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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

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, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2024

5




ISSN 2224-5227 4.2024

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 4. Number 466 (2024), 6-21
https://doi.org/10.32014/2024.2518-170X.421

UDC 550.831.015

© A.E. Abetov, A.A. Auyesbek*, 2024
Kazakh National Research Technical University named after K.I. Satpayev,
Kazakhstan, Almaty.
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GEOLOGICAL-GEOPHYSICAL CRITERIA OF THE JEZKAZGAN ORE DIS-
TRICT IN CENTRAL KAZAKHSTAN

Abetov A.E. — Doctor of Sciences in Geology and Mineralogy. Corresponding Member of the National Acade-
my of Sciences of the Republic of Kazakhstan. Professor of the Department of Geophysics and Seismology. In-
stitute of Geology and Oil and Gas Business named after K. Turyssov, Satbayev University. Almaty, Kazakhstan
E-mail: abetov.auez@mail.ru, https://orcid.org/0000—0002—1866—7677,

Auyesbek A.A — Master’s student at the Kazakh National Technical Research University named after K.I.
Satpayev. Institute named after K. Turyssov, Department of “Geophysics and Seismology”. Almaty. Kazakhstan
E-mail: auyesbek99@mail.ru, https://orcid.org/0009-0000-5376-0706.

Abstract. Stratigraphy, lithology, and structure of explored copper deposits and
ore occurrences in the Zhezkazgan ore areas have been studied. The zonation of copper
mineral distribution is confirmed in this region, where the endogenic nature of the ore is
confirmed by specific elements, high temperatures of ore-forming solutions, and the absence
of post-ore metamorphism. The uniqueness of the Zhezkazgan copper deposit is evident
in the enormous vertical thickness of ore mineralization over a relatively small area and at
shallow depths, with a tabular form associated with magmatic rocks of basic and ultrabasic
compositions. The significant involvement of tectonic displacements, effusive, and intrusive
magmatism in the formation of ore-bearing horizons, various structural elements, faults,
and fracture systems, which served as conduits and localizers for ore mineralization, has
been substantiated. There is observable correlation of isolines of positive residual gravi-
ty anomalies with the structural plan within the Zhezkazgan copper deposit and beyond.
Zoning of the deposit has been performed based on the intensity of gravity anomalies Ag,,
depth of occurrence, and stratigraphic range of ore-hosting horizons. A forecast has been
made regarding the possibility of identifying new ore deposits. The following characteristic
combination of criteria defining copper mineralization in the Zhezkazgan ore field has been
identified: a system of high-gradient and intensive maxima of geomagnetic field anomalies,
concentration of rare earthquake epicenters at depths up to 20 km, and moderate amplitude
of recent crustal movements. Linearly elongated relative maxima and minima of the region-
al gravity field transform, excess density masses along the intracrustal transform, extremely
high values of heat flow density, temperatures at depths of 10 km and 30 km, and protrusions
on the Moho and granulite-basaltic layer surfaces correlated with basic and ultrabasic rocks
within the consolidated crust. Morphology and orientation of geophysical field anomalies
align with the orientation and manifestation of disjunctive tectonics, where deep heat mass
transfer processes are allowed along the planes of deep faults.
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OPTAJIBIK KABAKCTAHJIATBI ’)KE3KA3FAH KEH/II AYIAHBIHBIH
T'EOJIOT'UAJIBIK-T'EO®U3UKAJIBIK KPUTEPUSJIAPBI

AbetoB A.E. — reonorus »xoHe MUHEPAIOTUsl FRUIBIMAPBIHBIH JOKTOPHI, Kazakcran Pecrybiukacel ¥ ATTHIK
FBUIBIM aKaIeMUSICBIHBIH KOPPECIIOHICHT-MYIIEC], Teo(r3nKa )KIHE CeHCMOIIOrusl KadeapachIHbIH IPOGECCOpBI.
K. TypsicoB ateinzars! [eonorust sxoHe MyHaii-ra3 ici uHcTUTyThI, CoTOaeB YHuBepcureTi, Anmarsl, Kasakcran
E-mail: abetov.auez@mail.ru, https://orcid.org/0000-0002-1866-7677;

Oyecoek A.A. — K.J.CorbaeB aTeiHIaFb! Ka3aK Y JITTHIK TEXHUKAIBIK 3€PTTECY YHUBEPCUTETIHIH MarCTPaHThI.
K. TypeicoB ateiHmarsl HHCTUTYT, “I'eodu3rka xaHe celicmonorus” kadenpacsl, Anmarsl, Kazakcran

E-mail: auyesbek99@mail.ru, https://orcid.org/0009-0000-5376-0706.

AnHoTanus. MpICTEIH OapiaHFaH KeH OpBIHAApBl MEH KEH OpPBIHAAPBIHBIH
CTpaTUTpa(HICHI, IUTOIOTUSACH MEH KYPBUTBIMBI, JKe3Ka3raH KeH aifMar bIH/1aFbl MBIC KEHIHIH
nmaianel Ka30amapblHBIH Tapally aiMaKTBUIBIFBI, Oy JKepie pyHaldapAblH JHIOTEHIIK
TaOWFaThl €peKIIe 3JEMEHTTEP >KUBIHTBIFBIMEH, JKOFaphl TEMIIEpaTypaMeH pacTaslajbl.
KCH TY3CTiH epITIHAUIEPIIH KYpaMbl XKOHE KEHJEH KEWiHTT MeTaMOP(PU3MHIH >KOKTHIFBI
3eprrenai. JKe3kazraH MbIC KeH OPHBIHBIH O1peTeiiTiri CaapICTBIPMAaJIbI TYP/IE IITaFbIH ayMaKTa
YKOHE Tasi3 TEPEHIIKTE KeH I MUHEpaIJaHyAbIH OpacaH 30p BEPTHUKAIb bl KAJBIH/IBIFbIHAH,
OHBIH KaHBUITHIP TOPi3i MiIIiHIH/IE )KOHE HET13T1 )KOHE YIbTpa HeTi3/li KypaMIbl MarMajIbiK
JKBIHBICTAPMEH OaillaHbIChIHIA KopiHemi. Kenmi MuHepamgaHyIbIH OTKI3TINI JKOHE
JIOKAJTU3aTOPhl KBI3METIH aTKapraH TEKTOHUKAJIBIK AUCIOKANMSIAPIBIH, 3PPy3uBTI KoHE
WHTPY3WBTI MarMaTH3MHIH PYAalbl TOPU3OHTTAPABIH, OPTYPHl PETTI KYPBUIBIMAAPIBIH,
KApbUTBIMJIAD MEH IKAapBIKMIAKTBIK OKYHENepAiH KaJbIITaCyblHa VIKEH KaTBICYbI
TONENIeHTeH. [ paBUTANMSIIBIK OPICTIH OH KaAblK aHOMAIMSUIAPBIHBIH H30CHI3BIKTAPHI
JKeskasraH MbIC KEH OPHBIHBIH ©31H€ )KOHE 0/IaH THIC )KepJiep/ie KYPhIIBIMIBIK )KOCTIapMEH
KOoppersuusaiaanranbl  Oalikanmaapl. byn KeH OpHBI aHOManusIapAblH KapKbIHIBUIBIFBI
Ag,, marima 00y TePEHIT1 XKoHE KCHJI TOPH3OHTTAPABIH CTPATUTPA]ISUIBIK JUAMa30HbI
Heri3inae aymaHgacTeipbuirad. JKaHa KeH OpBIHIAPBIH aHBIKTAy MYMKIHJIITT Typabl
O6omkam Oepinren. JKe3kasraH KeH OPHBIHIAFbl MBIC MHHEPAIAAHYBIH CHIATTAWTHIH
KpUTEpUINIEP/IIH KeNecinell CUmarThl YHJieciMi aHBIKTAJIABI: TEOMarHuTTiK — epic
ayBITKYJIAPBIHBIH JKOFAPBI TPATUEHTTI KOHE KAPKBIHIBI MaKCHUMYMIApPBIHBIH Kyieci, 20
KM-T€ JIeHIHT1 TepEeHIIKTET] CHPEK JKep CUTKIHICI OIIaKTapbIHBIH IOFBIPIAHYBI JKOHE COHFbI
KEe3/IeTi OpTaIia aMIuTUTYJachl. Ke€p KbIPTBHICBIHBIH KO3FAIBICTAPhI, AHMaKTHIK TYPIACH I PTIIIT
TPaBUTAIMSUIBIK OPICTIH CBHI3BIKTHl Y3apThUIFAaH CalBICTRIPMANIBl MaKCUMyMIApbl MeEH
MUHUMYM/JAphI, KBIPTHICH IIIUTIK TYPIEHAIPTinl OOMBIHAAFB! ApTHIK THIFBI3IBIK Maccaiapsbl,
JKBUTY AFBIHBIHBIH THIFBI3ABIFBIHBIH ©T€ XOFaphl MoHIEpi, 10 kM xoHe 30 KM TepeHmiK
YYJacKeCIHIET1 TeMIiepaTypanap, Oerrep OOWBIHAAFBI IIBIFBIHKBI Kepiep. Moxo KoHe
rpaHyIUTTi-Ma(UKaIbIK KabaT, MIOFBIPJIaHFaH JKep KbIPTHICHIHIAFBI HETI3T1 JKoHE YIbTpa
HeTi31 KBIHBICTADMEH Koppensuusuianagbl. |'eo(u3nkanblKk epic aHOMaNHsIapbIHBIH
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MOP(OJIOTHACH MEH OPUEHTALMSCH AU3BIOHKTUBTIK TEKTOHUKAHBIH KOPIHY OarbIThl MEH
CHIIaThIHA COMKeC KeJell, MyH/a TEepPeH JKapbIKTap >Ka3bIKTHIFBIHIA TEPEH JKbUIY JKOHE
Macca anmacy IpoIecTepiHe ko Oepiyei.

Tyiiin  ce3aep:  MBICTBI-KYMTAaC, JIMTOJOTHSIIBIK-KYPBUIBIMIBIK  OaKpLIay,
TPaBUTALMSIIBIK ©Pic, MUHEPAIIAHY /bl 2y JaHAACTHIPY, KEH TOPU30HTTAPEI.
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Annortauus. M3ydensl crparurpadus, JUTOJIOTHS M CTPYKTypa pa3BeAaHHBIX
MECTOPOXACHUM U PYAOHPOSIBICHUM MENH, 30HAIBHOCTh PA3MEIICHHUS MUHEPAIOB
MeaHbIX pyn B JKe3ka3raHCKOM pyAHOM paiioHe, B KOTOPOM OJHJOTEHHas MpHupojaa
pya MOITBEpKIaeTcss HaOOpPOM crenu(UYecKuX HIIEMEHTOB, BBICOKOH TeMmIeparypoi
PYR000pa3yIOLINX PACTBOPOB U OTCYTCTBHEM IIOCTPYJHOTO MeTaMop(hu3Ma. Y HUKaIbHOCTD
JKe3ka3zraHcKoro MeCTOpOXKJIEHUSI MU MpOsBISETCS B OTPOMHON BEpTHUKAJIbHON
MOIITHOCTH PYJHOH MUHEpaIH3ally HA CPABHUTEIHHO HEOOJBIION TIIOMIa N U Ha MaJIbIX
rnyOMHax, IIacToo0pa3Hoi (opMe M MPUYPOYCHHOCTH K MarMaTH4ecKuM I0pojaam
OCHOBHOTO U YJIBTPAOCHOBHOT'O COCTaBOB. OOOCHOBAHO OOJIBILIOE YHaCTHE TEKTOHUYECKUX
JUCIOKauiA, ¢ (y3MBHOTO M MHTPY3UBHOTO MarMaTu3Ma B ((OPMHPOBAHUH PYyIOHOCHBIX
TOPU30HTOB, Pa3HONOPSJAKOBBIX CTPYKTYD, Pa3JIOMOB M CUCTEM TPEIIMHOBATOCTH, CIy-
KMBIIMX TPOBOJHHKAMU M JIOKAaJM3aTOpaMH PYAHOM MuHepanuzaiuu. HaGmogaercs
KOPPEJIUPYEMOCTh U30JIMHUM IOJOKUTEIbHBIX OCTATOYHBIX aHOMAJIUN I'PABUTALIMOHHOTO
T0JIs1 CO CTPYKTYPHBIM IIJIAHOM Ha camoM JKe3ka3raHcKOM MeCTOpPOKJISHUH MEIH U 3a ero
npeaesaMy. BhIIONHEHO pallOHMPOBAHUE JAHHOTO MECTOPOXKIECHHUE 110 MHTEHCHBHOCTHU
aHoManuii Ag,, nIyOuHe 3ajieraHusi ¥ cTpaTUrpaduueckoM AnUana3oHe PyIOBMEIIAIOLIHX
TOPU30HTOB. JlaH IPOrHO3 O BO3MOKHOCTH BBISIBJICHHS HOBBIX PY/IHBIX 3aJIe:Kel. BbIABICHO
CJIEIYIOLIEE XapaKTEPHOE COUETaHUE KPUTEPUEB, XapaKTEPU3YIOLUX MEHOE OPY ICHEHHE B
7Ke3ka3raHcKoM py/IHOM I10JIe: CHCTEMa BBICOKOTPAJUEHTHBIX 1 HHTEHCUBHBIX MAaKCUMYMOB
AHOMAQJIUKA TE€OMAarHUTHOIO IIOJI, KOHUEHTPALMS PEAKUX O4YaroB 3€MIIETPSCEHUN Ha
riryonHax 10 20 KM 1 yMepeHHast aMIUIUTY1a HOBEMIIUX IBUKEHNUH 3eMHOM KOPBI, TIMHEHHO-
BBITSIHYThIE OTHOCHTENbHBIE MAaKCUMYMBl 1 MUHMMYMbI PETHOHAIBHON TpaHCPOPMaHTHI
IPaBUTALMOHHOTO MOJIs, M30BITOK IUIOTHOCTHBIX Mace 10 BHYTPUKOPOBOH TpaHCPOPMaHTE,
SKCTPEMAIbHO BBICOKUE 3HAYEHMsI IJIOTHOCTU TEILIOBOrO IIOTOKA, TEMIIEpATyp Ha Cpes3e
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riryouH 10xM u 30 KM, BBICTYITHI 11O ITOBEPXHOCTAM MOXO0 U TpaHyIuT-0a3UTOBOTO CIIOSI, KOP-
PETUPYIOLIE C OCHOBHBIMH U YJIBTPA0CHOBHBIMH ITOPOJAMHU B COCTABE KOHCOIMIUPOBAHHOE
Kopbl. Mopdororus u OopueHTalus aHOMaduid reo(U3MUECKUX IOJICH corjacyercs ¢
OpHEHTAIMEH U XapaKTepOM HPOSIBICHUS AU3bIOHKTUBHOM TEKTOHUKH, TA€ IO MFIOCKOCTSIM
rITyOMHHBIX Pa3JIOMOB JIOIYCKAaeTCs MPOLECChI INTyOMHHOTO TeIJIOMacciepeHoca.

KaioueBbie cjioBa: MEAMCTBIC-TIECUAHUKH, JUMON0C0-CIMPYKIMYPHBIU KOHMPOIb,
IPaBUTALMOHHOE ¥ MAarHUTHOE I10JI€, 30HATBHOCTb OPYACHEHHSI, PYyAOHOCHBIC TOPU30HTEI

Introduction

Central Kazakhstan is a unique metallogenic province in Kazakhstan, hosting sig-
nificant copper deposits (up to 36.3 %). The geological structure and localization of copper
ores in the Zhezkazgan ore region have been extensively studied by researchers such as L.S.
Yagovkin, K.I. Satpaev, T.A. Satpaeva, N.G. Kassin, M.P. Rusakov, G.L. Padalka, N.G. Ra-
zumovsky, T.I. Preobrazhensky, V.I. Shtifanov, S.Sh. Seyfullina, Sh.E. Esenova, L.V. Kopy-
atkevich, G.D. Mladentsev, L.F. Narkelyun, N.B. Golodnova, N.N. Nuralin, and others.

Significant contributions to the study of the geological structure of the Zhezkazgan
ore field were made by employees of geophysical expeditions of the Kazakh Geophysical
Trust and geological departments under the general guidance of M.D. Morozov, A.P. Gavel,
V.N. Ivanov, V.V. Brodov, G.R. Bekzhanov, A.F. Igoshin, and others.

Materials from regional geophysical studies in Central Kazakhstan (including the
Zhezkazgan ore region) have been summarized in works by M.D. Morozov, V.V. Brodov,
G.R. Bekzhanov, R.A. Eydlin, O.D. Ivanov, B.I. Zhurbitsky, A.L. Kolik, V.I. Goldschmidt,
M.V. Kuminova, A.V. Stroitelev, I.P. Benevolensky, B.R. Yumanov, Kazanli, F.S. Moiseen-
ko, L.I. Kronidov, A.S. Kumpan, and others (Daukeev et.al., 2002: 216).

Copper deposits explored in copper-bearing sandstones play a leading role in min-
ing volumes. In 2006, out of the total copper production in Kazakhstan (442.6 thousand
tons), the share of copper from the Zhezkazgan group of deposits amounted to 200.7 thou-
sand tons (45.3 %). Specifically, the volume of extracted ore reached 24.194 million tons
with an average copper content of 0.83 %, and the majority is attributed to Zhezkazgan —
19.827 million tons of ore with an average copper content of 0.91 %.

At the Zhezkazgan ore region, explored copper deposits and manifestations are
concentrated in the terrigenous sediments of the Middle and Upper Carboniferous and in
the terrigenous and carbonate formations of the Upper Devonian and Lower Carboniferous
(Satbayev, 1967: 279; Satbayev, 1968: 312).

In these sediments, the Zhezkazgan, Western Saryoba, Kipshakbay, Karashoshak,
Itauz, Taskura deposits and the Zhaman-Aibat deposits have been explored (Figure 1).

The copper-polymetallic bodies in the Uytas deposit (Uytas, Berdiken, Koshkum-
abay areas) are associated with the carbonate sequence of the Upper Devonian-Lower Car-
boniferous. In coeval conglomerates and sandstones, copper mineralization occurrences are
identified in the Altynkazgan, Karadin, Terecty, Baytleu areas, where they are localized
within gray gravelites, sandstones, and conglomerates, often associated with quartz-barite
veins (Abdulin, 1981).

The conducted research is based on diverse and multi-scale studies carried out by
different authors, organizations, and in different years.

The integration of this extensive dataset for the Zhezkazgan ore field required the
utilization of information on stratigraphy, lithology, deep tectonics, seismicity, distribution
of regional, zonal, and local anomalies of gravity, geomagnetic, and thermal fields, latest

9



ISSN 2224-5227 4.2024

movements of the Earth’s crust, as well as associated anomalous heterogeneities of the
Earth’s crust and their role in the ore formation process (Nusipov et.al., 2007).

Based on the results of a systematic analysis of geological-geophysical data using
modern software, a distinctive combination of geological-geophysical criteria characteriz-
ing only copper mineralization in the Zhezkazgan ore field has been identified.
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Figure 1 — Geological map of the Zhezkazgan ore region (according to F.V. Bespalov).

1- Quaternary and Tertiary systems (alluvial, eluvial, proluvial sediments); 2- Permian system, Kengir
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suite (marls, limestones, sandstones, aleurolites, salts); 3- Permian system, Jidelisay suite (argillites, aleuro-
lites, sandstones); 4- Middle and Upper Carboniferous, Zhezkazgan suite (sandstones, aleurolites, argillites,
conglomerates); 5- Middle Carboniferous, Taskuduk suite (sandstones, aleurolites, argillites, chert); 6- Low-
er Carboniferous, Viséan substage (sandstones, aleurolites, limestones); 7- Lower Carboniferous, Tournaisian
substage (limestones, marls, shell rock, dolomites with silica concretions); 8- Devonian system (limestones,
dolomites, sandstones, conglomerates, andesitic porphyrites, quartz porphyries, quartz albite porphyries and
their tuffs); 9- Archean deposits (mica-plagioclase schists, quartz-plagioclase schists, quartzites); 10- Devonian
biotite granites; 11- Devonian granodiorites and syenite-diorites; 12- Boundary of unconformable deposition;
13- Boundary of normal stratigraphic contact; 14- Fault disruptions; Mineral deposits and occurrences: 15- Iron,
16- Manganese, 17- Iron-manganese, 18- Copper, 19- Nickel and cobalt, 20- Lead, 21- Mountain crystal, 22-
Amphibole asbestos, 23- Limestone, 24- Building sand, 25- Brick clays, 26- Clay gypsum, 27- Marls, 28- Rock
salt, 29- Chrysotile asbestos.

Materials and research methods

The factors controlling the distribution of copper mineralization became the focus
of the research, and the results are reflected in this article.

Lithological and structural control of copper mineralization. A unique feature of
the Zhezkazgan copper deposit is the multilayered nature of the ore with the localization of
industrial ore bodies only in the layers of medium- to coarse-grained sandstones and con-
glomerates of the Middle-Upper Carboniferous (Abdulin, 1981).

On the central part of the deposit, the ore-bearing sequence is divided into two
suites: the lower Tasquduk and the upper Zhezkazgan, separated by layers of Raimund con-
glomerates.

The ore-bearing sequence comprises 22 layers of gray sandstones, of which 19 are
ore-bearing, hosting 27 ore deposits.

Areas with equal proportions of thickness between gray and red sandstones, with
sustained thickness and extent, are most favorable for locating industrial ore bodies (Smelov
et.al., 1983: 145-157; Yesenov, 1968).

Tectonic control. The Zhezkazgan ore region is geologically distinguished within
the areas of Early Caledonian consolidation, characterized by complex tectonic zoning and
widespread magmatic rocks (Korobkin, 2011: 71-77).

Throughout the Paleozoic and partially in the Mesozoic-Cenozoic, this region ex-
perienced longitudinal and transverse shift displacements, thrust movements, progressively
complicating the initial structural plans.

Volcanic formations and intrusive magmatism have a significant presence in this
area. Key milestones in the manifestation of the latter include the Cambrian period (layered
peridotite-gabbro-norite and alkaline-ultramafic complexes) and the end of the Ordovician
to the beginning of the Silurian (large masses of granites, granodiorites, and diorites) (Ko-
robkin, 2011; Malchenko et.al., 2002).

The endogenic nature of the Zhezkazgan depression’s ores is indicated by the pres-
ence of trace elements (Re, Ni, Co, Os, Ag), while the absence of post-ore metamorphism
and the high temperature of ore-forming solutions are indicated by the presence of chalco-
pyrite-bornite-digenite solid solutions and cubic modification of chalcopyrite, known as
putoranite. This allows for the assumption of intrusive control over copper mineralization
(Bekzhanov et.al., 2000: 396).

The ore-bearing sequence in the Zhezkazgan copper deposit forms complex anti-
clinal and synclinal structures. The major commercial reserves of copper and polymetallic
ores are localized on the anticlinal uplifts and flexures of the first order, such as the Kengir
and Zhilandin ones (Bekzhanov et.al., 2000; Miroshnichenko et.al., 2002).
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The southeastern boundary of the ore field is limited by the Terektin fault, and the
western boundary is characterized by a system of large meridional Ulutau faults with a sig-
nificant extent (up to 800 km) and a width of about 150 km.

According to N.N. Nuralin (1976), regional faults formed during the creation of
large block structures of the first order. Subsequently, during the next stage of tectonic ac-
tivity, folds of the second-third order, layer zones of shifts, stratification, and fracture breaks
developed under the conditions of lateral compression of rocks and the influence of tangen-
tial forces acting from the southeast to the northwest.

The process of ore deposition is believed to be associated with the formation of
folds of the second order and related breaks. The final stage is associated with the formation
of post-ore movements, such as strike-slip and throw-slip movements of sublatitudinal di-
rection (Miroshnichenko et.al., 2002: 271).

It is essential to emphasize that the main part of copper reserves (up to 75 %) is con-
centrated in the dome structures and flexural inflections, while the remaining 25 % is found
in synclinoria of the second order (Yesenov, 1968).

The Pokrovsky, Krestovsky, and Annensky ore-bearing domes were identified in the
Zhezkazgan copper deposit. In cross-section, they are characterized by a chest shape (Figure
2). The domes axes are elongated in a northeast direction and plunge to the southwest. Ore
mineralization is traced for several kilometers on each of them in the form of arcuate zones.

Local folding is accompanied by the development of synchronous and cross-cutting
fractures, as well as intra- and inter-layer zones of fracturing, which served as conduc-
tors and localizers of ore mineralization (Satbayev, 1968; Smelov et.al., 1983). Fractur-
ing reached its maximum development in areas with the distribution of brittle, less plastic
sandstones and conglomerates. In such areas, ore deposition occurred from hydrothermal
solutions due to a sharp drop in pressure and temperature.
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Figure 2 — Jezkazgan. Tectonics of ore deposits based on secondary development data (modified
from Kuznetsov A.)

Zonation of ore mineralization. In the copper deposit of Zhezkazgan, a consistent
pattern in the composition of ore deposits has been established as investigated by T.A. Sat-
paeva. The central part of this deposits typically exhibit enrichment in copper, characterized
by the presence of chalcosine and bornite. Moving towards the periphery, these give way to
chalcopyrite, galenite, and sphalerite. Beyond the ore bodies, iron sulfides, such as pyrite,
marcasite, and occasionally arsenopyrite, are prevalent.

The entire deposit is categorized into four groups - lower, middle, intermediate and
upper (Satpaeva et.al., 1986: 59—65). The lower group comprises the first and second ore
horizons, dominated by chalcosine and galena ores.

Ascending through the geological stratigraphy, the middle group encompasses the
ore bodies of the third and fifth horizons, demonstrating an expanded development area.
Aligned in a northwest direction in conjunction with the deposits of the lower group, they
collectively form the most extensive ore zones.

A notable feature is the substantial vertical thickness of ore mineralization observed
in Central Jezkazgan, spanning an interval from -50 to -450 meters in absolute elevation, yet
covering a relatively small area of 30 square kilometers.

The formation of the Zhezkazgan copper deposit occurred at a shallow depth, spe-
cifically within 600-1800 meters from the dome part of the volcano-plutonic structure. Re-
construction results indicate that its elevation above the contemporary Earth’s surface did
not surpass 1100 meters (Abdulin, 1981; Lyubetseva et.al., 2009).
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The occurrence conditions and morphology of ore bodies are characterized by sig-
nificant variability. In the northern part of the deposit, ore bodies exhibit a tabular form
and are continuously traced by delve and boreholes to depths of up to 550 meters. They are
oriented in a southeast azimuth (120-130°) and form a joint ore zone, comprising closely
situated tabular bodies that are associated with magmatic rocks of both primary and ultra-
basic compositions.

On the northwest flank of the deposit, mineralization is represented by steeply dip-
ping bodies towards the southwest (60—80 ©). With increasing depth, there is a flattening of
the ore bodies (Lyubetseva et.al., 2009).

The extension of the zone then sharply changes to a sub-meridional direction, and
ore bodies are traced further in a southern direction for an additional 300 meters.

Residual Gravity Field Anomalies. At the Zhezkazgan copper deposit, geophysical
features of copper mineralization were extensively utilized in the initial stages of explo-
ration from 1926 to 1932. The first gravimetric studies were conducted during the period
1929-1932. The results of gravity measurements were used to solve problems of regional
geology and tectonic zonation.

During this period, electric exploration methods such as equipotential — line, induc-
tion, intensity, and natural sources were carried out in order to directly search for copper
ores.

Due to the good electrical conductivity of ores with high copper contents, electrical
anomalies were created, the verification of which by drilling indicates the high efficiency
of the work carried out. Out of 24 verified anomalies, industrial ores were identified within
the contours of 13 anomalies, two had deposits with disseminated mineralization, three
contained oxidized ores, and only six anomalies turned out to be barren. Thus, within the
contours of 75 % of the verified anomalies, ore deposits were identified.

However, in subsequent years, geophysical study has been suspended, and in the
further exploration of the Jezkazgan copper deposit, geophysical methods were not used.
This can be attributed to the successful geological results obtained from drilled exploration
wells. As a result, the final nature of the gravity anomaly has not been conclusively estab-
lished until now.

The correlation of gravity anomalies with copper mineralization is evident over a
significant part of the Zhezkazgan deposit, including ore zones such as Pokro-North, Zla-
toust, Pokro-Southwest, Krestovsky, and Akchii-Spassky. In the central part of this deposit,
the maximum values of residual gravity anomalies (+2.75 +3.25 mGal) are observed, elon-
gated in a northeast direction and associated with the Pokrovsky dome (Figure 3).

An exception is the Annensky area, where oxidized ores with low density predomi-
nate, and intense negative minima Ag, are extended.

In the apical dome, the eighth and ninth ore-bearing horizons stand out, character-
ized by relative maxima of positive residual gravity anomalies.

For the western part of the deposit, there is a gradual decrease in the intensity of
residual gravity anomalies with the descent of the ore-hosting thickness and its overlying by
the Lower Permian sediments of the Zhideleysay Formation. The behavior of isolines of the
residual gravity anomalies correlate entirely with the general distribution of rocks (Figure
3).

The boundaries of the deposit in this area are demarcated by the +1.0 mGal isoline.
Beyond the deposit, despite the proximity to the ground surface of the ore-bearing horizons
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of the Zhezkazgan and Taskuduk suites, the intensity of residual anomalies decreases to
+0.25 to +0.5 mGal and less (Figure 3).

On the southwest and southeast peripheries of the deposit, both positive and nega-
tive isolines appear. The reliability of their correlation becomes less certain with the struc-
tural plan of ore-bearing horizons.

For the northern and northeastern parts of the deposit, the boundary of copper ore
extension is accompanied by a more elevated gravitational field, the amplitude of which
varies within the range of +1.25 to + 1.75 mGal, decreasing to +0.8 mGal in some areas
(Figure 3).

Ag, (mGal) isolines; 1-positive; 2-zero; 0 S00 1000 1500 2000 2500 3000s
3-negative

@ Generalized deposit outline Geological boundaries

Figure 3 — Map of the residual gravity field of the Zhezkazgan deposit (modified from Suleimenov, Kogai, et
al., 1983).

The contour of positive anomalies Ag, exhibits scalloped edges. In some areas, these
can be traced beyond the Zhezkazgan deposit, extending up to 2.0-2.5 km. The displace-
ment of residual anomalies of the gravitational field beyond the boundaries of the explored
contours of the deposit involves the identification of new ore deposits, taking into account
the lack of knowledge to a depth by exploratory drilling.

In the western part of the deposit, the bottom of the ore-bearing deposits of the Ta-
skuduk horizon corresponds to anomalies Ag, values with an amplitude of 0.25-0.45 mGal,
while for the northeastern part of the deposit, elevated values ranging from 0.4-0.8 mGal
are characteristic.

This implies the presence of subsurface objects with increased density, such as
deposits from the Visianian and Serpukhovian stages of the Lower Carboniferous with a
density of no less than 2.70-2.72 g/cm?, potentially hosting copper-polymetallic deposits,
associated with lower stratigraphic horizons of the Famennian and Frasnian stages of the

15



ISSN 2224-5227 4.2024

Upper Devonian (Satpayev, 1968).

Thus, based on gravimetric survey data, undiscovered ore deposits may exist in the
northern part of the Zhezkazgan deposit, localized at great depths compared to the southern
and southeastern flanks.

According to drilling data, ore deposits drilled on the southeastern flank of the de-
posit are shallow and associated with the Zhezkazgan suite. The boundaries of ore occur-
rence in this part of the deposit are accompanied by the highest residual gravity gradient
values, ranging from 0.2 to 0.4 mGal per 100 m, whereas for the southwestern part, it is
lower, around 0.1 mGal per 100 m (Figure 3).

On corresponding opposite sides, gravity field gradients vary from 0.12 to 0.5
mGal/100 m and 0.03-0.07 mGal/100 m, aligning well with the aforementioned values
anomalies Ag,.

All of this indicates the urgent need for exploration drilling of ore-bearing horizons
on the northern and northeastern flanks of the deposit, where elevated values of residual
anomalies Ag, have been identified.

Results and discussion

The nature of the gravity anomaly has not been definitively established up to the
present time. The main difficulty in its interpretation lies in the diversity of sources that
created the observed anomaly and the lack of information on the parameters of presumed
disturbing objects. This significantly limits the possibility of conducting a comprehensive
quantitative interpretation of the anomalous gravitational field.

Based on the interpretation of geophysical and geochemical data for the Zhezka-
zgan ore field by Suleimenov K., Kogai S., et al. (1983) predicted ore zones with excess
density of 0.2 g/cm?® and 0.3 g/cm? under known ore deposits into the lower horizons 1-3 of
the Taskuduk Suite in Central Jezkazgan. These, together with the explored deposits, con-
tribute to the observed cumulative anomaly.

However, out of the drilled 51 exploration wells with depths up to 1551 meters, only
3 wells revealed separate ore bodies with copper industrial mineralization with a thickness
of no more than 3 meters. Additionally, balance sheet lead ores were identified in 4 wells,
and unbalanced copper and lead ores were found in 6 wells. The remaining 38 wells were
ore-free or encountered poor mineralization with copper content not exceeding 0.1-0.2 %.

Bryzgalov S. (1987-1989) attempted to explain the nature of gravity anomalies by
deep sources, with a cumulative gravitational effect caused by the influence of ore deposits,
dense Paleozoic rocks, and the Caledonian basement.

In the structure of the anomaly, the predominant role was assigned to undivided
formations of the Cambrian-Ordovician with increased density (2.78 g/cm?), the thickness
of which in the tectonic block limiting the deposit reaches 2.0-2.5 km.

However, geological data indicate that dense basement rocks have not been pen-
etrated by drilling. For instance, according to the results of the deep well Kyzylkakskaya
P-1, located 80 km south of the Zhezkazgan deposit, Cambrian-Ordovician rocks were not
identified, and Devonian rocks at a depth of 2210 meters discordantly overlie ancient Pro-
terozoic deposits represented by metamorphic schists.

Nevertheless, the study of the geological structure of the Caledonian basement indi-
cates its specific contribution to the formation of the gravity anomaly.

In our opinion, the maxima of residual anomalies Ag, may be associated with Or-
dovician intrusions of ultrabasic and basic compositions identified in the Eskulinsky dome,
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located 30—35 km northwest of the Zhezkazgan deposit.

To some extent, this opinion is confirmed by the data from regional geophysical
studies (Zhurbitsky, 1968), according to which hidden depths of hyperbasite formations are
developed to the west and south of the deposit.

Increasing the reliability of forecasting the placement of copper ore in the Zhezka-
zgan ore field is undoubtedly directly related to the data of deep tectonics, seismicity, the
distribution of regional, zonal, and local anomalies of gravity, geomagnetic, and thermal
fields, recent movements of the Earth’s crust, as well as their associated anomalous hetero-
geneities of the Earth’s crust and their role in the formation of copper deposits.

Based on a systematic analysis of the extensive set of geological-geophysical data
using modern software, a combination of criteria characterizing only copper mineralization
in the Zhezkazgan ore field has been identified. Among these criteria are:

1. A contrastingly expressed zone of geomagnetic field anomalies AT., elongated
in the northwest direction and consisting of three maxima with increased intensity (+200
to +400 nT) and sharp gradients of change in this parameter. This anomaly zone is likely
caused by hidden (uneroded) intrusions of intermediate-mafic compositions, playing a sig-
nificant role in metamorphic processes (Abetov et.al., 2023).

2. Moderate amplitude of recent crustal movements (+300 to +400 meters or more),
correlating with identified active faults. Anomalies of recent crustal movements are distin-
guished by a polygonal shape of the tectonic elements forming them (Abetov et.al., 2023).

3. The presence of linearly elongated relative maxima and minima of the regional
transformant of the gravity field, extending in the meridional direction. The intensity of the
latter varies widely from +25 to +40 to -55 to -155 mQGal. The formation of regional de-
compacted objects is associated with the uplift of mantle material and its intrusion into the
Earth’s crust, followed by the opening of rift zones and eruptions of high-alkaline basalts
(Timush, 2011: 290).

4. The intracrustal transformant of the gravity field records an excess of density
masses, manifested in variously oriented, strongly dissected anomalies of positive sign with
intensities ranging from +20 to +70 mGal. These anomalies correlate with the extension of
deep faults and the structural plan of tectonic elements on the Earth’s surface. The configu-
ration and sizes of these anomalies vary in a complex dependent relationship on the internal
structure and composition of the folded basement (Timush, 2011; Abetov et.al., 2020).

The local transformant of the gravity field with anomaly intensities of -10 to +15
mGal is characterized by anomalies of different sizes and orientations, with polygonal, elon-
gated, and isometric shapes that not amenable to zoning and are often not controlled by
faults. It reflects the high-frequency gravitational effect from local near-surface objects of
the Earth’s crust up to depths of 5—7 km and likely has a neotectonic origin (Timush, 2011;
Abetov et.al., 2020).

5. Increased readings of heat flow density, characterized by extremely high values
(5060 mW/m?, areas up to 80 mW/m?). The morphology of the anomalous heat flow area
corresponds to the nature of tectonics faults, where processes of deep heat transfer are al-
lowed along the planes of deep faults (Smirnov, 1980:150).

Anomalously high temperature values in the slices at depths of 10 km (up to 300 °C
and more) and 30 km (up to 1000 °C and more), correlating with basic and ultrabasic rocks
with increased thermal conductivity (up to 0.6—1.2 kJ/(kg*K)) comprising the consolidated
crust. The sub-meridional and northwestward extension of the area with increased geo-
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thermal anomaly values coincides with the orientation of regional faults (Moiseenko et.al.,
1983; Abetov et.al., 2019).

Areas with increased geothermal anomaly values are characterized by linearly elon-
gated anomalies of the geomagnetic field with a sub-meridional orientation and enhanced
value the density of the consolidated crust, directly related to the different thermal conduc-
tivity of rocks constituting the consolidated crust.

6. Recorded earthquake sources, concentrating at depths of 4-21 km and localized
near deep faults or fault nodes, delineating tectonic blocks with varying intensity and sign
of geomagnetic field anomalies. This observation correlates with seismic activity and recent
movements of the Earth’s crust (Mikhaylova et.al., 2018: 146—155; Mikhaylova, 2013).

7. Highs on the top of the granulite-basalt layer (up to 15-20 km) and on the Moho
surface (at depths of 40-42 km). However, while the highs on the granulite-basalt layer
aligns with the orientation of deep faults and the direction of tectonic elements, structures
on the Moho have complex geometric forms and are not controlled by faults. Their predom-
inant extension is orthogonal to deep faults (Shacilov et.al., 1995; Lyubetskiy et.al., 2000;
Shabalina, 2010: 128—133).

Based on the results of our study, the following rational set of geophysical works is
recommended for the Zhezkazgan ore field — magnetic exploration, electrical exploration
using induced polarization (IP) and transient electromagnetic (TEM) methods.

As additional research, gravity exploration and geochemical surveys could be rec-
ommended.

Magnetic exploration will provide results that can be used for geological interpre-
tation of geophysical information: identification of rock assemblages, tectonic structures,
mapping the systems of tectonic faults, and intrusive formations (endo and exocontacts).

IP and TEM methods will allow accurate and visual delineation of the copper-bear-
ing zone, as well as tracking the main geological structures, determining their spatial posi-
tion, and elements of occurrence.

Therefore, the recommended set of geophysical methods will allow to effectively
solve the assigned exploration problems.

Conclusion

1. In the Zhezkazgan ore region, explored copper deposits and manifestations are
concentrated in terrigenous sediments of the Middle and Upper Carboniferous, as well as
in terrigenous and carbonate formations of the Upper Devonian and Lower Carboniferous.
Copper reserves in this region are concentrated in the domes and flexural folds of I and III
order structures.

Longitudinal and transverse-shift, overthrusting horizontal displacements, volcanic
formations, and intrusive magmatism of all known types (ultramafic, mafic, intermediate,
acidic, alkaline) have a significant presence.

The endogenic nature of copper ores in the Zhezkazgan region is confirmed by a set
of specific impurity elements, high temperatures of ore-forming solutions, and the absence
of post-ore metamorphism.

This ore region is located at the junction of regional faults, which played a crucial
role in the formation of structures of different orders, faults, and fracture systems, acting as
conduits and localizers of ore mineralization.

The Zhezkazgan copper deposit is characterized by a tremendous vertical thickness
of ore mineralization over a relatively small area. Ore bodies formed at shallow depths have
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a tabular shape and are associated with magmatic rocks of mafic and ultramafic composi-
tions.

Central parts of ore bodies are enriched in copper and composed of chalcocite and
bornite, which are gradually replaced by chalcopyrite, galena, and sphalerite towards the
periphery. Beyond the ore bodies, iron sulfides, represented by pyrite, marcasite, and occa-
sionally arsenopyrite, are developed.

2. In most of the Zhezkazgan copper deposit, there is a correspondence between the
isolines of positive anomalies and the structural plan of the deposit, including the extension
of ore-hosting rocks. Anomalies of variable sign correspond to the marginal parts of the
deposit. The correlation level here becomes less reliable.

The possibility of detecting new ore deposits is confirmed by the traceability of
positive anomalies in certain areas outside the contour of the Zhezkazgan deposit.

In the western part of this deposit, weakly intensive gravity anomalies Ag, are ob-
served, while in the eastern part, there is an increase in the intensity of these anomalies. This
can be attributed to the greater depth of copper deposits and the expansion of the stratigraph-
ic range of productive horizons due to the inclusion of the Famennian and Frasnian stages
of the Upper Devonian.

3. The nature of gravitational anomalies has not been definitively established to date
due to the diversity of sources and parameters of gravimetrically disturbing objects. Ac-
cording to existing concepts, residual gravitational anomalies have been associated with: a)
deep-seated hyperbasite formations developed to the west and south of the Zhezkazgan cop-
per deposit (Zhurbitsky, 1968); b) ore zones with excess density beneath known ore deposits
(Suleimenov et al., 1983); c) predominant role of high-density undifferentiated formations
of the Cambrian-Ordovician with increased density and thickness (Bryzgalov, 1987: 89).

Through a system analysis of geological-geophysical data, we identified a combi-
nation of geological and geophysical criteria characterizing copper mineralization at the
Zhezkazgan ore field. Among these criteria are:

- a distinctly expressed system of high-gradient and intensive maxima of geomag-
netic field anomalies (AT,), linearly elongated relative maxima and minima of the regional
transformant of the gravitational field, excess density on the intracrustal transformant, ex-
tremely high values of heat flow density and temperatures at depths of 10 km and 30 km,
highs on the tops of Moho and granulite-basite layer correlating with the basic and ultramaf-
ic rock compositions with increased thermal conductivity in the consolidated crust.

- the morphology and orientation of anomalies in heat flow, geothermal fluctuations,
geomagnetic anomalies, and the transformant of the gravitational field correlate with the
orientation and manifestation of disjunctive tectonics, allowing for processes of thermal
mass transfer along the planes of deep faults.

- concentrations of earthquake sources at depths of 4-21 km and moderate am-
plitudes of recent movements of the Earth’s crust are localized around deep faults or fault
nodes that separate tectonic blocks.

Based on the results of the carried out research, it is justified to recommend the fol-
lowing rational set of geophysical methods at the Zhezkazgan ore field: magnetic explora-
tion, electrical exploration using induced polarization and transient processes. As additional
study, gravity exploration and geochemical surveys are recommended.
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