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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The Bestobe deposit, located within the Seletin ore
district of Northern Kazakhstan, is one of the major quartz-vein gold deposits
and represents a significant object for studying the regularities of gold—sulfide—
quartz mineralization formation. Under conditions requiring the expansion of
Kazakhstan’s mineral resource base and improvement of exploration efficiency,
particular importance is attached to studies aimed at refining genetic models of
ore formation, identifying factors controlling gold mineralization localization, and
improving criteria for assessing concealed and deep-seated mineralization. Despite
the long history of geological investigation and mining at the Bestobe deposit,
questions concerning the stage-wise evolution of ore formation, the role of deep-
seated faults, carbonaceous sequences, and hydrothermal fluids in the formation of
economic gold concentrations remain debatable. Objective. The aim of the study is
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to develop and substantiate a model for the formation of gold mineralization at the
Bestobe deposit based on the analysis of its geological structure, structural—tectonic
position, mineralization types, and stages of ore formation. Methods. The study is
based on the integrated analysis of geological, structural-tectonic, mineralogical,
and geochemical data on the Bestobe deposit. Field observation materials, results
of ore composition studies, data on the morphology of quartz-vein bodies, textural
and structural features of mineralization, as well as published and archival materials
were used. Particular attention was paid to the role of fault structures, carbonaceous
terrigenous-sedimentary sequences, and hydrothermal-metasomatic processes
in the localization and redistribution of gold. Results. It was established that the
distribution of gold mineralization is controlled by a system of deep-seated and
fault-related structures of northeastern, latitudinal, and northwestern trends, which
ensured prolonged and multiphase circulation of ore-forming fluids. Preparatory
lithochemical, main quartz-vein, and late productive stages of ore formation
were distinguished. It was shown that, during the early stage, dispersed gold
and early sulfide mineralization accumulated within carbonaceous terrigenous-
sedimentary sequences. The main stage is characterized by the formation of quartz
veins, the development of banded, crustiform, and brecciated textures, and the
generation of economic gold concentrations. During the late stage, processes of
gold remobilization and redeposition were identified, resulting in the formation of
high-fineness native gold and telluride- and bismuth-bearing mineral associations.
Conclusions. The proposed model of gold mineralization formation at the Bestobe
deposit refines current concepts of the mechanisms of gold—sulfide—quartz deposit
formation and may be used to improve exploration criteria for assessing concealed
and deep-seated mineralization in analogous geological and structural settings of
Northern Kazakhstan.

Keywords: Bestobe deposit, quartz-vein mineralization, structural control,
hydrothermal processes, ore-forming fluids, stages of ore formation
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AnHoramusi. Ozexminiei. Conrycrik Kaszakcrannmarsl Ceneri KeHJII aymaaHbl
IMeTiHAe OpHalackaH becrteOe KeH OpHBI KBapI->KeIiIl THITETi ipi ajdThIH
KEeH OpBIHJAPBIHBIH Oipi OONBIT TaOBIIAABl JKOHE alTBhIH-CYJIb(HUITI-KBAPIITHI
MUHEpAJIIaHyIbIH KaJIBINTacy 3aHIBLUIBIKTAPBIH 3€PTTEY YIIIH MaHBI3/Ibl HBICAH
cananazabl. KazakcTaHHBIH MUHEPAIIBIK-IIHKI3aT 0a3achlH KEHEHUTY sKoHe OonKay-
13/IECTIPY KYMBICTAPbIHBIH THIMJUIICIH apTThIPY KaKETTUIIr KarJalblHIa KEH
TY3UIyIHIH T€HETUKAJIBIK MOCJBJCPIH HAKThUIAyFa, ajlThlH MHUHEPAJIaHybIHbIH
JIOKAIN3AIMACHIH OaKbUTAWTBHIH (DaKTOpIapAsl aHBIKTAayFa >KOHE JKACBIPBIH dpi
TepeH OpHaacKaH KeHJIeHYl O0aranay KpUTEepHIIIepiH )KeTiaipyre OarbITTalFan
3epTTeyiep epeKIe 03eKTLTKKe ne. becTe0e KeH OpHBI Y3aK YaKbIT OOMbI 3epTTEIIIIL,
UTEpuIiNl Keje jKaTKaHbIHAa KapamacTaH, KeH TY3UIy NpPOLECIHIH CaTbUIBUIBIFBI,
TEpPeH JKapbUIBIMAAP/AbIH, KOMIPTEKTi KaOaTTapiblH MOHE THAPOTEPMAIIIbIK
GuonATepIiH OHEPKICINTIK aNThIH IOFBIPIAPBIH  KAJBINTACTBIPYIAFbl PO
TypaJIbl MOceJieliep oli 1e MiKipTamacTsl OONBITT OTHIp. Maxcamovl. 3epTTEYmiH
Makcatsl — becTeOe KeH OPHBIHBIH TEOJOTHSUIBIK KYPBUIBICHI, KYPBUIBIMJIBIK-
TEKTOHMKAJBIK JKaFJaibl, MUHEpaJlaHy THUOTEPi MEH KeH TY3UIy caTbUIapbIH
Tajjay Heri3iHAe aiThlH MHHEPaJAaHyBbIHBIH KaJbIITaCy MOJEINiH d3ipiey
XKOHe Herizney. Odicmepi. 3eprrey bectebe KeH OpHBI OOWBIHIIA TEOTOTHUSIIBIK,
KYPBUIBIMJIBIK-TEKTOHUKAJIBIK, MUHEPATOTUSITBIK KOHE TCOXUMHUSLITBIK
JIepeKTepai KemeH Il Taimayra HerizgenreH. [lamanslk Oakpliay Marepuaiaaphbl,
pymanmapbslH 3aTThIK KYPaMbIH 3€pPTTEy HOTIDKENEpi, KBapIl-Kelisli JeHeNepaiH
MOP(]OJIOTHACH, MHHEPAIAAHYIBIH TEKCTYPAIBIK-KYPBUIBIM/IBIK EpeKIIeTiKTepi
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XKOHIHAETT MONIMETTep, COHJAN-aK >KapHsJlaHFaH >XOHE KOp MaTepHalaapbl
naiifanaHpuAbl.  ANTHIHHBIH JIOKaJW3aLMsAChl MEH KalWTa TapalyblHAAFbl
YKaPBUTBIMIBIK KYPBUTBIMIIAP/IBIH, KOMIPTEKTI TEPPUTEHII-IIOTiH/I KabaTTapsIH
XKOHE T'HIPOTEPMAIABIK-METACOMATHUKAJIBIK IIPOLECTEPIIH POIIHE epeKIle Ha3ap
aynapbuinel. Homuowcenepi. ANTBIH MHUHEpajlaHYbIHbIH OpHAJACybl COJTYCTIK-
IIBIFBIC, €HAIK KOHE COJNTYCTIK-0aThiC OaFbITTarbl TEPEH JKOHE KAPbUIBIM MaHbI
KYPBUIBIMJIAPBIHBIH KYHeCciMeH OaKbUIaHATBIHBI aHBIKTAIJIBI, OYJ1 KYphUIBIMIAP
KeH Ty3ymi QuouaTepaiH y3aK Mep3iMii  opi  kerdaszayibl  ailHaJIBIMBIH
KaMTamachl3 eTkeH. KeH Ty3UlyiHiH JalbIHJBIK JMTOXUMHUSUIBIK, HETI3r KBapIl-
KEJIT JKOHEe Kell eHIMAI caThliapbl aKblpaTbUiAbl. EpTe KezeHae KeMipTeKTi
TEeppUTeHAi-IIeTiHAl KabaTTapia IIAIIBIpAaHKBl ANTHIH MEH epTe Cyab(QUATI
MUHEpaNJaHyIblH JKMHAKTAIybl >KypreHi kepcerinai. Herisri keseH KBapi
JKEIJIEPiHIH KaIbITACYbIMEH, JKOJIAKThI, KPYCTH(PUKAIUSIIBIK KOHE OPEKUHSITBIK
TEKCTypajlapAblH J1aMybIMEH, COHJAi-aK ©HEPKICINTIK aJThIH LIOFBIPIAPBIHBIH
Ty3lnyiMeH cunarranafgsl. Kemr ke3eHae aiaTbIHHBIH PEMOOMIM3ALMICHl MEH
KalTa TyHY NpOLECTepi aHBIKTANIbI, HOTHXECIHAEC KOFaphl ChIHAMAaJbl TaOUFU
QJITBIH JKOHE TEJUTYPUITI-BUCMYTThl MUHEPAJIbIK acCOLUALMsIIAp KaJIbIITACKAH.
Kopvimbinovinap. ¥ ceiapuirad becte0e keH OpHBIHBIH alIThIH MIUHEPAJIIaHybIHBIH
KAIBIIITaCy MOJEII aNThIH-CYIb(UATI-KBAPIThl KEH OPBIHJAPBIHBIH TY31Iy
MeXaHU3MJIepl Typasibl Kas3ipri TYCIHIKTepAi HakThUIaigsl koHe ConTycTik
Kazakcrangarsl yKcac reoorHsuTbIK-KYPBUTBIMIBIK, JKaFIainap/ia >KacblpbIH KoHE
TEpeH OpHaJlacKaH KeHJeHYy/1 Oaranay Ke3iHae Ooikay-i3aecTipy KpuTepuiliepin
KETIAIPY YLIIH naiiadaHbulybl MYMKiH.

Kiar ce3nep: becreOe keH OpHBI, KBapI-TaMblp MUHEPAJIJAHYbl, KYPBUTBIMIBIK
0akbuIay, TUAPOTEPMUSUIBIK MPOLECTEP, KeH TY3YLIl CYHWBIKTBIKTAp, KEH TY3i1y
Ke3eHaepi
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AnHOTanus. AkmyarvHocms. MectopoxeHue becrobe, pacnonokeHHOE B
npenenax CeneTuHCKOro pymHoro paiiona CesepHoro KaszaxcraHna, OTHOCHUTCA
K YHCIy KpPYIHBIX 30JOTOPYAHBIX OOBEKTOB KBAapLEBO-KWIHHOIO THIA U
MIPE/ICTABISIeT 3HAYMTENBHBIN HAayYHBI HWHTEpPEC C TOYKH 3pPEHUS HU3yUeHUs
3aKOHOMEpHOCTe! (hOPMUPOBAHUS 30JI0TO-CYIb(UIHO-KBAPIIEBOTO OpyACHEeHNS. B
YCIIOBUSX HEOOXOIMMOCTH PACIIUPEHUS MUHEPAIBHO-ChIpheBO 0a3bl Kazaxcrana
Y TOBBIIICHUS 3()PEKTUBHOCTH Fe0JI0rOPa3BE0YHBIX pabOT 0COOYI0 3HAYUMOCTh
NpHOOPETaIOT HCCIIE0BaHMs, HAlpaBlieHHbBIE HA YTOUYHEHHE T'E€HETHYECKUX
MoJiesiel pya000pa3oBaHus, BhISIBICHUE (PAKTOPOB JIOKATM3AIUH 30JI0TOHOCHON
MUHEpaM3allid ¥ COBEPIIEHCTBOBAHHE IPOTHO3HO-TIONCKOBBIX KPHUTEPUEB
CKPBITOTO W TIYOMHHOTO OpyJeHeHHs. HecMOTps Ha IINTENBHYIO HCTOPHIO
TeOJIOTHYECKOTO HM3Y4YeHHS M TPOMBINUICHHOW SKCILTyaTallil MECTOPOXKICHUS
BecTobe, BOpoChI CTaAMIHOCTHU PYyI000pa3yOIIUX MPOIIECCOB, POJIU TIIyOUHHBIX
Pa3IoMOB, YIIIEPOAUCTHIX TONI U THAPOTEPMAIbHBIX (IOUI0B B (OPMUPOBAHUN
MPOMBIIICHHBIX KOHILIEHTPAIMKA 30JI0Ta OCTAIOTCS JTUCKYCCHOHHBIMU. [[enb.
Pazpaborate W 000CHOBAaTH T'€OJIOTO-TEHETUYECKYIO MOJICHh (OPMHPOBAHUS
30JI0TOTO OpPYACHEHHS MECTOpOXKIeHuss becTtobe Ha OCHOBE KOMILJIEKCHOTO
aHaJIM3a ero Te0JIOTUYECKOTO CTPOSHUS, CTPYKTYPHO-TEKTOHUYECKOTO ITOJIOKEHUS,
0COOCHHOCTEH MIUHEPATH3AIUH U IO CIISI0BATSILHOCTH CTAAHNH PYI000pa30BaHusl.
Memooul. ViccnemoBaHue OCHOBAHO HA KOMIUICKCHOM aHAJIN3E€ TE€OJIOTHYECCKUX,
CTPYKTYPHO-TEKTOHUYCCKUX, MUHCPATIOTUYCCKUX U I'COXUMHUYCCKUX JAaHHBIX I10
MecTopokaeHnio bectobe. Vcmomp30BaHEl MaTepHalbl MOJIEBBIX TEOJIOTHYECKIX
HaOIIOIGHNH, pPe3ylbTaThl M3y4YeHHUs BEIIECTBEHHOTO COCTaBa Py, JaHHBIE O
MOp(]OIOTHH KBapIEBO-KUIBHBIX TEIl U TEKCTYPHO-CTPYKTYPHBIX 0COOEHHOCTSIX
MUHEpAJIM3alliK, & TAKXKE ONMYOJIMKOBAHHBIC HayYHbIC U (DOHJIOBBIC MaTEPHUAIIBI.
Oco0oc BHUMaHUE Y/CJICHO aHAIM3Y POJIM PA3JIOMHBIX CTPYKTYD, YIJICPOIUCTHIX
TEPPUTSHHO-0CAT0UHBIX TOJIIIL U THAPOTEPMAIbHO-METACOMATHUYECCKUX MPOLIECCOB
B JIOKAJHM3aI[M{, MUTpAlMi U TepepacupenesieHnn 30J0Ta. Pe3yibmamoi.
YCTaHOBIEHO, YTO MPOCTPAHCTBEHHOE pa3MEIeHHE 30JI0TOH MUHEpalu3aluu
KOHTPOJIUPYETCS CUCTEMON TIIyOMHHBIX pPa3JIOMOB W COIPSOKCHHBIX C HUMU
CTPYKTYpP CEBEPO-BOCTOYHOTO, IIMPOTHOTO M CEBEPO-3aIaHOrO MPOCTUPAHUS,
KOTOpBIE CO3JaBaJIM YCIOBHS JUIS JUTMTEIBHOM MHOTO(A3HOH NUPKYJISIHN
pynooOpasywomux (GaouaoB. B pa3BUTHH  30J0TOPYAHON MHHEpaIU3AIMH
BBIIETIEHBI TPH OCHOBHBIX OJTama: IOATOTOBUTENBHBIA JTUTOXUMUYECKUH,
OCHOBHOU KBapLI€BO-KUJIbHBIN U NO3AHUI NPOAYKTUBHBIN. Ha mnoaroroBuTenbHOM
ATare MPOUCXOUIH HAKOIIJICHHE PACCESTHHOTO 30J10Ta ¥ (pOpMHUpOBaHHUE paHHEH
CYNb(UIHON MUHEPATU3allUU B YIIIEPOAUCTHIX TEPPUTCHHO-0CAIOUHBIX TOJIIIAX.
OCHOBHOM  KBapIleBO-)KHJIbHBIH 3Tall  XapaKTepPU30BaJCA (HOPMUPOBAHUEM
KBapIEBbIX KW, PA3BUTHEM IOJIOCUATHIX, KPYCTU(PUKAIMOHHBIX U OPEKIYHUEBBIX

418



ISSN 2224-5278 5.2026

TEKCTYp, a Takke oOpa3oBaHHMEM NPOMBILUICHHBIX KOHIEHTpauui 3omora. Ha
MMO3IHEM MPOAYKTHBHOM OTall€ MIPOUCXOIUTIN peMO6I/IHI/ISaHI/I$I U IIOBTOPHOC
OCaKACHUE 30J10Ta ¢ (OPMHPOBAHUEM BBICOKOIIPOOHOTO CaMOPOAHOTO 30JI0Ta,
a TaKKe TEUIyPUIHBIX M BUCMYTCOACP)KALIMX MHHEPAJbHBIX aCCOLHALNH.
BrlsiBIIeHHast MOCIEN0BAaTEIbHOCTh PYA000Pa3yIOIUX TPOLECCOB OTpaXkaeT
MHOTO3TANHBIA  XapakTep  (OPMHPOBAaHUS  30JI0TO-CYJIb()UIAHO-KBApLEBON
MUHEpaIU3aluid MeCcTopokJaeHuss bectode. Bwisodwr. IlpemioxkeHHas reoysoro-
reHeTHYecKass Mojaedb (POPMUPOBAHMS 30JI0TOTO OPYIEHEHHS MECTOPOKACHUS
becrobe cucremarn3upyeT NpPEACTaBIECHUS! O CTPYKTYPHBIX, JINTOJIOTHYECKUX
U TUAPOTEPMAIBHO-METACOMATHYCCKHX  (aKTopax JIOKaJH3allMd  30JI0Ta.
YcraHOBICHHAs CTAAMHHOCTD Py000pa30BaHus U BBIABICHHAS POJIb Pa3IOMHBIX
CTPYKTYP MOTYT CIYXUTb OCHOBOH JUI1 COBEpPLICHCTBOBAHUS IPOrHO3HO-
MOUCKOBBIX KPUTEPUEB NPHU BBISIBICHUHM CKPBITOTO W DIIYOWHHOTO 30JI0TOTO
opyneHeHus. IlonydeHHbIE pe3ysbTaThl MPEJICTABIAIOT MPAKTUYECKUI HMHTEpec
JUISL TE€OJIOTOPa3BeOYHBIX PadOT B Tpeaesax CXOAHBIX T'e0JOro-CTPYKTYPHBIX
obcranoBok CeBepHoro Kazaxcrana.

KuroueBble ciioBa: MecTopoxaenue becrobe, kBaplieBo-KUIbHOE Opy/ICHEHHE,
CTPYKTYpHBIH KOHTPOJIb, THIPOTEPMalbHBIE IPOLECCHl, PYyA000pasyromue
(hiTrou b1, CTAMIUHHOCTD PYA000pa30BaHUSI.

Introduction. The development and refinement of genetic models of gold
mineralization is one of the priority tasks of ore geology, as such models make
it possible to synthesize the results of geological—structural, mineralogical, and
geochemical studies and to apply them in the forecasting and exploration of new ore
objects (Bekenov et al., 2016; Lebedev, 2019; Shestakov, 2018). The construction
of models is especially relevant for large and long-exploited deposits, where a
substantial body of factual material has been accumulated, yet the interpretation of
ore-forming mechanisms remains debatable (Togizov et al., 2023).

The Bestobe deposit is one of the major gold deposits of Northern Kazakhstan
and is characterized by a complex geological structure, a multistage ore-forming
process, and a wide variety of ore morphology types. Gold mineralization is
controlled by a system of deep-seated and fault-related structures and is associated
with intense hydrothermal-metasomatic processes developed within Ordovician
terrigenous and volcanogenic-sedimentary rocks, as well as in intrusive formations.

Despite the long history of geological investigation and industrial exploitation
of the Bestobe deposit, issues related to the sources of ore-forming fluids, the
conditions of gold migration and precipitation, the role of carbonaceous host
sequences, and the stage-wise development and spatial zonation of the ore-
forming process remain subjects of discussion. Existing concepts are often based
on a fragmentary consideration of individual features—mineralogical, structural,
or geochemical—without their comprehensive integration within a unified genetic
model (Ivanov et al., 2020, Petrov and Zhuravlev, 2017).

In this context, the objective of the present study is to develop and substantiate
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a model for the formation of gold mineralization at the Bestobe deposit based
on an analysis of its geological structure, structural-tectonic position, types of
mineralization, mineralogical associations, and stages of ore formation. The
proposed model reflects the sequence and conditions of formation of various
industrial ore types and can be used to refine exploration and prospecting criteria
both within the deposit itself and in analogous geological—structural settings of
Northern Kazakhstan.

Geological setting of the Bestobe deposit. The Bestobe deposit is located
within the Seletin ore district of Northern Kazakhstan and is confined to the axial
part of a narrow northeast-trending graben—syncline that forms part of the Seletin
depression (Figure 1). In a regional geodynamic context, the deposit belongs to the
Bestobe Ordovician island-arc metallogenic zone, which developed on Cambrian—
Lower Ordovician oceanic crust (Bekenov et al., 2016; Kazybayeva et al., 2014;
Samoilov and Lotsmanov, 2015).

The subsequent tectono-magmatic evolution of Kazakhstan was accompanied
by the development of collisional and orogenic granitoid complexes reflecting the
major stages of the geodynamic evolution of the region (Skrinnik et al., 2020).
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Figure 1. Schematic map of the distribution of deposits and ore occurrences of the Bestyubin
ore field (after T. M. Zhautikov).

The ore-hosting sequence is predominantly composed of a terrigenous
complex of Middle Ordovician deposits (Llanvirn—Lower Caradoc), assigned to
the Izobilnaya Formation. Six lithological packages are distinguished within the
section, differing in composition and depositional environments: from thick-bedded
sandstones and siltstones with interlayers of volcanogenic material to thin-bedded
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siliceous—argillaceous and carbonaceous siltstones. The rocks are characterized
by a rhythmic flysch-like structure and a widespread presence of organic matter
and syngenetic pyrite, which is of key importance for subsequent ore-forming
processes (Lebedev, 2019; Spanov et al., 2019; Samoilov and Lotsmanov, 2015).

The general strike of the ore-hosting rocks is northeast, with predominantly
northwestward steep dips (60—80°), locally vertical or overturned. Intrusive rocks
within the deposit are represented by bodies of the Stepnyak intrusive complex
and include quartz diorites, gabbro-diorites, plagiogranites, as well as numerous
dikes of granite porphyries, plagiogranite porphyries, and diorite porphyrites. The
intrusions are limited in size, steeply dipping, and spatially associated with fault
zones.

The structural position of the deposit is defined by its location at the intersection
of a graben—syncline with a deep-seated latitudinal fault. Within the ore field,
near-fault folding and systems of faults of northeast, east—west, and northwest
orientations are widely developed, forming a block-type structural pattern. The
primary role in the localization of gold mineralization is played by shear faults of
northeast strike, represented by zones of intensely schistosed and deformed rocks
(Zhautikov, 2004; Zhautikov, 1987; Levin, 1984).

The combination of a carbon-rich Ordovician terrigenous sequence, intrusive
bodies, and a well-developed fault system created favorable conditions for
multistage hydrothermal ore formation. The persistence of ore parameters to
considerable depths and the significant vertical extent of mineralization (exceeding
1.5 km) allow the Bestobe deposit to be regarded as a typical example of a deep-
controlled quartz-vein gold deposit.

Materials and Methods. The study is based on the integrated analysis of
geological, structural-tectonic, mineralogical, and geochemical data on the
Bestobe gold deposit located within the Seletin ore district of Northern Kazakhstan.
The research included the interpretation of published scientific literature, archival
geological reports, ponmnoBeie MaTepuassl, and results of previous exploration and
mining investigations conducted within the ore field.

Field geological observations were used to characterize the lithological
composition of ore-hosting sequences, structural relationships, morphology of
quartz-vein bodies, and spatial distribution of ore zones. Particular attention was
paid to the analysis of fault systems of northeastern, latitudinal, and northwestern
trends controlling the localization of gold mineralization.

Mineralogical and petrographic investigations included the study of ore textures,
structural features of mineralization, mineral associations, and typomorphic
characteristics of native gold and sulfides. The mineralogical composition of ores
and hydrothermal alteration assemblages was analyzed using previously published
analytical and microscopic data.

Geochemical interpretation was focused on the role of carbonaceous
terrigenous—sedimentary sequences, hydrothermal-metasomatic processes, and
geochemical barriers in the accumulation and redistribution of gold. Comparative
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analysis of geological and genetic models of analogous quartz-vein and gold—
sulfide—quartz deposits of Kazakhstan and Central Asia was also carried out.

The obtained data were integrated to develop a generalized model of gold
mineralization formation at the Bestobe deposit and to identify the principal
geological and structural criteria controlling ore localization and stage-wise
evolution of the ore-forming system.

Results. Structural and tectonic conditions of ore localization. The structural
and tectonic framework is the key factor controlling the localization of gold
mineralization at the Bestobe deposit. The deposit is situated at the intersection of
a northeast-striking graben—syncline with a deep-seated latitudinal fault, resulting
in a complex network of faults and near-fault structures that govern the distribution
of ore bodies.

Within the ore field, faults of northeast, latitudinal, and northwest orientations
are widely developed. The most extensive and persistent are the northeast-striking
faults, spaced 35—50 m apart, forming the backbone structure of the deposit. These
faults are characterized by zones of intensely schistosed, cataclastic, and locally
mylonitized rocks up to 0.7 m thick and serve as the primary ore-hosting structures.

Latitudinal and northwest-striking faults are less consistently developed but
play an important role in forming a block-type structure of the ore field and creating
zones of increased fracturing at intersections with northeast-striking faults (Figure
2). These structural intersections are characterized by the highest concentrations
of quartz-vein and veinlet-disseminated gold mineralization.
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Figure 2. Schematic Geological Map and Cross-Section of the Bestube Deposit
(after T.M. Zhautikov).

1 — coarse-layered rocks (iz,); 2 — thin-layered sandstones, siltstones, and jaspers (iz,); 3
— polymictic sandstones (iz,); 4 — siliceous-clayey siltstones and argillites (iz,); 5 — frequently
interbedded sandstones and siltstones (iz); 6 — carbonaceous siltstones (iz,); 7 — diorites, gabbro-
diorites; 8 — plagiogranites; 9 — dikes; 10 — gold-bearing quartz veins; 11 — hornfels; 12 — faults
13 — lithological boundaries; 14 — bedding elements.
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Pre-ore and syn-ore deformations play a key role in the localization of ore
bodies, determining the morphological diversity of quartz veins. In some cases,
a stepped arrangement of veins and their fragmentation is observed, caused by
displacements along pre-ore faults. Intra-ore and post-ore displacements are
limited in extent and generally have small amplitudes, not disturbing the integrity
of ore shoots (Levin, 1984; Askarova, 2022).

The structural control of mineralization is also reflected in the dependence
of the morphology and length of quartz veins on the composition and physico-
mechanical properties of the host rocks. In intrusive bodies and hornfelsed rocks,
veins have clear contacts and considerable length, whereas in terrigenous and slate
formations they occur as systems of short veinlets, lenses, and branching veins
localized in zones of slaty cleavage.

Thus, the distribution of gold mineralization at the Bestobe deposit is
determined by the combination of regional deep faults, near-fault folding, and local
extensional and shear structures, creating favorable conditions for the circulation
of ore-forming fluids and the formation of multi-stage quartz-vein and veinlet-
disseminated mineralization (Bekenov et al., 2016; Rudenko and Fedorov, 2021).

Model of gold mineralization formation at the Bestobe deposit. The formation
of gold mineralization at the Bestobe deposit is interpreted as the result of a multi-
stage ore-forming process, controlled by the development of deep-seated faults,
near-fault folding, and associated fluid activity. Based on structural, mineralogical,
geochemical, and textural characteristics of the ores, three main stages of
mineralization are distinguished, sequentially reflecting the evolution of the ore-
forming system—from the formation of a lithochemically prepared environment to
the development of crosscutting quartz-vein bodies. This interpretation aligns with
contemporary understanding of the Bestobe deposit’s genesis (Askarova, 2022).

During the early stage, the development of deep faults and near-fault
deformations within the Ordovician terrigenous-carbonaceous sequence
facilitated high rock permeability and created pathways for the circulation of
early ore-bearing fluids. These fluids interacted with carbonaceous siltstones and
tuffogenic-sedimentary rocks, initiating initial sulfide mineralization and setting
the geochemical framework for subsequent gold deposition (Figure 3).

Stage I — Preparatory (lithochemical, pre-vein) stage
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Figure 3. Geodynamic position and gold accumulation conditions at the early stage.

Fluids of this stage were characterized by high reactivity and promoted
intensive hydrothermal-metasomatic transformations of the host rocks. The most
widespread processes were chloritization, sericitization, carbonatization, and
sulfidization, accompanied by the formation of disseminated early-generation
pyrite and arsenopyrite. During this period, primary dispersed gold accumulated,
mainly in a submicroscopic form associated with the early sulfides.

Thus, Stage I played a key role in forming a specific lithochemical environment
enriched in metals and carbonaceous matter, which created a favorable
geochemical background for subsequent concentrated ore formation (Lebedev,
2019; Sansyzbayeva et al., 2020; Rudenko and Fedorov, 2021; Fedorov and
Kharitonov, 2019).

Stage Il — Main ore stage (quartz vein stage)

The main stage of ore formation is associated with the activation of fault
structures trending northeast, latitudinal, and northwest, which served as the
primary channels for the upward migration of ore-forming fluids. During this
period, quartz-vein mineralization develops, controlled by zones of shearing and
extension (Figure 4).
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STAGE Il - UPPER MESOZONES

Figure 4. Structural conditions of quartz-vein mineralization formation (Stage II).

The fluids of Stage II were characterized by high mineralization and metal
content, which led to the deposition of the main mass of quartz and sulfides, as
well as the formation of industrial gold concentrations. Within the veins, massive-
grained, banded, crustified, and brecciated textures developed, reflecting repeated
crack openings and the pulsating nature of the fluid flow.

During this stage, gold was deposited predominantly in free form and was
associated with pyrite, arsenopyrite, and polymetallic minerals. The formation
of elongated ore pillars and bonanza ore zones is related to local areas of fault
intersections and abrupt changes in the physicochemical parameters of the fluids
(pressure, temperature, redox conditions) (Kuznetsov, 2018; Petrov and Zhuravlev,
2017; Fedorov and Kharitonov, 2019).

Stage IlI — Late productive (reworking and concentration of gold)

The late stage is characterized by a decrease in tectonic activity and a transition
of the ore-forming system to a mode of local reworking of previously formed
ore bodies. During this period, processes of partial leaching, migration, and
redeposition of gold occur, accompanied by the formation of quartz—carbonate
veins and late-stage veins.

The Stage III fluids had lower temperatures and a modified chemical
composition, which facilitated the formation of high-grade native gold, tellurides,
and bismuth-bearing minerals (Figure 5). It is at this stage that the richest ore
shoots and large nuggets are formed, localized in areas of renewed fracturing and
contacts between heterogeneous rock types.
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STAGE Illl - LOWER MESOZONE — CATAZONE
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Figure 5. Deep model of the ore-forming system and vertical geochemical zonation.

The result of the III stage was the final redistribution of gold, accompanied
by a sharp increase in its concentration in certain sections of veins and breccia
bodies, which determined the high economic value of the deposit (Lebedev, 2019;
Rudenko and Fedorov, 2021).

Comparison of the identified stages demonstrates the progressive evolution
of the ore-forming system of the Bestobe deposit, from the development of a
lithochemically prepared environment and the initial accumulation of dispersed
gold to intensive quartz-vein ore formation, followed by the redistribution and
local concentration of gold. Each stage is characterized by a specific combination
of structural conditions, the nature of fluid activity, and the modes of gold
occurrence, reflecting the directed evolution of a single hydrothermal system.

The prospecting indicators presented in Table 1 reflect the successive
evolution of the ore-forming system of the Bestobe deposit and may be used to
assess the potential for concealed and deep-seated gold mineralization. At the
early stages of exploration, lithological and structural indicators are of primary
importance, including the occurrence of carbonaceous terrigenous—sedimentary
sequences, zones of schistosity, and early sulfide mineralization. At subsequent
stages, intersections of fault structures, quartz-vein zones, and mineralogical
and geochemical indicators of local gold concentration become increasingly
important. The integrated combination of these indicators may be considered the
most prospective criterion for identifying areas potentially hosting concealed and
deep-seated gold mineralization (Table 1).
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Generalized scheme of the model. Overall, the model of gold mineralization
formation at the Bestobe deposit reflects the sequential evolution of the
system: structure — fluids — mineralization. Deep-seated faults and near-fault
deformations provided pathways for fluid migration, carbonaceous terrigenous-
sedimentary strata acted as geochemical barriers, and multi-stage hydrothermal
activity led to the formation of large and stable industrial gold concentrations.
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Figure 6. Generalized model of the formation of the Bestobe deposit.

1 — frequent interbedding of siltstones and sandstones; 2 — gabbro-diorites, quartz diorites,
plagiogranites; 3 — magmatic breccias; 4 — beresitization; 5 — K-feldsparization; 6 — fluids;
7 — granito-metamorphic basement; 8 — basaltic basement; 9 — dikes; 10 — Au bioreduction; 11
— Au deposition at a geochemical barrier; 12 — Au sorption; 13 — sandstones; 14 — veinlet- and
disseminated gold-sulfide stratiform ores; 15 — hornfels; 16 — subduction zone; 17 — flysch-like
deposits.

Discussion. The proposed model of gold mineralization formation at the
Bestobe deposit is well aligned with modern concepts of the genesis of quartz-
vein and gold—sulfide—quartz deposits, which are widespread in the folded regions
of Kazakhstan (Bekenov et al., 2016; Lebedev, 2019; Shestakov, 2018). The
characteristic combination of deep structural control, multi-stage hydrothermal
processes, and the active involvement of carbonaceous host rocks allow Bestobe
to be considered a typical, yet illustrative, example of this industrial-genetic type
of deposit.

Comparison of the obtained results with data from other large gold deposits
in the region shows that, for the Bestobe deposit, as well as for several analogous
objects, deep-seated and near-fault structures of northeast and latitudinal strike

428



ISSN 2224-5278 5.2026

play a decisive role in the localization of ore bodies. A similar role of structural
control and prolonged circulation of ore-forming fluids has been considered in the
prospecting model of gold mineralization developed for the Bakyrshik deposit
(Umarbekova et al., 2019).

An important feature of the model is the identification of a preparatory
lithochemical stage, during which a specific geochemical environment formed
within the carbonaceous terrigenous—sedimentary sequences. The role of
carbonaceous matter and black shale sequences in the accumulation, migration,
and subsequent redistribution of gold has previously been considered using the
Bakyrshik deposit as an example (Umarbekova et al., 2017a).

The accumulation of dispersed gold and early sulfides at this stage created the
prerequisites for subsequent concentrated ore formation. Similar mechanisms of
preliminary “enrichment” of host rocks have been observed at other gold—sulfide—
quartz deposits and are considered one of the key factors for the high productivity
of ore systems (Rudenko and Fedorov, 2021; Fedorov and Kharitonov, 2019;
Yakovlev, 2022).

The main quartz-vein stage of ore formation at Bestobe is characterized by an
episodic crack-opening regime and multi-phase mineral deposition, expressed in
the wide development of banded, crustiform, and brecciated quartz textures. The
formation of ore columns and bonanza zones is associated with local variations in
the physico-chemical parameters of fluids at fault intersections, which corresponds
to general patterns for the localization of high-grade gold in quartz-vein systems.

The late stage of remobilization and gold concentration, accompanied by the
formation of high-grade native gold, tellurides, and bismuth-bearing minerals,
gives the Bestobe deposit characteristics of a gold—tellurium—bismuth quartz
subformation. This aligns it with several reference deposits in Kazakhstan and
emphasizes the complex, evolutionary nature of the ore-forming system, in which
early and late processes are closely interconnected. The obtained results are
consistent with previously proposed concepts regarding the combined influence
of geological structure, ore-controlling structures, and the composition of host
sequences on the formation of gold ore systems in Kazakhstan (Umarbekova et
al., 2017b).

Conclusion. The Bestobe deposit is confined to a structural node where a
northeast-striking graben—syncline intersects with deep-seated faults, which
defines the dominant role of structural-tectonic factors in the localization of gold
mineralization and the formation of ore bodies with considerable vertical extent.

Ore formation at the deposit is multi-stage and occurs within a single evolving
hydrothermal system, comprising sequential preparatory lithochemical, main
quartz-vein, and late productive stages.

The main quartz-vein stage is associated with the activation of fault structures
and episodic circulation of ore-forming fluids, resulting in the formation of
industrially significant gold concentrations, well-developed ore columns, and
bonanza zones at fault intersections.
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The late stage is characterized by remobilization and localized concentration
of gold, leading to the formation of high-grade native gold, telluride, and bismuth-
bearing mineral associations, reflecting fluid composition evolution and changing
physico-chemical conditions of ore formation.

The proposed model of gold mineralization formation at the Bestobe deposit
can serve as a basis for refining exploration criteria, identifying hidden and deep-
seated mineralization, and assessing the prospects of analogous gold deposits in
Northern Kazakhstan.
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