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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




I 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 Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

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

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMIAAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTHU U TEOIKOTOTUH M.
Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yanepcutera Hancn
(Haucu, ®dpannus) H=15

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

OUIIEP Axceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [lpesneH
(dpesnen, bepnun) H=6

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

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppectionnieHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonorndecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28
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Editorial chief

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

Scientific secretary

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

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

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

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

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

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

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

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. This article analyzes the history of the geological structure and the
geological development of the Upper Proterozoic, Paleozoic and Mesozoic deposits
of the South Torgay sedimentary basin, and determines their geodynamic stages
of development based on the study of lithological and stratigraphic complexes of
the sedimentary basin itself, as well as adjacent folded structures. Vendian — Early
Paleozoic and Jurassic stages of rifting processes in the development are identified and
described. The fundamental difference between these stages of rifting is that in the
Vendian—Early Ordovician manifested themselves accordiFsing to the classical scheme
with intense subsidence and extension at the early stages of development (the formation
of molassoids, tillites in the Vendian, then siliceous—carbonaceous—terrigenous and
siliceous—carbonate rocks) and compression, tectonic inversion, active dislocations and
widespread magmatism in the final stages. At the Jurassic stage of rifting, intensive
tectonic dislocations occurred in the South Torgai paleobasin, which resulted in active
movements of differently oriented Paleozoic and Pre—Paleozoic faults, the split of the
ancient Proterozoic—Lower Paleozoic basement, which initiated formation of grabens.
However, the genesis of the graben system was completed without the introduction
of magmatic bodies and intensive tectonic deformations. Thus, the South Torgay
paleobasin can be considered as a zone of inherited rifting, a tectonic structure that
twice survived the stages of rift development, in the Late Proterozoic—Early Paleozoic
and in the Jurassic The article also presents lithological and paleogeographic maps of
various geological eras based on geological and geophysical data, which confirm that
the formation of the sedimentary basin and lithological and stratigraphic complexes of
the South Turgay were significantly influenced by rifting processes.

6


https://doi.org/10.32014/2023.2518-170X.295
mailto:dauletmuk@.mail.ru
mailto:abetov.auez@mail.ru
https://orcid.org/00001866
mailto:dauletmuk@mail.ru
https://orcid.org/00009628

ISSN 2224-5278 4.2023

Keywords: South Turgay, geological development, stages of rifting, graben —
syncline, horst — anticline, folding, sedimentation, magmatism, tectonic deformations,
Paleozoic and Mesozoic eras

© A.E. 906eT0B, /I.b. MykanoB*, 2023
K. TypsicoB ateianarst [eonorus xxoHe MyHaii-ra3 ici HHCTUTYTHI.
Anmatsl, Kazakcras.
E-mail: dauletmuk@.mail.ru

OHTYCTIK TOPFAIl BACCEMHIHIH BOP KE3EH/EI'T JEMIHT I
TEOJIOTUSJBIK JAMY TAPUXbI

96etoB A.E. — IIpodeccop.Kaysimmacteipsurran npodeccop. K. TypreicoB ateiHmarsl [eomornst xoHe
MyHali-ra3 ici ”HCTHTYTHL. ['eodm3uka kadenpacs

E-mail abetov.auez@mail.ru, https://orcid.org/0000-0002—-1866-7677;

MyxkanoB JI.B. — Maructp. Ara FUIBIMHU KbI3METKep. 1-IIIi caHATTHI TeoIor

E-mail dauletmuk@mail.ru, https://orcid.org/0000-0002-9628-2588.

Annoranus. Makanana Onryctik Toprail merinzi anaObIHBIH JKOFapFbI IPOTEPO30H,
Mane030i kKoHEe Me30301 LIeriHAIEPiHiH KYPBUIBIMBI MEH I'€OOTHSUIBIK, JaMy TapUXbI
TaJlaHaabl, OJapAblH OCHl ANaNThIH JKOHE OFaH iprejiec Karmapibl KYphUIBIMAAPIbIH
JaMyBIHIAFbl T€ONMHAMUKANBIK Ke3eHIAepi aHbIKTanaabl. JINTONOTHSUIBIK 3epTTeylep
HETi31HJe JKBIHBICTBIH CTpaTHrpadusuIbIK >KbIHbICTapbl. OHTycTik Toprail merinai
anaObIHIAFbl pUPTHUHT MPOLECTEPiHIH AaMYyBIHBIH BEHIHUS—pPTE Maneo30d KoHe Iopa
Ke3eHAepl aHBIKTANBIN, CHUMATTaNFaH. PUQTUHITIH Oyl caTbUIapbIHBIH TyOerenmi
aBIPMAIIBUIBIFEl BEHIUAHBIK-EPTE OPIOBHUKTE OJIap KJIACCHKAJIBIK CXeMa OOWBIHIIA
JaMybIHBIH ~ aifamkel  (aszajgapelHia KapKbIHABI IIOTYMEH JKOHE CO3BUIYMEH
(MonmaccounTepAiiH, TWIUIMTTEPAiH, OJaH KeHiH KPEeMHHUITi—KOMIpTeKTi—TeppUreHIi
XKOHE KpEeMHHITIIEpAiH Ty3ilnyi) KepiHli. — KapOOHATThl JKBIHBICTAp) OHE CHIFBLTY,
TEKTOHUKAJbIK HHBEpCHUsS, OENCEHAl MAWCIIOKALUUsIap >KOHE COHFBl Ke3eHIepAeri
Marmatu3MHiHKeHKepiHici. OHTycTik TopraiimangeobaiTbiH pu THHI TIHIOpA CaThICHIHIA
KapKbIHABI TEKTOHUKAIIBIK TUCIOKALUIAD OPBIH aNbIl, oJiap opTYpil OarbITTanfaH
Mane030i >KOHE Mayeo30iFa AeHiHri >kapbIKTap OoWbIMEH OeliceHni KO3FajibICTapra,
eXeNT1 MPOTEepO30W—TOMEHT1 MaleO30MIBIK 1preTacThlH BbIABIPAYbIHA OKENil COKTBL,
COHBIH HOTWXeciHAe rpabenaep Tecenai. bipak rpalGeH >KyHeciHIH KaJbINTacybl
MarMaJblK JCHEeNepaiH eHYIHCI3 JKoHe KapKbIHIbI TEKTOHUKANBIK Ae(hOopMalsIapch3
askrangsl. Oceutaiima, OHTYycTiK Topraii maneoOalTbiH pudTOreHe3 aiiMarbl peTiHae
KapacThIpyFa 001agpl—pu(T NaMyBIHBIH €Ki Ke3eHiHEH 6TKEH TEKTOHUKANBIK KYPBUIbIM,
Kell MpoTepo3oiina—epre maneosoina skoHe FOpa moyipinge. CoHpmaii—ak Makamana
Onryctik TopraliaplH II6TiHAI ana0bl MEH JUTOJIOTUSIIBIK—CTPATHTPAPHSITBIK
KEIICH/ICPiHiH KaJbINTacyblHa PUPTHUHT MPOLECTEPIHIH aWTapIbIKTall 9cep eTKEHIH
pacTalTBIH TEONOTUSIIBIK-TEOPHU3UKAIBIK IepeKTep HEeTi3iHAe >KacalFaH opTypii
T€OJIOTHSUIBIK ASYipaepaiH JUTOJIOTHsIBIK—TIaTeoreorpasiblK KapTauapbl OepiireH.
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AHHoTaumus. B Hacrosimeld crarbe NPOBEAEH aHalu3 CTPOCHUS U HCTOPUU
TE0JIOTUYECKOTO Pa3BUTHSI BEPXHEMPOTEPO3OMCKUX, MANTEO30MCKUX U ME3030UCKUX
otnoxenuit FOxnoro Topraiickoro ocamouHoro OacceliHa, ONpEAENCHbl HX
re0JJMHAMHYECKUE 3Talbl Pa3BUTHS ATOro OacceliHa M TPHUIIETAIONINX CKIaIdaThix
COOpYKEHHI.Ha OCHOBE M3YYCHHS JIUTOJIOTO—CTPATUTPAPUIECKIX KOMILIEKCOB TTOPO/I.
Brizenenbl M onMcaHbl BEHA—PaHHEeNane030MCKU M FOPCKUM ATalbl pa3BUTHUS IPOLIECCOB
pudtoreneza B FOxuo—Topraiickom ocamounoM OacceiiHe. KopeHHOE oTiHuue 3THX
ATanoB pu(TOreHe3a 3aKIIF0YaeTCs B TOM, YTO B BEH—PaHHEM OPIOBUKE OHH IPOSIBUIINCH
0 KJIACCHYECKOH CXeMe ¢ WHTEHCHBHBIM NMPOTHOAHNWEM M PACTSKKEHHEM Ha paHHHX
(dazax pasButus (popMHEpOBAHHEM MOJACCOWIOB, THJLIATOB, 3aT€éM KPEMHHCTO—
YIIHCTO—TEPPUTEHHBIX U KPEMHUCTO—KapOOHATHBIX TOPOT) M CKaTUEM, TEKTOHUYECKOM
WHBEpCUEH, aKTHUBHBIMU AMCIOKAMSAMU U IIMPOKUM MPOSBICHUEM Marmaru3ma Ha
3aKITIOYUTENHHBIX JTanmax. Ha ropckom srtame pudroreHeza B HOxxno—Topraiickom
najeobaccelHe MPONCXOINIH HHTEHCUBHBIE TEKTOHMYECKNE AUCIOKAIINH, TIOBJIEKIINE
3a COOOH AaKTHBHBIC TOABMXKKH BJOJNb Pa3HOOPHEHTHPOBAHHBIX MAJICO30MCKUX H
JI0TIaJIE030CKUX Pa3IoMOB, pacKoJly APEBHETO MPOTEPO30HCKO—HHKHENAIE030HCKOr0
(hyHIamMeHTa, CIe/ICTBUEM YeTO SIBIIIOCH 3aJloxkeHre rpadeHoB. OqHako popMupoBaHue
CHCTEMBI TpaOCHOB 3aBEPIIMIIOCH O€3 BHEAPEHUS MarMaTHUECKHUX TEJI M MHI TEHCUBHBIX
TekToHnYeckux nedopmanuii. Takum obpazom, HOxxHo—Topraiickuii naneodacceiiH
MOXKHO pacCMaTpuBaTh KaK 30HY YHACJCIOBAHHOTO PH(PTOTEHE3a—TEKTOHHUYECKYIO
CTPYKTYPY ABXKIBI IEPEKUBIIYFO 3TAIBI PUPTOBOTO Pa3BUTHS, B ITO3THEM ITPOTEPO30€—
paHHEM Taneo30e W B IOPCKOE BpeMs. B crarbe Takke NpeACcTaBIEHBI JUTOIOTO—
najeoreorpaguueckie KapThl Pa3IUYHBIX TEO0JIOTHYECKUX JIO0X, IOCTPOSHHBIE
Ha OCHOBE TI€OJIOTO-TCO(U3NICCKUX [AHHBIX, KOTOPHIC TIOITBEPKAAIOT, YTO Ha
(hopMupoBaHHe 0CagOYHOTrO OacceifHa W JHUTOIOTO—CTPATHTPA(PUISCKUX KOMILIEKCOB
OxHOTO Typras 3HaYNTENHHOE BIMSHUAE OKA3allM MPOIIECChl pu()TOreHe3a.
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Introduction

The South Turgay sedimentary basin is bounded along the perimeter by the system of
mountain structures of the Ural-Mongolian foldbelt. Features of its tectonic evolution,
lithological and stratigraphic differences and the thickness of the sedimentary filling
make it possible to attribute this depression to an intracontinental type of sedimentary
basin, genetically related to the “unstable” massif of the Caledonian consolidation
(Shlygina et al., 1991; Volozh et al., 2016).

Such a land mass is characterized by high mobility, which contributes to the expansion
of the stratigraphic range and lithological diversity of rock—layer associations and an
increase in the thickness of sedimentary filling (Bykadorov et al., 2016).

According to drilling data of deep and parametric wells, it is generally accepted that the
basement of the South Torgay Basin (Fig 1) consists of deeply metamorphosed crystalline
schists, gneisses, granite gneisses, amphibolites, Riphean—Vendian porphyroids and
Middle—Upper Paleozoic carbonates (developed within the northwestern sector of the
Aryskum trough and the western half of the Mynbulak saddle} and is divided into a
series of tectonic blocks. (Changcheng et. al., 2020).

Lo _"'F;f- A .
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Fig 1. Tectonic map of the South Torgay depression Horst anticlines: Aksai, Akshabulak, Ashisai,
Graben—synclines Aryskum, Akshabulak, Bozingen
Geological development in the Vendian—Paleozoic
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Several plate tectonic models have been suggested for the evolution of the area
known as the Altaids, of which South Turgay forms a small part (Zonenshain et al.,
1990; Dobretsov et al., 1995; Sengor & Natal’in, 1996). Of these, the last outlines a
comprehensive model which has been adopted for this paper. The area was disassembled
into a series of tectonic units, each consisting of a strip of Pre—Altaid continental crust
with a south to southwest facing subduction—accretion complex. By matching magmatic
fronts from segment to segment, these were reassembled into an island arc termed the
Kipchak Arc which reached its maximum extent in the Late Cambrian. The segments
were juxtaposed along strike—slip faults formed during the collapse of the arc during the
remainder of the Palacozoic (Moseley and Tsimmer, 2000).

By the end of the Cambrian, rifting led to the formation of the Sakmar-Lemvinsky
basin with oceanic crust, which in the Ordovician transformed in the Ural paleoocean. By
the Late Ordovician, South Turgai block became the western margin of the Kazakhstan
microcontinent with the accumulation of a thick flyschoid terrigenous strata (Atlas
of lithological-paleogeographic, structural, palinsprastic and geoecological maps of
Central Eurasia., 2002).

According to (Bykadorov et al., 2002) in the Ordovician of the South Turgay basin,
there was a region of undifferentiated shelf area, which is supported by the foot of the
continental slope in the East and the area of island arcs in the West (Fig 2).

A similar point of view is defended by (Allen et al., 2001; Zhemchuzhnikov et al.,
1986; Sargaskaev et al., 1988; Cook et al., 1991), who believe that several carbonate
platforms were formed in the early Paleozoic, presumably in the Karatau, Ulutau and
South Torgay areas.

The location of these platforms was not controlled by the KTF (Karatau—Talas—
Ferghana fault extending for 1500 km from Turgai to western Tarim is one of the world’s
largest intracontinental strike—slip faults, since they were located on either side of the
fault system with no obvious signs of shear (Zhemchuzhnikov et al., 1986; Sargaskaev
and Ergaliev et. al., 1988; Cook et al., 1991).

The existence of an ocean between Siberia and Baltica in the latest Neoproterozoic
is confirmed by the presence ophiolites in Kazakhstan and th Altai, as pointed out by
(Bykadorov et al., 2003).

The Late Ordovician of the South Torgay paleobasin was marked by regression and
the beginning of the closure of the Paleoasian Ocean. Late Ordovician compressive
deformations terminated the Early Paleozoic sedimentation in this paleobasin (Windley
et al., 2007). As a result of these processes in the Late Ordovician, a number of other
terranes (Kokchetav, Ulutau) and island arcs (Chingiz, Boshekul) were joined to the
South Torgay block from the east — northeast. These events led to the formation of a
large Kazakhstani Early Paleozoic continent with an orogeny, magmatism and general
uplifting.

According to (Burtman et al., 1980), an important role in these tectonic events was
played by the Karatau sinistral strike—slip belt, periodically activated since the Early
Proterozoic.
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Fig 2. Lithologic—paleographic map of the area of South Turgay in the Early Ordovician (arenig—1lanvirn)
Compiled according to the data of (Bykadorov et al., 2002)

In the Silurian—Middle Devonian, the region of South Torgay was an elevated dry—
land with intense denudation. This is confirmed by the data of (Moseley et al., 2000),
according to which the Upper Devonian and Lower Carboniferous marine carbonates
lie unconformably on the Ordovician and earlier marine and non—marine terrigenous
deposits.

However, there is an alternative point of view, according to which, in the Famennian
time, the Southern Turgay was an uplifted triangular zone bounded by faults and
expressed by the Pre—Karelian block in the western half and the Early Caledonian block
in the eastern half of the zone. (Kudaykulov et al., 2011). Limestones accumulated
along the western flank of the South Torgay paleo—uplift, and red—colored molasse with
a salt-bearing stratum along the eastern side.

According to data of (Kudaykulov et al., 2011)., during the Tournaisian time, the sea
covered significant territories of the South Turgay. Slope deposits included redeposited
members of unsorted angular carbonate fragments in a calcareous—clay matrix.

The deposits indicate insignificant syndepositional tectonic activity in the form of
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calcite—filled veins cutting through the strata, but not the matrix (Moseley et. al., 2000).

Drilling data indicate that such a platform system was characteristic of the western
part of South Turgay, implying a southwest—facing passive carbonate margin along the
MKF(The northern segment of the KTF, also known as the Main Karatau Fault).

In the Early—Middle Visean time, the transgression intensifies and the sea completely
covers the South Turgay basin (Fig. 3).

In the Late Visean—Serpukhovian time, the regression of the sea begins, which leads
to the outflow from the water level of the pre—Karelian block in the northwest and the
Karelian—Caledonian block in the southeast of the basin.

Fig 3. Paleoreconstruction at the end of the Middle Visean.
Compiled according to the data of Kudaykulov Kh.M., V.V. Zorin, O. Manakov.
"Estimates of oil and gas prospects of the basement for the Akshabulak, Nuraly, Aksai fields (Carey,
2002)

By the end of the Early Carboniferous, active subduction resumed along the western
flank of Turgay—Syrdarya region with the formation of the Valerian—-Kuramin marginal
continental volcanic belt, and collision and orogenesis began in the middle of the
Carboniferous (Volozh et al., 2016).
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This period of development includes the collision of the Kazakhstan continent and
various arcs and micro—continents with the East European craton with the formation
of the Ural orogen, which resulted in the termination of the development of extensive
subduction, accumulation of the accretionary complex in Central Kazakhstan and
inception of the formation of the Kazakhstani orocline (Carey et al., 2013).

The timing and ramifications of many of these events are still poorly understood.
Presumably, carbonate sedimentation ceased in South Torgay in the early Bashkirian
period, when a variety of debris was deposited, including thick conglomerate layers
of alluvial deposits in the northern part of South Torgay, which indicates significant
subaerial erosion by the time (Cook et al., 1995).

In the Middle Carboniferous, the tendencies of plate movement of the end of the
Early Carboniferous period continued. Regression occurs throughout the territory of
the Kazakhstan continent, as a result of which denudation processes intensify with the
formation of a sharply dissected relief of the ground surface. (Volozh et al., 2016).

During the Middle Carboniferous—Triassic period, the territory continued to rise and
the intensive erosion of previously accumulated deposits continued. The progress is of
a differentiated nature

At the turn of the Early and Middle Carboniferous epochs in the South Torgay region,
the activation of tectonic movements manifested itself in the “continentalization” of
the conditions of accumulation of the Middle Carboniferous formations, in the gradual
uplift of studied area under the influence of epirogenic movements. (Zholtaev et al.,
2016).

In the northeastern part of the South Turgai paleobasin, a peneplain formed,
which most likely corresponded to the southwestern part of the Ulytau anticlinorium.
Terrigenous sediments incl. conglomerates are deposited everywhere in the southern
part of the basin.

By the end of the middle-beginning of the Late Carboniferous, tectonic dislocations
intensified, which manifested itself in the differentiation of the South Torgay region
into relatively raised and lowered blocks, fixed by fluctuations in the thickness and
lithological diversity of accumulated sediments.

At the end of the Late Paleozoic, when the South Tien Shan Ocean closed, a large—
scale dextral strike—slip movement occurred in the Karatau strike—slip belt. (Burtman,
1980).

However, in some local paleotroughs, remnants of Paleozoic sediments are preserved,
which are exposed by a number of wells and are represented by marls, limestones,
dolomites, mudstones, carboniferous—Lower Permian siltstones) (Bykadorov et al.,
2002).

Apparently, the South Torgay middle massif throughout the entire Late Carboniferous
and Early Permian was a low plateau with the development of weakly pronounced
processes of denudation and sheetflood.

However, it is not excluded that low—amplitude subsidence with sedimentation
characteristic of the middle massifs predominates in the indicated intervals of geological
time within its limits (Li et al., 2017).
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Permian and Triassic — the time of the highstand of South Turgai and denudation.
As a result, Famennian—Lower Carboniferous deposits were preserved in places only in
the form of small troughs. (Antipov et al., 2015).

In the Triassic period, the result of a sharp uplift and accompanying processes of
physicochemical weathering was the denudation of the Upper Paleozoic and, in some
areas, deep disintegration of the Precambrian rocks that make up the foundation of the
South Torgay paleobasin. (Cook et al., 1995).

At this time, the entire territory was an alluvial-denudation peneplain with weakly
expressed processes of physical-chemical weathering and sheetflooding.

At the final stage of the Hercynian tectogenesis within the boundaries of South
Torgay, there was a revival of tectonic activity along the planes of Pre—Paleozoic and
Paleozoic disjunctive disturbances, which led to the differentiation of the territory of the
entire framing into relatively uplifted and lowered mostly linear blocks.

The movements, carried out along regional long—lived deep faults of submeridional
and sublatitudinal orientations, led, on the whole, to a significant rise in the entire
territory of the southeast of the Torgay depression.

In this way, at the final stage of the Hercynian tectogenesis as a whole, the framework
of the Early—Middle Mesozoic rift system was established, expressed in the development
of a system of graben-like structures.

Jurassic rifting. Tectonic inversion movements were timed to the turn of the Triassic
and Jurassic periods with prevailing upward movements were replaced by immersion,
accompanied by extension and alternating movements of individual large geoblocks
along the faults, marking the beginning of the South Pacific Rifting paleobasin.

The deposition of rift structures in the region under consideration by the beginning
of the Jurassic period is inextricably linked with the migration of tectonic activity from
the north to south, which was expressed in the diverse development of various deep
Paleozoic and Pre—Paleozoic faults in various parts of the Southern—Torgai Trough.
(Yin Weil et al., 2012., Luo et al., 2005, Zhou et al., 2005) which included the split and
stretching of the ancient Proterozoic—Lower Paleozoic basement with the fragmentation
of the Proterozoic—Paleozoic middle massif into numerous blocks, which resulted in the
deposition of sedimentary areas in the form of narrow grabens (Aryskum, Akshabulak,
Bozingen), separated by Jurassic rifting. (Aryskumsky, Akshabulaksky, Bozingen),
divided between two relatively elevated foundation blocks (Aksai, Akshabulaksky and
Aschisaysky).

Multidirectional differentiated movements contributed to the formation of graben—
synclines, and horst-anticlines in the modern structural plane.

Accumulation of predominantly coarse detrital rocks (Sazymbai, lower part of the
Aibalinskaya formation) is evidence of a dissected topography, formed as a result of
alternating tectonic movements. The stage corresponds to the deposition time of the
South Torgay rift system.

From the new global tectonics standpoint, it is believed that the cause of the Mesozoic
rifting in the South Turgai basin in the Early Jurassic is considered to be the renewal
of the dextral strike—slip fault along the KTF (Karatau—Talas—Fergana fault), which
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actively manifested itself in South Kazakhstan and the Western Tien Shan, (Moseley,
2000), which led to the beginning of the formation of a system of "pull-apart" style
grabens. The process continued until the Late Jurassic. Grabens are filled with thick
(up to 5 km) Jurassic terrigenous gray—colored deposits, (Volozh et al., 2016; Burtman,
1980; Moseley, 2000).

Itis important to note that narrow graben—synclines of northwestern and submeridional
orientation, developed along long—lived deep faults, tend mainly to the Aryskum trough,
while polygonal and isometric ones run to Zhylanshik trough (Fig 4).
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Fig 4. Scheme of facies—paleogeographic situations in the Middle Jurassic (Aalen—Bat). Compiled
according to the data of (Bykadorov et al., 2002)

According to the existing point of view, four stages are distinguished in the processes
of rifting: the initial (deposition), middle (subsidence), final, and the stage of formation
of over—rift depressions (Juye et al., 2016., AGxynuH et al., 1980).

At the initial stage of rifting (in the Early Jurassic), in the South Torgay trough, almost
all faults of both pre—Paleozoic and Paleozoic deposition time are revived. The center
of activation is shifted to the Aryskum trough, which is marked by the manifestation of
predominantly extension processes.

At the stage of subsidence (Early—Middle Jurassic), there is a significant increase
in the rate of sedimentation and the volume of sedimentary formations, with a
contemporaneous expansion of the area of rift structures.

Constant stable subsidence caused intense sinking of the graben bottoms at a high
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(about 60 meters / million years) sedimentation rate with a gradual increase in the area
of sedimentation due to the expansion of grabens (the stage of subsidence of rifts) (Fig
4).

The main faults bounding the graben dip at an angle of about 50-60 °, indicating
that they were formed during extension. However, they were often accompanied by
subvertical faults with a slight vertical displacement, which clearly indicates their
strike—slip nature (Otto et al., 1997).

The process gradually weakens from the Early Jurassic to the Late Jurassic.
Transtensional movements were replaced by alternating movements that caused the
dismemberment of the region under consideration, which were distinguished within the
limits of the modern Aryskum trough.

The rift phase effectively finished by the end of the Middle Jurassic in the opinion of
some researchers and in the Late Jurassic — according to others.

In general by this time tectonic activity ceased, subsidence gradually slowed down
and the rate of sedimentation throughout the basin was steady.

It was followed by a period of inversion, probably associated with the continuation
of the dextral strike—slip fault along the MKF. (Yin Weil et al., 2022)

At this stage of development, active upward movements resumed. These events led
to the fragmentation of large geoblocks into smaller ones by numerous regional and
local faults.

By the beginning of the Cretaceous, the stage of isostatic compensation and the
formation of the main structural elements and traps terminated.

By the end of the Neocomian, the inversion stage of development and the formation
of all the main traps of the Jurassic—Cretaceous sedimentary cover have been completed.
The thickness of the accumulated sediments by this time is 800-1300 m. All source
rocks of the Lower-Middle Jurassic in graben—synclines reached the main phase of
oil formation. Later, traps formed in Akshabulak, etc. uplifts were filled with migrated
hydrocarbons.

Subsequent geodynamic stages did not lead to significant structural changes in the
area. They are characterized by a slow and steady subsidence of the central parts of
the South Turgai syneclise, which favored the preservation of the formed oil and gas
deposits.

The northern part of the territory and the Vostochny Akshabulak area, where the
thickness of the accumulated Jurassic sediments reaches 450-500 m in the most
submerged parts, underwent the greatest submersion by this time. In the vaults of the
Akshabulak Central and Akshabulak South areas, the thickness of the Jurassic sediments
is 140-160 m. (Cook et al.,1995)

By the end of the Neocomian, the inversion stage of development and the formation
of all the main traps of the Jurassic—Cretaceous complex are completed. The thickness of
the accumulated sediments by this time reaches 800—1300 m. All the source rocks of the
Lower—Middle Jurassic in the graben—synclines reached the main phase of oil formation
and the formed traps within the Akshabulak uplift were filled with hydrocarbons.
Subsequent geodynamic stages did not lead to significant structural changes in the South
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Turgai basin. They are characterized by a slow and strong subsidence of the central parts
of the South Turgai syneclise, which favored the preservation of the formed oil and gas

deposits.
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Fig 5. Section along AB profile showing the filling pattern of the South Turgay sedimentary basin. Based
on data from (Juye et al., 2016)

A similar concept was presented by (Juye et al., 2016) (Fig 5), according to which,
in the South Torgay paleobasin, starting from the Lower Jurassic, regression took place,
as a result of which coastal shallow—water sediments accumulated here, were replaced
with deep—water and medium depths deposits, which may indicate a decrease in tensile

stress.
In the Middle Jurassic, the South Torgai paleobasin was filled with fan delta facies

and lacustrine facies (Fig 6).

In the Upper Jurassic of the South Torgay paleobasin, the rate of subsidence along
the fault planes slowed down. This epoch was dominated by the deltaic plains facies.
Sediments were carried away from nearby horst—anticlines, which is confirmed by the
appearance of coarse—clastic facies (Juye et. al., 2016)

Substantial thicknesses of Jurassic deposits accumulated at the rift stage, characterized
by an increased content of organic matter (OM) with a predominance of the sapropel
type. They are almost completely localized in grabens and grabens—synclines and are
"sealed" by shale formations of the Akshabulak Formation, crowning the rift complex,
which, together with the anomalous geothermal regime of Earth interior (3.5-4.20 s /
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100 m) led to the formation of autonomous focal points of oil and gas formation in the
contours of grabens and grabens—synclines, where already in the Late Jurassic the oil
and gas source formations, associated with the depositional stage, began to generate
liquid hydrocarbons.

As a result of the above—described concept of geological development, in the
presence of a favorable combination of reservoirs and seals, numerous accumulations
of oil and gas were formed. To date, 27 hydrocarbon fields have been discovered in the
South Torgay basin.
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Fig 6. Stratigraphic characteristics of Jurassic to Cretaceous in the South Turgay Sedimentary basin.
(Paragulgov et al., 2013)
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The oil reservoirs of these fields are associated with various lithological and
stratigraphic complexes of Jurassic—Cretaceous sediments (Kumkol, Nuraly,
Akshabulak, etc.), Devonian—Lower Carboniferous formations (Kyzylkiya, Kenlyk,
Kokbulak, Doschan and others) and disintegrated basement highs (Karavanchi, Aryss
koe,Priozernoe, etc.).

Results and diccussion

Based on the studies on the history of the evolution of the South Torgay sedimentary
basin presented in this paper, significant differences in issues related to the age and
depth of the basement in this basin become apparent.

According to (Changcheng Han et.al., 2020), the drilling data from deep and
stratigraphic wells suggests that the basement of the South Torgay basin is composed
of heavily metamorphosed crystalline schists, gneisses, granite—gneisses, amphibolites,
porphyroids of the Riphean—Vendian age and Middle—Upper Paleozoic carbonates
(developed within the northwestern sector of the Aryskum trough and the western half
of the Mynbulak saddle) and is divided into a series of tectonic blocks. (Zholtaev et al.,
1996), theorize that in the Aryskum graben—syncline the basement of the basin is of a
Precambrian age and of a heterogeneous material composition, with an average depth
of up to 5-7 km.

In our opinion, the basement of the South Torgay basin in the troughs is of the pre—
Middle Paleozoic age, while the uplifts are Upper Paleozoic. This can be confirmed
from reflection time sections where below the top of the Paleozoic at depths of about
3—4 km, the troughs are characterized by rather sustained and continuous reflections,
which is characteristic of sedimentary basin deposits. Although it should be noted that
the depth of the basement in the troughs requires clarification using 3D seismics with an
increased recording time.

In regards to the Paleozoic history of geological development, opinions of researchers
also differ significantly. One group of researchers — (Alekseev, 1997; Bykadorov et al.,
2017) believe that the South Turgai block of the continental crust in the Vendian was
probably part of the East European continent.

In the Vendian—Early Ordovician, intensive rifting occurred and was accompanied
with the formation of molassoids, tillites, and then flyschoid siliceous—carbonaceous—
terrigenous and siliceous—carbonate rocks. In the Ordovician, an area of undifferentiated
shelf existed on the present site of the South Torgay sedimentary basin.

(Zhemchuzhnikov, 1986; Sargaskaev et al., 1988; Cook 1991; Allen, 2001), suggest
that in the early Paleozoic, several carbonate platforms formed in the approximate area
of Karatau, Ulutau and South Torgay.

The results of our study of outcrops in the Greater Karatau, confirm that rifting, in
fact, occurred in the Cambrian and at the beginning of the Ordovician. In the Middle
Ordovician, this area was transformed into the continental shelf. In the late Ordovician,
it became the westernmost part of the margin of the Kazakhstan microcontinent with the
accumulation of a thick flyschoid terrigenous sequence.

The geological history of South Torgay during the Middle Paleozoic is also a subject
of discussion. (Moseley et al., 2000), Zholtaev et al., 1996) believe that in the Silurian—
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Middle Devonian (up to the Famennian, inclusive) in the region corresponding to the
South Torgay trough elevated land with intense denudation was present, bounded by
faults and manifested by a pre—Karelian block in the western halfand an Early Caledonian
block in the eastern half (Kudaykulov et al., 2011). Limestones accumulated along the
western side of the South Torgay paleouplift, while red—colored molasse with a salt bed
deposited along the eastern margin.

However, other authors suggest that from the end of the Early Devonian to the
beginning of the Middle Devonian a spreading zone formed in the Turkestan paleoocean,
causing the formation of an active continental margin with the Turgai Devonian volcanic
belt along the southern and southeastern edges of the Kazakhstan paleocontinent
(Moseley et al., 2000).

Another concept is presented by (Cook, 1994), according to which the Devonian
carbonate deposits are a platform—slope—basin system with bioherm platform deposits,
which are analogous to the carbonate reservoirs found in the Pre—Caspian basin. Due
to the extremely limited data, it is difficult to go into detail regarding the concept of
geological evolution in the Middle Paleozoic.

In the Famennian—Early Carboniferous, the South Turgai paleobasin and more eastern
territories were submerged by a shelf sea with terrigenous—carbonate sedimentation
(Volozh et al., 2002).

In the late Visean—Serpukhov time, marine regression commenced, leading to the
exposure of the pre—Karelian block in the northwest and the Karelian—Caledonian block
in the southeast of the South Torgay basin above the sea level.

By the end of the Early Carboniferous, active subduction resumed along the
western margin of the Turgai—Syrdarya region concurrent with the formation of the
Valerianovsko—Kuraminsk marginal continental volcanic belt. This was followed by
collision and orogeny from the Middle Carboniferous (Volozh et al., 2002).

(Kudaykulovaetal.,2011) argue that in the Early Middle Visean time the transgression
intensified and the sea completely submerged the South Turgai basin. In the Tournaisian
time, the sea covered large parts of South Turgay. Slope sediments included redeposited
sequences consisting of unsorted angular carbonate clasts in a calcareous—argillaceous
matrix.

When it comes to the geological history of the Jurassic in the South Torgay paleobasin,
no serious disagreements between different authors were found.

According to (Juye Shi et al., 2016) in the early Jurassic, tectonic movements along
the KTF (Karatau—Talas—Ferghana Fault) resumed in the South Turgai trough, which
triggered the formation of a "pull-apart" type graben system that continued up until
the late Jurassic. Grabens are filled with thick (up to 5 km) Jurassic terrigenous gray—
colored deposits (Volozh et al., 2002; Burtman et al., 1980; Moseley et al., 2000).

According to (Otto, 1997), in the Early Jurassic, both pre—Paleozoic and Paleozoic
faults reactivated in the South Torgay Trough. The center of fault activity migrated to
the Aryskum trough. During this period extension processes were prevalent in the area.

During the subsidence stage (Early-Middle Jurassic), a significant increase in the
rate and volume of sedimentation was coeval with a simultaneous expansion of rift
structures. (Otto, 1997).
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According to (Yin Weil et al., 2012) the rifting phase was mostly over by the end of
the Middle Jurassic according to some researchers and in the Late Jurassic according
to others.

For the most part, fault activity had ceased at that time, while the subsidence
gradually slowed down, and the rate of sedimentation throughout the South Torgay
basin was stable. It was followed by a period of inversion, probably associated with the
continuation of the right-lateral strike—slip along the KTF.

At this stage, active uplift resumed. These events led to the fragmentation of large
geoblocks into numerous smaller regional and local faults. (Yin Weil et al., 2012).

Conclusions

Based on the results of studies performed on paleo—reconstruction of facies—
paleogeographic and paleotectonic conditions in the Late Precambrian, Paleozoic and
Triassic—Jurassic, it was established that the South Torgay basin was subjected to rifting
at least twice, in the Vendian—Early Paleozoic and in the Jurassic.

The fundamental difference between the stages of rifting is that in the Vendian—Early
Ordovician they manifested themselves according to the classical scheme with intense
subsidence and extension in the early phases of evolution and compression, tectonic
inversion, active dislocations, and a wide occurrence of magmatism in the final stages.

At the Jurassic stage of rifting, active tectonic dislocations occurred in the South
Torgai paleobasin, which led to the splitting of the ancient Proterozoic—Lower Paleozoic
basement and formation of grabens. However, formation of the graben system ceased
without intrusions of igneous bodies and intense tectonic deformations.

A limited scale of rifting incidents at the end of the Early—Beginning of the Middle
Devonian may be considered, when a spreading zone was formed in the Turkestan
Ocean, under the influence of which an active continental margin within the Turgai—
Devonian volcanic belt which arose along the southern and southeastern margins of the
Kazakhstan paleocontinent.

Thus, the South Torgai paleobasin can be considered as a zone of inherited rifting, a
tectonic structure that has undergone two stages of rifting (according to some sources,
three stages), in the Late Proterozoic—Early Paleozoic and then in the Jurassic.

The cycle in paleotectonic and paleogeographic settings in the South Torgai
paleobasin predetermined the accumulation of sedimentary strata with a specific set of
rocks, some of which can undoubtedly be considered as oil and gas source rocks, others
as reservoir rocks.

Assumed weak deformations of the Upper Paleozoic rocks and Jurassic strata
in the grabens of the South Torgai trough, the significant value of their subsidence,
increased thicknesses, lithological composition, favorable thermobaric and geochemical
conditions (high content of organic matter with a predominance of the sapropel type),
the presence of zonal and local seals and hydrogeological isolation may have led to
wide development of various genetic types of hydrocarbon traps in the flanks of grabens
predetermined favorable conditions for the formation of petroleum systems.

At the same time, there is a lack of geological and geophysical knowledge on
deep—seated rock units in the grabens of the South Torgai trough. In order to update
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the existing database, it is recommended to perform the following types of exploration
work in stages.

In the first stage, we recommend conducting inexpensive geological exploration in
the northeastern part of the South Torgai sedimentary basin, using geochemical mapping
and remote sensing of the earth (airborne gamma spectrometry, gravity and magnetic
exploration) on a large scale, which have proven themselves in the North and South
Ustyurt regions (Abetov et al., 2017, 2020, 2021, 2022) with the mandatory calculation
of the transformants of the gravitational and magnetic fields as well as Euler points
to determine the depth of gravity and magnetically disturbing masses/any magnetic
anomalies.

For the second stage of exploration work on individual areas, it will be necessary to
carry out a high—-resolution CDP-3D seismic survey and deep drilling with a full range
of well logging and the most complete possible core sampling in order to identify new
gas and oil pools in the Jurassic and Upper Paleozoic deposits.

Optionally, it is possible to consider the possibility of reinterpreting CDP 2D seismic
profiles using innovative processing and modeling methods and more efficient software.

During the third stage of geological exploration, it is recommended to perform
special (SCAL), standard (RCAL) and conventional (CCAL) types of core analysis,
with the addition of additional experiments, in particular including biostratigraphic and
paleontological methods for determining the age of rocks.
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