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Annotation

This work is devoted to the study of the oil and gas source potential of the Mesozoic deposits of
the Aryskum depression of the South Turgay oil and gas basin and aims to study the features of
the geological structure, determine the facial-genetic type and degree of maturity of organic
matter. Geochemical methods play an important role in assessing oil and gas source potential,
one of which is pyrolytic core analysis to determine the type of organic matter and thermal
maturity of the studied rock material samples. To achieve this goal, the results of pyrolytic
analysis of stone material from Neocomian and Jurassic deposits were used. Analysis of
geological and geophysical materials made it possible to trace the pattern of distribution over
the area of oil and gas-bearing sandy layers and the underlying clay layers with high insulating
properties in the Aryskum horizon. The results obtained show that the total organic carbon
content ranges from 0.47 to 1.41 wt%. To establish the type of kerogen and its position relative
to the zones of oil and gas formation, the Van Krevelen diagram was used in the coordinates of
atomic ratios of the elemental composition of kerogen and its modification for pyrolytic data,
indicating that the kerogen of the studied samples is a mixture of types I, Il and IlI, facies-genetic
the type of organic matter of which belongs to humic, humic-sapropelic, and the sedimentation
conditions are coastal-marine environment in moderately reducing conditions.

Keywords: Aryskum depression, South Turgay oil and gas basin, oil and gas content, organic
matter, hydrocarbons, type of kerogen
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Introduction

The question of the source of hydrocarbons

thermal maturity of organic matter, where stepwise
heating modes of core samples are used. The
samples are initially pyrolyzed in an inert

finds wide practical application in predicting the oil
and gas potential of the subsurface, in solving
which it is difficult to overestimate the role of
modern methods of geochemical research [1]. The
pyrolytic method is a widely used and highly valued
tool used by petroleum geochemists, the purpose
of which is to assess the oil and gas generation
potential of rocks, the type of kerogen, and the

atmosphere and then oxidized in an oxidizing
medium. The method of rock assessment in one full
cycle of analysis allows us to obtain several
important indicators related to the formation of oil,
such as the amount of free hydrocarbons present in
the sample, the residual content of hydrocarbons,
the TOC content, the level of thermal maturity of
the sample, the amount of chemically active
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organic matter, the presence of carbonate minerals
and the quality/type of organic matter present in
the samples [[2], [3]].

It is known that the characteristics of the
parent rocks are evaluated according to the level of
thermal maturity and the amount of organic matter
and the type of kerogen [[4], [5], [6], [7], [8]]. Thus,
the total organic matter content (TOC) is estimated
by the amount of organic matter in a rock sample.
Geochemical parameters such as hydrogen, oxygen
indices (HI, Ol), temperature (Tmax) and productivity
index (PI) obtained as a result of Rock-Eval pyrolysis
allow us to evaluate the type of kerogen and
determine the thermal maturity of organic matter
((6l, [71, [81, 9], [10], [11]].

The purpose of this work is to determine the
facies-genetic type and degree of maturity of
organic matter, to achieve which the following
tasks were solved (1) to study the history of the
formation of the tectonic structure of the South
Turgay oil and gas basin, the regularities of the
distribution of hydrocarbons; (2) assessment of the
oil-generation potential of Jurassic and Neocomian
deposits, the type of kerogen and thermal maturity
by pyrolytic method of core samples.

Geological settings. The South Turgay oil and
gas basin, with a total area of about 60 thousand
square kilometers, is a large linear structure of the
northwestern  strike and  represents the
southeastern margin of the Turgay depression
(Figure 1). According to the thickness of the
sedimentary cover, the peculiarities of tectonic and
lithological-stratigraphic characteristics, the basin
belongs to the intracontinental. The oil and gas
potential of the basin was established in 1984 by
the discovery of the Kumkol deposit. Intensive
geological exploration began to be carried out since
the late 1970s.

Aral Basin — k.
sin
South Turgay Syrdariya
basin i

basin

Figure 1 - Map of the sedimentary basins
of Kazakhstan [12]

The basin is divided into three structural floors
such as characteristic structural and material
features of microcontinents. The lower floor is a
crystalline foundation consisting of Archean-Lower

Paleozoic metamorphic gneisses and various shales
that occur at adjacent elevations and are opened
by some wells inside and near the edge of the
syneclise [13]. The Middle-quasi-platform complex
of the Middle and Upper Paleozoic consists of
intermittent Devonian, Carboniferous, and Permian
deposits up to 1.5-2 km thick. In accordance with
the drilling and seismic survey materials in the
South Turgay oil and gas basin, there is a wide
development of quasi-platform formations of the
Upper Paleozoic of considerable power, the
distribution of which on its individual geostructural
elements is quite complex. The upper platform
cover is represented by sedimentary deposits of
Triassic-Jurassic, Cretaceous-Miocene, and
Pliocene-Quaternary age [14].

The upper structural floor, the most studied by
geophysical methods and deep drilling, includes all
the sediments of the Mesozoic and Cenozoic and
splits into two tiers: the lower-rift, the upper-
epirift.

According to the hypsometric position of the
foundation, three large structures are
distinguished: the Zhylanshik and Aryskum
depression with the Mynbulak uplift separating
them, complicated, in turn, by structural elements
of lower orders.

All the identified deposits are confined to the
Aryskum depression, the tectonic characteristics of
which are covered in detail in the works of Abdullin
A.A., Daukeev S.Zh., Kuandykov B.M., Zholtaev
G.Zh., Nazhmetdinova A.Sh.,, Puzanova IV,
Sapozhnikov R.B., Votsalevsky E.S., Bulekbaev Z.E.,
etc.

The Aryskum depression is characterized by a
complex tectonic structure, has fairly well-defined
raised horst—anticlines and lowered foundation
blocks - graben-synclines (Figure 2) in length from
100 to 200-250 km and in width up to 25-50 km of
north-westerly strike on the western side of the
depression, and northerly direction on the eastern
side, expanding in width to the northern part of the
depression [15].

Akshabulak Graben

Bosingen Graben

Auyskiiin Graben

Figure 2 - Geological section of the
Aryskum depression [15]

— 62



KomnneKkcHoe Ucnonb3osaHne MuHepanbHoro Coipbsa. N23(330), 2024

ISSN-L 2616-6445, ISSN 2224-5243

Within the deflection, the Aryskum, Akshabulak
(Besoba-Terensai), Sarylan, Bozingen, Daut and
Zhinishkekum graben - synclines are distinguished,
which are separated by Aksai, Aschisai and
Tabakbulak horst - anticlines.

Hydrocarbon systems and deposits. One of the
main oils and gas bearing complexes in the section
of the Aryskum depression are sandy-clay Mesozoic
deposits, within which the Lower Cretaceous
(Aryskum horizon), Middle-Upper Jurassic, and
Lower Jurassic complexes are distinguished, in
addition to which the Upper Paleozoic promising oil
and gas complex is also distinguished [16].

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

Upper Jurassic and Cretaceous sandstones and
siltstones deposited in delta and river facies are the
main reservoirs in which most of the oil discovered
to date is distributed [17].

Within the Jurassic complex, a series of local
and zonal clay fluidopores are distinguished [18].

Chalk deposits in the South Turgay oil and gas
basin are ubiquitous and are overlain, in turn, by
younger Paleogene-Quaternary sediments. They
are represented by all age subsections, the deposits
are facially sustained over a large area, which
allows them to be correlated fairly confidently by
logging wells drilled without core sampling.

Oil-producing complexes-sources of
hydrocarbons. The forecast hydrocarbon resources
are determined based on the reconstruction of the
entire complex of natural processes that cause the
formation of oil and gas from organic substances of
oil and gas mother rocks [19].

Within the South Turgay oil and gas basin,
there are effective oil-producing strata of Jurassic
sediments, where graben-synclines are associated
with lake sedimentation conditions, whose
hydrocarbons migrated and accumulated in nearby
deposits of the Jurassic and Cretaceous complexes.
For the migration of hydrocarbons into Paleozoic
traps, sedimentation occurred by overflows from
graben along carbonate rocks. Bitumen was found
in Devonian carbonate rocks that came to the
surface within the Greater Karatau, which indicates
the effective migration of hydrocarbons along this
complex over a long distance [[20], [21]].

The experimental part

The pyrolytic method on the analyzer of the
initial rocks of the samples of stone material of the
Kumkol formation of the Upper Jurassic (Jskm) and
the Aryskum formation of the Lower Cretaceous
(Kinclar) from the wells of the Aryskum depression
of the South Turgay oil and gas basin allowed to
determine the type of kerogen, hydrocarbon
potential and the stage of maturity of organic
matter, the geochemical parameters of which are
presented in the table below.

Discussion of the results

Generation potential. The results of the study
show that the concentration of total organic carbon
(TOC) ranges from 0.47 to 1.41%, the parameter S,
varies from 1.6 to 3.1 mg HC/g of rock in the
samples of the Lower Cretaceous and from 1.1 to 9
mg HC/g of rocks of the Kumkol formation of the
Upper Jurassic, where values below 2.5 have a low
(poor) potential, and above 6 have a good (rich)
potential.

Table 1 - Geochemical characteristics of pyrolytic analysis of deposits of the Aryskum depression

Formation Depth TOC S1 S, S1+S; e HI Ol Pl

Kinciar 1682.9 0.52 0.97 1.6 2.57 413.02 298 198.1 0.385
Kinciar 1686.4 0.53 0.57 2.2 2.77 437.49 417 141.5 0.205
Kinciar 1687.43 1.12 2.05 3.1 5.15 445,16 277 22.3 0.398
Jskm 1880.45 0.67 0.3 2.6 2.9 434.19 388 16.4 0.103
Jskm 1883.85 0.47 0.24 1.1 1.34 440.33 238 87.2 0.176
Jskm 1887.67 0.57 0.37 2.3 2.67 432.6 407 61.4 0.138
Jskm 1896.54 0.68 0.49 2.8 3.29 330.67 412 47.1 0.149
Jskm 1897.19 0.71 0.22 2 2.22 437.8 283 66.2 0.099
Jskm 1897.36 1.41 1.65 9 10.65 434.11 640 70.2 0.155
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Type of kerogen. The dependence of TOC on
the hydrocarbon potential indicates type Il and type
Il kerogen of the vast majority of the samples
studied, however, the sample from a depth of
1897.36 m is attributed to type | kerogen.

In the studied samples according to the HI
hydrogen index, the range of values from 200 to
300 indicates kerogen of type llI-lll, probably with
the generation of oil and gas; from 300 to 600 -
kerogen of type Il, possible oil and gas generation.
However, it should be noted the difference in the
sample taken from a depth of 1897.36 m, where
the HI value of 640 corresponds to type | kerogen.
The value of the hydrogen index HI, which
characterizes the facies-genetic type of organic
matter, indicates the humus origin and, less often,
the coastal (humus-sapropel) genesis of the studied
samples, the organic matter that accumulated
under moderately reducing conditions and
correspond to kerogen types Il and Il. In the Van
Crevelen diagram (Figure 3), two composite
indicators are used to characterize the type of
kerogen — the hydrogen index HI and the oxygen
index Ol, the results of which allow us to draw
similar conclusions [22].
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Figure 3 - Correlation between the hydrogen index (HI)
and the oxygen index (Ol) of the Aryskum depression

Determination of thermal maturity. To
determine the thermal maturity, the range of Tmax
values of the studied samples from 435 to 445°C is
acceptable for the conditions of the oil window, i.e.
oil generation, and allows them to be classified as
mature; low Tmax values are defined as low degree
of maturity of organic matter in the studied core

samples from a depth of 1682.9 m (Daul formation)
and 1896.54 m (Kumkol formation) [23].

The ratio S; / S1+S; is the productivity index P,
where the degree of realization of the organic
matter of the samples under study varies from
0.103 to 0.398. Thus, samples with a Max in the
range of values 435-445°C, as well as Pl with more
than 0.1 coefficient have an oil-generating
potential. However, an indicator of the industrial
oil-bearing capacity of the reservoir is a Pl value of
more than 0.5.

Conclusion

The analysis of the obtained data of the
geochemical study of the stone material of the
Mesozoic deposits of the South Turgay oil and gas
basin allows us to draw the following conclusions:

1. As a result of the study, the studied samples
have a rich and very rich generation potential in
terms of the content of Cor in the range from 0.47
to 1.41, as well as in the parameter S; (from 1.1 to
9 mg of HC /g of rock).

2. Most of the studied samples belong to type Il
and Il kerogen, one sample from a depth of
1897.36 m with maximum TOC and S; is within the
limits of type | kerogen; according to pyrolytic
parameters HI, Tmax, the studied samples belong to
type lI-lll and type | kerogen with probable oil and
gas ineftegeneration, respectively;

3. The hydrogen and oxygen indices determining
the facies-genetic types of organic matter indicate
mainly humus and less often humus-sapropel
origin, thereby allowing us to conclude that oil
accumulation occurred in moderately reducing
conditions and coastal-marine environment.

4. The organic matter in the studied samples is
thermally mature according to the Tmax index.
However, there is a low degree of maturity of the
organic matter of the Tula formation and the
Kumkol formation from a depth of 1682.9 m and
1896.54 m, respectively.
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TYWIHAEME

Byn symbic OHTYCTiK TopFait MyHait-ras 6acceiHiHiH, ApbICKYM WiNyiHiH, Me30301 LWeriHAiNepiHiH,
MYHaii-ra3 aHanblK 3/1eyeTiH 3epTTeyre aHe reoNoruANbIK KypblAbIMHbIH, epeKLlenikTepiH
3epTTeyre, OpraHUKanblK 3aTTapAblH, aumangbl-reHeTUKaNbIK TYPiH XKaHe KeTiny AapexeciH
aHblKTayFa apHanfaH. FeoXMMUANBIK d4icTep MyHaii-ras-aHanblK aneyeTTi 6afanayaa mMaHbi3apl
pen aTkapaabl, onapAabiH, 6ipi opraHUKanbiK 3aTTapablH, TYPIH XKaHe 3epTTeneTiH Tac maTepuan
YAriNEpPiHiH, TEPMUANBIK KETINYIH aHbIKTAy YLWIiH Herisri NUPONUTUKanbIK Tangay 6onbin
Tabbinagbl. Ocbl MaKcaTKa eTy yWiH HeoKOM MeH topa LWeriHAiNepiHiH Tac maTepuanbiH
NUPOAUTUKANBIK Tangay HaTuxKenepi KONAAHbINAbI. Teonornanbik-reopusmkanbik
MaTepuangapapl Tangay ApbICKYM KOKMKUEriHAe »KOfapbl OKLIaynafbi KacueTtepi 6ap myHawi-
raszibl Kymabl Kabatrap meH onapablH, yCTiHgeri casabl KabatTrapapbiH, ayaaHbl 60MbIHWA Tapany
3aHAbINbIFBIH BalikayFa MYMKIHAIK 6epai. AnbiHFaH ManiMeTTepAiH, HaTUXKenepi opraHuKanblK
KBMIpPTEKTIH, }annbl Menwepi maccaHblH, 0,47-aeH 1,41%-Ha AeiiH ekeHiH KepceTesi. KeporeHHiH
TYPIH *KOHE OHbIH MyHaWl-ra3 Ty3iNy aliMaKTapblHa KaTbiCTbl OPHaNacyblH aHbIKTay YLiH
KeporeHHiH, 31eMeHTTIK KypaMblHblH aTOMZAbIK KaTblHAacTapblHbIH KOOpAMHaTTapbiHAa BaH-
KpeBeneH Auarpammachbl KSHE OHbIH, MUPONUTUKANbIK [epekTep YWiH MoAubUKaLMACH
nanganaubingbl, 6yn 3eptrenetiH yarinepain, keporeHi I, Il xaHe lll TMNTEpAiH KOCnacbkl eKeHiH
KepceTeai. Pauuangbl-reHeTUKanbIK Typi OPraHWKanblK 3aTTap TymyCTbl 3KaHEe T[YMYCTbl-
canponenre KaTajbl, an LWery afaalnapbl opTawa KananblHa KenTipy KafaaibliHAQ Kafanay-
TeHi3 opTacbl 60abin Tabbliaabl.
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AHHOTAUMUA

[aHHasA paboTa NoCBALLEHA UCCNEA0BAHMIO HePTErasoMaTepMHCKOro NOTEHLMANA ME3030MCKUX
OTNOXeEHUIN ApblCKymKoro npornba tOxHo-Topraiickoro HedTerasoHocHoro 6acceiHa u CTaBuT
uenblo u3ydeHMe OCOBEHHOCTel reoNorMyeckoro CTPOeHWs, onpegesneHne  daumanbHO-
reHeTMYecKoro TUMa W CTEMeHU 3pesioCTU OPraHWYecKoro BellecTBa. [eOXMMMUYECKME MEeToAbl
3aHMMAIOT BaKHYIO POJib B OLEHKe HedTerasomaTepUHCKOro MoTeHuMana, OAHWM U3 KOTOPbIX
ABAAETCA MUPOAUTUYECKUI aHANN3 KepHa ANA ONpeaesieHus TUMa OpPraHUYecKoro BeLLecTsa u
TEePMMUYECKOI 3penocTu uccnesyembix 06pasLoB KAMEHHOTO MaTepuana. s AOCTUNKEHWS 3TOM

Noctynuna: 13 ceHmabps 2023 Lenn BbiAM MCNONb30BaHbl Pe3y/bTaThl MUPOAUTUYECKOTO aHaiM3a KaMeHHOro MmaTepuana
PeueHsunposaHue: 22 okmabpa 2023 OTNIOXEHUN HEeOKOMa M  topbl. AHANM3 reosoro-reoPpusNYecKUX MaTepuanos MO3BOAMA
MpuHATa B Nevarts: 13 HoAbps 2023 NpocNeanTb 3aKOHOMEPHOCTb PacrpoCTpaHeHUs Mo MAoWaAM HedTerasoHOCHbIX MecyaHbIX

NNacToB W 3a/neralowWwmx HafA HUMMU [IMHWUCTbIX MNPOCNOEB C BbICOKUMU U30AMPYIOWMUMU
CBOMCTBaMM B ApPbICKYMCKOM TOpU30OHTE. Pe3ynbTaTbl MONYYEHHbIX AaHHbIX MOKa3blBaloT, YTO
oblee copepikaHue opraHUyeckoro yrnepoga coctasnsetr ot 0,47 po 1,41% macc. Ona
YCTaHOB/NIEHUA TWUNa KeporeHa W ero NONOXeHWUA OTHOCWUTENbHO 30H HedTerazoobpasoBaHMA
1cnonb3oBanach Avarpamma BaH-KpeseneHa B KOOpAMHaTax aTOMHbIX OTHOLLEHWI 3/1EMEHTHOTO
cocTaBa KeporeHa M ee mogauduKauma ANA NUPOAUTUYECKUX AAHHBIX, CBUAETENLCTBYIOLWANA O
TOM, YTO KeporeH uccnegsyembix 06pasuoB npeacTtasnser coboit cmecb Tvnos |, Il wn I,
baunanbHO-TeHETUYECKMIA TUN OpraHMYecKoe BEeLLECTBO KOTOPbIX OTHOCUTCA K TymMyCOBOM,
ryMyCOBO-CanponesneBoil, a YCNOBWUA OCAAKOHAKOMIEHMA - NPUBPEHO-MOpCKana cpeda B
YMepEeHHO BOCCTaHOBUTENbHbIX YCNOBUAX.

Knroueeble cnoea: Apbickymckas BnaguHa, HOsKHO-Typraiickmit HedTerasoHocHbIi 6acceitH,
HedTerasoHOCHOCTb, OPraHMYecKoe BELLECTBO, YIeBOAOPOAbI, TUM KeporeHa
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