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

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

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

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

«Kazaxcman Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Mining is one of the most important segments of the
Kazakhstan economy. The country possesses significant mineral resources, and
their optimal utilization is key to future development. Objective. To effectively
explore for new ore mineral deposits, it is necessary to systematize existing
theoretical understanding of the distribution patterns of various ore systems
and refine exploration criteria, taking into account the development of modern
technologies. Methods. Porphyry copper deposits occupy a significant place
in the mineral production structure, representing the largest source of copper,
molybdenum, and gold reserves. Due to their unique geological structure, deposits
of this type possess a number of well-studied diagnostic geological features. With
the development of modern geophysical technologies, it is now possible to more
accurately record anomalies in physical fields caused by geological structures
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and features. As part of the exploration program, an integrated set of geophysical
methods was carried out within the study area, including ground magnetic surveying
and induced polarization (IP) surveys. Results. The authors chose the Shyngys-
Tarbagatai structural-formational zone as their research object. The results of
magnetic and electrical surveys indicate that the study area is a structurally and
geophysically distinct system, consistent with the model of a prospective porphyry
copper mineralization system, manifested at the surface by silicified rocks forming
part of an advanced argillic lithocap. The high-resistivity zone is located within
an area of slightly elevated anomalous magnetic field values with a low total
gradient, which coincides with the projection of the deep source (intrusion stock)
based on 3D inversion data. Conclusions. Based on comprehensive geophysical
studies conducted at one of the region's promising sites, the authors identified a
set of geological and geophysical criteria applicable to ranking promising sites
for porphyry copper mineralization within the Shyngys-Tarbagatai structural-
formational zone.

Key words: geological and geophysical search criteria, silicified rocks,
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resistivity tomography, induced polarization, chargeability, electrical resistivity
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Annoraumsi. Ozexminici. Tay-xen enaipici KazakcTaH 3KOHOMHMKACHIHBIH
Heri3ri kKypamjac Oesiri Ooyibil TaObuTanbl. Enje adTapibIKTail MUHEPAIBI
pecypcrap 0Oap, ’KOHE oJap/bl OHTAWIBI MaijanaHy Oojalllak JaMyJablH KiITi
Oonbin TaObuTanBl. Makcamel. KaHa KeH MHHEpal[bl K€H OPBIHAAPBIH THIMI1
Oaprmay YLIIH OpTYpil KEH OKYHeNepiHiH Tapaly 3aHIbUIBIKTapbl Typajbl
TEOPUSUIBIK TYCIHIKTEpAl KYyleney jKoHe 3aMaHayd TEXHOJIOTHSUIAPIbIH JaMybIH
€CKepe OTBIPHII, Oapiay KpuTepuiliepiH HaKThIIay KaxkeT. Odicmepi. [lopdupmix
MBIC KEH OpBIHJApbl CIAiH MUHEpajabl OHAIpICiHAE MaHBI3ABI POJI aTKapassbl,
MBIC, MOJHOJIEH JKOHE anNThIH KOPJApbIHBIH €H ipi Ke3i OOJbIl TaObLIabl.
[eopusnkanblK TEXHOJOTHSIIAPABIH KETICTIKTEpPl T€ONOTHSUIBIK KYpPBUIBIMIAP
MeH HbICaHAapJaH TybIHAAFraH (U3UKAIBIK OpiCTepHAeri aybITKyIapabl JONipeK
TipKeyre MyMKiHaik 0epeni. [lepcrexkTrBansl yqackeaeri Oapiay >KyMBICTapbIHBIH
Oeiri peTiHae *ep YCTi MarHUTTIK 3epTTeyl MCH WHAYKUUSUIAHFaH MOJSPU3aus
O/IiCiH KOJ/1aHa OTBIPHIIL, MIEKTPIIiK Oapiayabl KAMTUTBIH KEIICH 1 reo(pr3UKaIbIK
3epTTey Kyprizinai. Homuowcenepi. ABTopnap 3epTTey HbicaHbl peTinae [LIbiHFbIc-
TapOarartail KypbUIBIMIBIK-QOPMALIMSUIBIK ~ aiMaFrblH  TaHAaabl. MarHuTTiK
Oapray >KkoHE OSJEKTpIiK Oaprnay HOTHXKeNepi 3epTTENIETIH MepCIeKTUBANBIK
YUACKeHIH eKIHIII PeTTiK KBapUHUTTEp (JIMTOKAN) apKbUIbl OCTiHIEC KOPIHETiH
MBIC-TIOp(HPITIK 137Iey HBICAHBIHBIH MOJICIIHE COMKEC KENETIH KYPBUIBIMJIBIK
XKoHe reo(U3MKajIbIK TYPFBIIaH OPHEKTENICH JKyie eKeHiH kepcereni. JKorapsl
keaeprini aiimak 3D uHBepcus nepekTepine colkec TepeH KO3IiH (MHTPY3HUSIIBIK
KOp) MPOEKUHUSICBIMEH COMKeC KeNeTiH >Kajlbl T'PaAMCHTI TOMEH aHOMaJbJbl
MarHuT OPICiHIH CoJl KOFapbl MoHJAepi Oap aiiMakra opHanackaH. JKorapsl
KeAepTifi aiMak jK9HE KOFaphl MOISAPU3ALHMIIBIK MOHIEP] Oap aHOMaJIbAbl allMaK
KEeH-MarMajblK KYHEHIH OeTki OeiriHiH 3JIeMEHTTepi peTiHAe TYCIHAipijieni.
Ken xyiecinig ycriHri Oemiri JUTOKanThl (MHTEHCHBTI KpEMHHIJICHY aiiMarbl)
KOHE TEPeH EepEeKILIENIKTIH (MHTPY3HsA) MPOEKUUSICHIMEH KEHICTIKTIK ColKkec
KEJIETiH JIOKaTu3alsuiaHFaH CynbQuATeHy alMaKTapblH KaMTUIBI. KOpulmblHObIL.
ABTtopnap alMakTarbl TEpCIEKTUBAJIBl YyYacKenepluiH OipiHae Kypri3iirexn
KeIIeH 1 reoU3uKaNbIK 3epTTeyiepre cyiiene oTwipbin, LbiHFBIC-TapOararaii
KYPBUIBIMIBIK-(GOpMaLMsIBIK  aiMaFbIHAAFEl TTOPQUPIIIK MBIC MHUHEpaJJaHybl
OOlBIHINIA MEPCIIEKTUBAIBI YUacKeJIepAi PeUTHHITEyTe KOJJaHbUIaThIH OipKarap
T'€OJIOTHSUIBIK JKOHE re0(U3NKAIBIK KPUTEPHIAICPl aHBIKTAIbI.

Tyiiin ce3mep: TreonoOTUSIIBIK >KOHE TeOo(PHM3MKANBIK 134y KpHUTEpHiepi,
SKIHIIIIK KBapUHUTTEP, MBIC-TOPQUPIIK MHUHEpangaHy, MarHHTTIK Oapiay,
ANEKTPIiK Oapiay, ONEKTpAaik Kefaepri ToMmMorpaduschl, WHAYKUUSUIAHFaH
MOJISIPU3ALUS, 3apSATATFBIIITHIK, MECHITIKT] SIEKTPIIiK KeAepri

340



ISSN 2224-5278 4.2026

©Tarapckmii A.10.", Ymuposa I.K.2, Myparosa C.K.%,
Kenzxeranuesa K.M.3, 2026.

'000 “Cneureocepsuc”, Cankr-IlerepOypr, Poccus;
2Satbayev University, Anmarsi, Kazaxcran;
’Kacnuiickuii yauBepcutet, Anmarsl, Kazaxcran.
*E-mail: antoniotat@gmail.com

TEOJIOTO-TEO®U3NYECKUE KPUTEPUM OLIEHKU
NEPCIEKTUBHOCTHU MEJHO-IOP®UPOBOIO
OPYJIEHEHMUS B UNHTU3-TAPBATATANCKOM CTPYKTYPHO-
®OPMALIMOHHOM 30HE (KA3AXCTAH)

Tarapckuii AHTOH — TaBHEIH reopusuk, OO0 «Crenreocepsucy, Cankr-IlerepOypr, Poccus,
E-mail: antoniotat@gmail.com, https://orcid.org/0000-0001-8836-9926;

Ymuposa I'yab3zaga — PhD, accommmpoBanubIi mpodeccop, Satbayev University, Aimarsl,
Kazaxcran,

E-mail: g.umirova@satbayev.university, https://orcid.org/0000-0001-5185-3132;

MyparoBa Caman — KaHIUJAT TEeXHWYECKHUX HayK, acCOIMMPOBAHHBIA mpodeccop, Satbayev

University, Anmarsl, Kazaxcras,

E-mail: s.muratova@satbayev.university, https://orcid.org/0000-0002-6805-334X;

Ken:xeranumesa anmHa — MarucTp UHXEHEpUM, cTapluuil mnpenogasarens, Kacnuiickuii
yHuBepcurert, Anmarsl, Kazaxcran,

E-mail: zannakenzegalieva66@gmail.com, https://orcid.org/0009-0002-7717-3893.

AnHoTauusi. Axmyanvrocme. JloOblYa TIOJNE3HBIX HMCKOMAEMBIX SIBISIETCS
OJHMM M3 KJIIOYEBBIX CEKTOpOB 5KOHOMHUKM Kazaxcrana. Crpana oOnmamaer
3HAQUUTEIbHBIMM  MHMHEPAJIBHBIMU  pECypCcaMH, palHOHAJIbHOE  OCBOCHME
KOTOPBIX HMMEET CTpaTernyeckoe 3HadeHue Uil e€ JajbHeHIero couuaibHO-
SKOHOMHYECKOTO pPa3BUTHA. MenHo-oppUPOBbIE MECTOPOXKACHUS 3aHUMAIOT
BaXHOE MECTO B CTPYKTYpE MHHEpaJIbHO-CHIPhEBOM 0asbl, SBIASICH KPYHMHBIMU
HUCTOYHUKAMHM MeIau, MojuOaeHa H 30i10Ta. D((PEKTUBHBIA IMOMCK HOBBIX
PYAHBIX OOBEKTOB TpeOyeT cHCTeMaTH3alliil COBPEMEHHBIX IPe/ICTABICHHM
O 3aKOHOMEpPHOCTAX pa3MELIEHUs PYyAHBIX CHCTEM U COBEPIICHCTBOBaHHS
IEOJIOTHYECKUX M Teo(U3NYECKUX IIOUCKOBBIX KpuTepueB. [[env. BbIABUTH
KOMIUIEKC ~T€0JIOTO-TeO(PHU3MUECKUX KPUTEPUEB OICHKH IEPCIEKTUBHOCTU
MemHO-TIophupoBoTO  OpylAeHeHHWss B mpenenax — Ywmaruz-TapOarartaiickoit
CTPYKTYpHO-(D)OPMAalIMOHHOW 30HBI Ha OCHOBE pE3yJbTaTOB MarHUTHOH
CbEMKHM M 3JIGKTPOPA3BEIKM METOIOM BBI3BAaHHOHM momsipuzauuu. Memooul.
OOBeKTOM HCCIIEOBAHUS SBISUICA TEPCIEKTUBHBIN YYacTOK, PACIOJIOKESHHBIN
B mpenenax Ywumnruz-TapOararalickol CTPYKTypHO-(OPMALIMOHHOW  30HHBI.
Ha ywactke npoBenéH KOMIUIEKC Ha3€MHBIX I'€O(PHU3MUECKUX HCCIICAOBAHUM,
BKJIFOYABIIMKM MarHUTHYH CBbEMKY M 3JIEKTPOPA3BEAKY METOJOM BbI3BAHHOU
MOJIIpU3aluy. BBITONHEHBl aHaMW3 MPOCTPAHCTBEHHOTO  pacHpeiesieHus
AHOMAJIBHOTO MAarHUTHOIO II0JIS, YAEJIBHOIO 3JIEKTPUUYECKOIO COIPOTHUBIICHUS U
MOJIIPU3YEMOCTH, a TaKXKe MHTEPIpPETALUs pe3yabTaToB TPEXMEPHOU MHBEPCHH.
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[lony4yenHnsle reo(U3MYECKUE JaHHBIC COIOCTABICHBI C TE€OJOTHYECKUM
CTPOGHHEM ydYacTKa M TIPOTHO3HO-TIOUCKOBON MOJENBI0 MEAHO-TIOphUpPOBOi
PYAHO-MarMaTU4eCKOW CHCTEMBL. Pe3ynvmamyl. Pe3ynbrarel MATHUTHON ChEMKU
U DJIEKTPOPA3BEIKH IOKA3aIM, YTO MCCIECAYyEeMBbIll yUacTOK IPEACTaBIsIET cOOOH
CTPYKTYpHO W TeO(H3MUYECKH BBIPAKEHHYIO CHCTEMY, COOTBETCTBYIOILYIO
MIPOTHO3HO-TIOMCKOBOM MOJIENIN MEAHO-IOP(UPOBOro 00BEKTA, MPOSIBICHHOTO Ha
MMOBEPXHOCTH BTOPUYHBIMHU KBAapIIUTAMH, 00pa3yIoIMMH JINTOKAar. BricokooMHas
30Ha pacrojioKeHa BHYTPH OONAacTH YMEPEHHO TIOBBIIICHHBIX 3HaYCHUN
aHOMAaJbHOTO MArHUTHOTO IIOJIA, XapaKTePU3YIOIIEHCS HHU3KUM  IIOJHBIM
rpagueHToM. EE monokenuwe coBmagaeT ¢ MpOeKIHeld TIyOWHHOTO MCTOYHMKA,
MHTEPIPETUPYEMOTrO KaK HHTPY3UBHBIM INTOK IO pe3yibraTaM TpEXMEpHOU
WHBEpPCUH. 30HA TMOBBIIIEHHOTO YAEIBHOTO JJIEKTPUYECKOTO COMPOTHBICHUS
U aHOMAJMs BBICOKOM TOJSPU3YEMOCTH HWHTEPIPETUPYIOTCS KaK DIEMEHTHI
MIPUIIOBEPXHOCTHOM YacTU PyAHO-MAarMaTU4ecKod cucteMbl. HaguHTpy3uBHas
4acTb CHUCTEMBl BKJIIOYAeT JIMTOKAN, IPEACTAaBICHHBIH 30HOW WHTEHCHBHOMN
CUIMIU(UKALNN, W JIOKAJIbHbIC YYAaCTKH CyIb(GHUIN3ALUHN, NPOCTPAHCTBEHHO
COBIAJAONINE C MPOEKIUEH TTyOMHHOTO MHTPY3MBHOTO 00beKTa. Bwisodwl. Ha
OCHOBE KOMIUICKCHBIX I'€0(U3NUYECKUX HCCIIeIOBAHUHN BbIJENIeH Ha0Op Ireosyoro-
reoU3NUecKuX KPUTEpUEB, KOTOPBIE MOTYT HCIOIB30BAThCA JIs OLIEHKH WU
PaHKUPOBaHMS TEPCIECKTUBHBIX YYaCTKOB METHO-TIOP(PHUPOBOTO OPYIACHEHUS B
npenenax Ynarus-TapbaraTaiickoil cTpyKTypHO-(hOpMaMOHHON 30HBL. K Takum
KPUTEPUSIM OTHOCSTCSI COU€TaHNE BBICOKOOMHBIX 30H C aHOMAJIMSIMHU MOBBIIIEHHON
MOJISIPU3YEMOCTH, X IPOCTPAHCTBEHHAS IPUYPOUCHHOCTD K 00JaCTM YMEPEHHO
MOBBIIIEHHOTO MAarHUTHOTO IOJII C HHU3KUM IIOJHBIM TPaJUEHTOM, a TaKxke
COBIAJICHUE MPUIMOBEPXHOCTHBIX 30H CHIMIHM(UKAIUN U CyIbGUAN3ALUN C
MPOEKITNeH TTyOUHHBIX HHTPY3UBHBIX Tell.

KuioueBble ci10Ba: reoyoro-reopusndeckre MouCKOBbIE KpUTEPUH, BTOPUIHBIE
KBapIHUThI, METHO-TIOP(PHUPOBOE OPYJICHEHNE, MATHUTOPA3BEIKa, JICKTPOPA3BE/IKa,
aNeKTpoToMorpadus, BbI3BaHHAS TOJISAPU3ANMS, MOISIPU3YEMOCTh, Y/EIbHOE
NIEKTPUIECKOE CONPOTUBIICHHE

Introduction. Mineral extraction is a priority for Kazakhstan's economy. The
country possesses significant ore reserves, which determines its position in the
global market and facilitates investment inflow. Expanding the mineral resource
base is a top priority. However, the scope of regional metallogenic research is
extremely uneven, with some areas having been studied only in the last century.

The identification of promising areas of porphyry copper mineralization
is traditionally based on the analysis of a combination of ore-forming factors,
including the composition, age, and structural position of geological complexes.
Within the framework of metallogenic studies, a formational (structural-
compositional) approach has become widely used, allowing for the consideration
of a territory as a hierarchically organized system of geological formations formed
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under specific geodynamic conditions. Prospective ore deposits are identified
based on objective exploration indicators: their association with volcano-plutonic
and volcanogenic-sedimentary complexes, structural features, and evidence
of magmatic and hydrothermal activity. Furthermore, patterns in the spatial
distribution of alteration zones and mineralization play a key role in forecasting.
These factors form the basis for successful mineral exploration.

The effectiveness of formation analysis is enhanced by the use of geophysical
methods of prospecting and exploration. Geophysical data allow the tracing of
the boundaries of lithological variations, tectonic structures, and hidden structural
elements that are not always accessible to direct geological observation. The
comparison of geological criteria with stable geophysical features increases
the reliability of the ranking of prospective sites, allows for a high accuracy in
determining the location of target zones and ensures optimal planning of the
next stages of prospecting. Thus, geophysics acts not only as a tool of geological
exploration, but also as a full-fledged stage for testing and refining formative
metallogenic hypotheses.

Copper occurrences were discovered in the Shyngys-Tarbagatai region in
the middle of the 20th century. Since that moment, this region of Kazakhstan is
significant and promising in terms of mineral resources. Territorially it is adjacent
to the Shyngys-Tarbagatai Folding System of the Central Asian Folding Belt in
the eastern part of Kazakhstan. This structure is located between the Zaysan and
Dzungaro-Balkhash Hercynian fold systems and extends for several hundred
kilometers with a width of tens to hundreds of kilometers (Abdullin, 1981;
Seitmuratova et al., 2025).

Geodynamically, the region is considered as part of the former active continental
margin (island-arc) of the Paleozoic, where successive stages of subduction
and further development of the continental margin arc were manifested, which
determined the complex structural framework (including the role of large shear
zones) and the widespread development of volcanogenic-sedimentary and intrusive
complexes, creating favorable conditions for the formation and preservation of
ore-bearing magmatic-hydrothermal systems (Figure 1A).
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Figure 1. (A) position of the Shyngys—Tarbagatai folded system within the Kazakh Paleozoic
Orogen; (B) Tectono-stratigraphic zoning scheme of the Shyngys—Tarbagatai folded system;
modified after Abdullin, 1981 and Seitmuratova, 2025.

The Shyngys-Tarbagatai region is characterized by a long and multistage
evolution of magmatism and tectonics. The initially formed island-arc structures
of the active margin were transformed into a continental margin volcano-plutonic
belt. This is reflected in the wide combination of various ore elements and the
diversity of genetic types of mineralization in the region.

The region is known for a combination of porphyry copper, volcanogenic-
massive sulfide and gold ore occurrences, with each type of mineralization
confined to specific stratigraphic and structural zones, reflecting the complex
paleotectonic and magmatic evolution of the Shyngys-Tarbagatai fold system. Key
deposits include the large Bozshakol porphyry copper (Cu-Au-Pt) deposit, which
is considered one of the largest porphyry-type objects within the system. A high
concentration of porphyry copper mineralization is characteristic of the Maikain
zone, where the Maikain group of porphyry copper/barite-polymetallic deposits
(Au-Ag-Cu-Zn-Pb) and a large number of ore occurrences of various sizes are
distinguished. For the Kosmuryn-Akbastau zone, the Akbastau and Kosmuryn
porphyry copper deposits are noted, as well as large gold ore objects Abyz (Au-
Ag) and Mizek (Au-Cu-Zn), which emphasizes the mixed specialization (Cu-Au-
Mn and gold-copper associations) within a single structural system (Berger et al.,
2010; Seedorff et al., 2005).

The purpose of this study is to identify and substantiate geological and
geophysical criteria for assessing the prospects of porphyry copper mineralization
within the Shyngys-Tarbagatai structural-formational system based on a
comprehensive interpretation of the results of geophysical work and analysis of
available geological data.

344



ISSN 2224-5278 4.2026

To achieve this goal, the authors solved the following tasks:

1. Collection, synthesis, and analysis of prior geological information to identify
the geological structure of the prospective area.

2. Planning and execution of comprehensive geophysical surveys.

3. Processing and interpretation of geophysical data.

4. Analysis of the results to refine the geological structure of the area and
identify geological and geophysical criteria for assessing the prospects of porphyry
copper mineralization.

Literary review (Modern concepts of porphyry copper ore systems). Porphyry
copper deposits (ore systems) are accumulations of veinlet-disseminated copper
ores containing molybdenum or gold, associated with intermediate and felsic
porphyry intrusions of normal and subalkaline series. Despite their relatively
low element concentrations, porphyry copper deposits account for over 50%
of global copper production, over 90% of molybdenum production, and are the
primary gold deposit type (based on materials from the MGRI-RGGRU seminar,
March 10, 2015, lecture: "Porphyry Copper Deposits: Criteria and Features." K.I.
Voskresensky).

The generalized forecast and exploration model of the porphyry copper ore
system (Sillitoe, 2010; Lowell and Guilbert, 1970; Seedorff et al., 2005) includes
the following elements:

1. A deep intrusive magmatic center that is a source of heat and fluid flow.

2. Vertical and horizontal zoning reflecting hydrothermal alteration of rocks,
including pyrite halos.

3. Stockwork (veinlet-disseminated) mineralization, characterized by a dense
network of variously oriented veins and small veinlets of several generations
containing ore minerals.

4. A significant volume of metasomatic alteration, exceeding the volume of the
ore bodies themselves

Modern concepts of the structure of porphyry copper deposits and the analysis
of ore-forming factors make it possible to formulate general exploration criteria of
porphyry copper ore systems (Krivtsov et al., 2001; Sillitoe, 2010).

Structural and tectonic control. Deposits form within volcano-plutonic belts,
typically associated with subduction zones, including volcanic arcs, as well as
within intraplatform intrusive complexes. A clear spatial relationship with intrusive
bodies of intermediate to felsic composition is noted. The distribution of intrusions
is associated with large linear structures, extensional structures and faults.

Lithology. Mineralization is typically associated with porphyry intrusions,
breccias, and surrounding volcanics. Structurally, mineralization zones are
controlled by fractures, faults, and intrusion contacts with host rocks.

Hydrothermal zoning. Hydrothermal alteration (vertical and lateral), including
potassic, phyllic, and advanced argillic assemblages, constitute a key exploration
criterion. An important feature is the spatial association of porphyry intrusions
with surface volcanics and silicified rocks (secondary quartzites) forming part of
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an advanced argillic lithocap. The large extent of surface hydrothermal alteration
makes these features an important exploration guide.

The characteristic geological and tectonic exploration guides of porphyry
copper ore systems make them a promising object for research using geophysical
methods and allow the formation of a set of geological and geophysical criteria for
ranking promising areas of porphyry copper mineralization.

The authors identified and substantiated geological and geophysical criteria for
assessing the prospects of porphyry copper mineralization within the promising
mining region of Kazakhstan — the Shyngys-Tarbagatai structural-formational
system — based on a comprehensive interpretation of the results of geophysical
work and an analysis of available geological data for the site.

Materials and Methods. The study area is located in the Abay District, Abay
Region, and corresponds to the southern part of geological map sheet M-44-XXV
(scale 1:200,000).

The geological structure of the study area comprises stratigraphic complexes
of all series of the Cambrian and Ordovician, the Lower Silurian, all series of
the Devonian, and the Lower Carboniferous. Mesozoic and Cenozoic deposits
are of limited distribution and occur mainly within topographic depressions. All
these units are involved in complex relationships resulting from multiple phases
of folding and paleotectonic reorganization, which have led to the fragmented
occurrence of individual stratigraphic units in the form of xenoblocks, tectonic
slices, olistoliths and olistostromal blocks within suture zones. The complexity
of the geological structure of the area is controlled by its spatial association with
different structural-formational zones (GRK “Topaz” LLP, 2010)

On the geological map, the boundary of the prospective area is shown by a
yellow contour (Figure 2).
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Figure 2. Geology map of the study area modified after GRK “Topaz” LLP (2010).
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Within the study area, the Namas Formation (Osns) is the most widely
distributed unit. It is composed of volcanic and volcaniclastic rocks, dominated
by andesites and basaltic andesites, their tuffs, as well as terrigenous varieties
(sandstones and siltstones). A large body of silicified rocks (unit W on the map)
is distinguished within the area. According to previous studies, their formation
may be associated with intrusions of the Sarykol complex, in whose exocontact
zone they occur. These silicified rocks are interpreted as manifestations of intense
hydrothermal alteration and are used as an exploration indicator in assessing the
porphyry copper potential of the area.

In addition to the Namas Formation, within the prospective area and its
immediate surroundings, according to the 1:200,000 scale geological map,
subvolcanic and intrusive formations of the late Ordovician and early Silurian
ages, as well as intrusive rocks of the Sarykol complex, are distinguished.

The Late Ordovician subvolcanic complex (0O, according to the M-44-XXV
index) is represented by small bodies of isometric and irregular shapes, and less
commonly, elongated dike-like bodies with sharply sinuous contours. Individual
bodies are confined to zones of tectonic disturbances and have localized contact
relationships with volcanogenic-sedimentary strata. The complex is characterized
by a limited area of distribution within the area.

The Silurian subvolcanic intrusion complex of the area (BnS,) is represented by
small intrusive bodies (subvolcanics) intruding into host volcanic and terrigenous
sediments. Intrusions of this complex form dike-shaped bodies with smoothly
curved contours. The orientation of the dike-shaped bodies coincides with the
general direction of the host sediments. Intermediate rocks are most common,
with mafic rocks being less common.

1. The Sarykol intrusive complex (81S2s, glt is less dependent on the direction
of rock magnetization and geomagnetic field parameters than the TMI map;

2. It more clearly identifies the boundaries and contacts of magnetic bodies, as
well as linear features such as dikes and fault zones;

3. It enables the identification of zones with elevated magnetic field gradients,
interpreted as potential structural lineaments.
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Figure 4. Map of the analytic signal amplitude (ASIG of the RTP magnetic field).

As a rule, the ASIG maxima are spatially confined to the marginal parts of
magnetic sources and their contact zones, whereas deep-lying volumetric sources
are characterized by a smoother morphology of the anomalous field, expressed in
reduced ASIG values in the central part of the anomaly with their relative increase
at the periphery.

Within the area, the ASIG map refines the contours of the main magnetic
inhomogeneities: contact and linear zones are manifested by chains of local
maxima in the analytical signal, typically in the range of ~4-9.4 nT/m, while the
area interpreted as a deep source projection (Deep Intrusion) is characterized by
lower ASIG values of ~0.5-1.6 nT/m and smoothed gradients. This distribution is
consistent with the deep nature of the anomaly-forming object (a decrease in the
high-frequency component of the field) and complements the interpretation based
on the TMI-RTP map, where the source is expressed primarily by the amplitude
of the anomalous field.

The results of 3D magnetic field inversion (Figure 5) indicate the presence of
a compact deep source of the anomaly, interpreted as an intrusive body (stock) of
increased magnetic susceptibility.
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The volumetric model's isosurface displays values greater than 0.01 SI units
of magnetic susceptibility. The depth of the upper edge of the submerged body
according to the model is 600-700 m. The model's projection is spatially consistent
with a local magnetic anomaly on the daylight surface, associated with a massif
of silicified rocks.

Thus, the joint analysis of TMI-RTP and ASIG allows to separate volumetric
anomalies (associated with deep sources) and contact-linear manifestations (body
boundaries, dikes, faults), which increases the reliability of identifying structural
elements and contours of potential ore-controlling zones.
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Figure 5. 3D-model of the magnetic body under the silicified rocks area.

Based on the results of induced polarization electrical resistivity tomography
(ERT-IP), a joint 2D inversion was performed for each of the nine profiles
intersecting the silicified rocks distribution area, and geoelectric cross-sections
were constructed. Typical resistivity and chargeability cross-sections for one of
the typical profiles are shown as an example (Figure 6).
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Figure 6. Resistivity and chargeability sections under the silicified rocks area.

In the central part of the resistivity section (in the interval of approximately
900-1400 m along the profile), a zone of elevated resistivity (thousands of QQ'm
and higher) is distinguished within a depth range of approximately 100-250 m.
Localized low-resistivity regions, interpreted as fault zones, are observed on the
left and right flanks of the profile. In the chargeability section, the largest anomaly,
with an intensity of up to 45 mV/V, is located in the central part of the profile
and spatially coincides with the resistivity anomaly. This anomaly is localized,
with fairly distinct boundaries, which is typical of zones of localized sulfidization
(including pyritization).

To facilitate the identification of patterns in the spatial distribution of resistivity
and chargeability anomalies, depth sections reflecting the anomaly positions were
constructed along each ERT-IP profile (Figures 7 and 8). A combined analysis
of the sections and maps (slices) of electrical parameters allows for the most
comprehensive use of the data for interpretation. An absolute elevation of 820
m was chosen for the slices, corresponding to a depth range of 100 to 250 m.
This interval of the geological section contains the most contrasting anomalies,
reflecting the geological structure of the site with sufficient resolution of the
electrical exploration array.

The resistivity map within profiles 5-7 reveals a large anomalous zone of high
resistivity, which shows the distribution of silicified rocks and corresponds to the
contour of a magnetic anomaly interpreted as a deep-seated intrusive body (stock).
Correlated areas of low resistivity between the profiles, interpreted as inferred
fault zones, outline this large anomalous zone. On the chargeability map, the most
obvious anomalous zone coincides with the zone of high resistivity, with several
other small local anomalies noted to the west.
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Figure 7. Resistivity map.
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Figure 8. Chargeability map.
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The identification of a zone of increased electrical resistivity is consistent with
the distribution of silicified rocks. This is due to the low effective porosity and,
consequently, the high electrical resistivity of intensely silicified rocks. At the
same time, increased chargeability indicates the presence of electron-conducting
(polarizable) phases, most likely finely disseminated sulfides (primarily pyrite),
disseminated within the quartz matrix or confined to veinlet-breccia structures.

Discussion. The results of magnetic and electrical surveys (ERT-IP) indicate
that the study area is a structurally and geophysically distinct system, consistent
with the model of a prospective porphyry copper mineralization system, manifested
at the surface by silicified rocks forming part of an advanced argillic lithocap.
The high-resistivity zone is located within an area of slightly elevated anomalous
magnetic field values with a low total gradient, which coincides with the projection
of the deep source (intrusion stock) based on 3D inversion data.

The high-resistivity zone and the anomalous zone of high chargeability, within
a depth range of 100-250 m, are interpreted as elements of the near-surface part of
the ore-magmatic system. The above-intrusive portion of the ore system includes
an advanced argillic lithocap (a zone of intense silicification) and localized areas
of sulfidization, spatially coincident with the projection of the deep intrusive body.
Vertical zoning is observed, corresponding to the classical model of a porphyry
copper system, including a deep magmatic source (intrusion), an advanced argillic
lithocap (characterized by intense silicification), and deeper local mineralization
zones.

Spatial correlation of the following geophysical features is observed:

1. local isometric magnetic field anomaly with low-gradient boundaries;

2. local high-resistivity anomalous zone corresponding to the silicified
rocks massif;

3. local chargeability anomalies, partially coinciding with the high-
resistivity zone and its boundaries.

High resistivity values (thousands of Q'm) at depths of 100-250 meters are
interpreted as evidence of intense silicification and the predominance of a siliceous
matrix (interpreted as vuggy silica). High resistivity is typical for such rocks
due to low effective porosity and, as a rule, limited participation of conductive
pore solutions. Localized chargeability anomalies within and at the boundaries
of the high-resistivity zone indicate the presence of polarizable phases, likely
disseminated pyrite or other sulfides, in a quartz matrix or a system of veinlets and
breccias. The intensity of the [P anomaly can serve as a criterion for prospectivity.

The structural factor is also important. Localized subvertical zones, interpreted
as faults, are identified in resistivity sections at the margins of the profiles.
These zones, characterized by increased permeability, facilitate the migration of
hydrothermal fluids and, consequently, the localization of sulfide mineralization.
The location of zones of anomalous chargeability between fault zones reflects the
association of mineralization with zones of increased fracturing (contact and fault
zones, brecciation).
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Magnetic survey, as a rapid and relatively low-cost method, is performed at
the early stage of exploration. Magnetic exploration enables mapping of structural
and geological elements and identification of local magnetic anomalies, including
those associated with deep intrusions. Based on the anomalous magnetic field
distribution map, a preliminary area ranking is performed and areas of detail
research are identified.

The next recommended step is to perform electrical exploration using the median
gradient method (IP-SG) or vector measurements (Vector IP). These methods
allow for highly reliable mapping of resistivity and chargeability anomalies. The
relationship of the anomalies to known and magnetic survey identified structural-
geological elements is assessed. If a spatial correlation is identified between the
interpretation elements of magnetic and electrical surveys, it is appropriate to
perform electrical survey using the IP electrical tomography (ERT-IP) method as
the next step. In this case, information obtained from previous stages of geophysical
surveys ensures optimal profile planning. Electrical resistivity tomography (ERT-
IP) allows for a more precise lateral and depth-dependent determination of
anomalous resistivity and chargeability zones, supplementing the interpretation
concept with information on the deep structure of the site. The interpretation
scheme obtained from comprehensive geophysical surveys provides the necessary
information for choosing the optimal location, depth, and azimuth of exploration
wells.

Conclusion. Within the study area, which is associated with the silicified rocks
zone, ERT-IP data revealed a zone of high electrical resistivity (thousands of Q'm
and higher) at depths of approximately 100-250 m. This area corresponds to the
development of silicification. The data also revealed localized maxima (up to
45 mV/V) within the chargeability sections, located within the high-resistivity
zone, which are interpreted as a mineralization zone. Anomalous resistivity
and chargeability zones are located within a large isometric magnetic anomaly.
Results of 3D inversion of the anomalous magnetic field reveal the deep source
of the anomaly, most likely a deep intrusion. The combined manifestation of the
described geophysical anomalies forms a set of geological and geophysical criteria
applicable for ranking promising areas for porphyry copper mineralization within
the Shyngys-Tarbagatai structural-formational zone.

Practically, a phased exploration scheme is recommended: initial areal ranking
based on magnetic exploration data, followed by IP-SG or Vector IP to identify
zones of chargeability and structural control, and at the final stage - profile work
with ERT-IP to clarify the geometry of target zones and optimal drilling. In the near
future, the planned core drilling is a key stage in verifying the proposed forecast
and exploration model and refining the deep geological interpretation.
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