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ABSTRACT

One of the main directions for assessing the prospects of oil production is the study of ails. In this
regard, modern geochemical studies are widely used in forecasting the oil and gas potential of the
subsurface, occupying an important role in the question of the origin and source of hydrocarbons.
The study is aimed at a comprehensive analysis of the geochemical characteristics of the South
Torgai sedimentary basin in order to identify and assess the prospects for oil and gas potential.
Comparing the composition of oils from different deposits makes it possible to determine the oil
source strata, zones of oil formation and oil accumulation. The compounds in oils that are most or
least susceptible to changes under the influence of factors such as water leaching, biodegradation
and thermal transformation are subject to comparison. The relative content of individual classes
of compounds in the oils of the Aryskum trough, the geological characteristics of oil samples and
the distribution of normal alkanes are presented. In this work, a comparative analysis of previously
conducted geochemical studies was carried out to determine the composition and genesis of oils
in the Aryskum trough. Biomarkers in oils, which make it possible to restore the genetic properties
of oils and determine the conditions of sedimentation of oil-generating organic substances,
indicate the presence of suboxidation conditions, redox potential and predominantly oxidative
environment in the process of sedimentation of organic substances. The results obtained are
important for understanding the processes of oil formation and generation, as well as for further
forecasting the oil content of the South Torgai sedimentary basin.

Keywords: oil and gas content, organic matter, oil, biomarker analysis, graben-syncline, gorst-
syncline.
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Introduction

One of the main directions for assessing the
prospects of oil production is the study of oils.
Modern geochemical studies are widely used in
predicting the oil and gas potential of the
subsurface, occupying an important role in the
question of the origin and source of hydrocarbons.
Comparing the composition of oils from different

deposits makes it possible to determine the oil
source strata, zones of oil formation and oil
accumulation. The compounds in oils that are most
or least susceptible to changes under the influence
of factors such as water leaching, biodegradation
and thermal transformation are subject to
comparison.

Geochemical research methods, which are
based on the analysis of the chemical composition
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and properties of oil and gas, as well as related rocks,
play an important role in the study of the origin of
oil. It is important to note that the effectiveness of
geochemical methods can be significantly increased
with their combined use. This allows to get a more
complete and accurate solution to the task.

The data on the composition of hydrocarbon
biomarkers represented in oils by such compounds
(n-alkanes, isoprenoids), arenes
(naphthalenes, phenanthrenes, etc.) and polycyclic
naphthenes (heylantanes, steranes, gopanes) allow
us to judge the source of oils, the conditions of
accumulation and transformation of the initial
organic matter [1]. These biomarkers can provide
valuable information about the origin of oil,
including the types of organisms that were present
during its formation and environmental conditions.
They may also indicate specific geological processes
that led to the formation of oil. All these data are
important for understanding the processes of oil
formation and can help in identifying potential oil
deposits.

as alkanes

Thus, Botwe Takyi and others in their work,
referring to the studies of the authors Alberdi M. [2]
and Avbovbo A. [3], subjected saturated substances
to gas chromatographic mass spectrometric analysis
(GC MS) for the presence of steranes, isoprenoids
and n-alkanes, as well as chromatograms of the
biomarkers triterpanes and gopanes. The
composition of the biomarkers of the studied oils
indicates low-oxygen and lowering environmental
studied samples, which
corresponds to the marine delta deposition
environment. The study [4] shows that oils are
associated with a mixture of terrestrial and marine

conditions for the

organic substances with a relatively high content of
terrestrial and a lower content of seaweed [4]. In the
work of Rabiatu Abubakar et al. [5], gas
chromatographic mass spectrometric (GC-MS) and
gas chromatographic (GC) analyses were used to
characterize biomarkers obtained from organic
matter (oil and rock extracts) to determine the
source of organic matter, deposition medium and
maturity. 16 oil samples and 98 rock samples from 7
wells were examined. The study [5] showed that the
distribution of these biomarkers suggests that the
Cretaceous period oils were obtained from a mixed
source of kerogen (marine and terrestrial) deposited
conditions  of

in anoxic or suboxygenic

paleodeposition. The ratios of CPI, Ts/Tm and C29
BB/(BB + aa) steranes, based on the ratios of C29
20S/(20S + 20R) steranes, indicate that the studied
samples have a relatively low or medium maturity
level [5]. In this regard, it is important to note the
importance of a set of studies, which suggests that a
more detailed understanding of the origin of oil can
be obtained using the results of biomarker analysis
of oil from all fields in combination with other
methods such as carbon isotope analysis or oil
fingerprinting.

Experimental part

According to the «Map of prospects for oil and
gas potential of Kazakhstan», the South Torgai
sedimentary basin belongs to the Eastern oil and gas
geological region (Figure 1) and is part of the Turan
epigercine plate [6].

The basin is the youngest sedimentary basin in
Kazakhstan, it consists of three blocks: the
Zhilanshik, Aryskum troughs and the Mynbulak
saddle between them (Figure 2). Sandy-argillaceous
Mesozoic deposits are one of the main oil and gas
bearing complexes in the section, within which the
Lower Cretaceous (Aryskum horizon), middle-upper
Jurassic and Lower Jurassic complexes are
distinguished, in addition to of which the Upper
Paleozoic promising oil and gas complex has also
been identified [7].

The prospects of pre-Mesozoic formations are
based on the presence of manifestations of
hydrocarbons from weathered basement rocks up to
industrial oil inflows (Kyzylkiya, Karavanchi, Kenlyk).

To date, 52 oil and gas fields and structures have
been discovered in the South Torgai basin in total
(Figure 2), the depletion of the initial recoverable
reserves of some of them is quite high, for example,
the depletion of the Kumkol field is 83% [8]. Due to
the decrease in the residual recoverable oil reserves
of almost all fields, the determination of the origin
of oil and the forecast of the direction of
hydrocarbon migration are an urgent topic for
justifying deep drilling to the Paleozoic.

Despite the fact that significant studies have
been conducted in the South Torgai basin using
various methods and exploration work continues
[[8], [9], [10], [11]], there is no single agreed opinion
on the origin of oil.
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Figure 1 - The scheme of the position of sedimentary basins of Kazakhstan [6]
| — Caspian; Il — Ustyurt-Bozashy; Il — Mangystau; IV — Aral; V — Syrdarya; VI
VIl — North Kazakhstan; IX — Teniz; X — Shu-Sarysu; XI

—South Torgai; VIl — North Torgai;
XV —Zaysan; XVI —

West-Ili; XII — East-lli; XIll — Balkhash; XIV — Alakol;
Irtysh; XVII — Karaganda; XVIIl — Tekesko-Karkarinsky
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Figure 2 - Placement of oil and gas fields in the South Torgai oil and gas region [9]
Graben-synclines: | — Aryskum, lll — Akshabulak, V — Sarylan, VII — Bozingen. Gorst-anticlines: Il — Aksai,

IV — Aschisai, VI — Tabakbulak. Deposits: 1 — Maybulak, 2 — Aryskum, 3 — Doschan, 4 — South Doschan, 5 — Southeast
Doschan, 6 — North Konys, 7 — Konys, 8 — South Konys, 9 — Bektas, 10 — North Ketekazgan, 11 — Zhylankyr, 12 — South
Rovnoye,13 — Bukharsai, 14 — South Karabulak, 15 — Karabulak, 16 — Eszhan, 17 — northwest Kyzylkiya, 18 — Kalzhan,

19 - Kenlyk, 20 — Kyzylkiya, 21 — Aktau, 22 — North Khairkeldy, 23 — Karavanshi, 24 — North Nuraly, 25 — Akshabulak

North, 26 — Khairkeld, 27 — Nuraly, 28 — South Khairkeld, 29 — Taur, 30 — Aksai, 31 — East Akshabulak, 32 — Central
Akshabulak,33 — Akshabulak, 34 — South Aksai, 35 — West Tuzkol, 36 — Zhanbyrshy, 37 — Tuzkol, 38 — Kumkol, 39 — East
Kumbkol, 40 — South Kumkol, 41 — Karakol, 42 — Tabakbulak, 43 — Maikyz, 44 — Sorkol, 45 — Kainar, 46 — Aschisai,
47 — Sarybulak, 48 — South Sarybulak, 49 — Blinovskoye, 50 — Arysskoye, 51 — North Priozernoye, 52 — South Arysskoye
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The separation and identification of the alkane
composition carried out by gas-liquid
chromatography on gas-liquid chromatographs
«Chromatograph» (Model 3700) and Perkin-Elmer
Sigma 2B using a flame ionization detector, helium
was used as the carrier gas.In order to determine the
genetic relationship between the
characteristics of their oil source rock, Seithaziev E.
Sh. et al. [12] conducted a biomarker analysis on 39
oil samples on an Agilent 7890B chromatography-
mass spectrometer in SIM mode.

The geochemical studies of oils carried out by
different authors [[13], [14]] were carried out with
an insufficient number of samples and less reliable
methods. In this regard, it is important to combine
and compare existing previously conducted studies
and the results of their analyses. This will allow you
to see the big picture, identify possible patterns and
trends, and identify possible gaps in data or
methodology. This approach can lead to a more
accurate interpretation of the data, improved
research methodology and, ultimately, a deeper
understanding of the origin of oil.

was

oils and

Results and Discussion

In general, the relative content of individual
classes of compounds in the oils of the Aryskum
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trough is presented in Table 1. Thus, the studied oils
are represented by such compounds as alkanes (n-
alkanes, isoprenoids), polycyclic naphthenes
(heylantanes, steranes, gopanes) and arenes
(naphthalenes, phenanthrenes, etc.).

Normal alkanes, representing one of the main
classes of hydrocarbons, are one of the most
common classes of biogenic organic compounds in
oil (Figure 3) [[16], [17]], the content of which among
the identified compounds in the oils of the Bosingen
and Akshabulak graben-syncline is 92-94% and will
increase in the oils of the Aksai mountain anticline to
98% (Figure 4) [15].

Source hydrocarbon rocks are deposited in
different conditions (marine, lacustrine, deltaic), in
which certain microorganisms and biomass exist
[13], the comparison of which makes it possible to
decipher the genetic properties of oils. Biomarkers
in oil retain information about these source
organisms, and their analysis is used to determine
the conditions of sedimentation of source rocks [18].

It is known that the ratio of pristane/phytane
increases from oils formed by marine sapropel
organic matter to oils generated by mixed and
continental humus organic matter. But first of all,
the ratio of pristane/phytane depends on the redox
conditions in the sedimentation basin, given in Table
2 [15].

O a o ar T e

Aks-K1 Aks-Pz

ABs - n-alkylbenzenes

Dsts - diasterans

Figure 3 — The relative content of certain classes of compounds in the oils of the Aryskum trough
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Table 1 - The relative content of certain classes of compounds in the oils of the Aryskum trough [15]

0il Index Boz-J1 Aksh-K1 Aksh -PR | Aks-K1 | Aks-Pz
Group of compounds * Content, % relative

Alks (m/z 57) 94.2 93.5 93.0 98.1 98.3
ABs (m/z 92) 0.35 0.22 0.24 0.11 0.09
Nfs (m/z 128 +142+156+170) 3.05 2.40 3.24 1.01 0.97
Ps (m/z 178 +192+206+220) 1.27 0.91 1.29 0.23 0.24
PCTs (m/z 191) 0.93 2.70 1.98 0.44 0.35
Dsts (m/z 217) 0.08 0.09 0.09 0.04 0.03
Sts (m/z 217) 0.09 0.18 0.17 0.04 0.03

* Alks — alkanes, ABs — n-alkylbenzenes, Nfs — naphthalenes, Ps — phenanthrenes, PCTs — pentacyclic triterpanes, Dsts —

diasterans, Sts — regular steranes.

Content, % relative

—#= Aksh-K1
Aksh-PR
Aks-Pz

—w Aks-K1

s Boz-J1

Distribution of n-alkanes

Figure 4 — Distribution of normal alkanes [13]

Table 2 - Dependence of the pristan /phytane ratio on
redox conditions

The pristan Redox conditions

/phytane ratio

Pr/Ph <1.0 Sharply reducing sedimentation
environment

Pr/Ph1.0-1.5 Reducing environment

Pr/Ph1.5-2.0 Weakly reducing environment or
sub-oxidative sedimentation
conditions

Pr/Ph >2.0 Oxidizing conditions

According to biomarker analysis [12], to

determine the conditions of sedimentation of
organic matter, a graph of the dependence of the
ratio of pristan to phytane on the ratio of C29
sterane/ C30 gopan (Figure 5) and a trigonogram of
terpane was used, according to the results of which

it was found that sedimentation of organic matter of
the studied oils occurred in a predominantly
oxidizing environment.

In the study [19], the same signals indicated in
the previous work were used to diagnose saturated
hydrocarbon fractions [12], and for aromatic
fractions, the signals m/z 178, 184, 192 were
selected to detect phenanthrenes, dibenzotifenes
and methylphenanthrenes. This analysis was
performed to characterize the oil source rocks of the
studied oils: sedimentation conditions, lithology,
thermal maturity and age of the oil source rocks.

According to the graph of the dependence of the
ratio of pristan to phytane on the ratio of C29
sterane/ C30 gopan, which determines the
conditions of sedimentation, the organic matter of
the oils was formed in a lacustrine and oxidizing
environment (Figure 6).
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Figure 6 — Comparison of the ratio of pristane/phytane (Pr/Ph) with the ratio of C29 sterane / C30 gopan
(according to Seithaziev E.Sh. et al.) [12]

Table 3 - Geological characteristics of oil samples

Oil Index

Boz-J1

Aksh-K1

Aksh -PR

Aks-K1

Aks-Pz

Structural element

Bosingen graben-
syncline

Akshabulak graben-syncline

Aksai graben-syncline

Age J1-2 kr, J1-2ds Klnclar PR Klnclar Pz
Deposit Sorkol Akshabulak | Akshabulak Kenlyk Kenlyk
Pristane/phytane 3.1 1.6 1.8 2.6 2.7

—— 74 ——
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According to the data in Table 3, it is known that
in the oils of the Aryskum deflection, the value of the
pristane /phytane ratio is higher than 1 and varies
slightly within individual structures. In the
Akshabulak graben-syncline, the values range from
1,6 to 1,8, while in the Aksai gorst-anticline from 2,7
to 2,6, which may indicate the formation of the
initial organic matter that produced the oils of the
Akshabulak oils under suboxidizing conditions, and
the Aksai gorst-anticline under oxidizing conditions.
The relatively increased value of pristan/phytane
(3,1) in oil from the Lower Jurassic of the Bosingen
graben-syncline indicates a higher redox potential
[20].

Lithological studies of Jurassic sediments [11]
indicate a lacustrine environment for the Aryskum
graben-syncline. The lithology of source rocks also
affects the composition of biomarkers in oil during
its formation. No biomarker parameter is able to
accurately identify the type of lithology of source
rocks, however, it allows us to distinguish between
clay or carbonate source rocks. Low C29/C30 gopan
(29H/30H), low values of the homogopan index on
the mass fragments of terpanes (m/z 191) of all
studied oils [11] indicate the clay content of their
source rocks [19].

Conclusions

In this work, a comparative analysis of
previously conducted geochemical studies was
carried out to determine the composition and
genesis of oils in the Aryskum trough. Studies have
shown that the oils of this region are represented by
the main classes of hydrocarbons, such as alkanes,
polycyclic naphthenes and arenes. The content of
normal alkanes in the studied oils ranged from 92%
to 98%.

According to the analysis, it is known that
biomarkers in oils, which allow to restore the genetic
properties of oils and determine the conditions of
sedimentation of oil-generating organic substances,
indicate the presence of suboxidation conditions,
redox potential and predominantly oxidative
environment in the process of sedimentation of
organic substances. The results obtained are
important for understanding the processes of oil
formation and generation, as well as for further
forecasting the oil content of the South Torgai
sedimentary basin.
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OHTYCTiK TopFaii WeriHai anabblHbIH, MYHalira3ablbiFbIHbIH, 60N1aLLaFbI

Yaxuosa A.A., Maguwesa P.K., Ackaposa H.C., AgunxaHos P.K., eKkceHb6aeBa .M.

KEAK 96inkac CarbiHo8 ambiHOaFbl KaparaHObl mexHUKanblK yHuUsepcumemi, KaparaHosl, Kasakcma

TYWIHAEME

Makana kengi: 23 senmokcaH 2023
CapanTtamagaH eTTi: 3 kaHmap 2024
Kabbinganapl: 10 kaHmap 2024

MyHanbINbIKTbI GaFanayaplH, Herisri 6afbITTapbiHbIH, 6ipi MyHalabl 3epTrey 60nbin Tabblnagbl.
OcblifaH 6alNaHbICTbl Kasipri reOXMMUANBIK 3epTTeyiep KOMipCyTeKTePAiH, WbIFy Teri MeH KalHap
Ke3i Typasbl macefieie MaHpi34bl P aTKapa OTbIPbIM, Kep KOWHAYbIHbIH, MyHalrasablibifbiH
b6oskayaa KeHiHeH KonAaHbinagbl. 3epTrey MyHaWrasgplnblKTblH, KenelweriH aHblKTay MKaHe
bafanay makcaTbiHaa OHTYCTIK Topfail wweriHAi anabblHblH, reOXMMMANBIK CUMATTaManapbiH
KeweHai Tangayfa OafbiTTanfaH. IPTYpAi KEH OpbiHAAPbIHbIH, MYHAWNapbiHbIH, KypamblH
CaNbICTbIPY MyHal Ke3aepiHiH, KabaTTapblH, MyHaW Ty3ily aliMaKTapblH XaHe MyHaNAabIH,
JKMHaKTaNyblH aHblKTayFa MYMKiHAIK 6epegi. CanbiCTbipyFa cyaplH Wanblaybl, buogerpagaums
KOHE TEPMUANBIK TYPAEHAIPY CUAKTbI GaKTOpAapAblH, dCepiHEH e3repicTepre eH, Ken Hemece eH,
a3 yWbIPalTbiH MyHaWiAaFbl KOCbINbICTap XaTaabl. by }ymbicTa ApbICKYM MWinici MyHalibiHAAFbI
KOCbI/IbICTAapAblH, KEeKesnereH KnacTapbliHbIH, CafbiCTbipManbl  Kypambl, MyHaW YATINEpiHiH,
reoNIoTMANbIK  CUMATTaMachl KaHe Ka/biNTbl afNKaHOapAblH, Tapanybl YCbiHblIFAaH. MKaHe
ApbICKYMAAFbl MYHaWUbIH KYPambl MEH reHe3WCiH aHbIKTay YLWiH BYpbIH XKyprisinreH reoxXMmuanbik,
3epTTeysepre CanbiCTbipMasbl TanAay *Kypri3ingi. MyHaiablH, reHeTUKanbIK, COMKECTIrH KaanblHa
KenTipyre »kaHe MyHall Ty3eTiH OpraHuKanblK 3aTTapAblH, LIery KafAannapbiH aHblKTayfa
MYMKIHAK 6epeTiH maitnapaarsl GUomapKepaep opraHuKablK 3aTTapAblH, TYHAbIPY NpoueciHae
CyOTOTBIKTBIPFbILW  XKaFAaliNapablH, TOTbIFY-TOTbIKCbI3AaHy MOTEHLMA/bIHbIH, KaHe 6Hacbim
TOTbIKTbIPFbIL OPTaHbIH, 60NaTbiHbIH KepceTeai. ANblHFaH HATUXKeNep MyHalabl KanbinTacTbipy
JKOHE OHAipy npouecTepiH TyCiHy VYWiH, coHAan-ak OHTYCTiK Topfai weriHai anabbiHbiH
MYHaWbIbIFbIH 0faH 9pi 60/1Kay YLIiH MaHbI3abl.
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TyliiH ce30ep: myHalirasabliblK, OpraHUKanbIK 3aTTap, MyHai, 6BuomapKkepnik Tangay, rpabeH-
CUMHKAMHaNb, FOPCT-CUHKAUHAD.
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daHfblabl 56, 100000, KaparaHosl, KazakcmaH. Email: gulmira_zh91@mail.ru

MNepcnekTnsbl HedpTerasoHocHocTu KOXKHO-Topraiickoro

ocapgouvHoro 6acceiHa

Yaxuosa A.A., Maguwesa P.K., AckapoBa H.C., AgunxaHos P.K., }ekceHbaeBa .M.

HAO KapazaHduHckuli mexHuuyeckuli yHusepcumem umeHu Abbiakaca CaeuHosa, KapazaHda, KazaxcmaH
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AHHOTAUMA

OfHMM M3 TNaBHbIX HANPaBNEHWUM OLEHKM NEPCNeKTUB HedTEHOCHOCTU ABNAETCA U3ydeHue
HedTel. B 3TOM CBA3KM LUMPOKOE MNPAKTMYECKOE MPUMEHEeHWe Mpu NPOrHO3UPOBAHUM
HedTerasoHOCHOCTM Heap HAxXOAAT COBPEMEHHble TeOXMMWYECKME WCCNef0BaHMA, 3aHWMasn
BaYKHYIO PO/Ib B BOMPOCE O MPOMUCXOXAEHUM U 06 UCTOYHMKE yrnesogoponos. MccnegosaHune
HamnpaB/fieHO Ha KOMMJIEKCHbIM aHafM3 reoXMMMYECKMX XapaKTepucTuk HOxHo-Topraiickoro
ocagoyHoro 6acceiiHa C UENbl0 BbIABAEHMA M OLEHKM NepCrneKkTUB HepTerasoHOCHOCTU.
ConoctaBneHne cocTaBa HedpTeil M3 Pas/IMUHbIX 3aneel AaeT BO3MOMKHOCTb OnpeaenuTb
HedpTemaTepUHCKME TONWM, 30HbI HedTeobpasoBaHUA U HedTeHakonneHun. CpaBHEHWUIO
nognexar coegmHeHunn B HedTAxX, KOTopble Hanbonee UM HaMMeHee NoABEPIKEHbI U3MEHEHMUAM
noa BAMAHWEM TakMX (GAKTOPOB, KaK BbiMblBaHWE BOAOW, Buogerpajauma M TepmUyeckoe
npeobpasosaHue. MpeacTaBNeEHO OTHOCUTE/IBHOE COAEPKAHUE OTAENbHbIX KNaCCOB COEAUHEHUM
B HedTAX ApbICKymcKoro nporuba, reosornyeckas xapaktepuctuka obpasuoB HedTen w
pacnpegeneHve HopMasbHbIX aKkaHoB. B gaHHOM paboTe 6bln NpoBeaeH CpaBHUTENbHDBIN aHaIU3
paHee MNPOBEAEHHbIX FEOXMMUYECKUX WCCNefOBaHUI A8 onpefeneHus cocTaBa U reHesuca
HedTeit B ApbICKYMCKOM npornbe. Buomapkepbl B HedTAX, NO3BONAIOLLIME BOCCTAHOBUTbL
reHeTUYecKMe MNPUHASNEKHOCTM HedTet W onpeaenuTb YCAOBMA  OCaAKOHAKOMAEHUA
HedTereHepMPYOLWMX OPraHUYECKMX BELLECTB, CBUAETENbCTBYIOT O HAaIMYMMN CYBOKUCAUTENbHBIX
YCNOBWIA, OKUCIUTENBHO-BOCCTAHOBUTE/IBHOM NOTEHLMANE U NPEUMYLLECTBEHHO OKUCAUTENBHOM
cpefie B Npouecce 0CafKOHAKOMAEHWUA OPraHUYecKmxX BelecTs. MoayyYeHHble pesynbTaTbl UMeT
Ba)KHOE 3HaYyeHMWe AN NOHUMaHWA NPOLECcoB GOPMUPOBaHMA U reHepauun HedTH, a TakKe s
OanbHenwero NporHo3mMpoBaHua HepTeHoCcHOCTU KOXKHO-Toprackoro ocago4yHoro baccerHa.

Knrouessble cnoea: He¢Tera3OHOCHOCTb, OpraHn4yecKoe BeLLecTBo, He¢va, 6momapkepru7| aHanus,
rpa6EH-CVIHKllMHaJ1b, FOPCT-CUHKNNHANb.
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