directions, accounting for all possible
structural disruptions.

The Sarbas deposit is located on the eastern flank of the Kyzylovskiy deformation
zone, beyond its intersection with the Northwest fault. The presence of this deposit
confirms the eastward continuation of the Kyzylovskiy zone, justifying further
exploration in that direction.
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The Northwest fault zone is considered highly prospective for oxidized gold-
bearing ores, especially south of the Kyzylovskiy zone. The fault comprises
a series of quartz veins with mineralized selvages. These veins, including Vein
31, Kapitalnaya, and the Sviryepaya and Berbaly series, are hosted in subparallel
northwest-trending fractures. Vein thickness ranges from 0.3 to 1.5 meters, with
mineralized selvages extending 1-2 meters on each side, resulting in total ore body
widths of 1 to 6 meters. Oxidized ores in this area contain average gold grades of
around 2 g/t. These veins were partially mined by artisanal cooperatives during the
1940s—50s to shallow depths (5—10 m), targeting ore with grades exceeding 5 g/t.
The southern portion of the Northwest fault stretches over approximately 5 km and
warrants comprehensive exploration along its full length. This could potentially
increase oxidized ore reserves, supporting mid-scale mining operations for 10—15
years. Heap leaching is recommended for ore processing.

Southwest of the southern segment of the Northwest fault lies a partially
exploited and currently mothballed site called Lest. Its future potential should be
re-evaluated.

The West Kalba fault zone is largely overlain by Neogene clays 30—70 meters
thick, beneath which primary sulfide ores begin immediately. Therefore, substantial
additions to oxidized ore reserves are unlikely in this zone. However, oxidized ores
have been observed on the right bank of the Kyzyl-Su River and at the Kara-Shoky
deposit. The potential for discovering sulfide ores remains high, as exemplified
by the Central Kostobe deposit, where drilling has traced five parallel ore bodies
continuously over a 4-km strike length. A similar pattern is observed at Kara-Shoky,
and the intervening 30-km area between these deposits remains underexplored. The
Zapadny Bolshevik deposit is only partially explored. In the West Kalba fault zone,
many deposits are not fully delineated along strike and dip. The ore bodies here are
comparable in thickness and grade to those at Bakyrchik. Given that the West Kalba
fault is twice as long as the Kyzylovskiy zone, it is reasonable to assume it may
contain twice the amount of gold reserves.

Conclusion

In conclusion, the projected resources of oxidized ores in the Northwest fault
zone and Kyzylovskiy deformation zone, as well as the forecasted resources of
sulfide ores in the West Kalba and Northwest fault zones, along with the potential
for buried gold placers in the Kyzyl-Su valley, represent highly promising targets
for resource expansion within the Bakyrchik ore district.
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