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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
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPDI:

OBCA/IBIKOB Bakpir Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XUMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIUS AJTIKACBI:

OBCOMETOB Mouic Kyasicyabl (6ac  peaakTopiblH — OpbIHOAcapbl), I€ONOTHs-MUHEPAIOTUst
FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun atemparsl I'maporeomorus
JKOHE TEOdKOJIOTUsSI MHCTUTYTHIHBIH JupekTopsl, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MIHHEPAIOryst FRITBIMAAPBIHBIH TOKTOPHI, ipodeccop, KP YFA
KypMeTTi axazemuri, (Ammarsl, Kasakcran), https:/www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY J[Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka yruBepcureriniy Cy FhUIBIMIaphI
3epTxaHacbiHblH  aupekropel,  (HeOpacka  mrarer, — AKIH),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typassl rpuibiMaap OemiMiHIH METPOTIOrHs JKOHE Maiaansl Kazdamap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyNIepiHiy jxerekurici, Taburu Tapux Mypakaitsl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua bBopucoBny, TexHHKAa FBUIBIMIAPHIHBIH JOKTOpbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH IIun, PhD, KpiTail reonorusyiblK KOFAaMbIHBIH Tay-KeH T'€OJOTHSICH KOMUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpPHKAHIBIK JKOHOMHKAIBIK T'COJOrTap KaybIMAACTHIFBIHBIH Mymieci, (Beibxin, Kpirail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUUIEP Axceas, KaybIMIacThIpsLIFaH npodeccop, PhD, /lpe3nen TexHuKanbIK yHUBEpcHTeTi, ([pesneH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHoxoBHY, XUMUsI FBUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaigap XUMHSICHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapycsk), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurran mnpodeccop, TexuukamsKk yHuBepcureTi ([[pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB ‘Kanaii, PhD, xaysimaacteipsuiran npodeccop, HasapbaeB yHuBepcureri (Acrtawa,
Kasakctan), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHU IMaoao, PhD, xaysivpacteipsurran mpodeccop, bukokk Mmuman ynusepcuteti, (Muman,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuKa reutbIMaapbiHbIH JOKTOpBI, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHUKAIBIKyHIUBEpCUTEeTiHIHTpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii Toiidacapy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JOKTOPBI, mpodeccop, «leodusmka sxoHe
celicmonorus» Kadenpacebly MeHrepymrici, K.M. CorGaeB arbiHmarsl Ka3ak YITTHIK 3epTTey TEXHHKAIBIK
yHuBepeuteti, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn yuuepcureriniy Tasty LIBIFbICTBI HEPCIEKTUBANBI 3€PTTEY OPTAJBIFHIHBIH
npodeccopsl, JIyHI yHHBEpCUTETIHIH TONBIK KypcTsl mpodeccopsl, (IIBemus), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, ApHdib yHHBEPCUTETiHIH X UMISIIBIK HEKCHEepHs (paKyIbTeTi skoHe LIIBIFbIC FRUTBIME-
3eprrey opranbirbl, (M3pawis), https://www.scopus.com/authid/detail.uri?authorld=8610969300, https:/www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #oHe TeXHUKAJBIK FBLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTHIK FBUTBIM akageMusicb» PKB (AnMars K. ).
Kaszakcran PecrnyOnukachiHblH AKnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMiHIH AKmapar KOMHTETiHJIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuIbIM TipKeyiHe KOHbUTY Typallbl KyalliK.
TaKBIPBINTHIK OAFBITHL: [ eonoaus, eudpozeonoaus, 2eoepapus, may-KeH icl, MYHail, 2az jHcane Memanoapobvly
XUMUATBIK MEXHON02UANADb
Mep3iMaiiri: )KbUIbIHA 6 PET.
Tupaxsr: 300 nana.
Pepakuusnbig MekeH-kaibl: 050010, Anmarsi K., [lleBuenko xemr., 28, 219 Geur., ten.: 272-13-19
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBu4, JOKTOp TEXHMYECKHMX Hayk, npodeccop, akazemuk HAH PK,
Wuctutyt xuMmudecknx Hayk uM. A.B. Bekryposa (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIET' ASI:

ABCAMETOB Mauuc KyabicoBuy, (3amMecTuTelb IVIABHOTO — pPEJAaKTOpa), JOKTOP  I'eoJIoro-
MHHEPAIOrHIeCKHX HayK, mpogeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rTHAPOTE0IOTHI U F€0IKOIOTHI
um. Y.M. Axmencaduna (Anmarsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii ’KosrraeBu4, 1OKTOp re0I0rOMHHEPATOTHYECKUX HAYK, TPOdeccop, MOUETHBIH aKaIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconunpoBanusil npogeccop, aupexrop JlabopaTropuu BOXHEIX HayK YHUBEpCHTETa
Heb6packu (mrar HeGpacka, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutenb HCCIEIOBaHUi B 00JIACTH METPOJIOTMU U MECTOPOXKICHHM
MOJIe3HBIX UCKoTlaeMbIX B Otjiene Hayk o 3emie Mysest ecrectBernHol uctopun (JIonaoH, Aurms), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxana BopucoBuy, 10KTop TeXHUUECKUX Hayk, Ipodeccop Yuusepcutera Hancu (Hancn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH Iun, PhD, 3amecturens aupexropa Komurera 1no ropHoil reosnoruu Kurtaickoro reojaoruueckoro
obmecTBa, WieH AMEPUKAHCKOH accoruanuy skoHoMmdeckux reosoros (Ilexwn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUIIEP Axkcens, accounupoBanHbiii npopeccop, PhD, texuudeckuii yuusepcurer Jpesnen ([pesueH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buaagumup EHokoBHY, JOKTOp XMMHYecKuX Hayk, akagemMuk HAH Benapycu, nouerHsiii
mupexTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accoummmposanusii npodeccop, Texumueckuil ynusepcuteT ([lpesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAI'MHTAEB Kanaii, PhD, accorunpoanusiii npodeccop, Hazapoaes ynusepcurer (Acrana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHMU Ilaoao, PhD, acconumposanusii npodeccop, Munanckuii yausepcurer bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHAa — JOKTOp TEeXHHYECKHX Hayk, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTelIbCKOro
Texuuueckoro ynusepcutera um. K.M. Carnaea, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/ AAD-1173-2019

PATOB Bopan6aii ToiidacapoBu4, TOKTOp TEXHHYECKHX HaykK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuil HannoHansHbIN HCClIeOBATENIbCKUN TEXHHYECKHH YHUBEPCUTET M.
K.W. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, IIpopeccop LleHTpa nepcreKTBHbIX OIMKHEBOCTOUYHBIX HCCIEeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH U BOCTOUHBIN HayYHO-HCCIIENOBATEIbCKUIT
ueHtp, Yuusepcuter Apwousi, (M3pawmns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/1oruy M1 TeXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobctBennuk: Pecrybnikanckoe oodiecTBeHHOe o0benHenne «HarronanpHas akagemus Hayk PecryOnuku
Kazaxcran» (. Anmarsr).
CBUJIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYECKOro IredaTHoro u3fgaHus B Komurere wnHbOpManmu
MumnuncteperBa HHbOpManuK U oOUIeCTBeHHOro pas3BuTusi PecnyOmuku Kaszaxcran Ne KZ39VPY00025420,
BbIanHoOe 29.07.2020 .
TemaTnueckasi HANPABICHHOCTb: 2€0102Usl, 2UOPO2EON02UsA, 2e02Papus, 20pHOe 0eno U XUMUYECKUe MEXHON02UU
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Tupax: 300 sK3eMIUIIPOB.
Anpec pepaxuun: 050010, r. Anmarsr, yi. lleBuenko, 28, od. 219, ten.: 272-13-19
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EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich , Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADIKOV Bakhyt Narikbaevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
A.B. Bekturov Institute of Chemical Sciences (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

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
Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Berlin), https:/www.
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AGABEKOYV Vladimir Enokovich, Doctor of Chemical Sciences, Academician of NAS of Belarus,
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Jay Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.com/
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FRATTINI Paolo, PhD, Associate Professor, University of Milano - Bicocca (Milan, Italy), https:/www.
scopus.com/authid/detail.uri?authorld=56538922400

NURPEISOVA Marzhan Baysanovna — Doctor of Technical Sciences, Professor of Satbayev University,
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Abstract. The relevance of this research is determined by the increasing
complexity of geological conditions and the depth of exploration works, as well
as the need to optimize exploration costs for solid mineral deposits. Thus, the
application of effective geophysical methods for studying geological structures and
predicting deposits has become a critical task. The objective of this study is to
evaluate the effectiveness of a complex of geophysical methods using the example
of the Atasu ore district in Central Kazakhstan, aimed at improving the accuracy of
exploration work while reducing drilling costs.

The study includes the collection and analysis of prior geological information,
addressing the geological and geophysical knowledge of the area, the characteristics
of'its geological structure, and the petrophysical properties of the rocks. A complex
approach was implemented, utilizing gravity, magnetic and electrical exploration
using the audio-magnetotelluric sounding (AMTS). Gravimetry and magnetometry
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were particularly effective in mapping geological structures, identifying faults, and
distinguishing rock types based on their composition.[2] AMTS proved successful
in identifying ore horizons and host rocks, enabling the construction of a detailed
geoelectrical model.

The results confirm the high informativeness and accuracy of the selected
geophysical methods, facilitating the determination of geological structures and
the identification of ore zones. The scientific novelty of this work lies in applying
a comprehensive approach to evaluating geophysical methods under the specific
conditions of the Atasu region. The practical significance of the research is evident
in its potential application for the effective exploration of mineral deposits in
Central Kazakhstan.

Keywords: Atasu ore district, polymetallic ores, complex of geophysical
methods, processing and interpretation, magnetic prospecting, gravity prospecting,
electrical prospecting, AMTS method
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AnHotanmus. JKyMBICTBIH ©3€KTUTIrT Ka3ipri Jkarmaiga, i3aey-Oapriay
JKYMBICTaphl Ke3iH/IEe 3ePTTENETIH TeOJIOTUSIIBIK KYPBUIBIMHBIH KYPJICHiTiriT MeH
TEPEHJIIriHIH apTybIMEH, COHAal-aK KaTThl Maijaibl Ka30amap KeH OpbIHIApbIH
Oapray WIBIFBIHIAPBIH OHTAWIAHIABIPY KAXKETTUIriMEH aHBIKTanaabl. OchkiFaH
0alTaHBICTBl KEH OPBIHIAPBIHBIH TCONOTHSUIBIK KYPBUIBIMBI MEH OOJKAMbIH
3epTTey YIIIH THIMII TeO(pU3UKAIBIK OMICTEPIHIH KeIIeHIH KOJJIaHy MaHbBI3IbI
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Mmacene. JKyMbIcThIH Mmakcamol, Optanblk Kazakcranmarsl ATacy KeHJI aiiMarbl
MBICAJIBIH/A TeO(DU3UKAIBIK 9MIiCTEp KEIICHIHIH THIMILIITiIH Oaramay, Oyn Oapray
YKYMBICTAPBIHBIH JISJJIITIH apTTHIpYFa ®KoHe OYpFbIIay 3epTTeyIIepiHe )KyMcalaThlH
IIBIFBIHIAP/IBI a3aiTyFa MYMKIHJIIK Oeperti.

3epTTey KYMBICHI IIEHOEpiHIE anpUOpIBIK TEeONOTHUSIBIK — aKmapaTThl
KUHAY KOHE Tayjay OOWBIHINIA YIKEH KYMBIC KYPTi3Uii, ayJaHHBIH T'€OJIOTHS-
reo(hM3UKaIBIK 3epJIesiey MaceleNepi, TeoIOTHIIBIK KYPhUIBIMHBIH €PEeKIIeITiKTepi,
Tay KBIHBICTAPBIHBIH MEeTPO(PHU3UKAIBIK TTapaMeTpiIepi KoHe T.0. KapacThIPBUIIBL.
Hotmxkecinze, reosoTusIbIK KYPBUTBIMIAP bl KeIIeH T 3ePTTEeYTe MyMKIHIIK OepeTiH
ayIMOMarHUTOTEILTYPHSUTBIK  30HATaY (AMT3) MoauduKanusIChIHIAFBI AJIEKTP
Oapumay, TpaBubapiay, MarHUTTIiK Oapiay 9/IiCTepiHIH HOTYIKENEPi Mai/1aTaHbUIIbL.
I'paBuMeTpHst MEH MarHUTTIK Oapiay reoJOTHSUIBIK KYPBUIBIMIAPIbl KapTaiayia
YKOHE KapPBUTBIMIIAP/IbI OKIIIAyIay/[a, COH/Ial-aK Tay KBIHBICTAPBIH 3aTTHIK KYPaMbl
OoiibIHIIA aXKbIpaTyga Korapbl THIMAUTIKTI kepcerti. AMT3 omiciMen a3iekrp
Oapmay KeHII TOPU3OHTTAphl MEH HETI3Ti CHIMBICTBIPYIIBI Tay JKBIHBICTAP/IbI
aHBIKTAy/la COTTI OOJIIBI, OYJI 3epPTTENETIH ayMaKThIH JIOJI TEOAIEKTPIIIK MOACITIH
KYpyFa MYMKiH/IiK Oep/ii.

KopbeIThiHABUTAN  Kelle, TeopU3UKaIbIK odicTep KEIICHIHIH HOTIKEIepiHe
KYPTi3UITeH Talaay OChl ailMaKTaF bl TeOJOTHSUTBIK KYPBLUTBIM MEH KeH/Ti allMaKTap bl
aHBIKTAy Ke3iHJe opOip OICTIH THIMAUIITIH Oaranayra MyMKIHZIK Oepir, OChI
ayJaHIbl 3epTTey Ke3iHIe Teo(U3UKaIbIK o/icTep KeNIeHIHIH aiTapibIKTait
aKIMapaTTBUIBIFBI MEH JIOJITH KepceTei. JKYMBICTBIH FRUTBIMU KaHAIBIFBI ATacy
KEH/Ii aliMaFbl )KaFIaibIH 1A Te0(DU3UKAIBIK SiCTep Il Oaraay YIIiH KeIeHIi ToCT
MEH aJIbIHFaH JIEPEKTep/Ii OHCY/IIH KaHa HHTEPIPETAIMSIIBIK SICTepiH KOJIIaHy
OoubIn TaObLTaABI. 3epPTTEYIiH MPAKTHKAIBIK MaHBI3ABUIBIFEI OpTansik Kazakcran
MEH TeOJIOTHSIIBIK, JKaFIaiIapsl yKcac 0acka eHipieperi KeH OpbIHIapbIH THIM/TI
Oapiay YIIiH OCHI 9JIiCTep/Ii KOJIIaHy MYMKIH/IITiH/IE KaTkIp.

Tyiiin ce3mep: Atacy KeHaiI aliMa¥rbl, MOJUMETAN KEHJEPi, reo(U3NKaIbIK
olicTep KelleHi, JepeKTepli eHAey, HWHTEepIpeTanus, MarHuTTiK Oapray,
rpaBuOapiay, anekrpiik Oapiay, AMT3 axici
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AHHOTAanuUs. AKTyaJbHOCTb MCCJIEIOBAHUSA OINpEAEIseTCsl BO3pacTaHUEM
CIIOKHOCTH T'€OJIOTMYECKUX YCIOBHMA M TIIYOMHBI MIOMCKOBO-Pa3BEeIOYHBIX PadoT,
a TaKkKe HEOOXOAWMOCTHIO ONTHUMM3ALMHU 3aTpaT Ha pa3BelKy MECTOPOKICHUH
TBEP/BIX MOJIE3HBIX UCKONAaeMbIX. B cBA3M ¢ 3TUM BaxkHeMIel 3aqaueil sBisercs
npuMeHenue 3P PeKTUBHBIX re0(PU3NIECKUX METOAOB [Is1 U3y YEHHS T€OIOTHIeCKON
CTPYKTYPBl W MpOTHO3a MecTOpoxaeHHH. Llenmbro paboThl sBIsIETCS OLIEHKA
3 PEKTUBHOCTH KOMILIEKCa re0(hU3NIECKUX METOAOB Ha mpuMepe ATacyicKoro
pynHoro paiiona B LlenTpansHoM Kazaxcrane, 4To mO3BOJISET MOBBICUTH TOUHOCTD
pa3BeOYHBIX pabOT U CHU3UTD 3aTPaThl HAa OypOBBIC HCCIICIOBAHMS.

B pamkax wuccriemoBaHusi mpoBeaeHa Oombiuas pabora mo cOOpy W aHAIU3y
anpHOPHONW TeoNoTndeckold HMH(GOPMAIMH, PACCMOTPEHBI BOIMPOCHl TE€OJIOTO-
reou3MYeCcKoil U3y4eHHOCTH paiioHa, 0COOCHHOCTH T€0JOIMYECKOTO CTPOCHHMS,
neTpoduznyecKre mapaMeTpsl MopoJ U T.A. B KOHEYHOM HTOre MCIOJIb30BaHBI
pe3yibTaThl METOJIOB T'paBUPA3BEKH, MATHUTOPA3BEIKU U DIEKTPOPA3BEIKU B
Moar(UKaUK ayIuo-MarHUTOTeIUTypUIecKuX 3oHaupoBanuii (AMT3), xotopsie
00€eCTeUYnBaIOT KOMIUIEKCHBIH MOAXOJ K HM3YYCHHIO TEOJOTMYECKHX CTPYKTYP.
['paBUMETpHS M MATHUTOPA3BE KA IPOAEMOHCTPUPOBAU BEICOKYIO 3 ()eKTUBHOCTh
B KApTHPOBAHHWU TEOJIOTMYECKUX CTPYKTYpP U BBIJCJIEHUH Pa3IOMOB, a TaKXKe
B pa3JMuYeHUM TOPHBIX IMOPOJ MO BEUIECTBEHHOMY COCTaBy. DJIEKTPOpa3BeKa
MetonoM AMT3 okazajncsi yCHEIIHBIM B BBIIBICHHH PYAHBIX TOPU30HTOB U
BMEIIAIOMUX IOPOJ, YTO MO3BOJMIO TMOCTPOUTH TOYHYIO T'€0IEKTPHUUECKYIO
MO/IeJIb UCCIIEAYEMON TUIOIIAIH.

[lonmy4eHHble pe3ynbTaThl MOATBEPKIAIOT BBICOKYIO HH()OPMATUBHOCTH U
TOYHOCTHh KOMIUIEKCA BBIOPAHHBIX T'€O(PHU3MYECKHX METOJOB, YTO CIHOCOOCTBYET
YCIIEUTHOMY ONPEAETIEHHUIO Fe0JIOTMYECKON CTPYKTYPBI U BBISIBICHUIO PYAHBIX 30H.
Hayunast HoBu3Ha paboThI 3aKJII0YAETCsl B MPUMEHEHUH KOMILJIEKCHOTO MOAXO/A
JUISL OLIGHKU TeO(QHU3MUECKUX METOIOB B YCIOBUSAX ATacyHCKOro pyIHOTO paioHa,
a TaK)Ke B UCIOJIb30BAHUU HOBBIX MHTEPIPETAIIMOHHBIX METOIOB AJsl 00pabOTKH
MOJTyYeHHBIX JaHHBIX. [IpakThueckas 3HAUUMOCTb HMCCIENIOBaHMS 3aKIJIOYaeTCs
B BO3MOXXHOCTH NPUMEHEHHsI IaHHBIX METOJAOB MJsi A(PQEKTUBHON pa3BenKu
MecTopoxaenuii B Llentpansnom KasaxcTane u Apyrux pernoHax ¢ aHaJTOrMYHbIMU
re0JIOTHYECKUMU YCIOBUSAMHU.
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KuroueBble cjioBa: Atacyickuil pyaHbIN pailoH, MONMMETANTMYECKUE PYObL,
KOMIUIEKC Te0(hU3NIecKHX METOAO0B, 00pabOTKa M MHTEPIIPETALHsl, MArHUTOPa3-
BEJIKa, TpaBUpa3BelIKa, AIIEKTpopas3Beaka, meron AMT3

Introduction. Today, most of the ore districts and deposits of solid minerals in
Kazakhstan are quite well explored from the surface, as a result, the reserves and
stocks of shallow, easily accessible deposits are practically exhausted. Therefore,
the search and discovery of deposits at medium and great depths becomes the
most important task. In connection with the increasing depth of prospecting and
exploration work, the complication of the geological and tectonic structure of
mineralization zones, the increasing labor intensity and cost of drilling operations,
the emphasis is on the widespread use of the results of complex geophysical surveys.
Today they are characterized by increasing the quality of hardware-processing
complexes and effective measurement technologies. The authors will consider the
possibilities of integrated use of geophysical methods by example of one of the
deposits of the Atasu ore district.

The study presented in the article is highly relevant, since the Atasu ore district
is an important raw material base for the ferromanganese and lead-zinc industries
of Kazakhstan. Here one can note the famous deposits of zinc and lead and barite,
among them the Mirgalimsay, the Achisay, the Akzhal, the Uzunzhal, the Karagaily,
the Shalkiya, the Zhairem fields. The Karazhal, the Kentyube and the Ushkatyn
deposits are the richest bases of iron and manganese. Therefore, for many years,
geological and geophysical work of various scales has been carried out in this
territory. Based on the results of these studies, the North Aktai and the Karatulen
magnetic anomalies were discovered. They are confined to the structural complex
of the Zhailma syncline, where large deposits of base metals were identified.
According to geologists, the deposits located at shallow depths suggest the presence
of hidden reserves at great depths. This fact increases the potential prospect of
discovering new deposits in the Atasu ore district.

The studied site is located in the Zhanaarka district of the Ulytau region of
Kazakhstan, 25 kilometers from the city of Karazhal. The area is characterized by
the developed infrastructure and the presence of industrial enterprises, including
mining complexes located within the radius of 50 to 150 kilometers from the
studied site, such as Zhairem MPP, the Balkhash and the Zhezkazgan MMC:s.

The ultimate goal of the work is studying the efficiency of using a set of
geophysical methods in order to optimize geological exploration and to increase
the accuracy of detecting mineral deposits.

The goal will be achieved by systematical solving the following tasks:

1. Collecting, synthesizing and analyzing a priori information to highlight the
features of the geological structure of the Atasu ore district.

2. Studying the applicability of geophysical methods, the range of tasks to be
solved and justifying the composition of the complex of geophysical methods.
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3. Studying the results of method-by-method interpretation of geophysical data.

4. Determining the efficiency of a complex of geophysical methods in studying
the nature of the gravimagnetic anomaly and identifying ore intervals based on a
comprehensive interpretation of geological and geophysical data.

The current state of knowledge of the Atasu ore district

The territory of the Atasu district was studied in different years by various
specialists. At the beginning of the 20th century, hydrogeological work was carried
out here by A.A. Kozyrev. Later, in 1926, a geological survey on a scale of 1:420,000
was carried out by I.S. Yagovkin, and in 1932 a geological map was compiled
under the leadership of I.G. Nikolayev. As a result of those works, deposits of iron
and manganese were discovered. After a break in 1951, search work was resumed
with the participation of M.E. Kerensky, N.K. Dvoycheko, V.N. Vaitonis and the
entire area was mapped on a scale of 1:200,000 in 1960. In subsequent decades,
prospecting and evaluation work was carried out for various ores, including barite-
polymetallic and ferromanganese ores, which made the Atasu region an attractive
object for geological studies (Kayupova, 1974; Ministry of Geology KazSSR.,
1953).

Studying the geophysical nature of the Atasu ore district was divided into three
stages, covering the time interval from the 1930s to the 1990s. The first stage
(1930-1950) was characterized by magnetic prospecting surveys by D.N. Redkin
and the formation of the Atasu Geophysical Party, later transformed into the Atasu
Geophysical Expedition. The second stage (1950-1970) included gravity exploration
work of the Ministry of Geology of the SSAGT, which led to the compiling the
maps of the regional gravity field and residual anomalies on a scale of 1:50,000
and 1:25,000. The third stage (1970-1990) included exploratory seismic surveys
on a scale of 1:50,000 in the Zhailma trough area (Kayupova, 1974; Ministry of
Geology KazSSR., 1953). The results of those works made it possible to discover
new ore-controlling structures and to determine the depth of depressions in the
base of the Famennian carbonate sequence, which became the basis for formulating
recommendations for placing the areas for further research.

The analysis of the geophysical study of the considered area shows that many
deposits of base metals and ores have been identified in the Atasu ore district, but
there is a potential for further exploration of the largest anomalies associated with
the deep occurrence of ore objects of unknown nature. The experience of the past
work shows a high information content of using updated geophysical complexes to
further study the geological structure of the studied area.

Geological features of the Atasu ore district structure

The studied area is located in the southeastern part of the Zhailma syncline
and occupies the intermediate position between the Balkhash region and the
Dzhezkazgan-Ulytau region. Geological studies indicate the formation of rift
structures on the continental crust of the pre-Middle Devonian age. Basically, there
are hydrothermal deposits of lead-zinc and ferromanganese ores concentrated in
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marine carbonate deposits of the Famennian stage. The main geological formation
of the area is the Zhailma graben-syncline that is a first-order prospecting and
exploration structure that determines the location of large ore belts. The graben-
syncline has an irregular shape and is characterized by an arcuate shape with the
width of 12 to 30 km and the length of more than 175 km. The most prominent
fault in this structure is the Ashchily tectonic rupture, with the fall amplitude of 300
meters (Ministry of Geology KazSSR, 1953; Kayupova, 1974; Lyubetskiy et.al.,
2009).

The rocks of the region are represented by a variety of sedimentary, intrusive and
volcanic formations from the Cambrian to the Quaternary deposits. Ferromanganese
and lead-zinc mineralization belongs to the deposits of the Upper Famennian
substage, where ore bodies underlie layers of iron ores and sometimes alternate
with them and are confined to the pigmented carbonaceous horizons of the Upper
Famennian. There are two main complexes of rocks of the Upper Devonian period:
the terrigenous complex of the Frasnian stage and the carbonate complex of deposits
of the Famennian stage. The Frasnian deposits assigned to the Dairen formation
have a variety of rock types, including conglomerates, sandstones, gravelites, and
subvolcanic liparite bodies. The Famennian stage sediments consist mainly of
limestone, clayey-carbonate and carbonaceous-siliceous-carbonate rocks. In this
area, sheet-like lead-zinc ore bodies underlie layers of iron ore and sometimes
alternate with them, while being confined to pigmented carbonaceous horizons
of the Upper Famennian substage (Satpaev, 1968; Kayupova, 1974; Ministry of
Geology KazSSR, 1953).

The studied area is characterized by the presence of ferromanganese and lead-
zinc mineralization that belongs to the deposits of the Upper Famennian substage.
Iron ores usually contain high concentrations of germanium and consist of
magnetite, hematite and ferruginous jasper, sometimes with traces of lead, arsenic
and the other elements. Manganese ores include in turn braunite, hausmannite,
jacobsite and pyrolusite. In addition to lead and zinc, lead-zinc ores can contain
silver, cadmium, mercury, copper, thallium, antimony and arsenic (Kayupova,
1974; Lyubetskiy et.al., 2009).

Studying the geophysical fields and anomalies in the Zhailma graben-syncline
requires knowledge of the physical parameters of rocks and ore bodies that make
up the geological structure of the area. The analysis of a priori information shows
that the density of various rocks is unique: gabbrodolerites have the highest density
on average 2.8 cm/g’, deposits of the Posidonian formation (D,-C ps,) and the
Famennian stage (D,fin) have approximately the same density values of 2.4 cm/
g°. Most of the rocks in the study area are mainly classified as non-magnetic. The
deposits of the lower Famennian stage (D,fm) have average values of magnetic
susceptibility. Gabbrodolerite intervals have high magnetic sensitivity with average
values of 120-10-° SI units (Kurskeev, 1983; Lyubetskiy et.al., 2009). High gravity
values are associated with the influence of productive deposits of the Famennian
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stage, which makes this parameter a significant feature for prospecting and
exploration work.

Justification of carrying out a complex of geophysical methods in the studied
area

Analyzing a priori information made it possible to conclude that the study area
is promising for ferromanganese mineralization. The following factors indicate this
conclusion.

1. The proposed ore body is confined to the Zhailma graben-syncline and is
associated with large barite-base metal deposits Bestobe, Eastern Zhairem and
Western Karazhal. Barite lead-zinc and iron ores are located at a great depth in the
central part of the trough. Geological evidence indicates a similar uplift surrounded
by major faults.

2. Structural tectonic control is represented by two faults surrounding the
inferred ore body, which act as ore conduits for hydrothermal solutions.

3. Lithological control is characterized by the development of silts and
depression-type sections that are typical for the Zhairem deposit complex. In this
complex mineralization occurred in gray-colored deposits of the Upper Famennian
that are distinguished by petrophysical characteristics (Kayupova, 1974).

Traditionally, in prospecting and exploration for ferromanganese mineralization,
electrical, magnetic and gravimetric methods are most widely used. Gravity
prospecting and magnetic prospecting are used as part of a geophysical complex
when solving problems of deep mapping the structures, additional study of the
geological structure and solving the problem of detailed surveying of ore-controlling
complexes or ore objects. Electrical prospecting still remains the main method of
exploring ore objects and mineralization zones. It is most effective at medium
depths (up to 500-1,000 meters) when searching for deposits covered by loose
strata. Analyzing the entire volume of information makes it possible to substantiate
a complex of geophysical methods, including ground-based magnetic and gravity
surveys, as well as electrical prospecting using the AMTS method (Lyubetskiy
et.al., 2009; Umirova, et.al., 2018).

Materials and basic methods

Ground magnetic survey work was carried out in area and profile versions
with a profile step of 25 m, using high-precision Overhauser magnetometers GEM
GSM-19W. Gravity survey work was also carried out in profile and area versions
with the use of SCINTREX CG-5 Autograv gravimeters with a profile step of 25 m.
Processing the field magnetic survey and gravity survey data included introducing
of various types of corrections and was carried out in the specialized Geosoft Oasis
Montaj software (Khesin B, et.al., 1996; Balk P, 2021; Ibraheem et.al., 2023).

Electrical prospecting AMTS studies were carried out in profile (step 100 m)
and area versions using the 500200 m net. Audio-magnetotelluric soundings were
carried out using high-precision equipment MTU-5A “Phoenix Geophysics”. The
work was carried out according to the scheme with a remote base point and several
stations simultaneously.
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Figure 1 — Isodynamic map of the anomalous magnetic field of the ATa

Based on the results of the area magnetic exploration work, maps of isodynamics
of the anomalous magnetic field were compiled (Figure 1). Magnetic susceptibility
of rocks in the studied area is characterized by slight differentiation, therefore the
magnetic field of the area is calm and is characterized by relatively small values of
the magnetic intensity vector AT, from -100 to 150 nTl. There are no sharp gradient
zones that allow clear mapping tectonic disturbances. In the central part of the site,
a submerial fault can be traced that is considered the axial part of the rift structure.
The Karatulen anomaly is confined to this fault. The central and eastern parts of
the site, represented mostly by deep-sea Famennian-Tournaisian sediments, are
mapped with average magnetic field values (0-40 nTl). The western part of the
site is represented by the Lower Carboniferous deposits and is characterized by a
negative magnetic field. The most intense zone (more than 130 nTI) is located in
the central part of the site. To the south of it, another intense zone of up to 50 nTl
is recorded (Kayupova, 1974; Balk P, 2021). In the southeastern part of the site,
an anomalous region of medium intensity (up to 120 nT) of the magnetic field is
observed.

To obtain a map of local components AT , a set of magnetic field transformants
was calculated (high-frequency filtering, local component after recalculation of the
original field into the upper half-space), which made it possible to most clearly
identify and trace geological boundaries and bodies with increased magnetic
characteristics (Balk P., 2021). The boundaries of anomaly-forming objects are
clearly visible on the map of the local component. The shape of the transformed field
does not differ much from the original field, which indicates the deep occurrence
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of large geological objects, and therefore is not presented in the article (Ibraheem
et.al., 2023; Eppelbaum, 2024).

11,6 11,0 104 98 92 86 80 74 68 62 56 50
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Figure 2 — Map of local gravitational anomalies (Hw=1000 m)

Based on the results of area gravity surveys, the maps of the anomalous
gravitational field and local component were obtained (Figure 2); horizontal and
vertical gradients of the gravitational field were calculated to clearly identify and
trace geological objects with increased density characteristics. The local field
intensity varies between -1.2 and 1.4 mGal. On the map of the local component
of the gravitational field, increasing the intensity of the gravitational field at the
eastern boundary of the site from 6.6 mGal in the sublatitudinal direction to 11.4
mGal in the extreme west is clearly visible (Balk P, 2021; Abdoldina et.al., 2021).

The minimum values of the gravitational field (up to 8-8.4 mGl) are observed
in the Lower Famennian deposits in the eastern part of the site, starting in the
southern part and ending in the north. The central and western parts of the site
composed of the Famennian-Tournaisian and Visean-Serpukhovian deposits, are
mapped with average values (8-10 mGl). The southwestern part is distinguished
by a sharp increase in the gravitational field of more than 11 mGal. On the map of
the Paleozoic basement, in this area a fault is observed and a sharp field gradient
is associated with the gravitational effect of this fault. In the central part of the
site, there is a zone of increased gravitational field values (more than 9.6 mGal)
that has an irregular shape, with epicenters of more than 10.2 mGal (Balk P, 2021;
Abdoldina et.al., 2021).

The main geological objectives of the AMTS electrical prospecting method was
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studying and identifying deep-seated ore objects, mapping and studying tectonic
disturbances, clarifying the boundaries between a lot of lithological varieties and
identifying ore bodies (Garcia X, 2002). To obtain the results described above, a
multi-level complex of processing and interpreting the data obtained was performed.

The AMTS data was processed and interpreted in several stages, using the latest
software systems. At the first stage, the AMTS inversion was calculated using the
ZondMT2D program. Using this program, an express interpretation of the data
obtained were carried out, and a primary model of the environment was developed.
For quantitative calculations of the resistivity distribution over the studied area, the
1D inversion was carried out. This problem was solved sequentially using a set of
programs: the MT PROV, the MT PROV _INV and the IPI2DWIN_ MT. First of
all, preparations were made for the construction of the primary model, then a priori
geological and geophysical data were added, binding and correlation of geological
and geoelectric sections with each other that were obtained during the processing
of materials (Lyubetskiy et.al., 2009; Umirova, et.al., 2018).

After constructing the primary model and calculating the one-dimensional
inversion, the 2D two-dimensional inversion was calculated taking into account
a priori geological information, the procedure was carried out in ZondMT2D
software. In Figure 3, you can see resistivity sections along profiles constructed
after calculating the 2D two-dimensional inversion. Based on resistivity maps and
sections, it is possible to identify zones of different shapes and sizes with low and
high resistivity that are tentatively related to the ore-bearing horizon and lithological
boundaries (Umirova, et.al., 2018).

According to the results of the AMTS interpretation and resistivity sections
in Figure 3, horizons of polymetallic ores are identified at the depth of 300-400
meters that are characterized by low resistivity values of 10-30 Ohmem and are
distributed in the western part of the area. In turn, zones of high resistivity from 100
Ohmem are localized in the eastern part of the area and located at a greater depth,
which indicates the deep nature of the source rocks of ore objects limited by faults.
Tectonic disturbances and faults are marked by abnormally low resistivity values in
the geoelectric field (Lyubetskiy et.al., 2009; Umirova, et.al., 2018).

Figure 3 — Geoelectric section according to profile No. 1
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After calculating the inversion, on the geoelectric resistivity sections and on the
resistivity depth maps, the following features can be identified that characterize the
geological and geophysical structure of the studied area.

1. Ore horizons represented by the Cenozoic deposits are distinguished by low
resistivity (up to 50 Ohmem) at the depth of 300 m.

2. The zone of high resistivity values (from 100 Ohmem and above) is chara-
cterized by the impact of carbonate rocks of the Carboniferous and Devonian deposits.

3. At the depth of 250-280 m there is a zone of high resistivity up to 200 Ohmem
that maps red limestones.

4. The zone of maximum resistivity values is observed at the depth of up to
2,000 meters, it maps the deposits of the Lower Famennian substage.

At the last stage, after receiving all the results of geological and geophysical work,
gravity exploration, magnetic exploration, as well as electrical exploration using
the AMTS method, a comprehensive interpretation of the complex of geophysical
methods was carried out by solving the inverse problem. Using the ZondGM2D
program for the two-dimensional multi-profile interpretation of magnetic and gravity
survey data, mathematical modeling was performed along profile 1 in the gravimetric
anomaly interval (Lyubetskiy et.al., 2009; Umirova, et.al., 2018).

To assess the quantitative characteristics of the nature of the gravimagnetic
anomaly, 2D inversions were calculated. The program included a priori geological
data obtained from the results of drilling an exploratory well (Figure 4). Based on
the results of solving the inverse problem, there was determined the nature of the
gravimagnetic anomaly previously associated with gabbroic objects with an effective
density of 0.16-0.25 conv. units and magnetic susceptibility of 480+10-5 SI units.
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Figure 4 — Result of solving the inverse problem of the gravimagnetic field with introducing a priori
data (block model)
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The calculated field marks a transition zone of increased density between the
first and the second gabbroic objects. This is consistent with the obtained density
parameters for limestones, siliceous rocks and sandstones, the maximum density of
which reaches 3.02-3.44 g/cm?.

Thus, calculations confirm that local gravimagnetic anomalies in well No. 1 are
associated with gabbroic bodies. Based on calculated geological models based on
gravimagnetic data and the results of resistivity inversions according to AMTS,
a geological and geophysical section was constructed using interpretive profiles

(Figure 5).

- T
.

Figure 5. The result of the interpretation of a complex of geophysical methods. Geological and
geophysical section according to profile No. 1

Results

Thus, based on the results of studying the efficiency of a complex of geophysical
methods by example of the Atasu ore district, the following conclusions can be
drawn:

1. Magnetic and gravity prospecting methods are of decisive importance in
prospecting for solid minerals, especially polymetallic ores. The data from these
methods map geological structures, identify regional and local faults, and make it
possible to distinguish rocks by their material composition.

2. Analyzing the magnetic survey results shows that a submerional fault can be
traced in the central part of the area that is considered the axial part of the rift structure.
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The Karatulen anomaly is confined to this fault. The central and eastern parts of
the site represented mostly by the deep-sea Famennian-Tournaisian sediments, are
mapped with average magnetic field values (0-40 nTI). The western part of the
site is represented by the Lower Carboniferous deposits and is characterized by a
negative magnetic field.

3. The results of electrical prospecting using the AMTS method show a good
information content when studying the geological structure of the area, in which ore
horizons and enclosing rocks are clearly distinguished. A feature of the geoelectric
model of this area is that the ore horizons are located between the areas of high
resistivity values, and these ore segments are distinguished by low and gradient
electrical resistivity values. According to these data, ore horizons of the Cenozoic
deposits with low resistivity values of 30-50 Ohmem at the depth of 300 m are
distinguished, as well as ferromanganese ore members with low resistivity up to
20 Ohmem at the depths from 400 to 700 m. In the intermediate layers between ore
horizons there are revealed packs of red-colored limestones of the Upper Famennian
stage with electrical resistivity up to 200 Ohmem. In addition, the lower part of the
geoelectric section is represented by clayey-siliceous-calcareous deposits of the
Lower Famennian substage with maximum resistivity of up to 2000 Ohmem. It is
the underlying layer of the ore-bearing formation.

4. In the conditions of the Atasu ore district, tectonic faults, zones of crushing
and fracturing, according to the complex of geophysical methods, are manifested
through heterogeneities of rocks both in the lateral, and in the submeridional and
sublatitudinal directions.

Discussion

Based on the results of this work, it can be concluded that the main ore-
controlling factor of the Atasu metallogenetic type deposit is the confinement
of ore objects to sediments of the Devonian-Carboniferous age, in particular the
Famennian-Frasnian stage of the Upper Devonian, as well as the structural and
tectonic control of ore objects that are tectonically limited faults and disturbances.
The block structure of the Zhailma graben-syncline has raised wings on the flanks
and a lowering of the central part of the trough. Basically, ore bodies occur in gray-
red limestones, red conglomerates, sandstones, and siltstones.

Based on the results of geophysical work carried out on interpretation profiles
Nos. 1 and 2, a positive gravimagnetic anomalous area has been identified that is
characterized by the values of magnetic susceptibility of up to 65 nT. In this area, the
nature of the graphs of magnetic and gravitational fields indicates a deep disturbing
object. The results of electrical prospecting using the AMTS method on profile No.
1 within the gravimagnetic anomaly indicate an area with reduced resistivity, the
upper edge of which is located at the depth of about 1,000 m. From the geological
point of view, this anomalous area is confined to the Karatulen anticline and can be
associated with ferromanganese and lead-zinc ore bodies in productive deposits of
the Clymenian Formation and the Lower Famennian.
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Conclusion

Thus, this article examines the issues of studying the efficiency of a complex of
geophysical methods in the course of prospecting and exploration of polymetallic
ores using the example of the Atasu ore district. Based on the results of this work,
a positive assessment has been given to the complex of geophysical methods that
consists of magnetic prospecting, gravity prospecting, and electrical prospecting
using the AMTS method. Selecting the most optimal set of geophysical methods
with a high geological efficiency for prospecting and exploration work in the Atasu
ore district has also been proposed.

Ultimately, the results obtained significantly complement the understanding of
the genesis of ferromanganese deposits of the Atasu type, and can also be used to
evaluate searching for and forecasting ferromanganese ores. In the case of industrial
development of the area, the issues of additional expansion of the raw material base
in the studied area, which are the basis of the results obtained, become particularly
relevant.
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