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ABSTRACT. Based on the analysis of stratigraphic, lithofacies, and geological and geophysical data, consideration is
being given to the main stages in the formation of the basement and cover structures of the Alakol sedimentary basin. For
this region, there was developed the substantiation of a scheme of tectonic zoning and there were proposed structural
characteristics of faults and lithofacies features of the section. Evidence was found of a complex, multi-stage tectonic
evolution. There were discovered potentially promising stratigraphic oil and gas complexes of the Late Paleozoic and
Mesozoic. The deep-seated structure of the region is illustrated by a geological and geophysical section, spatially coin-
cident with the "Turkestan" seismic profile. Based on the lithological and paleogeographic reconstructions, there were
identified four major tectonic boundaries: Cambrian-Ordovician, Devonian-Carboniferous, Permian-Early Triassic, and
Middle Triassic-Cretaceous. The correlation of the stratigraphic range of the hydrocarbon potential of the Alakol basin
has been carried out. The criteria for forecasting hydrocarbon accumulations were substantiated.
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1. INTRODUCTION

The Alakol basin (AB) is located in the southeast of the
Kazakhstan segment of the Hercynian Junggar-Balkhash
fold system [Bespalov, 1971; Koshkin, 1974; Zonenshain
etal,, 1990; Bekzhanov et al., 2000; Iskaziyev et al., 2015].
The AB is bounded peripherally by the Main Junggar (MJF)
and Main Chingiz (MChF) regional faults (Fig. 1). The AB
is the northwestern termination of the Junggar oil field in
China [Wang, 1985; Zonenshain et al., 1990; Dobretsov,
2003; Xiao et al,, 2009].

The AB is bounded on all sides by mountains com-
prised primarily of the Paleozoic (from Cambrian to Per-
mian) ophiolite, island-arc and accretional complexes. The
main tectonic elements of the Hercynian Junggar-Balkhash
fold system are fault-bounded tectonic blocks. They con-
sist of the fragments of the Proterozoic continental crust
and Neoproterozoic-Paleozoic subductional-accretional
complexes, often overlain by the Mesozoic sedimentary
sequences (Fig. 1) [Wang, 1985; Zonenshain et al., 1990;
Mossakovsky et al., 1993; Sengor et al., 1993; Didenko
et al,, 1994; Daukeev et al., 2002b; Windley et al., 2002,
2007; Dobretsov, 2003; Dobretsov, Buslov, 2007; Xiao et
al,, 2009, 2013; Ryazantsev et al., 2009; Bian et al., 2010;
Korobkin, Buslov, 2011; Xiao, Santosh, 2014; Buslov, Cai,

2017; Gladkochub et al., 2018; Samygin, Kheraskova, 2019;
Brunet et al.,, 2020; Sklyarov et al., 2020].

In the evolutional history of the study area, there are
four large boundary intervals: Cambrian-Ordovician, De-
vonian-Carboniferous, Permian - Early Triassic, and Middle
Triassic - Cretaceous. The Permian-Jurassic interval is as-
sociated with land subsidence and formation of up to 4 km
thick sequence of sediments in the Alakol basin and the
Junggar oil field of China as a whole.

Our studies are aimed at forecasting oil and gas poten-
tial of the Alakol basin. To do this, the correlation was per-
formed between the stratigraphic range of hydrocarbon
potential horizon in the AB and that in the Junggar basin of
China. The prospects for the oil and gas content of the AB
in the basement subsidence zones can be attributed to a
number of factors: (1) a large thickness of the organic-rich
Carboniferous, Permian, Triassic and Lower Jurassic de-
posits whose cross-section shows the presence of coals;
(2) a step-like subsidence of the top basement, controlled
by dynamics of the Main Junggar and Main Chingiz faults;
(3) forecast hydrocarbon traps in the regional migration
pathways. The method of structural analysis used here-
in as well as the lithological-stratigraphic studies would
emphasize the scientific novelty of the present paper and
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Fig. 1. A schematic diagram of the western segment of the Central Asian fold belt (a) and a schematic tectonic map of the eastern part
of the Kazakhstan paleozoids, indicating the position of the main tectonic units (b).

Main faults: MKF - Main Karatau and TFF - Talas-Fergana, ZhNF - Dzhalair-Naiman, MJF - Main Junggar, MChF - Main Chingiz,
IRF - Irtysh. Folded areas: Caledonian (Kazakhstan composite continent): 1 - Kokshetau - North Tien Shan, 2 - Chingiz-Tarbagatay;
Hercynian: 3 - Junggar-Balkhash, 4 - Ob-Zaysan. The rectangle shows the contours of the Alakol basin and adjacent territories.
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substantiate the criteria for forecasting of hydrocarbon ac-
cumulations.

2. STRUCTURE, LITHOLOGICAL-STRATIGRAPHIC
CHARACTERISTICS AND PALEOGEOGRAPHIC
RECONSTRUCTIONS OF THE ALAKOL BASIN
AND ADJACENT AREAS

This section presents the results of the geological, tec-
tonic, structural, stratigraphic and lithological-facial studies
of the Alakol sedimentary basin. Based on the tectonic ana-
lysis (Fig. 1, 2) and lithological-paleogeographic recon-
structions of the region (Fig. 3), there was identified a
structural heterogeneity in the Earth’s crust, represented
by autonomously evolved tectonic blocks separated pri-
marily by the Early Mesozoic strike-slip faults.

The AB is located on the boundary between two re-
gional structures - Paleozoic Balkhash basin and Paleozoic
Chingiz-Tarbagatay island-arc system (see Fig. 1, 2). To the
west the AB basement is composed of the fragments of the
Cambrian-Ordovician accretional complex, and to the north-
east - of the Cambrian-Ordovician basalts changing upsec-
tion to andesibasalts of the island arc [Smirnov, Korobkin,
2003; Korobkin, Buslov, 2011; Kroner et al., 2014; Han et
al., 2019]. The Upper Ordovician - Silurian section is com-
posed of up to 3.5 km thick terrigenous and volcanogenic
rocks (Fig. 4, 5).

At the end of the Silurian, there was a collision on the
boundary of the Hercynian Ob-Zaysan oceanic basin which
gave rise to the formation of variegated molasses and gran-
ite belt in the Main Chingiz fault zone (see Fig. 3). In the
Early-Late Devonian (Frasnian), along the periphery of the
Junggar-Balkhash and Ob-Zaysan oceans, there formed a sys-
tem ofisland arcs (East Junggar and Zharma-Saur) and inter-
arc basins [Daukeev et al., 2002b; Korobkin, Buslov, 2011].
At that time, during the collision process, there occurred
the closure of the basin and the formation of the Central
Kazakhstan orocline. The Junggar-Balkhash oceanic basin
was bounded by the Central Kazakhstan volcanic belt.

volcanoplutonic belt

lli-Balkhash ‘
Tokrau segment

Balkhash (Tastau) accretion zone

In the Middle and Late Devonian, at the rear of the
volcanoplutonic belt, there formed intermountain basins
wherein were accumulated more than 5000 m thick con-
tinental lacustrine, lagoon and fluvial deposits [Kurchavov
etal, 2000]. In the Famennian-Pennsylvanian, there was
deformation in volcanic arcs which finally resulted in the
occurrence of oroclinal bending and recurrence of its frag-
ments along the strike-slip faults [Sengor et al., 1993;
Windley et al.,, 2002; Buslov et al., 2003; Xiao et al.,, 2009;
Bian et al., 2010; Korobkin, Buslov, 2011]. The most im-
portant events in formation of the pattern of strike-slip
faults outlining a terrane collage were the Late Carboni-
ferous right-lateral and the Late Permian left-lateral strike-
slip displacements [Buslov et al., 2003; Xiao et al., 2009;
Buslov, 2011; Korobkin, Buslov, 2011].

Termination of the process of collision in the Late Car-
boniferous and Permian caused the closure of the Junggar
and Ob-Zaysan oceanic basins (see Fig. 3; Fig. 5). In the Ili-
Balkhash area, there was an eruption of up to 6000 m thick
lava flows of contrasting compositions. In parallel with the
formation of collisional mountain ranges of Kazakhstan
in the Permian there also has been formed the Junggar
half-closed deep-water basin wherein flysch and bitumi-
nous shales with a total thickness of up to 5000 m were de-
posited (Fig. 5) [Korobkin, Smirnov, 2006; Xiao et al., 2009;
Bian et al,, 2010; Zou et al,, 2012; Zong et al.,, 2015; Han et
al,, 2019].

In the Permian-Triassic, there finally formed the strike-
slip pattern of the Central Asian fold belt which gave rise
to the occurrence of strike-slip faults and rifts in the Tarim
and Tien Shan. In a number of basins in Kazakhstan and
China, such as Chu-Sarysu, Junggar and Tarim, there were
deposited red-colored sediments [Daukeev et al.,, 2002b;
Xiao et al,, 2009; Han et al,, 2019].

The Early Triassic Southern Dzungaria and Northern
Pribalkhashye have been affected by orogenesis associated
with powerful surface manifestations of volcanism. In
the Middle Triassic, there has been a decrease in volcanic
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Fig. 2. A model of the deep-seated structure along the "Turkestan" and "Taldykorgan - Ust-Kamenogorsk" seismic profiles (fragment).
Faults: CKF - Central Kazakhstan, MJF - Main Junggar, MChF - Main Chingiz.
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Fig. 3. Generalized lithological-paleogeographic maps of the East Kazakhstan and adjacent territories based on the data from [Daukeev
etal,,2002b; Korobkin, Buslov, 2011]. Regional faults: MJF - Main Junggar; MChF - Main Chingiz; CKF - Central Kazakhstan.

activity, with the laterite weathering crust formed on the
Paleozoic rocks [Korobkin et al., 2022]. The Late Triassic
period is characterized by differential tectonic movements
in the Alakol and Ili basins. The paleotectonic settings
listed briefly (see Fig. 3; Fig. 5) show that the volcanogenic-
sedimentary and sedimentary strata were formed in the
zones of tectonomagmatic and tectonic activation of the
Earth’s crust. Shear dynamics of interaction of the main

tectonic units caused large-amplitude strike-slip displace-
ments there between [Windley et al., 2002; Buslov et al,,
2003; Bian et al,, 2010; Alexeiev et al., 2017].

The specialized structural studies [Buslov et al., 2003;
Smirnov, Korobkin, 2003; Korobkin Smirnov, 2006; Feng et
al., 2018] (see Fig. 1, 3; Fig. 5, 6) showed that such regional
faults as Main Junggar, Central Kazakhstan, Main Chingiz
and a number of others, bordering the main tectonic units
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of the Junggar-Balkhash fold system, are largely the left-
lateral strike-slip faults [Windley et al., 2002; Buslov et al,,
2003; Smirnov, Korobkin, 2003; Alexeiev et al., 2017; Ji et
al,, 2021]. In these faults, the left-lateral strike-slip compo-
nent is determined based on the orientation of feathering
faults and horizontal linearity (Ib - structural-kinematic
system of B. Zander, where structural-coordinate axes are:
a - extension direction, b - fold axis, c - compression, ab -
tectonic flow plane) [Rodygin, 2001]. The width of the zones
of deformed rocks (mylonites, phyllonites) in the suture
zone of the Main Junggar and Central Kazakhstan faults
reaches a few hundred meters; in that of the Main Chingiz
fault - one and more kilometers.

3. RESEARCH RESULTS
Tectono-structural framework of the AB is represented
by the South Alakol, North Alakol and Yemel grabens, Ucharal
and Sasykkol-Alakol horsts, and Urzhar monocline (Fig. 6)
[Bekzhanov et al., 2000; Iskaziyev et al., 2015]. The South

Alakol graben occupies the southwestern part of the basin
and is linearly stretching northwestwards along the Main
Junggar fault. The North Alakol graben, located in the north-
eastern part of the basin and also linear-shaped, is ori-
ented at an angle relative to the Main Junggar fault. The
grabens are divided by the Sasykkol-Alakol horst. In the
eastern part of the basin, between the Arkaly and Arasantau
mountains, there is the Yemel graben. In the northwestern
part of the basin, on the continuation of the South Alakol
graben, there is the Ucharal horst. In the northern part of
the basin there is the Urzhar monocline, bounded by the
Chingiz fault on the southwest (Fig. 6).
Lithological-stratigraphic characteristics of the AB are
represented in Fig. 5. In the tectonic block south of the
Alakol brown coalfield at the border with China (Fig. 6, 7),
there are outcrops of 480 m thick conglomerates and sand-
stones containing remnants of the Carbonaceous-Permian
flora. Upsection lie conglomerates, sandstones and silt-
stones of up to 750 m in thickness, related to undissected
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and Permian [Zholtaev et al., 2021].

deposits of the Lopingian and Guadalupian series. Next
in the section is the Maylasary formation that rests on an
erosional surface and has conglomerates, sandstones, and
siltstones in its basal part and up to 550 m alkali rhyolites
and tuffs in its upper part. The remnants of flora are in-
dicative of both Middle Permian (Guadelupean series) and
Early Triassic age of the deposits; the siltstone paleocom-
plex in the basal part is typical for the Middle Triassic
[Zholtaev et al.,, 2021].

The Mesozoic complex, with a total thickness of 1500 m,
is represented by terrigenous material of thin Triassic con-
tinental deposits and Jurassic coal-bearing rocks [Aubeke
rov et al,, 2010; Zholtaev et al., 2021].

The Jurassic rocks of the AB are represented by the
Uzunbulak formation. It is divided into two sub-forma-
tions, the lower of which (Hettengian-Sinemurian), with a
coarser-grained texture, is represented by conglomerates,
gritstones and sandstones 80-150 in thickness. The upper

sub-formation (Pliensbachian) is composed of siltstones
and argillites with interlayered conglomerates and sand-
stones up to 250 m thick. The age of the formation has been
determined from the phyllopod shell and flora remains.
The Cretaceous deposits of up to 120 m in thickness are
represented by the remnants of the Sasykkol formation,
ostracod-dated to the Upper Cretaceous [Bekzhanov et al,,
2000; Zholtaev et al.,, 2021].

The Paleogene sediments are represented by salt de-
posits of lacustrine origin, composed of clays, siltstones and
sands of up to 380 m in thickness [Aubekerov et al., 2010;
Iskaziyev et al., 2015].

Mentions of hydrocarbon occurrences in the Northern
Dzungaria of China can be found in a number of works
[Hendrix et al., 1995; Cao et al.,, 2010; He at al., 2010].
Exploration and exploitation of oilfields showed that they
are confined to the Triassic and Lower Jurassic deposits
[Bian et al., 2010; Cao et al., 2010], which correlate well
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with the coeval deposits of the proven-reserve Alakol coal-
field in Kazakhstan.

4. HYDROCARBON POTENTIAL
In the side parts of the AB, the occurrence depth of the
Jurassic deposits does not exceed 1.5-2.0 km (see Fig. 4;
Fig. 8). These deposits could not reach the maturity level
of an active hydrocarbon generation (oil window zone).
Their organic matter consists largely of flora remains, due
to which the generation potential value cannot be high

[Daukeev et al., 2002a]. In the axial parts of the AB, the
Jurassic coal-bearing deposits occur at a depth of 3 km and
more where they can generate hydrocarbons. We consider
these deposits oil-and-gas source.

The Lower Jurassic coal-bearing strata of the Alakol field
are 120 m thick (see Fig. 5; Fig. 9) and contain eight coal-
beds, four of which are productive and minable. The aver-
age thickness of strata varies from 1.0 to 5.7 m. The coals
are humic, changing from brown to black, and low-ash (an
average of 6-10 % over the strata), related to low-sulfur
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and low-phosphorous. The coalfield’s proven reserves to-
tal 47 million tons, of which about 8 million tons are suit-
able for open-pit mining [Azizov, Vlasov, 1997].

Hydrocarbon potential estimation of the Alakol sedi-
mentary basin was based on parameter determination
for forecasting reserves of the Upper Devonian - Carboni-
ferous and Mesozoic complexes: 1) sedimentary basin area
(see Fig. 3, 4), 2) source rock unit thicknesses (see Fig. 5),
3) organic matter content of source rock units, 4) source
rock volumes (Table 1). The data on sedimentary basin
areas resulted from lithological-paleogeographic and pal-
inspastic mapping, the data on thicknesses were obtained
from detailed lithological-stratigraphic studies.

The publications of Chinese geologists on the adjacent
areas [Cao et al., 2010] were involved to use the data on
organic matter content of the Upper Triassic - Jurassic
[Azizov, Vlasov, 1997] and Paleogene [Iskaziyev et al., 2015]
sediments. The forecast reserves were calculated using the
volume-statistic method by L.G. Uiks’s formula:

Q=qv-V, (1)

1 km

Geological cross-section along I-l line
LT, Il

where @Q - initial geologic resources, thousand tons; qv -
bulk density of resources, t/m?; V - sediment infill vol-
ume, km3.

A probabilistic assessment of hydrocarbon potential
of the AB (Table 1) was made based on the above-men-
tioned parameters in accordance with instructions for clas-
sification of reserves and prospective and forecast oil and
hydrocarbon reserves in Kazakhstan [Akchulakov et al,,
2002; Iskaziyev et al., 2015; Daukeev et al., 2002a; Zholtaev,
Ozdoyev, 2010; Khisamov et al., 2018].

The Late Devonian - Early Carboniferous (Famennian-
to-Mississippian) Alakol sedimentary basin in Kazakhstan,
according to the lithological-paleogeographic reconstruc-
tions [Korobkin, Buslov, 2011; Iskaziyev et al., 2015; Korob-
kin et al., 2023], has an area of 20000 km? (approximate
size 100200 km), with a deposit thickness of 3 km.

The Mesozoic sedimentary complex, according to the
lithological-paleogeographic reconstructions, comprises the
southwestern portion of the Alakol basin and a latitudinal
band along Lake Sasykkol. These structures, respectively

Lower Jurassic

Toarcian. Kusak formation.
1

Conglomerates, sandstones, siltstones

Hettangian — Pliensbachian. Uzunbulak

- formation. Conglomerates, sandstones,

siltstones, interlayered with coal

Upper Triassic

Rhaetian. Katu formation.
Sandstones, siltstones

Lower — Middle Devonian

Emsian — Eifelian. Sarybulak formation.
Sandstones, siltstones, conglomerates,
volcanites

Cross-section lines

Fig. 9. The geological map and cross-section of the Alakol brown coalfield.

Table 1. Forecast hydrocarbon reserves of the Alakol basin

Resource categories

Zoning elements Resoqrce categories according to SPE-PRMS Sedimentation Total resources, Stratigraphic thhology of
according to SCMR RK e volume, km3  thousand tons range reservoirs
classification
60000 720000 D,-C terri
Kazakhstan sector . . 31 errigenous
. D, - possible reserves P3 - possible reserves
of the Alakol basin 0 .
36900 442800 T,-]-£ terrigenous
Total 1162800
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200 km and 150 km long and 50 km and 70 km wide, have
areas 10000 and 10500 km?, respectively, with a thick-
ness of 2 km. The bulk density of resources, considering
related assumptions, is estimated at 12000 tons per km?
[Vassoevich, 1988].

Thus, the initial recoverable hydrocarbon reserves are
estimated to be 1162800 thousand tons, the recoverable oil
reserves make up one third of the forecast reserves.

5. DISCUSSION

Neither deep drilling nor geochemical surveys for fore-
casting the oil potential were conducted in the central parts
ofthe AB. The Upper Devonian - Lower Carboniferous rocks
of the AB lie at a depth of 2.5 km (horizon top) to 4 km and
deeper (bottom). Consequently, they could reach the matu-
rity level of an active hydrocarbon generation (gas window
zone) and are potentially promising. The Paleozoic water-
bearing deposits consist mostly of fresh infiltration waters
with a mineral content of 1-2 mg/L. The water mineral
content of the Jurassic, Cretaceous and Paleogene deposits
is the same as mentioned above and increases to 20 g/L
with increasing occurrence depth [Li, 1975; Daukeev et
al., 2002a; Akchulakov et al.,, 2002; Iskaziyev et al., 2015;
Zholtaev, Ozdoyev, 2010].

The AB is the result of the Late Paleozoic - Mesozoic
crustal subsidence (see Fig. 3, 4) along large-amplitude
oblique slips of the Main Junggar and Chingiz faults and ex-
hibits insignificant vertical kinetics with a shallow basement
occurrence. The deepest South and North Alakol troughs
are filled by the Upper Paleozoic terrigenous deposits (see
Fig. 3,5)

0il evidence may include oil-filmed water spouting from
the well located 5 km north of Zharbulak. The names the
local people gave natural springs and lakes are of interest
because they contain information on the hues of water.
"Kara" which means "black" - the color of hydrocarbons - is
most commonly used in the names of localities: Karakuduk
(Black Well), Karabulak (Black Spring), Karakol (Black Lake),
Karasu (Black Water).

Exploration of the Junggar basin area showed that the
Upper Devonian and Carboniferous rock units are of high
oil and gas potential [Li et al., 2015; Zong et al., 2015; Zhu
et al., 2022]. In the Carboniferous deposits of the North-
west China were discovered the Wucaiwan, Shixi, Kelameili
and Chepaizi oil and gas fields, and a number of oil zones
in the Karamay Field. The Permian rocks also have a high
hydrocarbon potential. In the Zaysan basin, oil and mined
bitumen are extracted from the Permian and Jurassic res-
ervoir rocks. The Permian source rocks show a low degree
of maturity. Paleogene gas is a product of oil and oil de-
rivatives degradation. In the Zaysan basin, there were dis-
tinguished two oil-saturation and one gas-accumulation
stages [Li et al,, 2015; Zong et al., 2015; Zhu et al,, 2022].
The first stage of hydrocarbon formation probably dates
back to 207 Ma (Late Triassic) when the source rock fell
within the temperature interval of oil window (depth 1.6-
4.0 km, temperature 60-150 °C). Oil migrated into the Per-
mian deposits, and oil reservoirs subsequently underwent

biodegradation. Another oil migration occurred in the Up-
per Cretaceous (70-100 Ma ago) [Akchulakov et al., 2002;
Iskaziyev et al., 2015].

6. CONCLUSION

Studies of the Late Paleozoic - Mesozoic tectonic evolu-
tion testify that the Devonian - Carboniferous - Permian,
Jurassic and Paleogene reservoir rocks could accumulate hy-
drocarbons. Perhaps, a hydrocarbon potential of the Alakol
basin is caused by the secondary hydrocarbon migration
from the underlying terrigenous deposits.

The possible prospects of the Alakol basin for hydrocar-
bons in the basement subsidence zones are related to:

- increase in thickness of the Carboniferous, Permian,
Triassic and Lower Jurassic organic-rich sedimentary de-
posits;

- subsidence of the stepped top of the AB basement, con-
trolled by dynamics of the Main Junggar and Main Chingiz
faults and their associated feathering faults at the colli-
sional and post-collisional stages, which in turn gives rise
to the formation of stratigraphic, lithological and struc-
turally screened traps.

Features identified in the regional and local structure,
lithological-paleogeographic conditions and lithological-
facial and material composition of rocks in the Alakol basin
allow to some extent to give an optimistic estimate of its
hydrocarbon prospects. The foreseeable zones with traps
are confined to the subsided parts of the grabens.
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