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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.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024
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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

ZHOLTAEYV 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

AGABEKOV 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
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Abstract. Establishment of geophysical criteria for forecasting promising areas for
rare metal manifestations within the Akmay-Katpar ore zone. To achieve this goal, the
mineralogical composition of the ore-containing medium of the Akmaya deposit was
studied, and their changes due to the functioning of hydrothermal solutions, leading to
changes in the petro physical characteristics of the ore deposition medium. At the same
time, three-dimensional models of the deposit built in the MicroMine program were
used and analyzed, as well as geophysical cartographic and geological materials for
this deposit. We considered the mineralogical composition of hydrothermally altered
and unchanged rocks of the deposit in question (hornfels, skarns), as well as their
density and magnetic properties. The mineralogical composition and their petrophysical
characteristics formed the basis for the analysis of geophysical anomalies associated
with hydrothermally altered rocks of the Akmaya deposit. The results obtained allowed:
1) explain the nature of the geophysical anomalies created by zones of hydrothermally
altered rocks based on the analysis of their mineralogical composition with petrophysical
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characteristics; 2) outline the ore stock and the area of distribution of the main ore-
bearing veins and veins based on the analysis of magnetic exploration data. The
practical significance lies in the use of geophysical criteria for predicting the areas of
hydrothermally altered cities as a prospecting sign of the discovery of ore deposits.

Keywords: ore zone, mineralogical composition, petrophysical characteristics,
geophysical anomalies, gravitational field, magnetic field
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AnHoTanus. Akmas-Karnap keH aliMarbl [IET1H]IE CHPEK Ke3/IeCETiH KeHOLTiHIMIepre
MEePCIEeKTUBANBl alaHJapAbl OOMbKayablH Teo(U3MKaNbIK epeKUIeTiKTepiHn Oenriuey.
Koiibuiran MakcaTTbl OpbIHAAy YIIiH AKMasi KEH OpPHBIHBIH KEHCHBICTBIPYILBI
OPTaChIHBIH MUHEPATOTHSUIBIK KYPaMbl JKOHE OJapblH KEeH IIOFBIPIAaHy OPTACBIHBIH
neTpou3MKaIbIK  CUMATTAMANAPBIHBIH ~ ©3TepyiHe OKeJeTiH TUAPOTEPMUSUIBIK
epiTIHALIepHiH JXKYMbIC icTeyl ecebiHeH esrepyi 3eprrenai. byn carre MicroMine
OarapiaMachblH/Ia CAJIbIHFaH KeH OPHBIHBIH YII ©JIIEeM/Ii MOACIbAEPl, COHIAN-aK OCBI
KEH OpHbI OOMBIHIIA Fe0(PU3UKAIBIK KApTOTrpaUsIIBIK )KOHE FEOIOTHSITBIK MaTepraiap
naijanaHpUIIbl JKOHE TalgaHIbpl. bi3 KapacTBIpBUIBII OTHIpFaH KEH OPHBIHBIH
THIPOTEPMUSUIBIK ©3TepreH JKOHE ©3TepMEreH >KbIHBICTAPBIHBIH MHUHEPaJOTHSUIBIK
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KypaMmblH (MYHi3TYMCBIKTap, CKapHIap), COHAal — aK OJapAblH THIFBI3ABIFEI MEH
MarHUTTIK KAacHETTEpiH KapacThIPAbIK. MHUHEPaJOTHsJIBIK KYpaMbl YKOHE OJapAbIH
neTpodu3MKaNIbIK cunarTamaiapbl AKMasi KeH OPHBIHBIH THIPOTEPMUSIIBIK-03repreH
KBIHBICTAPBIMEH OaiIaHbICThl TeO(PU3UKAJIBIK aybITKyJapAbl TajjayFa Heri3 OOabl.
AnbIHFaH HOTWXeJep: 1) meTpodu3MKanblK cumarramaiapbl 0ap MUHEPalOTHSUIBIK
KYpaMblH Tajjay Heri3iHAe THUAPOTEPMHSIIBIK-03TePTUIIeH >KbIHBICTAp aiMaKTapbl
KypraH reopu3uKabIK aybITKyIapAblH TAOUFAaThIH TYCIHIIpYTe; 2) pyAajbIK IITOKBEPKTI
JKOHE MAarHuTTi Oapray AepeKTepiH Taifay Heri3iHae Heri3ri pyJalblK TaMblpiap
MEH TaMbIpJapAblH Tapany ajaHblH KOHTypJiayFa MYMKiHZIK Oepai. IlpakTukaibik
MaHBI3ABUTBIFBI KEH OPBIHAAPBIH aHBIKTAY/BIH 137ey OeNnrici peTiHae TuApOTEePMUSIIBIK,
©3repreH JKbIHBICTApAbIH aydaHIapblH OOJDKaydblH TeO(QH3UKAJIBIK KpPUTEpUIHIIEpiH
KOJIZIaHy OOJBIN TaObLIa bl

Tyiiin ce3mep: KeH aliMarbl, MHUHEPAJIOTHSUIIBIK KYpambl, NETPOPUIUKAIBIK
cUnaTTaManapbl, reoQpHU3UKaJIbIK aybITKyIaphl, TPABUTALMSIIBIK 6Pici, MArHUT epici
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AHHOTALHUA. YCTaHOBIICHUE I‘GO(I)I/BI/I‘-IGCKI/IX KpUTEpHUCB NPOTHO3UPOBAHUA
NEPCICKTUBHBIX HJ'IOLLIa}_'[CI‘/'I Ha PCAKOMCETAJIbHBIC IIPOSABJICHUA B Ipeaciaax Axwmas-
KaTnapcxoﬁ pyﬂHOfI 30HBbI. IIJ'IH BBINIOJIHCHUS  ITOCTaBJICHHOM nejanu HU3yUCH
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MUHEPAJIOTHYECKUI COCTaB pPyAOBMEINAIONIEH cpeibl MECTOPOXKACHU AKMas, U HX
HW3MEHEHUS 3a cUeT (PyHKIMOHWPOBAHUS THAPOTEPMAIbHBIX PACTBOPOB, MPHUBOISIIINX
K M3MEHEHHIO NEeTPO(U3NUYECKUX XapaKTEPUCTHK Cpeabl pyaooTioxeHus. [lpu sTom
ObUIM HCMONB30BaHBl W AHAJIU3UPOBAHBI TPEXMEPHBIE MOJIEIU MECTOPOKACHHS,
MoCTpOeHHbIe B mporpamme MicroMine, a Takxke reodusndeckue kaprorpaduyeckue
1 TeoJIorMYecKue MaTepuaisl 1o JaHHOMY MecTOopokaeHHo. Hamu paccmarpuBainch
MUHEPAJIOTHYECKUI COCTaB TMAPOTEPMATIbHO- U3MEHEHHBIX M HEM3MEHEHHBIX MOPOJT
paccMaTprBaeMOro MECTOPOXKIEHHS (POTOBHKH, CKapHBI), a TaKK€ UX TUIOTHOCTHBIE
W MarHuTHBIE CBOWCTBa. MUHEpANIOTMYECKUH COCTaB M HX MeTpodusndecKue
XapaKTEPUCTHKH JIEIM B OCHOBY aHajiHM3a Teo(pU3MYecCKHX aHOMaJIMH, CBSI3aHHBIX C
THIPOTEPMaIbHO-U3MEHEHHBIMU TIOPOJIaMU  MecTopoxaeHus: Axmas. [lomyueHHble
pe3ynbraThl  MO3BOJMIM: 1) OOBSCHUTH NPUPOLY TeOPHU3MYECKHX aHOMANH,
CO3JIaHHBIX 30HaMM THUIPOTEPMAJIbHO-W3MEHEHHBIX MOpOJ Ha OCHOBE aHajau3a HX
MHUHEPaIOTHYECKOTO COCTaBA C METPOPHU3NIECKIMHU XapAKTEPUCTUKAMHU; 2) OKOHTYPHUTD
PYZAHBIM IITOKBEPK, W IUIOIIAJh PACHPOCTPAHEHHUS OCHOBHBIX PYIOHOCHBIX KW U
MIPO’KUIIKOB Ha OCHOBE aHaN3a JaHHBIX MarHuTopa3Beaku. [IpakTuueckast 3Ha4MMOCTD
3aKII0YaeTCss B HUCMOJIB30BAHUM TeO(U3NUYECKUX KPUTEPHEB MPOTHO3MPOBAHHS
IIomiaed  TUApPOTEpMAIbHO-U3MEHEHHBIX TIOPOA  Kak IOMCKOBOTO IpH3HaKa
OOHapyKeHHsI PYJHBIX MECTOPOKICHHH.

KiioueBble ciioBa: pyaHas 30Ha, MHHEPAJOTMYECKHI COCTaB, METPOPHUIMUECKUE
XapaKTEePUCTHKH, Teo(hru3nIecKre aHOMaJIN1, IPaBUTALIMOHHOE TI0JI€, MArHUTHOE T10JIe

Introduction

The Akmaya-Katpar ore zone coincides with the central part of the Assumption
synclinorium and is composed of volcanogenic-sedimentary and terrigenous-carbonate
formations of Famennian age.

The main importance for the formation of the structure of the area was the deep
faults of long-term development, which are a reflection of the Zhaksy-Tagalinsky deep
fault, which played an important role in the placement of granitoids of four complexes:

1. Late Devonian-Early Carboniferous —, D,-C,

2. Late Carboniferous - C, C, C,

3. Early Permian — P, P

4. Late Permian — 1Pz,1 212)22

A number of stratiform iron-manganese ore occurrences in the region are associated
with this structurally metallogenic zone, most of the large and small deposits that are
localized in the central part of the zone. Copper ore occurrences, which belong to the
hydrothermal type, are located to the west of the described zone.

The most numerous manifestations of rare metals within the Akmaya-Katpar ore
zone are the deposits of Northern Katpar and Akmaya, the ore occurrences of Western
Katpar, Northeastern Katpar, Bibigul.

Deposits and ore occurrences of rare metals in the Akmaya-Katpar ore zone belong to
the molybdenum-tungsten ore formation, spatially and genetically related to the apical
parts of the leucocratic granites of the Late Permian age that do not come out on the
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surface of the Akmain pluton. In terms of chemical and mineral composition, granites
belong to alaskite differences and are represented by plagioclase (7,87 %), KPS (51,3
%), quartz (40,55 %), dark-colored (0,96 %) and accessory (1,32 %) minerals.

According to the interpretation of geophysical fields, the Akmain pluton is stretched
in the northeastern direction. Its apical part, where rare-metal ore objects are localized,
has undergone a greisenization process, manifested in the form of a series of low-power
veins of a stockwork nature with various ore mineral associations. Around these veins,
there are rejuvenating halos of metasomatic transformations- silicification, etc.

For example, at the North Katpar deposit, the ores are closely related to the
greisenization process, the richest mineralization refers to fluorite and quartz-fluorite
metasomatites. At the Akmaya deposit, industrial ores are associated with early quartz
and quartz-feldspar veins and veins with wolframite, and the host rocks for them are
hydrothermally altered skarns and hornfels (Ablessenova, 2023: 7; Subbotin, 1952: 50;
Omirserikov, 2016 a: 6).

These factual data indicate that rare-metal ore bodies in this ore zone are confined to
zones of metasomatically altered rocks.

Tasks of this kind were solved by a number of researchers, where they studied
petrophysical properties of hydrothermally transformed rocks of the White Mountain
of Far East. The patterns they obtained determined the geophysical characteristics of
the White Mountain deposit, where the hydrothermal alteration of rocks of the pre-ore
and ore period is associated with: 1) decrease of magnetic susceptibility; 2) decreasing
polarizability; 3) increase electrical resistivity within this deposit.

As can be seen, hydrothermally altered rocks greatly differ in petrophysical properties
from unaltered rocks developed in the area of this deposit.

In this regard, petrophysical anomaly appears in the area of the ore object, and it
creates anomaly in its geophysical fields (Nosyrev, 2022: 17).

Previously, we analyzed and systematized petrophysical characteristics of unaltered
rocks and created its petrophysical model for the Akmaya-Katpar ore zone. The results
were correlated with geophysical anomalies, thus geophysical signs of rare-metal ore-
bearing Akmaya-Katpara ore zone were determined in the form of combining zones of
negative minima of gravity and zones of positive magnetic anomalies with geochemical
anomalies (Ablessenova, 2023: 7).

It should be noted that petrophysical properties of hydrothermally altered rocks of
Akmaya-Katpar ore zone were not analyzed, although all known rare-metal ore objects
are confined to them.

Considering that the western part of the buried Akmain intrusion remains
understudied, such studies are relevant for the search of new promising rare-metal sites
in this ore zone.

We chose Akmaya deposit for solving the set task, as the rare-metal stockwork is
confined to the zones of hydrothermal-altered rocks.

The deposit was discovered by A.K. Kayupov and V.M. Popov in 1936, and was
explored from 1941 to 1952. In parallel with exploration, diligent mining was carried out
at the deposit (1941-1949), about 160 tons of 60% tungsten concentrate were extracted,
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and the ore reserves were completely exhausted. Then, in the early 1980s, additional
exploration was carried out and scheelite was discovered. In 1992 the revision of the
available factual material (Y.G. Toiskin, R.N. Torchinyuk) was carried out, as a result
of which the expected reserves of tungsten trioxide at the deposit can increase up to 30
thousand tons at its average content of 0,22—0,2 5%.

The mineralogy of this deposit was studied in detail by F.V. Chukhrov and L.P.
Ermilova.

The systematized material on mineralogy allows us to analyze the mineralogical
composition of unaltered (hornfels and skarns) and hydrothermally altered (oxidized,
sericitized) rocks in the area of the Akmaya deposit. The petrophysical characteristics
of rocks (density, magnetic susceptibility) that create geophysical anomalies depend on
their mineralogical composition. Therefore, we analyze the mineralogical composition
of unaltered and altered rocks developed in the area of Akmaya deposit with linkage to
magnetic and gravity anomalies.

Research Methods and Materials

The Akmaya deposit is compact and it has been studied sufficiently by geological
and geophysical as well as innovative methods (borehole technology) by different
researchers in different years from 1936 to 2017 (Subbotin, 1952: 50; Omirserikov,
2016 a: 6).

The materials required for the task are categorized into three groups:

1. Geological structure, mineralogy, and stages of ore formation at the Akmaya
deposit.

The field is located in the western part of the Uspenskaya Confusion Zone and is
characterized by a complex geological structure. The area includes sedimentary and
volcanogenic formations of Lower Silurian age, effusives of the Middle and Lower
Devonian, a complex of sedimentary and sedimentary-volcanogenic rocks of the Upper
Devonian and Lower Carboniferous, volcanic formations of the undivided Upper
Paleozoic, intrusives and Tertiary and Quaternary sediments. There are no outcrops
of intrusive rocks within the deposit. Rare-metal mineralization is associated with the
Permian Akmaya intrusion, which has not yet been uncovered by erosion.

The Akmaya ore field is confined to the carbonate rock sequence (60—70m thick),
among shales and sandstones, and partially extends beyond this sequence (Figure 1).

The deposit shows pre-mining, ore and post-mining stages.

Pre-metamorphism processes of general metamorphism of rocks of the ore zone are
manifested at the deposit, the agents are thermal energy of ore-bearing Akmain intrusion,
where limestones are partially metamorphosed, partially hornblende and skarned. The
hornfels are characterized with the formation of bimineral metasomatites consisting of
quartz and pyroxene and they compose about 50 % of the rocks of the deposit area. The
skarns are characterized with the formation of essentially pyroxene-garnet rocks with
vesuvian, wollastonite, calcite and potassium feldspar, and they constitute about 30 %
of the rocks composing the deposit.

In the ore stage, the main following stages of mineralization are distinguished:

1. Quartz and quartz-feldspar veins and veins with wolframite;
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2. Chalcopyrite-pyrrhotite-molybdenite-chlorite veins.

The post-mining stage includes quartz-zeolite and zeolite veins and veinlets.

The first ore stage with quartz-feldspar-wolframite veins and veins, which determined
the industrial value of the deposit, was the most powerful. Near these veins, the host
skarns and hornblende underwent sericitization at a distance of 1 to 5 cm and more.

The main ore minerals of the deposit are wolframite with impurities of niobium and
scandium, molybdenite, nugget bismuth.

[= =] oM oBnomousiit matepuan
H—] OOTPerspaun speres, Tydeca
] Q8Z re-kaplorarwina Geapy
QKZ xe-xapBouatxnna
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Figure 1 - Geological map of the Akmaya deposit with mapped exploration wells,
Scale. 1:10,000

2. Geological and geophysical cartographic materials of the field area of scale
1:10000,1:50000.

3. Computer models of the deposit in 3D format. In the MicroMine program, a group
of researchers and we have built 3D wireframe and block models of the Akmaya deposit,
on the side tungsten trioxide content of 0,15 % (Omirserikov, 2016 a: 6).

a) Based on the wireframe model, the morphology of the ore stockwork was
visualized (Figure 2).

i — i T AT
Figure 2 - Three-dimensional wireframe model of the ore body at the Akmaya deposit with
exploratory wells mapping

The intervening rocks of the Akmaya deposit (hornfels, skarns, marbles) are
practically ore-free. In this regard, the morphology of the ore stockwork is determined
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by the spatial location of ore-bearing veins. According to geological data, the area where
about 250 ore veins are concentrated has an elongated shape.

This spatial feature of the ore stockwork is clearly visualized by the framework
model of the deposit, where the ore stockwork is located with a long axis along the
strike of the calcareous rock pack, and its configuration does not change with depth
(Figure 2) (Omirserikov, 2016 a: 6).

b) Based on the block model, the spatial distribution of tungsten grades across the ore
stockwork is visualized, where its non-uniform spatial distribution is clearly observed.
Tungsten grades vary from 0,15 to 0,60 % and above (Figure 3):

P

e :
i

o e

e

B e —~

Figure 3 - Three-dimensional block model of Akmaya deposit

20 %
15V MasecTHAKN METaMORD.

Figure 4 - Three-dimensional model of distribution of metasomatic rocks of the ore zone of the
Akmaya deposit

¢) visualized the lithological composition of rocks within the deposit and tungsten
content by exploration wells. A three-dimensional model of the distribution of
metasomatic rocks of the Akmaya deposit showed that the most common metasomatic
rocks are hydrothermally altered skarns and hornfels, and the tungsten content in
exploration wells varied from 0,15 to 0,9 %. (Figure 4).

So, the analyzed geological materials and the results of model constructions on the
Akmaya deposit led to the fact that hydrothermal-altered rocks are the most common
and are ore-bearing medium. Therefore, we consider their reflections in gravity and
magnetic fields as the basis for the selection of geological and geophysical forecast

135



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

criteria in the search for new areas for rare-metal ores within the Akmaya-Katpar ore
zone.

Results and discussion

Gravity field. In the Akmai-Katpar ore zone, low-density intrusive formations are
represented by two granite massifs: 1) the Katpar granite massif of Early Permian age,
which is exposed in the north of the North Katpar deposit; 2) the Akmaya leucocratic
granite massif of Late Permian age, which is uncovered by several wells at a depth
of 400-600 meters in the central part of the North Katpar deposit. According to
geological data, all rare-metal ore objects (deposits and ore occurrences) are spatially
and genetically related to the "blind" Akmain granite massif and are concentrated in the
intrusive-dedentrusive zone of its dome-shaped structures.

The above-mentioned granite massifs in the gravity field are distinguished by a
single gravitational minimum with intensity of 0,2-0,3 mGal (milligal). Gravitational
minimum is connected with negative value of excess density within -0,3 g/cm3 between
densities of host rocks (orogenized and skarned) of ore zone (2,85 g/cm3) and above-
mentioned granite massifs (2,55 g/cm3) (Ablessenova, 2023: 7).

In general, the area of the Akmaya-Katpar ore zone, where rare-metal ore
manifestations are concentrated, is characterized by a negative gravity anomaly due to
the low density of intrusive rocks (Figure 5).

However, these geophysical mapping materials of different scales, especially 1:10000
scale, show that the areas of some rare-metal sites, including the Akmaya deposit area,
in the gravity field are distinguished by a positive gravity anomaly of intensity up to 0,4
m@Gal. (Figure 5,6).

Figure 5 — Map of the gravity isanomal of the Akmaya-Katpar ore field.
Scale 1:50 000 (Agadir expedition, 1993)
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Figure 6 - Map of the gravity isanomal of the Akmaya-Katpar ore field.
Scale 1:10 000 (Agadir expedition, 1993)

The appearance of a positive gravity anomaly in the gravity field in the area of the
Akmaya deposit is attributed to the existence of zones of hydrothermal-altered rocks
that differ sharply in mineralogical composition from the rocks developed in the area of
the deposit.

According to geological data in the area of this deposit are developed products of
metamorphism of the pre-metamorphic stage of ore formation, they are hornblende and
skarns, they are composed of such minerals as pyroxene, garnet (grossular), vesuvian,
wollastonite. The densities of these minerals given in reference books are indicated by
the following intervals of their values from 3,00 to 3,6 g/cm? (Romanovsky, 2009).

Consequently, the main rocks composing the Akmaya deposit area are dense rocks.
The average density of hornfels and skarns, according to some researchers, is determined
in the range from 2,85 to 3,45 g/cm?® (Dortman, 1984; Pugin, 2019).

At the final stage of the pre-metallic stage of ore formation, the halo of skarned
and hornblende rocks was overlaid by intensive oxy-quartzization, with it accompanied
by hydrothermal sericitization. In this case the mineral composition of hornblende
and skarns is changed due to replacement of the main rock-forming minerals, where
pyroxene and garnet are replaced by chlorite, wollastonite and vesuvian by calcite,
albite and biotite by sericite. The density of newly formed minerals in the hydrothermal-
altered zone of the Akmaya deposit according to reference data ranges from 2,4 to 2,5
g/cm?® (Romanovsky, 2009).

Consequently, the replacement of high-density minerals with minerals of relatively
low density will lead to a decrease in the density of hydrothermally altered rock zones.
According to some researchers, the density of hydrothermally altered rocks is determined
within the range from 2,43 to 2,20 g/cm? (Romanovsky, 2009; Lidin, 2000: 480; Pugin,
2019: 110; Omirserikov, 2014 b: 12).

So, in the area of Akmaya deposit due to petro-density characteristic of zones of
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hydrothermal-altered rocks there appeared a positive excess density within 0,35 g/cm’
between densities of Akmaya intrusion (2,55 g/cm?) and zones of hydrothermal-altered
rocks (2,30 g/cm?). In this regard, the area of Akmaya deposit in the gravity field is
characterized by a positive gravity anomaly of intensity up to 0,4 mGal.

In addition, in the Akmaya-Katpar ore zone, according to geophysical data, a positive
gravity anomaly with intensity in the range of 0,20-0,4 mGal is observed in the area of
the North-East Katpar ore occurrence. It is associated with greisenization of skarns and
hornfels to which scheelite mineralization is confined (Figure 6).

According to geological data, more than 300 vein and greisen vein bodies have been
identified at the North Katpar deposit. The main ore veins and greisen vein bodies were
formed without near-surface hydrothermal alteration. Among them, only quartz ore veins
(with feldspar, molybdenite, biotite) were accompanied by zones of weak greisenization
of the host rocks. Therefore, the area of the North Katpar deposit, confined to the main
dome structure of the Akmain granite massif, is distinguished by a negative gravity
minimum with an intensity of 0,4 mGal. (Figures 5, 6).

It should be concluded that the reflection of hydrothermally altered rocks in the
gravity field depends on their spatial distribution and intensity of manifestation of
metasomatic processes. In this regard, the peripheral greisenized rocks in the North
Katpar deposit due to the weak intensity of manifestation and limited prevalence were
not reflected in the gravity field. At the Akmaya deposit, the widespread and intensive
occurrence of hydrothermally altered rocks was clearly reflected in the gravity field in
the form of a positive anomaly.

Magnetic field. The intensity of magnetic anomalies is associated with the magnetic
susceptibility of rocks of the Akmaya-Katpar ore zone (Trukhachev, 2008; Kurskeev,
1983: 286; Smelov, 1985: 123; Benevolenski, 1960).

On medium scale magnetometric maps the ore zone is distinguished by a positive
magnetic anomaly with intensity from 1,5 to 4 nT. The positive sign of the magnetic
anomaly is associated with the intrusive ore-bearing Akmain granite massif, its magnetic
susceptibility is determined within 60*10¢ GHS.

=1,,5] -1 -0,5 0 0,5 1 L Z - 4 SuTn

Figure 7 - Map of isodynamic lines of the Akmaya-Katpar ore zone.
Scale. 1:50 000 (Agadir exploration, 1993)
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The positive sign of magnetic anomaly for this ore zone is preserved on magnetometric
maps of larger scale. All rare-metal objects (except Akmai deposit) associated with
Akmai massif and localized in carbonate environment (with magnetic susceptibility in
the range of 12—15*10° GHS) are concentrated in the area of positive magnetic anomaly
with intensity from 50 to 100 nT (Figure 8).

On the 1:10000 scale magnetometric map of the Akmaya deposit area is highlighted
by a negative magnetic anomaly with intensity from -50 to -100 nT (Figure 8).

We analyze the change in the sign of the magnetic anomaly in the area of the deposit:

1) The primary main reason for the change in the sign of the magnetic anomaly in
the area of the Akmaya deposit may be the morphology of the ore body, according to the
morphology of the deposit is classified as a stockwork deposit. As is known, stockwork
deposits are confined to intensely dislocated areas, i.e. in areas with a large number
of differently oriented small ore-bearing fractures. This structural feature of ore body
formation will lead to the appearance of a negative magnetic anomaly over the deposit.
Therefore, on magnetometric fields the zones of ore stockwork development are well
distinguished by a negative magnetic anomaly of -50 nT intensity.

Figure 8 - Map of isodynamics of the Akmaya-Katpar ore zone.
Scale. 1:10,000 (Agadir exploration, 1993)

2) The next reason is the change in the mineralogical composition of the ore-bearing
medium due to hydrothermal-metasomatic alteration. It led not only to the change
of rock density, but also to the change of magnetic susceptibility of hornblende and
skarns. The decrease in magnetic susceptibility is due to the process of sericitization
of rocks, as the newly formed minerals in the zone of hydrothermally altered rocks
are diamagnetic (quartz, calcite, fluorite, feldspars) or weakly paramagnetic (chlorite,
mica), and their magnetic susceptibility is of the order of 0-50*10° GHS. They do not
make an appreciable contribution to the magnetic susceptibility of hydrothermally
altered rocks, so the value of magnetic properties of rocks subjected to hydrothermal-
metasomatic transformations is approximately 23-26*10° GHS (Kurskeev, 1983: 286;
Smelov, 1985: 123; Benevolenski, 1960).
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When interpreting the magnetic exploration materials, many researchers with lowered
values of the magnetic anomaly intensity compared to the surrounding unaltered rocks
highlight the outline of ore stockworks (Benevolenski, 1960; Isayeva, 2013: 12).

In this regard, the intensity of the negative magnetic anomaly in the range of up to
-50 nT allows us to identify the contour of the ore stockwork at the Akmaya deposit. In
plan, the morphology of the highlighted contour on the magnetometric fields coincides
with the contour of the framework model of the deposit in plan (Omirserikov, 2016 a:
6).

3) In this area, where the intensity of the negative magnetic anomaly down to -50 nT
is reduced, the area with increased negative values of the magnetic anomaly intensity
up to -100 nT is highlighted.

This magnetic anomaly can be associated with the mineralogical composition of
the second ore stage of mineralization. The only minerals of this stage are pyrrhotite
and sharply subordinate to it chalcopyrite. Both these minerals are represented by
fine-grained aggregates fulfilling cracks in vein quartz. Aggregates of continuous
pyrrhotite and chalcopyrite reach up to 5 cm. In addition to vein quartz, pyrrhotite with
chalcopyrite is also observed in fractures of peroxal hornblende. Pyrrhotite is known to
be a ferromagnetic with high magnetic susceptibility in the range of (7-20)-10~* GHS.

Other ore minerals of the deposit such as wolframite and scheelite, bismuthite and
molybdenite, pyrite are paramagnetic. Among them, pyrite is the second most abundant
after quartz, where it is found in all veins and veins (Subbotin, 1952: 50; Omirserikov,
2016 a: 6).

Consequently, it can be stated that the area of distribution of pyrrhotite-chalcopyrite-
molybdenite mineralization at this deposit is distinguished by a negative magnetic
anomaly with intensity up to -100 nT due to the concentration of ore minerals with
magnetic properties.

The following conclusions can be drawn from the results obtained from the analysis
of the magnetic field of the Akmaya-Katpar ore zone:

1) the change in the sign of the magnetic field intensity in the area of the Akmaya
deposit is related to the structural features of the ore body;

2) the decrease in the intensity of the positive magnetic anomaly is associated with
a change in the mineralogical composition of the hydrothermally altered rocks of the
deposit and this position delineates the ore stockwork;

3) increase in the intensity of the magnetic anomaly inside the stockwork contour is
associated with the concentration of such ore minerals as pyrrhotite, pyrite, chalcopyrite.

Conclusion

During the ore stage hornblende and skarns of the Akmaya deposit underwent
hydrothermal-metasomatic changes, with a change in mineralogical composition, where
all more dense minerals in their composition were replaced by less dense minerals -
sericite, chlorite, calcite. This led to a decrease in the density of hydrothermally altered
hornblende and skarn varieties and reflected in the gravity field by a positive gravity
anomaly due to positive excess mass within 0,35 g/cm’.

Hydrothermal-metasomatic altered rocks also differed in magnetic properties from
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unaltered hornblende and skarns. Magnetic susceptibility of orogenic rocks in rare-
metal deposits of Central Kazakhstan, according to researchers, reaches up to 1100¥10°
GHS, and it is associated with pyroxene, which is the main iron-bearing mineral in
its composition. The magnetic susceptibility of pyroxene reaches up to 300*10 GHS,
but in hydrothermally altered rocks, as it was already noted, chlorite develops along
pyroxene, and this will lead to a decrease in the magnetic susceptibility of ore-bearing
rocks to 50*%10° GHS, as well as to a decrease in the negative intensity of the magnetic
field in the area of the Akmaya deposit to -50 nT.

In this case, it should be noted that metamorphic and hydrothermal-metasomatic
processes affect the magnetic properties of rocks in the Akmaya-Katpar ore zone, where
the process of orogenization sharply increases magnetic susceptibility, and hydrothermal
processing of rocks will lead to a decrease in their magnetic properties.

So, hydrothermal-metasomatic altered rocks of Akmaya-Katpar ore zone in
geophysical fields are reflected as follows:

1) with positive gravitational anomaly due to the appearance of positive excess mass;

2) with a negative magnetic anomaly due to structural features of the ore stockwork;

3) with decreasing negative values of the magnetic anomaly intensity the contours
of the ore stockwork are defined, and with increasing intensity of the negative magnetic
anomaly the area of distribution of chalcopyrpit-pyrrhotite-pyrrhotite-molybdenite-
chlorite veins in the ore stockwork is reflected.
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