HERALD OF THE KAZAKH-BRITISH
No. 3(74) 2025 TECHNICAL UNIVERSITY

UDC 55.3179
IRSTI 38.33.25

https://doi.org/10.55452/1998-6688-2025-22-3-340-346

Jarassova T.S.,

PhD, ORCID ID: 0000-0002-2900-9872
‘e-mail: t.jarassova@kmge.kz
’Altunsoy M.

Dr.Tech.Sc., ORCID ID: 0000-0002-3140-6682
e-mail: altunsoy@akdeniz.edu.tr

'Atyrau Branch LLP “KMG Engineering”, Atyrau, Kazakhstan
2Akdeniz University, Antalya, Tiirkiye

PETROLEUM BIOMARKERS AS INDICATORS
OF OIL ORIGIN AND MATURITY IN THE SOUTH-EASTERN
PRECASPIAN BASIN

Abstract

This study investigates the origin of oil from the south-eastern Precaspian Basin through biomarker analysis
of five crude oil samples using gas chromatography-mass spectrometry (GC-MS). Biomarkers serve as molecular
fingerprints to elucidate hydrocarbon origin, source rock characteristics, and thermal history. The analyzed samples
revealed: a marine depositional environment (C,¢/Css terpane ratios = 0.59-0.79), carbonate-dominated source
rocks (C,9/C3o hopane ratios = 4.78-5.55), sourcing from Paleozoic (Permo-Carboniferous) strata (C,g/C,g sterane
ratios = 0.44-0.57), and peak oil window - late maturation according to Ts/T, C ;T/ C29T , C, sterane isomerization
ratios. These findings demonstrate the basin's complex hydrocarbon generation history, with biomarker distributions
indicating: marine organic matter input under anoxic conditions, carbonate-evaporitic source facies and thermal
equilibrium consistent with primary oil generation. The results provide valuable insights for exploration strategies
in similar frontier basins, with implications for reducing exploration risk and optimizing resource development.
Future studies should combine these geochemical data with structural and stratigraphic analyses to refine migration
models.

Keywords: Precaspian Basin, biomarker analysis, organic geochemistry, sterane, terpane, GC-MS, source
rock, depositional environment

Introduction

One of the key applications of organic geochemistry is the detailed study of the molecular
composition of oil and gas. The south-eastern Precaspian Basin (Figure 1) represents a critical
hydrocarbon province where understanding petroleum systems is essential for exploration and
production strategies [1]. This study employs advanced organic geochemical techniques to
characterize five crude oil samples from the region, focusing on biomarker analysis through gas
chromatography-mass spectrometry (GC-MS). Biomarkers serve as molecular fingerprints that
provide invaluable insights into hydrocarbon origin, source rock characteristics, and thermal history.
Over 600 biomarkers have been identified in oils, and they are widely used to address various
geochemical challenges, including the exploration and assessment of oil fields. Most common of
biomarkers presented in Figure 2 (a). By examining terpane and sterane distributions, key aspects
of the basin's petroleum system, including depositional environments (marine vs. lacustrine), source
rock lithology (shale vs. carbonate), geological age (Paleozoic to Mesozoic), and thermal maturity
were elucidated [2].
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Figure 1 — Study area
Materials and methods

Five crude oil samples from the south-eastern Precaspian Basin were analyzed using gas
chromatography-mass spectrometry (GC-MS) (Figure 2 (b)) to assess their biomarker composition.
The oil density in analyzed samples ranges from 865 to 895 kg/m?. The oils contain 0.31-1.47%
sulfur, 0.97-2.9% paraffin, 1.38-3.95% resins, and 1.7-1.96% asphaltenes. First, the oil samples
were separated into saturated and aromatic fractions using solvents. Saturated hydrocarbons were
extracted using n-hexane, while aromatic hydrocarbons were eluted with dichloromethane (CH,Cl,)
as the solvent. The analytical procedure involved vaporizing the samples in a gas chromatograph
equipped with a capillary column, where helium carrier gas facilitated component separation. The
eluted compounds were then ionized in the mass spectrometer via electron impact, with subsequent
mass-to-charge ratio separation enabling molecular identification. The resulting chromatographic
data provided diagnostic insights into hydrocarbon origin, thermal maturity, and depositional

history [2, 3].
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Figure 2 — (a) Composition of oil (Peters and Moldowan, 1993); (b) A simplified diagram of a GC-MS
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Results and discussion

The key biomarker ratios obtained through gas chromatography-mass spectrometry (GC-MS)
analysis of crude oil samples from the study area presented on Table 1.

Table 1 — GC-MS Results

Well #

Parameters 43 11 44 17 20
Horizon 3 K1 J2 12 J2
SAT/ARO ratio 0.54 0.44 1.43 1.02 1.78
Cp6/Cys TT 0.59 0.79 0.75
T/T, 0.46 0.92 0.95
C,T/C,T, 0.14 0.38 0.36
C,/C,, 5.40 4.78 5.55
C27,% 36 41 35 38 38
C28,% 21 19 24 19 19
C29.% 43 40 41 43 43
C,, 20S/(20S+20R) 0.54 0.34 0.55 0.57 0.58
C,, BB/(ca+BB) 0.57 0.48 0.71 0.61 0.61
C,/C,, 0.49 0.46 0.57 0.45 0.44

Biomarkers are organic molecules preserved in oil since the formation of the original organic
matter. They provide critical information about the origin of hydrocarbons, the conditions under
which they formed, the lithology of the source rock, and the thermal maturity of the organic material.
Below, we explore how biomarkers are used to interpret the sedimentation environment, type and age
of the source rock, and thermal maturity [4-6].

Sedimentation Environment

Terpanes and steranes were prioritized for environmental assessment. Terpanes comprise both
tri- and pentacyclic structures, with pentacyclic terpanes (hopanes) demonstrating higher abundance
in marine-derived oils relative to their tricyclic counterparts. The C,6/C;s tricyclic terpane ratio
serves as a diagnostic tool for discriminating between lacustrine and marine depositional settings,
where elevated ratios (>1) typically signify lacustrine origins [4, 5, 7]. In the analyzed samples, C,¢/
C;5 ratios ranged from 0.59 to 0.79, consistent with a marine depositional environment [8]. Steranes
Triagle diagram of C 27%, C 28% and C 29% steranes concerning the selected samples, showing
genetically relationships of the samples that deposited under marine environment (Figure 3) [5].

Type of Source Rock

Biomarker composition provides critical insights into source rock lithology. Specifically, the
C29/C3p hopane ratio serves as a key diagnostic parameter: elevated ratios (4.78-5.55) in the studied
samples indicate a carbonate-dominated source rock, while higher values would typically suggest
carbonate-rich depositional environments [4, 5, 9]. Notably, oils originating from organic-rich
evaporitic carbonate sequences characteristically exhibit increased C,9 norhopane concentrations
relative to Czo hopane, offering a distinct fingerprint for such source facies (Figure 4).

Age of Source Rock

The geological age of source rocks can be determined through C,g/C,q sterane ratios, which
exhibit a progressive increase from older to younger stratigraphic units. This trend reflects the
evolutionary expansion of phytoplankton communities through geological time [5, 10]. In the
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analyzed samples, C,g/C,9 sterane ratios of 0.44-0.57 suggest hydrocarbon generation from source
rocks spanning the Paleozoic (Cretaceous-Permian).

Thermal Maturity

Thermal maturity, a critical factor in oil evaluation, can be assessed using specific biomarker
ratios. The T/T  ratio is a reliable indicator of both maturity and the depositional environment.
A T/T  ratio of less than 1 typically indicates an anoxic environment. T_ is more thermally stable
than Tm, making the T/T _ratio a useful parameter [5, 9, 11, 12]. In the studied samples, Ts/Tm <1
(0.46-0.92) together with C,,T/ C,, T  values confirm thermal maturation from peak oil window to
late (Figure 5).

Two other ratios, C,, 20S/(20S+20R) and C,, BB/(aa+PP) sterane, are effective for determining
the thermal maturity of source rocks [10]. The C,) 20S/(20S+20R) ratio increases from 0 to 0.55 as
maturity progresses. A ratio below 0.50 indicates immature source rocks, while a ratio above 0.54
suggests mature source rocks [2, 5, 13]. Observed values of 0.34-0.58 C,, (20S/(20S+20R)) and
0.48-0.71 C,, (BB/(aa+PP)) consistently indicate source rocks within the principal oil generation
zone (Figure 6).
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Conclusion

Organic geochemistry plays a vital role in understanding the formation, composition, and
transformation of organic matter in the Earth's geospheres. Biomarkers, which are organic molecules
preserved in oil, serve as powerful tools for this purpose. This comprehensive biomarker study of
crude oils from the south-eastern Precaspian Basin has provided significant insights into the region's
petroleum system. Through advanced GC-MS analysis of terpanes and steranes, we have established:

¢ Carbonate-dominated source rocks were identified as the primary hydrocarbon generators,
indicated by characteristic C,9/C3o hopane ratios (4.78-5.55) and elevated C,9 norhopane
concentrations.

¢ Sourcing from Paleozoic (particularly Permo-Carboniferous) strata was confirmed through
C,/Cyg sterane ratios (0.44-0.57), reflecting the basin's complex depositional history.

¢ Thermal maturity parameters Ts/Tm, C, T/ C,T and C9 sterane isomerization ratios
consistently placed the samples within the peak oil generation window and late maturity.

The methodology and findings presented here can be applied to other frontier basins to reduce
exploration risk and optimize resource development. Future work should integrate these geochemical
data with regional seismic and well-log interpretations to further constrain hydrocarbon migration
pathways and accumulation patterns.
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KACIIUN MAHbI OUMATBIHBIH OHTYCTIK-IIBIFbIC
BOJITTHAEI'T MYHAU/JBIH HIBIFY TEI'l MEH )KXETUI'EHAIT'THIH
KOPCETKIIII PETIHAETI'T MYHAU BUOMAPKEPJIEPI

Angarna

Byn 3eprreyne ra3 xpomarorpadus-macc-ciekrpomerpust (I'X-MC) oxicin Konjgany apkpuibl OHTYCTIK-
HIsrrpic Kactmit MaHb! OWNATHIHBIH MYHAI MIBIFY TEriH Oec MyHail yariciHjeri Onomapkepiepi Tanaay Herisinue
3epTTey XKYPrizinai. buomapkepiep keMipcyTeKTepAiH MIBIFY TETiH, aHAJIBIK )KbIHBICTAP/IBIH CHITATTaMaJIapbIH JKOHE
OJIApABIH TEPMILUTBIK TAPUXBIH aHBIKTayFa MYMKIHZIIK OepeTiH MOJIEKYIaNbIK KOPCETKIIITEP PETIHAE KbI3MET €TEe/i.
3epTTeNreH yiariiep MblHAAal HOTHKEIEp KopceTTi: TeHi3miK merini opra (C,e/Cys Tepran KarbiHAachl = 0.59—
0.79), kapOOHATTHI aHANBIK KBIHBICTAPABIH 0achIMABUIBIFEI (Co9/C3o roman KaThiHachkl = 4.78-5.55), [laneo3oii
(Kapbon—Ilepmb) xbiabicTapbiHan anbiHFaH MyHal (Cpg/Cao crepan KarbiHackl = 0.44-0.57). Ts/Tm, CyoTs/
C29Tm xane Cyq CTEpaH H30MEPU3ALMACH CUSIKTHI KATHIHACTAP MYHAH/IBIH KAJIBINTACcy aifMarbl MEH OHBIH JKOFaphl
JKETIUTY ACHIeHiH KopceTe . AJBIHFaH HOTH)KEIep OHIaTTarbl KOMIpCyTeKTEpIiH TY3UTy TapUXBIHBIH KYpACTLTIriH
aifrakraiabel. buomapkepnepaiH Tapaiybl aHOKCHSUIIBIK JKaFAaliaa TeHI3MIK OpraHUKaIIbIK 3aTTapblH KOCBUIFaHbIH,
KOMIPKBIIIKbII-9BAIOPUTTIK aHAJBIK JKBIHBICTAD (alMsulapblHBIH Oap €KeHIH JKOHE Heri3ri MyHail Ty3iry
KE3CHIH/CTT TePMISUIBIK TEle-TCHIIK JKaFaiblH alfFakTaiibl. Bysl HOTIXKeIep yKcac IIeKapablK odmarrapia
Oapiay cTparerusulapblH o3ipiiey YLIIH KYHJbl aKnapar YChIHaJbl, TOyEKeJIepAl a3alTyra >KOHE pecypcrapibl
THIMJII uUrepyre MyMKiHZIK Oepeni. Bomamak 3eprreynepae ochl TeOXHMMUSUIBIK JIEPEKTEP/li KYPBIIBIMIBIK JKOHE
cTpaturpausUIBIK TalaayapMeH OipiKTipy apKbUIbl MyHal MUTPAMSACH MOJEIIBb/ICPiH HAKTHUIAY YCHIHBIIAIBI.

Tipek ce3nep: Kacruii MaHbl oinaTel, OHOMapKepiep Tajaaybl, OPraHUKaIbIK T€OXUMHUsI, CTepaHiap, Tep-
mauaap, [ X-MC, aHaIbIK JKBIHBIC, IIOTIHAI OpTa
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HE®TAHBIE BUOMAPKEPBI KAK HHAUKATOPBI IPOUCXOXIAEHU S
U CTEHEHU 3PEJTOCTH HE®TH B IOI'O-BOCTOYHOHU YACTH
INPUKACIIMUCKOU BITAIUHBI

AHHOTaLMA
B maHHOM WCClEeIOBaHWM HW3y4yaeTCs IPOUCXOXKICHHE HEPTH IOro-BOCTOUHOW dacT llpmkacmmiickoit
BIAJIMHBI C MTOMOIIIBIO aHAJIM3a OMOMAapPKEPOB IISITH P00 CHIPOM HE(PTH METONIOM r'a30BOM xpomarorpaduu-macc-
cnexrpoMeTpuu (I'’X-MC). Bromapkepsl BEICTYAIOT B pOJIM MOJIEKYIISPHBIX OTIIEUATKOB, MO3BOISIONIUX OMPEACTUTD
MIPOMCXOXK/ICHUE YIIIEBOAOPOIOB, XapaKTEPUCTHKH MAaTEPUHCKHUX MOPOJ U TEPMHUYECKYIO HCTOPHIO. AHaIU3 1pod
BBISIBIJI: MOPCKHE YCIIOBUSI OcagkoHaKoruieHus: (cootHomenne Cyq/Cys Tepnanos = 0.59-0.79), npeobnananne
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KapOOHATHBIX MaTepUHCKHUX mopon (cooTHomeHue C,9/C3o TomanoB = 4.78-5.55), cMemaHHOe TPOUCXOKICHUE
3 omnokernit maneosost (Kap6ou-Ilepms) (cootHOomeHne Cug/Cag cTepanoB = 0.44-0.57) 1 IO COOTHOIICHUUSAM
Ts/Tm, C, Ts/ C ) Tm u nzomepusanmnu Cz9 CTEPaHOB MUKOBYIO U TIO3HION 30HY He(pTeoOpasosanus. [Tomyyennbie
JIAaHHBIE JIEMOHCTPUPYIOT CIOXKHYIO UCTOPHIO T€HEepaluH yIIIeBOJOPOJIOB B OacceliHe, MPU 3TOM pacIpe/iesieHue
OMOMapKepoB yKa3blBa€T Ha IOCTYIUIEHHE MOPCKOI'O OPraHWYeCKOro BENIECTBA B AHOKCHJHBIX YCIIOBHSIX,
KapOOHAaTHO-3BaIOPUTOBEIE (ALK MAaTEPUHCKHUX OPOJ] U TEPMUIECKOE PABHOBECHE, COOTBETCTBYIOIIEE OCHOBHON
(aze HedTeoOpazoBaHMs. Pe3ynbTaThl MPEACTABISIOT LICHHBIE JAHHBIC AT pa3pabOTKH CTPATEerWil pa3BeIKH
B AQHAJOTWYHBIX OacceiHax, MO3BOJSAS CHIDKATh PUCKM M ONTHMH3HMPOBAaTh OCBOEGHHE pecypcoB. JlampHelmme
UCCJIEZIOBAHUSl JOJDKHBI OOBEAMHUTH 3TH TC€OXHMHUYECKHE IAHHBIE CO CTPYKTYPHBIM U CTparurpaduieckum
aHaJIM3aMU JUIsl YTOUHEHUs MOJIEJICH MUTPALH.

KuroueBrbie cioBa: [Ipukacnuiickas BnajinHa, aHaIU3 OHOMapKEPOB, OPraHUYeCcKasi TCOXUMUS, CTCPaHbI, TEp-
maubl, [ X-MC, MaTepuHCKas mopoia, 00CTaHOBKA 0CaIKOHAKOTUICHUS.
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