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2 Clarivate
Analytics

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
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
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 npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOPEL, mpodeccop, KP ¥YFA
akajemuri, «Kasakcran PecrmyOnmukackl ¥JITTBHIK FBUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. CokoybCKHit aTBIHAAFEI OTHIH, KaTaJIN3 JKOHE MIEKTPOXUMUS HHCTUTYTBIHBIHY» 0ac TUPEKTOPEI
(Anmmvarsl, Kazakcran) H =4

Fruibivu xaTimisl

ABCA1BIKOB BaxsiT Hapnko6aiiyJbl, TeXHHKA FBUIBIMIAPBIHBIH TOKTOPEL, ipodeccop, KP ¥YFA

JKayanThIXaTIBICH], A.B. BeKTypoBaThIHAAF IXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTsl, Kazakcran) H=5
PepgaknusaablK aJdkKa:

9BCAMETOB Mauaic Kyasicyas! (6ac peqakTopabslH opeIHOAcaphl), reoIorus-MHHEPaIoTust
FBUTBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akanemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS SKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupeKkTopbl (AnmMarsl, Kaszakcran) H =2

7KOJITAEB TIepoii XKoaraiiyabl (6ac penakTopAbH OpbIHOAacapsl), reoJoTUs-MHHEPaIoTus
FBUTBIMJIAPBIHBIH TOKTOPEL, Tpodeccop, K. 1. Carnaes ThIHAAFbI Te0JI0T U FETBIMIAPhI HHCTUTY THIHBIH
nupekTopsl (Anmatsl, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HebOpacka yauBepcutetiHin Cy
FBUIBIMJIAPBI 3epTXaHachlHbIH qupekTopsl (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux mypaxaibiasig XKep Typais! FeutbiMaap OemiMinge
METPOJIOTHST JKOHE TMaijaybl Kazbanap KeH OpBIHIAAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurust) H =37

IMAH®UJIOB Muxaua bopucoBuY, TEXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBI, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, @pannms) H=15

HIEH Iwun, Ph.D, KpiTaii re0norusuibik KOFAMBIHBIH Tay FEOJOTHSIChI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapel, AMEpPUKAaH/IBIK SKOHOMHUKAJBIK TEOJOrTap KaybIMAACTHIFBIHBIH Mymieci (ITexuH,
Kprrait) H =25

OUIIEP Axcenab, Ph.D, J[Ipe3neH TEXHUKAIBIK YHHBEPCUTCTIHIH KaybIMIACTBIPBLIFAH
npodeccopsi (pe3nen, bepaun) H=6

KOHTOPOBHUY Auekceii IMUIbeBHY, I'€OJOIHA-MUHEPAIOTUS FhUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpopumyka aTblHIaFEl MyHal-Ia3 TeOJIOTUsICHI J)KoHE reoU3HnKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Buaagumup EHokoBH4Y, XHMMHS FbUIBIMAAPBIHBIH JOKTOpH, bemapycs ¥TA
akazgemuri, JKana Matepuangap XMMHUsICbI HHCTHTYTBIHBIH KYpMeTTi qupektops! (MuHck, Benapycs)
H=13

KATAJIMH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPUIFAH
npodeccops (Jpesznen, bepaun) H = 20

CEUTMYPATOBA Jseonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥YFA koppecniongent-myieci, K.M. CarnaeB arbingarbl [€0J0TUsI FBUIBIMAAPEI
HWHCTHTYTBI 3epTXaHaChIHBIH MeHrepyiici (Anamarsl, Kazakcran) H=11

CAFBIHTAEB “Kanaii, Ph.D, xaybimaacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H = 11

®PATTHUHMU Taono, Ph.D, buxokk Munan yHUBEPCUTETI KaybIMIACTBHIPbUIFaH Ipodeccopbl
(Munan, Uranus) H =28
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I'naBnbIii perakTop

KYPHUHOB Mypar ’KypuHoBHY, TOKTOpP XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarponansHoit akagemun Hayk PecryOnuku Kazaxcran», reHepaibHbIH TUPEKTOP
AO «MHCcTUTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHBbI cekpeTapb

ABCA/IBIKOB BbaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKUX HAYK, MPOdeccop, OTBETCTBEHHBIH

cekperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJdJerus:

ABCAMETOB Mauuc KyabicoBu4, (3aMeCTHTENb INTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axanemuk HAH PK, mupexrop HMHcruryTa Tmaporeomoruu u
reoskonorun uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKosraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunen, Ph.D, acconumpoBannslil npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomuTenb HCCICIOBaHMNA B OOJNACTH TETPOJOTHH K
MECTOPOXK/ICHUH TOJE3HBIX HCKomaeMbeIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua BopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Hancu, ®@panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomorun Kwurtaiickoro
Te0JIOTHYECKOr0 00MIecTBa, WieH AMEPHKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axkceas, accorunpoBanHblil mpodeccop, Ph.D, Texanuecknit yausepcurer Jlpesnen
(Apesnen, bepnmun) H =6

KOHTOPOBMUY Auekceii IMUIbLEBHY, TOKTOP I'€0JI0r0-MHHEPATIOrHICCKUX HayK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baaaumup EHokoBHM4, 10KTOp XuMHYecKuX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTHTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoumupoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Dieonopa IOcymoBHa, OKTOp TIe0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.W. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB ‘Kanaii, Ph.D, acconumpoBannsii mnpogeccop, HazapbaeB yHHBepcHTET
(Hypcynran, Kazaxcran) H = 11

®PATTHUHMU Iaoao, Ph.D, acconnunposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
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H=4

Scientific secretary

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive
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SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H =25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
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Z.1. Chernenko*, M.A.Mizernaya, I. E. Mataibayeva,
N.A. Zimanovskaya, 2024.
D. Serikbayev East Kazakhstan Technical University,
Ust-Kamenogorsk, Kazakhstan.
E-mail: Zinchernenko@mail.ru

GOLD ORE DEPOSITS ASSOCIATED WITH CARBONATE
FORMATIONS (EAST KAZAKHSTAN)

Zinaida Chernenko — candidate of geological and mineralogical Sciences, PhD, associate
professor, School of Earth, D.Serikbaev East Kazakhstan technical university, E-mail:
Zinchernenko@mail.ru. https://orcid.org/0000-0002-3137-8300;

Marina Mizernaya — candidate of geological and mineralogical Sciences, PhD, associate professor,
D.Serikbaev East Kazakhstan technical university, Mizernaya58@bk.ru Orcid.org/0000-0001-
8618-7352;

Indira Mataibayeva — Ph.D, vice dean, School of Earth, D.Serikbaev East Kazakhstan technical
university, indi.mataybaeva@mail.ru https://orcid.org/0000-0003-05507591;

Natalya Zimanovskaya — PhD, associate professor, School of Earth, D.Serikbaev East Kazakhstan
technical university, nata_zim@mail.ru. ORCID 0000-00029881-690X https://orcid.org/0000-0002-
9881-690X.

Abstract. Goal. The goal is to study processes contributing to gold deposits
formation in East Kazakhstan, associated with carbonate formations, in order to
obtain the results confirming sufficiently high potential for the identification of
unconventional types of deposits with fine and free gold in carbonate formations of
the region, which may be of industrial importance.

Method. Analysis of literary and stock materials, field studies within the known
gold deposits. As well as evaluation of known and new geological-industrial types
of deposits for gold using high-precision methods of rocks and minerals research to
detect gold in the laboratories: “IRGETAS” D. Serikbaev EKTU and Geological-
Ecological Institute LLP. Suzdal, Mirazh, Zhanan, Zhaima, and some areas and
sites in Western Kalba (Baibura and others) deposits to a certain extent can be
referred to the Carlin type of gold mineralization in East Kazakhstan.

Outcomes. Collection, summarization and analysis of collected geological
materials resulted in revealing the main feature of gold spatial confinement, as well
as gold-mercury and nickel-cobalt mineralization in weathering crusts to the Zaisan
sutural zone of eastern Kazakhstan.
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The obtained results reflect the fundamentality of the research and confirm
sufficiently high prospects for identifying unconventional type of deposits with fine
and free gold in island-arc volcanic-carbonateterrigenous formations of the region.
They may be of industrial importance and cost-effectively exploited with the use of
modern technologies.

Scientific novelty. The theoretical novelty of the research is that a new approach
to the study and evaluation of gold-bearing structures of West Kalba zone and
adjacent areas of Zharma-Saur is used.

Practical significance. Great scientific and practical importance is given to
Gorny Altai and Kazakhstan continental margins junction area, where the Zaisan
sutural zone (Semipalatinsk, Priirtyshye and other areas) with axial Charsko-
Gornostaevskiy suture and the main gold-bearing structures of the region
are concentrated. A large East-Kazakhstan gold belt is predicted here, and its
northwestern and south-eastern flanks have not been studied sufficiently yet. In
this regard, taking into account the stated methodological approaches, there is
a certain potential for further development of research works in theoretical and
applied aspects aimed at strengthening the raw material base for East Kazakhstan
gold mining industry.

Key words: gold, carbonate formations, potential, East Kazakhstan.

3.U. YepHenko', M.A. Mu3epnasi, U.E. Maraii6aena,
H.A. 3umanoBckas, 2024.
J1.CepixbaeB arbranarsl [Ibirpic KazakcTaH TeXHUKAIBIK YHUBEPCHUTETI,
Ockemen, Kazakcran.
E-mail: Zinchernenko@mail.ru

KAPBOHATTBI TY3LIIMJIEPMEH BAWJIAHBICTBI AJIThIH
PYJIACBIHBIH KEH OPBIHAAPBI (LIBIFBIC KASAKCTAH)

3unanna YepHeHKO — reoIorusi-MHHEPAIOrysl FhUTBIMIapbIHbIH Kanauaatel, PhD, JI. CepikGaeB
arsiHarsl [birbic Ka3akcTaH TEXHUKAIBIK YHUBEPCHTETI, «Kep Typasibl FbIIbIMIAp MEKTEOIHIH»
nouenTi, E-mail: Zinchernenko@mail.ru, https://orcid.org/0000-0002-3137-8300;

Mapuna Mu3sepHasi - reoJ0orHsi-MIHEePAIOTUsl FhUIBIMIAPBIHBIH KaHauaatsl, PhD, noueHrT,

J1. Cepikbaes arsiars! Lbirbic KazakcTan TexHUKaIBIK yHUBEpCUTETi, Mizernaya58@bk.ru,
Orcid.org/0000-0001 - 8618-7352;

HNuanpa Maraii6aeBa — ¢.r.x., [I. Cepikbaes arbigars Lbirbic KazakcTan TeXHUKAIBIK
yHUBepcuTeTi, «JKep Typaisl FeUIBIMAAP MEKTeO1» IeKaHbIHBIH opbIiHOacapsl, indi.mataybaeva@
mail.ru https://orcid.org/0000-0003-05507591;

Haranest 3umanoBckas - PhD, norenr, /. Cepikbaes [lIbirpic Kazakcran TeXHHKAIBIK
yHUBepcuteTi, «JKep Typaisl FeuIbIMAap MeKkTeOi»; nata_zim@mail.ru; https://orcid.org/0000-0002-

9881-690X 6.

AnHoTaums. Maxcamol —0OTBICTHIH KAPOOHATTHI TY3UTIMICPIHIC YCaK )KIHE 00C
AITHIHBI 0ap K€H OPBIHIAPBIHBIH JOCTYPIII eMeC TYPIepiH aHBIKTAyAbIH KETKITIKTI
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KOFapbl oJieyeTiH pacTalThiH HoTwkesepni amy ywid Ilereic Kaszakcranna
KapOOHATTHI TY3UTIMAEPMEH OalIaHBICTBI OHEPKICINITIK MaHBI3bI O0ITybl MYMKIH
QJITBIH KEH OPBIHAPBIHBIH Naia OoMyblHA BIKIA €TETiH NPOLECTEPAl 3epPTTeY.

Odici. Onebu KoHe KOp MarepHajjiapblH Taijay, OCNTili alThIH KeH
OpBIHAAPBIHAAFEl AananblK 3eprreyiep. CoHpaif-ak 3epTxXaHaiapia aidThIHIbI
aHBIKTAay YLIIH Tay >KbIHBICTAphl MEH MaiAaiibl Ka30amapisl 3epTTEYdiH KOFapbl
JOIIIKTEr1 9icTepiH KOJJaHa OTBHIPBIN, AJThIHFA apHAJIFaH KEH OPbIHIApBIHBIH
Oenrini xoHEe kaHa TeOJOTHsIIBIK-OHEPKICINTIK Typrepin Oaranay: «MPIETAC»
I .Cepixbaes ATBIHJAFBI IIKTY JXXOHE «leonorusibik-OKOIOTHSITBIK
Wuctutyt» KIIC. Cy3nans, Mupax, Kanan, XKaiima xone barsic Kanbangarst
(baitbypa »xoHe Oackamapbl) KelOip aygaHmap MEH ydackeiepii Oenrini Oip
nopexene Llprpic KazakcTangarsl anThlH MHUHEpPANJaHYBIHBIH KapidH THUITIHE
KaTKpI3yFa 0oJabl.

Homuowcenep. YXunanran reolorusulblK MaTepuaigapibl KUHAY, TONTAy >KOHE
tanmay HoTmwkecinae leireic KaszakcranHbiH 3aiicaH CyTypasbIbsl aiiMarbIHa
aya palbIHBIH KBIPTHICTAPhl ANTHIHHBIH KEHICTIKTIK IIEKTENyiHiH, COHIak-aK
QNTHIH-CBIHAI TI€H HUKEIh-KOOAJIBTTHIH MHHEPAIJAaHYBIHBIH HETi3T1 epeKIIelNiri
AHBIKTAJIIBL.

ATBIHFaH HOTWOKEJTIep 3EpPTTEYdiH HETI3AUNTiH KepceTeli j>KoHEe aWMaKThIH
apaIbIK-I0Falibl  JKaHapTay-KapOOHATETPUT TY3UTIMIEpiHIle YcaK >koHe 00cC
QNTHIHBI 0ap KeH OPBIHJAPBIHBIH JOCTYPJII €MeC TYPIH aHBIKTayJblH >KETKITIKTI
KOFapbl MEpCIeKTUBATIApbIH pacTaiapl. Onap eHEpKICINTIK MaHBI3BI 0ap *KoHE
3aMaHayy TEXHOJOTHSIapibl KOJIAaHy apKbUIbl YHEM/I MaiJalaHbUTybl MYMKIiH.

Fouoimu  ocananvizel.  3epTTEYINIH  TEOPUSIIBIK KaHaNbIFbI-barteic  Kanba
aiimarbl MeH JKapma-CaypablH ipresiec aygaHAapbIHBIH KypaMbIHIa alTbIHBI O0ap
KYPBUIBIMAAP/IBI 3ePTTEY MEH OaraiayblH KaHa TOCLIl KO AaHbIIa bl

Ipaxkmuxanvix mayeizel. Antaii Taynapel MeH KazakCcTaHHBIH KOHTUHEHTAIIbIbI
MIETTEPiHIH TYHICKEH JKepiHe YJIKeH FBUIBIMH JKOHE MPAKTUKAIBIK MOH Oepinesi,
MyH7a 3aiicaH Tiricti aiimarsl (Cemei, Epric sxoHe Gacka aynanaap) ocsTik Yapcko-
I'opHOCTaeBCKHUil TiriciMeH *oHE OOJBICTBIH HETI3Ti aldThIHBI 0ap KYPBUIBIMIAPHI
worbipsianrad. Mynaa Isreic KazakcTaHHBIH YIIKEH anTbiH Oenjeyi OOMKaHbII
OTBIP, OHBIH COJNTYCTIK-0aThIC JKOHE OHTYCTIK-IIIBIFBIC KAIITAIIaPhl 11 )KEeTKUTIKTI
3eprrenmereH. OcblFaH OalIaHBICTBI, aTanfaH SiCHAMAIIBIK TICUIIEpHi eckepe
oteIpsi, HIsreic KazakcTaHHBIH alThIH OHIIPY ©OHEPKICIOIHIH MHKi3aT 0a3achlH
HBIFaTYFa OarbITTaJFaH TEOPHSJIBIK JKOHE KOJIJaHOalbl acrekTiiep OoibIHIIA
FBUIBIMU-3EPTTEY JKYMBICTAPbIH OJIaH 9pi JaMBITYIbIH Oenriii Oip aneyeri Oap.

Tyiiin ce3nep: anTbIH, KapOOHATTHI TY31ITiMIED, ToTeHua, [IsFpic Kazakcran.
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AnHoTauus. Lfens. M3ydeHue npoueccoB, criocoOCTBYIOMHX (POPMUPOBAHHIO
30JIOTOPYAHBIX MecTopoxaeHuil Bocrounoro Kazaxcrana, accouuupyromuxcs ¢
KapOOHATHBIMU (HOPMALIMSIMH, JUIS MOJTYYECHHUS PE3yJbTaToB, MOATBEPIKIAFOIINX
JOCTAaTOYHO BBICOKHME TMEPCIECKTUBBI BBISBICHHA B KapOOHATHBIX (HOpPMALUIX
pernoHa HETPAAULIMOHHBIX THIIOB MECTOPOXKICHUH C TOHKOJUCIEPCHBIM H
CBOOOZIHBIM 30JI0TOM, KOTOPBIE MOT'YT UMETh IPOMBILIICHHOE 3HAUYEHHE.

Memoouka. AHanu3 nUTEpaTYpHBIX M (DOHIOBBIX MAaTepUaliOB, MOJEBbIC
HCCJIEZIOBAHUS B IMpeJieax U3BECTHBIX 30JIOTOPYAHBIX MECTOPOXKIEHUH. A Takke
OILIEHKAa M3BECTHBIX M HOBBIX T'€OJIOTO-IPOMBIIIJIEHHBIX THUIIOB MECTOPOXKIEHUI
30JI0Ta C UCIIOJIb30BaHUEM BBICOKOTOYHBIX METOJ0OB MCCIIEI0OBAaHNUS TOPHBIX MOPOJT
U MUHEpaJIOB Ha BbIsABIEHHE 3070Ta B naboparopusix: «MPITETAC» BKTY wum.
H. Cepuxbaea u TOO «['eonoro-skoaorudeckuii MHCTUTYT». B Bocrounom
Kazaxcrane k KapJMHCKOMY THITY 30JI0TOTO OPYAEHEHNUs B ONPEACIIEHHON CTENEeHN
MOXKHO OTHecTu MecTopoxaenus Cysnanbckoe, Mupax, XKanan, XKaiima, XKanama,
a TaKk)Ke HEKOTOpbIE Y4acTKU 1 00bekThl B 3amaanoit Kanbe (baiibypa u npyrue).

Pesynomamsi. B pesynbrare cOopa, 0000IIeHHS W aHaIM3a COOpPaHHBIX
FEOJOTMYECKUX  MarepuajoB  BBIABIAETCS  [IABHAasg  3aKOHOMEPHOCTbH O
MNPOCTPAHCTBEHHONM NPUYPOYEHHOCTH 30J0TOr0, a TaKXKE 30JIOTOPTYTHOIO H
HUKEJTb-KOOATETOBOTO OPYICHEHHS B KOpaX BEIBETPHUBAHUS K 3aliCAHCKON CYyTYypHOI
30He Bocrounoro Kazaxcrana.

Tonyuennvle pesyrbmamsl OTpaxaroT (QYHIAMEHTAIHHOCTh HCCIICIOBAHUN H
MTOATBEPKAAIOT TOCTATOYHO BHICOKHE MTEPCTIIEKTUBHI BBISIBICHHUS B OCTPOBOIYKHBIX
BYJIKaHO-KapOOHATHO-TEPPUTEHHBIX (POPMAIUSIX PETHOHA HETPAAUIIMOHHOTO THIIA
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MECTOPOX/ICHUH C TOHKOTUCIIEPCHBIM U CBOOOIHBIM 30JI0TOM, KOTOpPBIE MOTYT
MMETh MTPOMBIIIIIEHHOE 3HAYCHHE 1 PEHTA0ETTFHO OTPadaThIBaThCS C MPUMEHEHUEM
COBPEMEHHBIX TEXHOJOTHUH.

Hayunas moeusna. Teopernueckass HOBU3HA UCCIECIOBAaHUI 3aKiIrodacTcs
B HOBOM TMOAXOA€ K M3YYEHHIO W OIIEHKE 30JI0OTOHOCHBIX CTPYKTYp 3arajgHo-
Kan6unckoit 30HbBI 1 puiieraomux paiionos JKapma-Caypa.

Ilpaxmuueckas  3uauumocms.  boipuioe  HAydHOE U NPAKTUYECKOE
3HauUeHHWE NpHUAAeTCS o0NacTh cowieHeHus [opHoanraiickoit m Kazaxcranckoit
KOHTUHEHTAJIbHBIX OKpaWH, TIJie BbLAENsAeTcs 3alicaHckas CyTypHas 30Ha
(Cemunanarunckoe, Ilpuupteilibe W Jpyrue paiioHel) ¢ oceBbIM Yapcko
— TopHOCTaeBCKMM IIBOM M KOHLEHTPUPYIOTCS DIIABHBIE 30JIOTOHOCHBIE
CTPYKTYPBI pETHOHA. 3/1eCh MPOTHO3UpyeTCs KpynHbld BocTouno-Kazaxcranckuii
30JI0TOPYIHBIH TOSIC, CeBEPO-3alaJHbIl U IOT0-BOCTOUHBIN (PIIaHTH KOTOPOTO emIé
HEJIOCTATOYHO M3y4€Hbl. B 3TON CBA3M C YYETOM H3JIOKEHHBIX METOAMYECKHX
MIOAXOMOB, HMEETCSl ONPEHCIICHHBI IOTCHUMAI JAJIbHEHIIET0 PAa3BUTHUSA
HayYHO-HMCCIIE0BATENbCKUX paboT B TEOPETHYECCKOM M IMPUKIAIHOM acleKTax,
HalpaBJCHHBIX Ha YKpEIJICHHE CBhIPheBOM 0a3bl aiisl  3010TOA0OBIBaONIeH
npomsbinuieHHocTH BocTounoro Kazaxcrana.

KniwueBble cioBa: 307010, KapOoHaTHBIE QopMamnuu, IEepPCIEKTHBA,

Bocrounsii Kazaxcran.

Introduction. East Kazakhstan is one of the most important gold mining
regions of Kazakhstan. One of the possible reserves is evaluation of gold deposits
associated with carbonate formations, especially in weathering crusts. Carbonate
rocks themselves are valuable minerals and, in addition, they are considered as
a favorable environment for the concentration of certain types of endogenous
mineralization (Fe, Cu, Pb, Zn, Au, Sb, Hg, W, etc.).

The State balance sheet of the Republic of Kazakhstan accounts for reserves
of 237 deposits, which include 122 primary deposits, 81 complex deposits, and 34
placer deposits. Gold deposits have been found in all regions of Kazakhstan, and
East, North and Central Kazakhstan hold the leading positions in terms of reserves
level. (Shcherba G.N., Dyachkov B.A., Nakhtigal G.P. 1984:240 p., Shcherba G.N.,
Dyachkov B.A., Stuchevsky N.I.. 1998:304 p.)

The distribution of gold deposits associated with carbonate formations at the
global level was reviewed in literature. It was found that such deposits are known
in a number of countries (the USA, Canada, China, Russia, Uzbekistan, etc.). The
reference is the Carlin-type deposits with significant gold reserves (the USA).
(Narseev V.A. 2002: 4.)

Carlin deposit is located in Nevada state. (Padtke A. S. 1267: U.). Here
gold mineralization is confined to carbonate rocks of early Silurian, which are
discordantly overlapped by limestones of Devonian age (Figure 1). The ore-bearing
strata is fractured by faults and broken by quartz porphyry dikes. (Bakunin 10. L.,
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Buryak V.A., Perestoropip A.V 2001: 159 c.) The main ore body is represented as
a shallow-dipping stratified deposit composed of albitized quartz bearing carbonate
rocks with clay minerals “spots”. Decarbonatization, silicification, argillitization,
and calcitization processes are evident in them. (Emsbo P., Hutchinson RW, Hofstra
A.H., Volk J.A. et al. Bettles K.H., Baschuk G.J., Jonson C.A.1999:3).

According to A.S. Radtke and B.J. Scheiner, the carbonaceous substance of ore-
bearing strata, which contributed to the formation of gold-organic compounds, had
a great influence on gold deposition. Pyrite is the most common in ores, antimonite,
galena, sphalerite, cinnabar, auripigment and other minerals also occur. Gold is
very fine, submicroscopic with particle size up to 0.2 p, so ore bodies are identified
only by sampling results. (Emsbo P., Hofstra A.H., Lauha E.A. et al 2003:46).

In terms of reserves, this is a large deposit (110 tons of gold at an average grade
of 10 g/t). It belongs to a new promising type of gold deposits associated with
quartz bearing limestones. (Padtke A. S. 1267. U).

Analogous or similar deposits have been discovered in Canada, China,
Uzbekistan, Russia, and other countries. (Ye Z., Kesler S.E., Essene E.J., Zonar
P.B., Borhauer J.I. 2003: 17). A lot of works provide examples of some Russian
deposits - Kuranakhskoye, Ulakhanskoye, Vorontsovskoye, etc. (Vetluzhskikh
Kim, 1997; Sazonov et al. (Vetluzhskikh and Kim, 1997; Sazonov et al., 1998;
Bakulin et al., 2001; Naumov et al., 2002). (Wells J.D., Mullens T.E. 1973: 14).
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1 - Venini Formation ﬁC) shales and guartzrces 2 - Popovich Formation

(D), gray limestones, local f, dolomitic and argillaceous limestones; 3 - Robert
Mountains Formation (S1), laminated dolomltlte and argillaceous sﬂtstones 4 -
faulting; 5 - ore zone; 6 - altered (albitized) rocks.

Figure 1: Geologic section across Carlin deposit. According to D.M. Hausen
and P.F. Kerr
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In Kazakhstan, V.A. Globa and V.A. Narseev for the first time focused on
the need for a special study of gold content in carbonate-bearing formations,
highlighting them as an indicator attribute in predicting and searching for gold
deposits in activization areas. (Naumov E., Borisenko A., Kovalev K., Kalinin
Y., Fedoseev G., Seltmann R. 2011:3). According to statistics, more than 500 ore
deposits are located in the carbonate-bearing rock complexes, and there are much
fewer deposits (134) in oreparent intrusive complexes. The authors recommend
to focus on the detection of Kuranakh-type and Carlin apocarbonate-type gold
deposits during prognostic-metallogenic works in Kazakhstan. According to these
prospecting indicators, similar deposits may be discovered in East Kazakhstan
region. The areas on the northwestern flanks of the Charsk and West-Kalba zones
(within the Semipalatinsk Preirtyshye) are especially promising.

In East Kazakhstan, Suzdalskoye, Mirazh, Zhanan, Zhaima deposits, and some
areas and sites in West Kalba (Baibura and others) to a certain extent can be referred
to the Carlin type of gold ore. (Kalinin Yu.A, Kovalev K.R., Naumov E.A., Kirillov
M.V. 2011:16.)

The considered type of gold ore is associated with rocks of island-arc terrigenous-
carbonate formations subjected to contact-metasomatic and dynamo metamorphic
transformations in melange zones, cover overthrust structures and halos, hidden
gold-bearing hypabissal massifs and dikes of medium-basic composition (C2)
and moderately acidic granitoids (C3). (Rafailovich M.S.. 2009: 304) Carbonate
sediments seem to be a favorable tectonically prepared medium (in the form of
structural-lithological and geochemical traps) for gold deposition and concentration.
The leading ore formation is gold sulphide vein-disseminated one (Suzdalskoye,
Mirazh, Baibura, etc.). (Narseev V.A. 2002: 4.)

Suzdalskoye deposit. One of the leading types of gold-sulphide mineralization
is Suzdalskoye deposit, located in the south-eastern exocontact of Semeytau
volcanic-plutonic structures. Intrusive rocks are represented by dikes and small
bodies of diorites, diorite porphyrites, and granodiorite porphyries (C3). According
to magnetic prospecting data, a concealed intrusion of presumably intermediate
composition is identified in the south-western part of the deposit. The primary
goldsulphide mineralization is associated with Late Carboniferous magmatism, and
the gold-bearing weathering crusts were formed during the Mesozoic stabilization
phase. (Figure 2,3)
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1 - tuffaceous sandstones T1 cm; 2 - siltstones and sandstones Cls, 3 - carbonaceous siltstones
of the Arkalyk suite (C1v2-3); 4 - 6 intrusives T1: 4 - granitoids; 5 - gabbroids, 6 -
graniteporphyries; 7 - faults; 8,9 - zones of gold mineralization: 8 - Au 0.1-2.0 g/t, 9 - Au> 2.0 g/t;
10 - pit outlines; P3 - ore zone, K - open pit
Figure 2: Geological structure of Suzdalskoye deposit (ore zones 1, 2, 3)

Figure 3. Geological structure of Suzdalskoye deposit
(ore zone 4)

Suzdalskoye gold deposit is located in Zhana-Semey district of East Kazakhstan

region, 50 km south-west of Semey city. Suzdalskoye gold deposit was discovered
by Gornostayevskaya party of Altai Geological and Geophysical Expedition during
conditioned geological survey of 1:50000 scale in 1980-84.

Primary ore zones are crushed and highly fractured carbonaceous and calcareous-
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carbonaceous siltstones, limestones, and sandstones containing gold-bearing
quartz-carbonate stockworks. (Hofstra A.N., Levental J.S., Northrop H.R. et al.
1991:5). Gold-sulphide mineralization is represented by two types: predominantly
stockwork quartz-carbonate (vein-nested-disseminated) and stratiform (sulphide
disseminated in limestones). Composition of ore bodies: pyrite, pyrrhotite,
arsenopyrite, chalcopyrite, pale ore, cinnabar, antimonite, scheelite, native gold,
fluorite, barite, quartz, carbonate.

(Dyachkov B.A., Mayorova N.P., Chernenko Z.I., Kuzmina O.N.. 2010: 3)

The average gold content is 10 g/t. The shape of native gold is dendritic and
amebiform. Concentration of gold is also identified in weathering crusts of kaolinite
and hydromicaceous types of linear form with thickness from 1 to 10, rarely 100-
200 m. The gold content is variable (from 1 to 90 g/t). Gold-bearing crusts are of
industrial significance. (Dyachkov B.A., Chernenko Z.I., Kuzmina O.N. 2005:3).

Comparing the figures of the approved reserves with the reserves that are
currently on the balance sheet, we can see that the convergence of gold reserves is
almost full.

Collected and analyzed geological and geophysical materials resulted in
compiling a structural formational map of carbonate formations location on a scale
of 1:500000 in West Kalba zone and in developing geodynamic based common
legend to them. The conducted analysis shows that the most significant gold
occurrences are spatially associated with carbonate-terrigenous island-arc type

formations. (Listiikova E.F. 2003:6).

Figure 4: Overview map of Suzdalskoye deposit area.

Scale 1:200,000

209



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Figure 5. Photo of gold at Suzdalskoye deposit

Primary ore zones of are crushed and highly fractured carbonaceous and
calcareouscarbonaceous siltstones, limestones, and sandstones containing gold-
bearing quartz-carbonate stockworks. (Hofstra A.N., Levental J.S., Northrop
H.R. et al. 1991:5). Gold-sulphide mineralization is represented by two types:
predominantly stockwork quartz-carbonate (vein-nested-disseminated) and
stratiform (sulphide disseminated in limestones). Composition of ore bodies: pyrite,
pyrrhotite, arsenopyrite, chalcopyrite, pale ore, cinnabar, antimonite, scheelite,
native gold, fluorite, barite, quartz, carbonate.

The average gold content is 10 g/t. The shape of native gold is dendritic and
amebiform. Concentration of gold is also identified in weathering crusts of kaolinite
and hydromicaceous types of linear form with thickness from the first to 10, rarely
100-200 m. The gold content is variable (from 1 to 90 g/t). Gold-bearing crusts are
of industrial significance. (Figure 5)
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Geological structure of Suzdalskoye deposit.

Suzdal tectonic block comprises Suzdalskoye deposit. It is bounded by the
Semeytau block in the south-west and low-angle Gornostaevsky thrust in the north-
east. The structure of the block involves deposits of Arkalyk suite (second and third
benches) and Serpukhovian. (Mizerny A.l., Petrov S.F 2010:3, Dyachkov B.A.,
Chernenko Z.1., Mizernaya M.A., 2011: 136). Second bench deposits of Arkalyk
suite were uncovered during core drilling in the central part (ore bodies 1, 2, 3 )
of the deposit at a depth of 200 - 300 m directly in the roof of the Gornostayevsky
overthrust. They are represented by siliceous siltstones, volcanomictous sandstones,
gravelites and, in subordinate quantities, by spread of lava containing andesite and
basalt up to 20 m thick. (Fig. 1, 2).

The upper bench of Arkalyk suite in Suzdalskoye deposit is composed of reef
limestones (with a large amount of fauna), chemical limestones and marlaceous
siltstones. The thickness of the bench varies from 100 to 250 m. The contact
with the Serpukhovian carbonaceous siltstones is gradational, it goes through a
transitional horizon, which is represented by calcareous carbonaceous siltstones
with marlstone and limestone interlayers. The number of interlayers is maximum
in the lower part of the horizon and gradually decreases until they completely
disappear upwards in the section. The lower contact of the Serpukhovian is along
the conditional boundary where calcareous carbonaceous siltstones transit into
carbonaceous-argillaceous siltstones. The thickness of the transitional horizon is
70-100 m. Suzdalskoye deposit ore is mainly localized within this horizon.

In the south-western flank of the Suzdal block, deposits of Arkalyk suite upper
bench are represented by limestones, calcareous sandstones, and calcareous
carbonaceous siltstones.

The Serpukhovian deposits contain mainly carbonaceous-argillaceous siltstones
in the central part of the block, and sandstones and silty sandstones on the south-
western flank.

Coal formations within the Suzdal tectonic block are grouped into gently sloping
fold structures (wings dip at angles of 10-20 degrees). Two anticlinal structures and
an adjacent synclinal fold are identified. Axial planes of anticlinal folds coincide
with the central parts of the Suzdal and EastSemeytau tectonic zones. The Suzdal
anticline, the most studied in detail, is characterized by a gentle southwestern dip
of the axis (16 - 20 degrees) with undulation in the area of ore body 4 and on the
south-western flank of the area. The core part of the fold is composed of Arkalyk
suite sediments, the wings are built up by the Serpukhovian rocks (Figure 6).
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1 - friable quaternary deposits and 2 - Neogene deposits; 3-5 - Arkalyk suite, C1v2-3 (3
- tuffaceous-sandstone bench with andesite-dacite interlayers, 4 - carbonaceous-clay shales,

5 - limestones, calcareous siltstones); 6 - volcanites of the Semytau suite; 7 - gold-sulphide
mineralization zones; 8 - dioritic porphyritic dikes and 9 - granodioritic porphyries; 10 - silification
zones; 11 - gold-bearing weathering crusts; 12 - ore bodies; 13 - faults; 14 - overthrust.
According to I.V. Begaev, V.A. Denisenko.

Figure 6. Geological structure of the Suzdalskoye deposit
(plan and section)

Suzdal tectonic block comprises Suzdalskoye deposit. It is bounded by the
Semeitau block in the south-west and low-angle Gornostaevsky thrust in the north-
east. The structure of the block involves deposits of the Arkalyk suite (second and
third benches) and Serpukhovian. (Mizerny A.I., Petrov S.F 2010:3, Dyachkov B.A.,
Chernenko Z.1., Mizernaya M.A., 2011: 136). Second bench deposits of Arkalyk
suite were uncovered during core drilling in the central part (ore bodies 1, 2, 3 )
of the deposit at a depth of 200 - 300 m directly in the roof of the Gornostayevsky
overthrust. They are represented by siliceous siltstones, volcanomictous sandstones,
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gravelites and, in subordinate quantities, by spread of lava containing andesite and
basalt up to 20 m thick.

The upper bench of Arkalyk suite in Suzdalskoye deposit is composed of reef
limestones (with a large amount of fauna), chemical limestones and marlaceous
siltstones. The thickness of the bench varies from 100 to 250 m. The contact
with the Serpukhovian carbonaceous siltstones is gradational, it goes through a
transitional horizon, which is represented by calcareous carbonaceous siltstones
with marlstone and limestone interlayers. The number of interlayers is maximum
in the lower part of the horizon and gradually decreases until they completely
disappear upwards in the section. The lower contact of the Serpukhovian is along
the conditional boundary where calcareous carbonaceous siltstones transit into
carbonaceous-argillaceous siltstones. The thickness of the transitional horizon is
70-100 m. Suzdalskoye deposit ore is mainly localized within this horizon.

In the south-western flank of the Suzdal block, deposits of Arkalyk suite upper
bench are represented by limestones, calcareous sandstones, and calcareous
carbonaceous siltstones.

The Serpukhovian deposits contain mainly carbonaceous-argillaceous siltstones
in the central part of the block, and sandstones and silty sandstones on the south-
western flank.

Coal formations within the Suzdal tectonic block are grouped into gently sloping
fold structures (wings dip at angles of 10-20 degrees). Two anticlinal structures and
an adjacent synclinal fold are identified. Axial planes of anticlinal folds coincide
with the central parts of the Suzdal and EastSemeytau tectonic zones. The Suzdal
anticline, the most studied in detail, is characterized by a gentle southwestern dip
of the axis (16 - 20 degrees) with undulation in the area of ore body 4 and on the
south-western flank of the area. The core part of the fold is composed of Arkalyk
suite sediments , the wings are built up by the Serpukhovian rocks

.Gold-bearing weathering crust of Suzdalskoye deposit.

Gold-bearing weathering crusts refer to the exogenous formations and are
widely developed on the territory of Kazakhstan. Gold-bearing weathering crusts
are formed as a result of chemical weathering of gold-sulphide and gold-quartz-
sulphide occurrences and deposits, as well as goldbearing sulphide ores of pyrite
deposits. Chemical weathering process of gold-sulphide and goldquartz-sulphide
ores results in sulphides oxidation, formation of iron oxides and hydroxides,
redeposition of gold and increase of its concentration in weathering crust by several
times in comparison with primary gold-bearing ores.

The weathering crust in Suzdalskoye deposit is developed 50-120 m deep and
is represented by the kaolinite profile. There are two zones in the weathering crust
section, which, in turn, are divided into a number of subzones. The lower zone is
represented by structural weathering crusts of considerably hydrous composition.
The upper zone is composed of clay unstructured kaolinites of hydromicaceous
composition.
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The lower hydrous zone, from bottom to top, consists of subzones: -leaching and
disintegration of parent rock up to 10 m thick;

- hydromicaceous crust with montmorillonite admixture, 10 m thick;

- Montmorillonite - hydromicaceous crust with montmorillonite content up
to 25-35% and up to 5 m thick;

-hydromicaceous crust with kaolinite admixture up to 10-15 % and
montmorillonite up to 5-15 %. Subzone thickness is about 8 m.

The upper kaolinite hydromicaceous zone from bottom to top includes the
following sub-zones:

- kaolinite-hydromicaceous, characterized by complete disappearance
of structural features of the original rock and a sharp increase up to 25-40% of
kaolinite. Subzone thickness is about 3 m;

- kaolinite, where the amount of hydrous minerals does not exceed 10 - 20
%, the content of kaolinite increases up to 50-60 % and of montmorillonite up to
20 - 40 %.

The identified zonality is not always clearly evident, but only in cases of
homogeneous rocks development. In sections with a thin alternation of sediments
with different chemical composition, a regular zonal structure of weathering crust
section cannot be identified. Hydromicaceous and kaolinite layers alternation is
observed here, and kaolinite layers were formed due to weathering of limestones
and malmstones, which are much easier to weather than the host carbonaceous
siltstones due to their high porosity and chemical composition.

In kaolinite-hydrosludite zone, as compared to the hydromicaceous zone, crusts
are enriched with aluminum, titanium, silicon, and ferric iron. The concentration of
potassium, phosphorus, magnesium, calcium, sodium, and ferrous iron decreases.

Analysis of bulk density distribution and total porosity in weathering crust
section showed that:

- elements are removed in hydromicaceous zone without restructuring of the
rock framework, resulting in a natural decrease in bulk density and, consequently,
an increase in total porosity (from

5 to 50%) from the lower subzones to the upper subzones;

- there is restructuring and compaction of the rock due to bulk density reduction
in kaolinitehydromica and with that zone.

Gold ore in oxidation zone is cross-cutting in relation to zones and subzones.
There is no selective accumulation of gold in any of the weathering horizons.

Gold-bearing weathering crusts are, as a rule, confined to depressions in the
relief and are located over primary deposits and gold occurrences. They are often
overlapped by Quaternary and PaleogeneNeogene friable sediments.

There are linear and linear-areal weathering crusts according to morphological
type. The thickness of gold-bearing weathering crusts varies from 50 to 120 m in
linear and linear-areal weathering crusts.
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Ore bodies in weathering crusts are of sheetlike, lenticular, and complex
irregular shapes.

Ores in weathering crusts are characterized by large amounts of clay material (up
to 40% and more). Ore mass consists of quartz, argillaceous and hydrous minerals,
iron oxides and hydroxides (goethite and hydrogetite). Free gold is present in iron
oxides and hydroxides. Significant amounts of fine gold are associated with clay

minerals.

Gold-bearing weathering crusts also include the so-called “iron hats”, which
are the upper (i)art of pyrite deposits oxidized sulphide ores. “Iron hats” often have
high gold and silver content and are developed as gold ore deposits (Akbastau,
Kosmurun, Maikain, Sugatovskoye and others). They are formed in the process of
chemical weathering and sulphides oxidation.

Gold concentrations range from 1 to 100 g/t. In gold-bearing weathering crusts,
gold is present in 3 forms: free (native) gold, finely dispersed gold - in sulphides,
iron hydroxides, magnetite, etc. and gold sorbed by clays.

The morphology of native gold is varied. It is found in crystalline, lumpy, wire,
film, and other forms. Its color is predominantly golden yellow, which indicates a
high gold fineness. Fine gold is concentrated mainly in sulphides, such as pyrite
and chalcopyrite, and products of their hypergenic transformation, magnetite, iron
oxides and hydroxides. Besides, a significant amount of gold - up to 30% is found in
the clay fraction, weathering crusts, where it is probably sorbed by clays. (Airiyants
E.V., Zhmodik S.M., Gibsher N.A., 2000: 187).

Gold-bearing weathering crusts are characterized by a close surface position
and shallow depth, which determines the possibility of their open mining using

efficient heap leaching technology.

Ore zones of the deposit. Four zones of gold-sulphide mineralization are
identified within Suzdalskoye deposit - 1, 2, 3 and 4. The zones are crosscutting
in relation to host rocks and are represented by strongly fractured, crushed
areas, calcareous carbonaceous siltstones and limestones. The fissures are filled
with carbonate, quartz, chlorite, and hydromica. Zones are visually identified b
increased carbonatization and silicification and sulphide mineralization. Gold-
sulphide mineralization zones are delineated by a cutoff grade of 0.1 g/t gold on
geological sections and plans. Ore bodies of oxidized and primary ores localized in
the zones of gold-sulphide mineralization are identified only by the results of core
sampling based on the conditions developed separately for oxidized and primary
ores.

Gold ore mineralization zone is located 500 m to the north-west of zone 1. It is
traced by mine workings along strike at a distance of 1200 m, down dip at 300-400
m. It has a rather low (40-45 degrees) southeastern dip. In relation to the host rocks,
it occupies a crosscutting position. The morphology of the zone is complex, caused
by sharp pinches, swells, frequent palpation, and “windows” of barren rocks, the
thickness of the zone is up to 40 m. The zone is accompanied by numerous thin dikes
of granite-porphyries and aplites, usually beresitized. According to sampling data,
the zone is separated by several ore bodies, represented by oxidized and primary
ores. The largest objects in the oxidation zone are ore bodies 2 and 2-2. Ore body
2 extends 260 m along strike and 70 m down dip to the lower boundary of the
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oxidation zone. The body is swollen to 15 to 20 m in thickness and overstretched to
2 to 3 m. The gold grade ranges from 1.5 g/t to 44.4 g/t, averaging 6.4 g/t. (Figure
6).

Ore body 2-2 is in echelon-like positioning in relation to ore body 2. Along
the strike it is traced for 100 m, down the dip it is studied at full thickness of the
oxidation zone, the average gold grade is 7.1 g/t. Other ore bodies of the oxidation
zone are characterized by insignificant size and low gold grades. Oxidized ores of
ore zone 2 are also completely exhausted.

There are 6 ore bodies among primary ore bodies of zone 2. The largest of these
is ore body 21, which is an extension at the depth of ore body 2-2 identified in the
oxidation zone. Ore body 2-1 is traced by drill holes in a distance of 700 m, down
dip of 250 m, the thickness of the ore body varies from 1.0 to 13.5 m, averaging 4.8
m. Ore body mode of occurrence is defined by the nature of orebearing structure in
ore-bearing zone No. 2. The main mineral bearing gold is pyrite, its crystals contain
finely dispersed gold. The gold content in the ore body varies from 2.2 g/t to 13.1
g/t, averaging 6.7 g/t.

Ore bodies 2-3, 2-4 are identified by several holes, the distance between the
bodies is from 5 to 15 m. Ore bodies 2-3, 2-4 of primary ores are connected with
ore bodies of oxidized ores in subsurface part. Ore bodies extension down dip is
100 - 160 m, along strike extension is 450 m, thickness varies from 1.0 to 11.3 m.
Mineralization is represented by pyrite with finely disseminated gold. The gold
grade ranges from 3.4 g/t to 13.1 g/t, averaging 6.4; 10.6 g/t.

The remaining ore bodies are smaller in size, their position is within the ore-
bearing zone No. 2, the nature of gold distribution, and its content are shown in the
graphical appendices and in the reserve estimation tables.

Gold mineralization zone 3 is located 200 m southeast of ore zone 1. It is
traced 700 m along the strike, its thickness of 10-100 m, and reaches its maximum
thickness in the central part. Only oxidized ores are identified within the zone. They
are represented by the main ore body and a number of smaller lenses. The main ore
body along the strike has been studied on 550 m. (Cindy L. 2000: 13).

The shape of the ore body is complex due to swells up to 15 m in thickness and
pitches, and there are apophysises represented by poorer ores. The dip of the ore
body is steep (76-60 degrees) southeast. The gold content varies from 1.5 to 106
g/t, with an average of 16.2 g/t.

Such minerals obtained as by-product during the development of Suzdalskoye
gold deposit (construction materials (sand, clay, limestone), rock dumps containing
gold, sulfur, arsenic) and contained in sulfide gold-bearing minerals will be of
primary importance.

Significant gold reserves of the deposit, large size of ore zones, irregular
distribution of gold in the ore bodies allow us to classify the deposit according to
the complexity of geological structure into the 2nd group.

Mirazh deposit. Mirazh deposit is located to the west of Semeytau, within the
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eastern side of the Gornostaevsky ophiolitic belt. Hosting rocks are olystostromic
complex limestones of CharskoGornostaevsky belt.

Ore belongs to the gold-sulfide-quartz formation, the upper horizons are
oxidized. Disseminated ore mineralization is represented by gold and mercury,
accompanied by halos of As, Sb, Hg, fuchsite, brainerite, pyrite, arsenopyrite, and
antimonite.

Gold mineralization is revealed in the melange zone, at the contact of
serpentinized protrusions of ultrabasites and limestones of the olystostromic
complex. Productive weathering crusts with Au grades up to 5-73 g/t are developed
up to a depth of 40-60 m. A total of seven ore-bearing zones (50600m long), 1-35m
thick, with an average gold grade of 1.46 g/t and a maximum value of 29.8 g/t, are
identified. Disseminated ore mineralization is represented by gold and mercury,
emphasized by halos of As, Sb, Hg. Pyrite, arsenopyrite, antimonite, fuchsite and
brainerite are indicated in the ores. Productive weathering crusts with Au content
up to 5-73 g/t are developed 40-60 m deep.

The geological situation and the nature of mineralization indicate the proximity
of the mineralization to the Suzdal type. According to “Vostkaznedra™ territorial
directorate data, inferred gold resources in primary ores are about 2.5 tonnes, in
oxidized ores - 3.5 tonnes. According to the experience of gold-bearing weathering
crusts development at Zhanan, Suzdal and Mukur sites, the geological and economic
assessment of the Mirazh deposit is positive. (Figure 8).
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1 - sandstones, gravelites, tuffs of Maytubinsk suite average comﬁosition (C3mt); 2 - sandstones,
siltstones, limestones of the Serpukhovian (C1 s); 3 - limestones with siltstones and tuff-sandstones
interlayers of Arkalyk suite (C1 v2-3 ar); 4 - limestones with bitumine varieties

interlayers and the Givetian- Frasnian siltstones (D2gv - D3f); 5 - rhyolitoid dikes and 6 -
quartz syenites (C3); 7 - serpentinites, birbirite (PR1); 8 - secondary quartzites; 9 - gold ore zones;
10 - ore points with gold grade (g/t); 11 - tectonic disturbances.

Figure 8. Schematic geological map of Mirazh deposit

Conclusion

Conclusions. In the course of these studies the spatial confinement of many
gold deposits and ore occurrences to carbonate and carbonate-bearing formations
of East Kazakhstan has been outlined. The analysis shows that the most significant
gold occurrences are spatially associated with carbonateterrigenous formations of
D3-C1 island-arc type. One of the potential deposits is Baybura ore occurrence,
located in the promising ore-concentrating structure (West-Kalba gold belt), in the
Bolshaya Bukon riverheads in Kokpekty district of East Kazakhstan region, 37
km from Bazanbay village, and it is confined to superintrusive zone of the hidden
granitoid massif. Such a favorable geological and structural position is one of the
leading criteria for the discovery of a new gold ore deposit in this area.

Gold-bearing zones are represented by hydrothermally altered and skarnified
rocks formed by limestones in the process of ferric-siliceous metasomatism.
1t is recommended to continue target study of island-arc type carbonate strata in
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other promising areas of Zaisan sutural zone (Semipalatinsk Priirtyshie and other
areas).

The obtained preliminary results confirm sufficiently high prospects of
discovering unconventional types of deposits with fine and free gold in carbonate
formations of the region, which may be of industrial importance. «This research
has been/was/is funded by the Science Committee of the Ministry of Education and

Science of the Republic of Kazakhstan (Grant No. AP1488941500000)».
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