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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, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFb! XUMUS FBUIBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mylieci (ITexun, Keitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

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

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX 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 HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX 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, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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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© National Academy of Sciences of the Republic of Kazakhstan, 2023
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©Y.Sh. Seithaziyev, 2023
Atyrau branch and KMG Engineering LLP, Atyrau, Kazakhstan.

E-mail : Y.Seitkhaziyev@kmge.kz

GEOCHEMICAL STUDIES OF CONDENSATE, GAS AND CORE SAMPLES
DERIVED FROM GAS-CONDENSATE FIELDS IN THE MOYNKUM SAG
(KAZAKHSTAN)

Seithaziyev Y.Sh. — PhD candidate (SOCAR, Azerbaijan), Master of Science in "oil and gas geochemistry"
(Newcastle University, UK), head of the laboratory for geochemical studies of oil, water and rocks of the
Atyrau branch of KMG Engineering LLP

E-mail: Y.Seitkhaziyev@kmge.kz, https://orcid.org/0000-0001-5655-3112.

Abstract. This paper presents the interpretations of geochemical studies of
condensate, gas and core samples from five fields (Amangeldy, Anabay, Ayrakty,
Sultankuduk and Zharkum,) of the Moyunkum sag to characterize source rocks and
determine the genetic sources of condensates and gas. Based on the results of biomarker
analysis, all condensates were generated from shaly lacustrine source rocks with
terrigenous organic matter input. The thermal parameters of the biomarkers showed
that the condensates of Amangeldy field possess the highest thermal maturity among
the studied samples, which is also consistent with the results of the carbon isotopic
composition of its gases. Different distributions of biomarkers in the condensates of
Ayrakty, Amangeldy, and Zharkum fields may attest to their different genetic origins.
All gases have a thermogenic genesis and were generated from a terrigenous source rock
(kerogen type III). Ayrakty gases contain relatively high concentrations of nitrogen,
although Amangeldy and Zharkum gases have similar nitrogen concentrations. The
condensate of well Ne 4 Zharkum was found to have a different chemical composition
indicating its genetic difference from the rest of the condensates of this field. According
to the results of Rock-Eval pyrolysis, the studied samples relate to kerogen type III and
some of them reached the zone of dry gas generation window, which is also consistent
with the result of maceral analysis and Ro value of one sample (Anabai—2779m).

Key words: gas chromatography, biomarkers, fingerprinting, sterane, terpane,
isotopic composition of carbon, Rock-Eval, vitrinite, maceral composition

Acknowledgement. The author expresses his deep gratitude to D. Tynybekov -
acting. General Director of Amangeldy Gas LLP for granting written permission to
publish the materials of the article and the results of research conducted by the author.
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© E.III. CeiiTxa3ues, 2023
«KMTI" Nmxuaupunry XKILIC Ateipay dunmansl, Ateipay, Kazakcran.

E-mail: Y.Seitkhaziyev@kmge.kz

MOMBIHKY¥M TEPEHIITTHIH TA3OKOHJEHCATTBI KEH
OPBIHJAPBIHAH AJIBIHFAH KOHAEHCAT, I'A3 BEH KEPH
YJIT'VIEPIHIH 'EOXUMUSJIBIK 3EPTTEMECI

CeiitasueB E.III. — PhD xanaunater (SOCAR, O3epbaiikaH), «MyHail )KoHE ra3 TeOXUMUSICHD FBIIBIM
maructpi (Hprokacn ynusepcuteti, ¥usiopurtanus), «KKMG Engineeringy JXXILIC Atbipay ¢uinaisiHbH
MYHal, Cy JKoHE Tay KBIHBICTAPbIH FT€OXUMHMSUIBIK 3ePTTEY 3ePTXaHACBIHBIH MEHIepYIIIiCi

E-mail: Y.Seitkhaziyev@kmge.kz, https://orcid.org/0000-0001-5655-3112.

AHHoOTanus. By FeUTBIMU MaKaliaga KeMipCyTeK HIBIFapaThlH )KbIHBICKA CHITATTaMa
Oepy JKoHE KOHACHCATTapAbIH T'€HETHKAJbIK WIBIFy TEriH aHBIKTay MaKcaThIH/Ia
MoOUBIHKYM aNKaOBbIHBIH 5 KeH OpHbIHAaH (AMaHTen i, AiipakTsl, AHaOai, JKapkyM sxoHe
CyNTaHKYABIK) abIHFAaH KOHAGHCAT, Ta3 )KOHE KEePH YJTUIepiH TeOXUMUSUIBIK 3epTTey
HOTHKETIEpIHIH HWHTEpIpeTanusachl OepireH. buomapkepnik Tangay HOTHXKeNEpi
OolibIHIIA OapIIBIK 3epPTTENTeH KOHIEHCATTAPABIH KOJIIIK OpTaja MIOKKEH OallIbIKThI
OpTaHMKaJBIK3aTTaH TY31ITeHi aHBIKTa 16l BHOMapKepiepaiH TepMUsIIBIK TapaMeTpiiepi
3epTTEIreH YITUICPAiH IlIiHAe AMAaHTEI KeH OPHBIHBIH KOHICHCATTaphIHBIH CH
KOFapbl TEPMIBUIBIK TMICIM-KETUTyiH KOpCeTTi, OYJ OHBIH Ta3JapbIHBIH KeMipTeri
M30TONTHIK KYPaMBIHBIH HOTIDKENIEpIMEH Je pacranaisl. A#paxTel, AMaHTenmi,
XKapkyMm keH OpbIHIApBIHBIH KOHIIEHCATTApBIHAa OHOMapKepIIepIiH dpTYpIl Tapadysl
OJIapJIbIH SPTYPJIi TeHETUKAIIBIK IIBIFY TETiH KOPCETyl MYMKiH. KoMipTeKTiH M30TONTHIK
KypaMmbl OOMBIHINA OapIIbIK 3ePTTENTeH Ta3aap TEPMOTeHIIK TeHE3UCKE He TePPUTEHIIK
KOMIPCYTEK IIBIFApaThIH JKBIHBICBIHAH TY3UITeH. AWpaKThl ra3gapblHBIH KYpaMbIHIA
A30TTHIH KOHIICHTPAIUACHI CAIIBICTBIPMANBI TYPJCE JKOFaphl, Oipak AMaHTemnai >KoHe
XKapkyMm raznapbelHbBIH a30T KOHIEHTpanusichl ykcac. CoHpaii-ak, Tarbl Oip KBI3BIK
KYOBUTBIC OoFaHbl, Oapnblk Tammaynap Ooitbiamia JKapkymmarsl No4 YHFBICBIHBIH
KOHJICHCAThIHBIH XUMMSUIBIK Kypambl OackalapblHaH e3remie, Oyl OHBIH OCHl KEH
OpHBIHBIH KaJFaH KOHJCHCATTAPbIHAH TCHETHKANBIK ANBIPMAIIBUIBIFEIH KOPCETEI.
Rock-Eval muponu3inig HoTwkenepi OoWbIHINA 3epTTenreH yiurinep keporeHHiH [I1
TYpiHE >KaTaThIHBI JKOHE KeHOipi Maiyibl KOMIpCyTEKTi ra3mapiblH TY3ily aiiMarbiHa
JKETKEHI aHBIKTAJIbI, OVJI HOTIKe Oip yiriferi(AHabai—2779M) marepanbabl Tajaaay
KOHE BUTPHUHUTTIH HIAFBUIBLICTHIPY KaOlIETiH OJIIey HOTHKECIMEH Jie COlKec KeJlei.

Tyiiin ce3mep: ra3 xpomarorpaduscel, OMOMapkepiep, caycak i3i, cTepaHaap,
TepraHgap, KOMIipTEKTiH HM30TONTHIK Kypambl, Rock-Eval, BUTpUHHT, MalepaibIsl
Tanaay
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AHHoTauus. B 1aHHO! Hay4yHOH CTaThe NPeICTABICHBI UHTEPIIPETALIMY PE3YIIBTATOB
reOXMMHUYECKHX MCCIIeI0OBAaHN 1 00pa3loBKOHACH CATa, Fa3au KEPHATIATH MECTOPOXKACHUIH
MoitakyMckoro mporuba (Amanrenban, Anabaii, Aiipaktsl, XKapkym u CynTaHKyIyK)
B LEIAX XapaKTEPUCTHUKH MAaTEPUHCKMX TOJI M OIPENEICHUS I'€HETUYECKOTO
MIPOMCXOXK/ICHUST KOHJCHCATOB M Ta3za. [lo pesynbraram OMOMapKepHOTO aHajIH3a
BCE HCCIIIOBAHHBIE KOHJEHCATHl 00pa30BaNNCh M3 TIIMHUCTHIX MATEPHHCKUX TOJIII,
OCaXIABILMXCS B O3EPHOM Cpelie C BKJIAJIOM TEPPUTCHHOIO OPraHUYEeCKOTO BEIIECTBA.
Tepmuueckue mapamMerpsl OMOMapKepOB IMOKA3aid, YTO CPEAN HUCCIEJOBAHHBIX MPOO
KOHJICHCATHl MECTOPOKICHUS AMaHTENBIbl 00IaJal0T CaMOM BBICOKOM TEPMHUYECKOM
3pENIOCThIO, YTO TAKXKE MOATBEPXKAACTCS PeE3yapTaTlaMM H30TOIHOIO COCTaBa
yIiieposa ero ra3oB. PazHple OMOMapKkephl B KOHJEHCATaX MECTOPOXKACHUN ANWpaKTHl,
Amanrenpapl 1 JKapkyM MOTYT CBHJETENBCTBOBATH 00 WX Pa3HBIX T'€HETHYECKHX
MIPOUCXOXKACHUSX. Bce ra3sl HMEIOT TEPMOIEHHOE IIPOUCXOKIEHUE U CTEHEPUPOBAIIUCH
13 TEppUTeHHON MarepuHCKoi mopozs! (Tun keporeHa III). ['a3sr AifpakTsl comepxar
OTHOCHUTENIFHO BBICOKHE KOHLIEHTPALMM a30Ta, XOTsA ra3bl AmaHrenbiasl U JKapkym
HMMEIOT CXO)KHE€ KOHIIEHTpAIMH a30Ta. Taxke MHTepeCHBIM (PeHOMEHOM OBUIO TO, YTO
10 BCEM aHaIM3aM KOoHJeHcaT cKBaKUHBI Ned JKapkym oOnagaeT ApyruM XUMHYECKUM
COCTaBOM, YTO YKa3bIBAa€T HA €r0 T€HETUYECKOE OTIMYME OT OCTAJIBHBIX KOHJIEHCATOB
naHHoro MectopoxkaeHus. [To pesyasraram nuponuza Pok-2Ban ObLI0 yCTaHOBIICHO, UTO
HCCIIeIOBaHHBIE POOBI OTHOCATCA K THITY KeporeHa 1l u HekoTopble U3 HUX JOCTHIIIH
30HBI F'€HEPANU JKUPHBIX YITIEBOJOPOJIHBIX Ia30B, YTO TAK)KE XOPOIIO COMIACYETCs C
pe3yNbTaTOM MallepalibHOrO0 aHalu3a W HM3MEPEHHUS OTPaKaTelIbHOW CIOCOOHOCTH
BUTPHUHHUTA OAHOM MpoOsl (AHabait — 2779m).

KuaroueBblie ciioBa: razoxpoMarorpadusi, 6nomMapkepsl, ((MHTepIPUHTHHT, CTEpaHHbI,
TepIaHbl, U30TOMHEII cOCTaB yrepoaa, Pok-OBan, BUTPUHUT, MallepabHBIA COCTAB

Introduction

Geology. The Shu-Sarysu basin is traditionally distinguished as a gas-bearing region
in South Kazakhstan and is the first largest sedimentary basin in the country in terms of
gas and condensate reserves. The main information about the gas content of this basin
became known in the 1960s, after the discovery of a gas inflow with a high content of
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nitrogen and helium in the Usharal-Kempirtobe area from the subsalt Lower Permian
deposits. The Shu-Sarysu basin has 10 main sags and uplifts (Fig.1), whose regional
structures show their sufficient isolation from each other, creating closed hydrodynamic
systems (Turkov, 2020). In the Shu-Sarysu basin, the industrial gas potential of three
complexes has been proven: Devonian, Carboniferous and Lower Permian. Three
identified layers in the Lower Carboniferous complex are serpukhovian (c1sr), visean
(clv), and turnian (c1t) (Fig .1).

Fig. 1 Overview map of the Shu-Sarysu gas condensate basin and chronostratigraphic column of the
region (modified after)

Among all the regions, the most promising and largest gas-bearing one is the
Moyunkum sag, where the well-known gas condensate fields such as Amangeldy,
Ayrakty, Zharkum, Anabay and Sultankuduk are located, although Anabay and
Sultankuduk fields have not commercially developed yet. The largest reserves in the
Moiynkum deep are found in the Lower Visean deposits, in which gas condensates are
produced in Amangeldy, Ayrakty and Zharkum fields. Serpukhov deposits are in active
production only in Zharkum field. At present within the basin, the development of gas
condensates is carried out only in three fields (Amangeldy, Zharkum and Ayrakty) and
the establishment of the genetic origin of their gas condensates, migration pathways and
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the genetic relationship have become one of the important and widely discussed topics
among researchers.

Previous research and importance of the work

Despite the study of the region by different methods, there has not been generally
accepted consensus about the origins of hydrocarbons yet, due to scarce published
papers on geochemical studies of hydrocarbons in the Shu-Sarysu basin. For example,
according to the results of core studies of the Marcel block in the Kokpansor deep (Zhao
et al., 2016), the studied intervals in Ortalyk and Pridorozhnoye fields were found to
have relatively high values of total organic matter (>1%) and mainly relate to kerogen
type III. As for geochemical studies of the Moyunkum sag, in 2017, 15 core samples
derived from the intervals of 25774498 m of well R-1 in the Sultankuduk field were
analyzed on Source Rock Analyzer (SRA) in Weatherford company, and in 2020 a
similar study was carried out for 8 cutting samples (interval 2034—4494 m) from the
same well (Ismagulova et al., 2020).

In 2021, in Atyrau branch of “KMG Engineering” LLP was carried out a
comprehensive geochemical study of condensate and gas samples from Moyunkum sag
fields (Amangeldy, Zharkum, and Ayrakty) and core samples from the Amangeldy—102,
Anabay-12, and Sultankuduk R-1 fields (Seitkhaziyev, 2021), whose results are
presented in this paper. It should be noted that all studied samples were derived from
different hydrocarbon pay zones of the Visean and Serpukhov deposits.

Research objectives

The main purpose of this work was to compare the results of various geochemical
studies of condensate, gas and core samples derived from gas-condensate fields in
Moyunkum sag to characterize their source rocks in terms of environmental condition,
lithology of organic matter, thermal maturity, and discern the genetic links between
the hydrocarbons. Also “condensate-source rock” correlations were performed. The
novelty of this study is that such work has not carried out for the hydrocarbons of the
aforementioned fields before and the results of this paper can serve as the one of the
main literary sources in assessing the source of HC fluids and gases of this deep.

Materials and basic methods

In October 2021 condensate and gas samples were sampled at the wellheads in
Amangeldy, Ayrakty and Zharkum fields using glass bottles and an MKB-200 samplers
respectively (Fig. 2a and b).

Fig. 2 Glass samplers for condensate (A) and sampler MKB-200 for gas sampling (B)
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7 core samples were collected from shale intervals by visual inspection of the core
(Fig.3), which was also confirmed by the results of gamma ray logging and macro-
description of the core. The n-alkanes and isoprenoids distributions of the condensates
were studied on GC-FID, while fingerprinting and biomarker analysis of condensates
were performed on LTM-MD-GC and GCMSD in SIM mode. The study of the carbon
isotopic composition of gases was performed on GC-IR-MS, while the component
composition of the gas was carried out on GC. Geochemical study of core materials was
carried out on Rock-Eval 6 and the microscope.

The work was carried out in laboratory of geochemical studies of oil, water and
rocks of the Atyrau branch of "KMG Engineering" on special software Malcom
(Schlumberger, France) and PIGI (IGI, England), the plots of which were based on
literature papers (Seithaziyev et al., 2022).

Anabay Me 12 Amangeldy Ne 10F Sultankuduk Ne R-1

L §

Fig.3 Chosen core intervals from wells for geochemical analysis

Results of research

The results of this study were explicitly given in another published paper (Seithaziyev
et al., 2022).

Discussion

In this paper interpretation of the results of complex geochemical studies of
condensate, gas and core samples consists of three parts:

The first part (4.1) presents the interpretation of geochemical study results of 18 gas
and condensate samples (gas chromatography, fingerprinting and biomarker analysis)
derived from three fields (Amangeldy, Zharkum and Ayrakty) of the Moyunkum sag
to characterize their source rocks, assess genetic typing and reservoir continuity within
each field and on the scale of the explored fields.
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In the second part of the work (4.2), geochemical studies of the core from three fields
of this deep (Amangeldy Ne 102, Sultankuduk R-1 and Anabay Ne 12) were carried out
using the Rock-Eval pyrolisis and a microscope to measure the vitrinite reflectance and
study the maceral composition in the samples. Also, based on the results of analyzes
of gas chromatography and biomarkers, a “condensate-source rock™ correlation was
carried out to discern genetic links between samples of condensates and extracts from
potential source rocks.

The third part (4.3) of this paper presents the interpretation of the results of
geochemical analyzes (component composition and carbon isotopic composition) of
6 gas samples from the above fields to determine the gas types and environmental
condition of OM, thermal maturity and genetic relationships between gas samples.

Geochemical study of condensates

According to the values of density and depth of condensates, condensates in the
Lower Visean (clvl) deposits of the Amangeldy field (perforation interval 20002400
m) are lighter than the overlying condensates in the Lower Visean deposits of Ayrakty
(2050-2150m) and lower -Visean and Serpukhov deposits in Zharkum (perforation
intervals 1500-1950m).

Gas chromatography

Gas chromatography study of condensates was carried out to assess the distribution
of normal and isoprenoid alkanes at the molecular level. Based on the results of this
study, the quality of the sample and its suitability for further analysis can be assessed.
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Fig. 4 Chromatography of all tested condensates
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On fig.4 Chromatograms of condensates from the Amangeldy, Zharkum and Ayrakty
fields are presented. Unlike other samples, the chromatogram of the Ayrakty condensate
shows relatively high concentrations of heavy molecular n-alkanes in the form of a
second peak, which may indicate its genetic difference from the Amangeldy and
Zharkum condensates.

Such a bimodal distribution of n-alkanes often indicates a large input from terrestrial
OM, although the absence of heavy n-alkanes in the Zharkum and Amangeldy samples
is most likely due to their high thermal maturity, at which high-molecular-weight
n-alkanes are cracked into low-molecular homologues in kerogen. Therefore, on the
chromatograms of condensates, a narrow range of the HC series is noted in comparison
with those of oils.

According to the chromatograms, gas condensate samples are not biodegraded, as
evidenced by the presence of all n-alkanes mainly up to C,~C, . (fig.4).

Chromato-mass-spectrometric (biomarker) analysis

Biomarker analysis of condensates was carried out to characterize the source rocks
of the studied samples in terms of environmental conditions, lithology of OM, thermal
maturity, and discerning genetic links between condensates, although it should be noted
that biomarkers in oils rather than those in condensates are usually studied for the above
purposes.

As diagnostic ions of the saturated fractions m/z 191, 217, and 218 were used for
identifications for terpanes, steranes, and isosteranes, respectively, while m/z 178, 184,
and 192 were chosen to identify the ions of the aromatic fraction such as phenanthrene,
dibenzothiophene, and methylphenanthrenes.

Environmental condition of OM. To determine environmental conditions of OM was
used plot of pristane/phytane vs C,, sterane/C, hopane, according to which source rocks
of all samples were deposited in lacustrine environment. Relatively high Pr/Ph values
in all samples might indicate the presence of a predominantly oxidizing environment
during OM sedimentation (fig.5).

OM lithology. The low C, /C, ratios of hopane (29H/30H<I) in the mass
fragmentograms of terpanes (m/z 191) in all samples indicate shaly source rocks
(Seitkhaziyev et al., 2021; Seitkhaziyev et al., 2022;) (fig.6).

Thermal maturity. In this paper plot of 29Ts/29Tm vs. Ts/Tm was used to determine
the thermal maturity of condensates, due to their growth with increasing thermal maturity
(fig.7). According to these parameters, among the studied samples the condensates of
the Amangeldy field were shown to have the highest thermal maturity. This means that
the condensates in the Lower Visean (clvl) deposits of this field (perforation interval
2000-2400 m) experienced relatively higher thermobaric conditions than the overlying
condensates in the Lower Visean deposits of Ayrakty (2050-2150m) and the Lower
Visean and Serpukhovian deposits of Zharkum (perforation intervals 1500—-1950m). It is
obvious that this was due to the relatively deep occurrence of the productive formations
of Amangeldy, where high temperatures and pressures led to compositional alterations
of HC. Moreover, the relatively low density values (710-728 kg/m3) in Amangeldy
condensates also confirm their high thermal maturity, since with maturity in the source
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rocks, high-molecular n-alkanes are cracked to low homologues, resulting in density
decrease of HC. As for the thermal maturity within the same field, the thermal maturity
of the condensate of well Ne 4 differs from the rest of the Zharkum condensates, although
according to the customer data, wells Ne 8 and Ne 4 penetrate only the Serpukhov deposit,
and the remaining wells (Ne. 1G and 6) exploit the lower Visean deposit. Condensate
from the well Nel1G is more thermally mature than that of the well Ne6.
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Fig. 5 Pr/Ph versus C29 sterane/C30 hopane ratio plot
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Fig. 6 Mass-fragmentogram of terpanes (m/z 191) in representative samples
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Fig. 9 Plot of C27Ts/Tm versus C29Ts/Tm in condensates

Fig. 8 Plot of methylphenanthrene index(MPI-1) versus methylnaphthalene index(MNR) in studied
condensates

Condensate fingerprinting

Condensate fingerprinting was determined on LTM-GC based on 11 aromatic
peaks in their compositions (fig. 9). Internal standard (IS) was added to each sample to
calculate concentrations of aromatic compounds in ppm (Ganz et al., 1999).
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Fig. 9 Chromatogram of a representative condensate on LTM-MD-GC

When the identified groups were plotted on the structural map of fields, it was
revealed that the condensates of each studied field have different fingerprintings, which
indicate the absence of a hydrodynamic connection between the studied fields (fig.10).
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Based on the fingerprinting of 7 condensate samples from wells developing deposits
of the Visean deposit of the Ayrakty field, 2 groups were distinguishable, as marked
in black and red colors (fig.11). Despite their identical pay zones, it is likely that the
reservoirs of the eastern part do not completely mix with the reservoir of the western
part, or there is a certain barrier between the identified groups that prevents from the
movement of fluids, although there is no fault or barrier on the map and, according
to the genetic characteristics of biomarkers, all condensates of this field have a single

genetic group. Figure 10 Identified condensate groups in the structural map based on the
result of their fingerprinting

Comparisons of aromatic components in the condensates in the form of star diagrams
do not reveal significant differences in the composition of the studied samples of
Zharkum condensates, except for Ne 4. The identity of star diagrams in the condensates
of wells Ne 8, 6 and 1 indicates reservoir continuity beteen these wells ( fig.12).
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Fig. 11 Distribution map of identified types of condensate by fingerprinting in the Ayrakty field
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Fig. 12 Map of the distribution of identified types of condensate by fingerprinting in the Zharkum field

253



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

LR
2= )

[Eile™ ]

1 T

e

ik kR

BT

R B T -} ____-'

Fig.13 Map of the distribution of identified types of condensate by fingerprinting in the Amangeldy
field

Fringerprinting results of 7 condensate samples in Amangeldy field indicate that
they differ slightly from each other, as clearly illustrated in fig.13 with red, blue and
purple colors. The compositions of the condensates of wells Ne 120 and Ne 124 differ
slightly from each other and from the rest of the condensates, which indicates reservoir
discontinuity. This difference is also confirmed by different daily flow rates of gases
and condensates of the studied wells. For example, the daily production rates of gas
and condensate in well Ne 120 are two to three times higher than those of well Ne 108
(Ismagulova et al., 2021).

Geochemical studies of core samples

Rock-eval pyrolysis

Seven core samples were analyzed on Rock-Eval 6 in Bulk Rock mode to characterize
potential source rocks in terms of organic matter type, kerogen type, thermal maturity,
and determine their generating potentials.
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Fig. 14 Plot of TOC vs S2 in studied samples
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Since the correctness of the results depends on the amount of organic matter (TOC) in
the studied rock, samples with low values of TOC (<0.5) and S2 (<0.20) were excluded
from further interpretation and the results of only 5 out of 7 samples were used to
correctly interpret the data pyrolysis (Bordenave, 1993).

The generative potential. The amount of organic matter in the rock, kerogen, and
the hydrocarbons present in the sample are determined by the Total Organic Carbon
(TOC) parameter. As seen in fig.14. TOC values for the studied samples of Anabay,
Sultankuduk and Amangeldy range from 0.56 to 61.16 mgHC/g of rock, which gives a
possible generative potential from scarce to excellent. The high TOC values (61.16 %)
for sample Anabay Ne 12 from the interval 2779.43m can be explained by the high value
of its residual carbon (RC-59.99), which has a low generative potential. Samples from
the Amangeldy and Sultankuduk fields have very scarce generation potentials, which is
also in good agreement with the SRA results.
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Fig. 15 Plot of Hydrogen index against Tmax in the studied samples

Kerogen type. In this work, the characterization of kerogen and initial OM was also
carried out by analyzing 5 samples and plotting the dependence of the Hydrogen Index
(HI) and the temperature of maximum HC generation (T-max). The low HI values in
the samples are easily explained by the absence of a noticeable concentration of organic
matter. All studied samples are located close to kerogen type I1I (gas generating) (fig.15).

Thermal maturity. Values of production index (PI) in the samples vary from 0.03 to
0.23. The largest scatter (0.030.12) of PI was established for core samples derived from
the intervals (2759.09-2779.43 m) of the well Ne 12 in Anabay field. The plot of T-max
versus PI was used to determine the thermal maturity of the studied samples and shows
that all the studied samples except Amangeldy (interval 2156m) ones are thermally
overmature, which can be explained by the anomalous thermal regime (fig.16). An

255



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

analysis of the paleogeographic and paleotectonic conditions for the accumulation
of sediments in this basin shows that the sedimentation of oil and gas source rocks
occurred at different rates. A linear increase in T-max values with increasing depth of
sediments was also established, except for the Sultankuduk samples (fig.16). The plot
of T _ values versus vitrinite reflectance values which is a reliable indicator of thermal
maturity showed that sample Ne.12 (int. 2779.43m) almost entered the gas formation
phase of high thermal maturity (fig.17).
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Fig.17 Plot of Tmax vs vitrinite reflectance measurement values in the analyzed samples
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Maceral analysis

Among the studied core samples, the maceral composition was possible to determine
only for one sample (Anabay, 12), whose values in maceral ternary showed to be gas-
generating kerogen, which is also consistent with its Rock-Eval result (fig.18). In the
remaining samples, there is very little organic matter and it is in a dispersed state, which
makes it difficult to determine percentage of maceral groups.
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Fig. 18 Maceral group ternary

“Condensate-source rock” correlation

Visual comparison of the gas chromatographic analysis chromatogram and the
Rock-Eval pyrolysis pyrolysis of all the studied core samples was carried out to verify
the reliability of the obtained quantitative results. Then a visual correlation "condensate-
extract from source rock" was carried out. Pyrograms of pyrolysis and distributions of
n-alkanes suggest a high concentration of mobile and free HC S1 in the core even after
extraction(fig. 19).
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Fig.19 Integration of the results of Rock-Eval pyrolysis and gas chromatographic analysis of extracts
from the core
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Geochemical studies of gases

Molecular analysis of gases

According to the results of the molecular analysis of gases, the values of methane
in the studied gases of Ayrakty, Amangeldy and Zharkum fields vary from 76.37 % to
87.54 %, and gases can be characterized as wet owing to their methane composition
(methane <95 %). Non-hydrocarbon gases CO, and N, are also present in all samples.
In contrast to the gases of the Amangeldy (6.34-6.50 mol) and Zharkum (4.59-7.92
mol) fields, Ayrakty gases are characterized by a relatively high content of nitrogen
(10.92-13.67 mol), although the concentration of carbon dioxide in the studied samples
varies from 0.07 to 0.44 mol.

Isotope analysis of carbon in gases

The results of molecular analysis and carbon isotope composition in gases were used
to characterize gases in terms of gas type, environmental condition, biodegradation,
thermal maturity, and discern the genetic links between gases, although sometimes
secondary processes associated with migration or mixing with gases from another
source and biodegradation can significantly alter their original molecular and stable
isotopic compositions. Compared to methane, the isotopic values of gases C, _ are less
affected by secondary processes and therefore provide more reliable information on the
source and thermal maturity (Seitkhaziyev et al., 2020, 2021, 2022).

Gas type. There are basically two types of gas: biogenic gas and thermogenic. Biogenic
gases are formed by anaerobic bacteria at low temperatures and are slightly enriched
in 8"°C (up to—60 %). The ratios C,H,/C H +C.H+C, H, in such gases are usually
very high, due to the formation of a very high concentration of methane by bacterial
activity with a scarce concentration of microbial ethane, propane and butane (Peters et
al., 2005). Thermogenic gases are directly related to the cracking of hydrocarbons in
kerogen (Zhongying, 2012). Based on this assumption, Bernard plot was built, where
all the studied gases of the fields are of thermogenic origin (fig.20).

Environmental condition. The isotopic composition of carbon can provide
information about the environmental condition where the accumulation of OM took
place. Thermogenic gases can be divided into two groups: the first group includes
gases produced from coal, obtained from terrestrial humic OM, whereas the second one
includes petroleum-associated gases obtained from marine sapropelic OM. Methane
derived from terrigenous sources (kerogen type III) is usually more enriched in the
heavy isotope 6'°C compared to that of marine origin. Based on this, the Bernard plot
was applied (fig.20), where all the studied samples are in the zone of terrigenous origin.

Thermal maturity. According to Raleigh distillation effects, the liberated hydrocarbons
are isotopically lighter relative to its kerogen, while the rest of the kerogen becomes
progressively heavier. Based on this, a plot of 813Cpmpane and 6°C_,  was plotted, since
their values increase with increasing thermal maturity. According to this plot, among all
studied gases Amangeldy gases have the highest thermal maturity with an equivalent
value of vitrinite reflectance (R ) of 2.0-2.2 % (fig. 21). It should be noted that the higher
thermal maturity of gases (Ro-2.5-2.6 %) than condensates (Ro-1.72 % according to
MPI -1) of the Amangeldy field might indicate that gases were generated later than
condensate and migrated into the considered accumulation zones later than liquids.
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Biodegradation. Gases are also susceptible to biodegradation, especially in the
water-gas contact zone or in shallow reservoirs. Bacteria eat the light isotopes of
propane and the remaining gas becomes heavier (less negative values) (Gaspar et
al., 2016). According to the value of the isotopic composition of carbons, the studied
gases did not experience biodegradation, which is also confirmed by the results of gas
chromatographic analysis of their condensates (fig.21).

"Gas-gas"correlation. For “gas-gas” correlation, star diagrams of gases were plotted
by normalizing the values of the isotopic composition of carbon C —~C,, according to the
results of which it can be seen on the map that different "fingerprinting" of the gases of
Ayrakty, Zharkum and Amangeldy indicate their genetic difference (fig.22), which is
also consistent with "fingerprinting" of their condensates (fig. 10).
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Fig. 21 Plot of the isotopic compositions of ethane and propane in studied samples
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Fig. 22 Distribution map of selected types of gases by carbon isotopic composition

Conclusion

Comparison of the results of geochemical studies of samples of condensate, gas and
core samples from gas-condensate fields of the Moyunkum sag enabled to draw the
following conclusions:

According to the biomarker composition, all studied condensates were generated
from lacustrine shaly source rocks. The condensates of the Amangeldy field have the
highest thermal maturity, inferring that condensates and gases in the Lower Visean
deposits of the Amangeldy field experienced relatively higher thermobaric conditions
than the overlying condensates and gases in the Lower Visean deposits of Ayrakty and
the Lower Visean and Serpukhovian deposits of Zharkum. Higher thermal maturity
of gases (Ro-2.5-2.6 %) than condensates (R —1.72 % according to MPI-1) of the
Amangeldy field indicate that the gases were generated later than the condensates and
migrated to the pay zones later than the liquid. Due to the high maturity, most terpanes
and other biomarkers are absent in the Amangeldy condensates, which made it difficult
to discern the genetic links between Ayrakty and Zharkum condensates. However,
different distributions of steranes and aromatic hydrocarbons in the condensates of the
Ayrakty, Amangeldy, and Zharkum fields may indicate their different genetic origins,
which is also confirmed by the results of carbon isotopic composition of their gases. All
studied gases are of thermogenic origin and were generated from terrigenous source
rock (kerogen type III) with an equivalent R value of 1.8-2.0 %. According to the
analysis of the gas, the Ayrakty gases contain relatively high concentrations of nitrogen,
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although the Amangeldy and Zharkum gases have similar nitrogen concentrations. The
condensate of well Ne. 4 Zharkum was found to have a different chemical composition,
which indicates its genetic difference from the rest of the condensates of this field.
According to the Rock-Eval results, only two samples (Sultankuduk Ne R-1 interval
—2104.44m and Amangeldy Ne. 102, interval-2156 m) are almost in the main zone of
hydrocarbon generation, although the remaining samples are thermally overrmature and
unable to generate HC. The studied samples relate to kerogen type I1I. Such gas-prone
kerogen was also supported by maceral composition of one sample (Anabay—2779m).
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