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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COMMON AND DIFFERING GEOLOGICAL FEATURES
OF THE ALAKOL AND CHINESE DZUNGARIAN TROUGHS
IN VIEW OF THEIR OIL-AND-GAS PROSPECTS

Abstract. In the current paper, an attempt has been made to consider the history of geological development of
the Alakol trough in East Kazakhstan and the Dzungarian trough in China. Reconstruction of commonness and
difference in development of these troughs has been implemented on the base of the analysis of their thickness,
lithological structure and paleographical conditions of rock reservoirs with purpose of determining the prospects of
their oil-and-gas content.

Key words: the Alakol trough, the Dzungarian trough, paleographic conditions, lithology, rocks, the Paleozoic
age, the Cenozoic age, conglomerates, sandstone, clay, carbonate, tectonic movements, oil-and-gas content.

Many researchers see similarity between the two original troughs, emphasising their common
geological features, which are manifesting in the continuity of petroleum strata between the Dzungarian to
the Alakol trough [1, 2].

The article considers works of the pioneers, thus paying the due tribute. References are made to the
works published in recent years, their materials being sufficiently substantiated.

In order to inspect the geological structure of these troughs, we considered the following works:
A.K.Buvalkin (1960), A.K. Buvalkin and V.I.Vlasov (1961), A.K.Buvalkin and M.Ts.Zhaimin (1958),
A Kh.Ivanov (1962), K.V.Kurdukov (1954), V.Ya.Kolubin (2002), G.Zh.Zholtaev and S.M.Ozdoev
(2010), N.S. Abduev, S.M.Ozdoev and R.Kh.Ostapenko (2010) — on Alakol, and A.Kh.Ivanov (1962),
F.S.Maisenko and G.K.Nevsky (1960), V.A.Obruchev (1948), N.M.Saidov (1956), N.P.Tuaev (1963),
L.Chzhan, A.V.Sidnev (2010), Go Ming and A.V.Sidnev (2015), G.P.Kuznetsova, Van Tse and Lu Inzhu
(2017) — on the Dzungarian trough.

The authors of the current paper do not pretend to the exceptional accuracy of the study on history of
geological development of these peculiar structures.

Alakol is a promising oil and gas bearing region, geologically associated with the intermountain
trough of the same name, limited in the north by the Tarbagatai range, in the southwest by the Dzungarian
Alatau range, and in the southeast by the Berlik and Maily ranges. The area of the trough is 25,600 sq.km.

Rocks of the Paleozoic, Mesozoic and Cenozoic ages take part in the geological composition of the
trough. Paleozoic rocks within the trough are not exposed and have been studied only in its framing boun-
daries. They are intensely dislocated, broken by faults and intrusions, and form the Alakol trough’s foun-
dation [3]. According to geophysical data, volcanogenic and volcano-sedimentary deposits of the Early
and Middle Devonian with thickness of up to 4,000 m are supposed to be developed under the trough.

The Dzungarian intermountain trough, located in the western part of China with the area of 130 thou-
sand sq.km, is limited in the northwest by spurs of the Maily-Dzhair range, in the south by the East Tian-
Shan, in the east by the branch of the Karamaily range and in the southeast is framed by the Mechinula
range.
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Recent studies within the Dzungarian sedimentary basin have revealed new additional structural
elements of the second order: uplifts, deflections, depressions, which made it possible to map the complex
geological structure and revise the basin’s structural plan [4, 5].

Paleozoic, Mesozoic and Cenozoic rocks take part in geological structure of the basin; the foundation
is considered by some researchers as heterogenic, by others as composure of Caledonite and Hercynide
rocks.

The Atlas of lithological and paleogeographic, structural, palinspastic and geo-ecological maps of
Central Eurasia, compiled in 2002 with participation of experts from geological services of China, adopted
the Paleozoic age of the foundation, while it is rather confined to the Lower Paleozoic. The base of the
Dzungarian trough is formed by crystalline shale, occurred at depths of 16 km down in the south part and
monoclinal wedging for 2 km to the north [3]. The main capacity of the sedimentary cover rocks is con-
centrated within the Urumgqi trough There is no information on the Alakol trough in the Baikal tectonic
epoch, at the end of the Proterozoic and in the beginning of the early Paleozoic. At that time, the eastern
part of the nascent Dzungarian basin was a land with non-segmented deposits.

Starting from the Ordovician, under marine conditions, deposits accumulate on the continental slope
of the Alakol trough. In the Dzungarian trough, marine conditions are preserved, forming a deep-water
trough, composed of siliceous shale and sandstone rocks of up to 1000 m thick.

In the Silurian and Devonian ages, the sea transgression increased, rock formation took place in the
Alakol trough’s inner shelf zone, with activation of volcanism. Formations of various lithological compo-
sition are represented by tuffy sandstone, siltstone, siliceous shale, conglomerates, limestone, tuffs and
porphyrites of up to 800 m thick.

Deep-water troughs expanded in the Dzungarian basin. Tectonic activation of folding processes led to
deposition of metamorphic shales, argillites and basalts up to 3000 m thick on the continental slopes. In
the Lower Devonian age, a shift occurred along the submeridional fault touching the junction area of the
Alakol and Dzungarian troughs. It was the faults formed in the Ordovician that determined difference in
tectonic conditions and geological development records of the Alakol and Dzungarian troughs. Common
to them is manifestation of horizontal movements, as well as shifts along the two boundary faults of
sublatitudinal strike in the Lower Devonian.

In Early Carboniferous, due to increased tectonic activity in the troughs, differentiation of the litho-
logical-paleographical situation occurred, along with spatial dissociation of rock formation conditions.

In the southern part of the Alakol trough, the inner-shelf marine conditions for formation of coarse-
clastic rocks with thickness of up to 720 m were preserved, while continental volcanic movements in the
northern part, shaping rhyolites, dacites and andesites of up to 1300 m thick, were active.

Minor changes occurred in the Middle Carboniferous age. The northern part of the trough was busily
occupied with orogenic manifestations. Lime deposits with peltsipodic fauna and inclusions of tuffy
aleurolites of total capacity of up to 700 m accumulated on the main part of the trough.

In the Dzungarian trough, rocks formed at the foot of the continental slope, under deep oceanic
conditions; sediments were composed of metamorphic shales and mudstones of up to 2000 m.

In the Middle Carboniferous, the Dzungarian trough experienced regression of the sea, development
of coastal plains, foothills of continental slopes and contrast relief of mature island arcs with accumulation
of limestone, sandstone, tuff sandstone, clay sandstone with organic remains of trilobites, corals and
terrestrial flora. According to the borehole data, thickness of deposits in the Urumgqi deflection is 2375 m.

In the Early Permian age, accumulation of sediments takes place under the plain-coastal paleogeo-
graphic conditions, with formation in the north part of the Alakol trough of continental volcanic mountains
up to 1300 m high. Lithologically, rocks are similar to those of underlying rocks of the Middle Carboni-
ferous with thickness of up to 700 m.

In the Early Permian, the Dzungarian trough undergoes deflecting with development of coastal plains
and lakes. Lithologically, these are green and dark-gray sandstone, conglomerates, shales; their thickness
in the Karamaily district is 1470 m, reaching in the Urumgqi trough 4700 m. Found among the rocks, are
bituminous shale and coal interlayers.

By the end of the Early Permian age, mobility of geodynamic directions of the quasi-platform cover
is exhausted.
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It is believed that in the Lower Permian age the time came for transition from geological development
to the orto-platform stage.

Ascending movements in the platform development process during the Permian age did not construct
significant mountains. Surface of the inspected troughs is characterised by acclivous accidental terrain,
they were not affected by sharp tectonic movements.

In the Triassic age, the entire territory of the Alakol trough was represented by low mountains in the
northeast part of the country, developing elevations in the southwest part, and these landscapes were
separated by an active sublatitudinal fault.

In the lower Triassic, continental coarse-clastic rocks were accumulating in the western part of the
Alakol trough, on the Permian effusive sedimentary deposits with angular disagreement. In the Middle
Triassic age, the planar erosion prevailed.

In the Lower and Middle Triassic ages, conglomerates of violet-red colour, sandstone, and clays of
thickness of up to 700 m deposited in the Dzungarian trough under lacustrine-alluvial conditions.

In the Upper Triassic age, downward movements were noted, especially explicit in the south of the
Dzungarian trough as they favoured accumulation of conglomerates, sand-clay rocks and coal interlayers
in the Urumgqi trough. The general thickness exceeded 1500 m.

In general, the Triassic occupies an intermediate position during the transitional period in geological
development of the Hercynian and Alpian epochs of upward tectonic movements in eastern troughs of
Kazakhstan and Dzungaria.

For the Alakol trough area, the Jurassic period is divided into two epochs, according to paleographic
rock formation conditions. In the Middle Jurassic time, the Alakol trough was a two-part sublatitudinal
space. The northeast side was covered with hills, and the southwest was a scene for formation of foothill
and intermountain troughs with carrying-out of coarse-clastic material with thickness of up to first
hundreds of meters.

In the Dzungarian trough, downward movements which had already started in the Lower Triassic
continued in the Lower and Middle Jurassic ages. At this time, the Dzungarian trough expanded sharply to
east, where sediment accumulation occurred on lowland plains under lacustrine-alluvial conditions. The
lithological composition of rocks includes conglomerates, sandstones, clays, coal interlayers with
inclusions of vegetal residues. Thickness of the rocks increases from north to south, from 130 to 982 m in
the Urumgqi trough.

In the Lower Jurassic time, the Alakol trough area was totally represented by the paleographic
situation of denudated elevations and formation of terrigenous rocks.

In the Upper Jurassic time, the size of the Dzungarian trough slightly decreased. Clayey formations,
sandstones with terrestrial flora and ostracodal fauna were depositing in the remaining trough area.
Sediment thickness varied between 69 m in the north to 683 m in the south.

Nascent in the end of the Upper Jurassic age, upward movements influenced the Alakol trough in the
Early Cretaceous age too, as the denudation space of elevated plains. Processes of land levelling were
taking place during this time.

In the Early Cretaceous age, all deflections of the Dzungarian trough got involved into the uplift. The
trough area reduced a little more, and the formed rocks of sandy-clay composition accumulated with
angular disagreement on the Jurassic deposits. The rock thickness of the Lower Cretaceous is 80 m in the
north, 684 m in the centre of the trough and 526 m in the south of the Urumqi trough.

Accumulated rocks and conditions of their formation indicate that the Lower Cretaceous age was the
time of the least tectonic activity.

In the Lower Cretaceous age, paleographic conditions of lowland plains and uplands with accumu-
lation of lacustrine-alluvial sediments were existent in the Alakol trough. This period is characterised by
some increase in tectonic activity. Downfolds of the Alakol trough, located in the southeast along the
Dzungarian fault, started developing again, according to the inherited plan, laid yet in the Triassic and
Jurassic ages; the sandy clay deposits accumulated there.

In the Upper Cretaceous age, significant reduction of the Dzungarian trough occurred due to
continued development of downward movements in its south part. Sandy-clay deposits with thickness of
70 m and 468 m respectively accumulated in the north and the centre of the trough. In the Urumqi trough,
conglomerates and sandy clay deposits of dark-brown, redbrick-red colours accumulated with maximal

— § —
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thickness of 513 m. Thickness of accumulated rocks in the trough indicates a decline in intensity of
downward movements during the Upper Cretaceous age.

In the Eocene epoch of the lower Paleogene, the sea advance is reinforced with capture of almost the
entire area of these troughs, except for plain stripes of denudation elevations. In the Alakol trough, lakes
with increased salinity accumulated argillites with interlayers of anhydrites 20-100 m thick. Only in the
northeast of the trough, did the coarse-clastic rocks accumulate with clay interlayers.

At this time, the Dzungarian trough developed in the paleographic environment of lowland plains,
where, under lacustrine-alluvial conditions, rocks were accumulated, lithologically represented by sand-
stones in northwest and sandy clay formations with admixtures of tuff lavas throughout the rest of the
trough. Thickness of the rocks varies from 74 m in the north to 300 m in the south.

In the same epoch, the Urumgqi trough experienced elevation, and coarse rocks and conglomerates
83m thick were torn down from the surrounding ridges.

Because of tectonic activation of the region, the sea was getting shallow. In the Miocene time of the
Lower Neogene, shallow marine carbonate deposits accumulated uniformly in the Alakol trough. Encoun-
tered are interlayered argillites with lime sandstones and interlays of ash streams of volcanic zones with
rocks of reddish tint of up to 100 m thick.

The paleographic situation did not change significantly in the troughs; the paleographic conditions of
lacustrine-alluvial sedimentation were preserved. The rocks are composed of greenish-grey clays and
reddish-brown sandstones up to 800 m thick.

In the Dzungarian trough, marine paleographic conditions expanded. In the northern part of the
trough, sandy-clay rocks accumulated to thickness of up to 435m. The central part accumulates lime-
stones, shallow carbonate deposits, clays with fossilized fish fauna, ostracode and gastropod. The deposits
are 196 m thick.

In this time, coarse-clastic rocks with clay interlays of 101 m thick were accumulating in the Urumgqi
trough.

Aktive tectonic movements in Pliocene of the upper Neogene of the Alpian tectogenesis conditioned
sharply differentiated block movements. Accumulated deposits of considerable thickness of 2700 m speak
for intense immersion of some blocks and rise of others. Accumulated sediments include gray conglome-
rates, light-brown and straw-gray aleurolite, sandstone and clay.

The section of the sedimentary cover of the Dzungarian basin is crowned by conglomerates of the
Quaternary system with thickness of up to 100 m.

The oil and gas content of sedimentary strata of the Dzungarian basin is associated to almost all suites
of the Paleozoic, Mesozoic and Cenozoic deposits. Commercial oil reserves have been established in
Carboniferous, Permian, Triassic, Lower-Middle Jurassic, Lower Cretaceous, Paleogene and Miocene
deposits.

In total, around 20 oil fields were revealed in the Dzungarian basin. Chinese geologists lay high
hopes on discovery of new oil fields in Dzungaria.

During 2006-2010, the oil and gas prospecting (with a break of 48 years) was resumed by the
“Remas” company in the Alakol trough. The MOGT-2D seismic surveys were also carried out in the
coastal strip around the lake. Two profiles were located in the water area (across the basin’s spread), 35
km away from each other.

Local structures were identified only on land; 3 of them were deep drilled into four wells. According to
GIS data, only the A-1 well had revealed 3 perspective horizons, but the well was closed without testing.

The wells were drilled without testing; Sm-core was sampled at the intervals of 1917-1922 m,
SKV.72. It should be noted, that sludge from the wells no.1 and no.2 was tested for minerals and bitu-
moids in the Satpaev Institute of GeoSciences. Analyses have shown up to 0,003% of hydrocarbons of the
“MCBA” and “CBA” types of bitumen giving the blue glow.

One of most important indicators in the formation of hydrocarbon deposits are hydrodynamic
conditions of water-bearing complexes in basins’ sedimentary strata, as the outcome of an operation mode
of illusive and infiltration water exchanges.

In our case, in accordance with the geological structure of the intermountain Alakol trough, the
surface and underground runoff from the ridges of the Dzungarian Anaray and Western Tarbagatai drains
towards the zones of active water exchange in the central parts of the Sassik-Kol and Alakol lakes.
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Known data of analyses of hydrogeological conditions of the upper part of the sedimentary cover, the
water chemical composition allow attributing them to surface and infiltration types. They are classified as
waters of free exchange with earth surface, negatively affecting the preservation of hydrocarbon deposits.

In the northern part of the Alakol basin, the water pressure gradient is smaller, and it can be seen as a
result of decreased geostatic load and reduced rock compaction. Therefore, we may think that the role of
the hydrodynamic factor in the formation of oil deposits in the northern part of the Alakol basin was
insignificant.

The situation was different within the southern hydrodynamic area of the Alakol basin, where the
flow lines in the connate water pressure system are directed from the zones of greatest deflection to the
zones with lower pressure.

As a result, the underground force, moving hydrocarbons along the regional uprising of strata, was
added up to water pressure of those reservoirs, where traps, properly locking the anti-current wing, could
hold hydrocarbons [6]. These could be northern wings of local structures that are worth paying attention
to, when planning oil and gas exploration boreholes.

Even basing on the wing amplitude of 35-40 m/km of structures capable of holding hydrocarbons, oil
reserves are to be expected in deposits of the southern part of the Alakol basin with increasing capacity of
the sedimentary cover.

Thus, hydro-geological and geological conditions of Mesozoic and Paleozoic sedimentary strata
especially in the southern part of the Alakol basin do not contradict to the view about the active
participation of hydrodynamic forces in the formation of hydrocarbon deposits.

Thus, the aforesaid, as well as consideration of published papers and geological-geophysical
materials, allow drawing a conclusion that the sedimentary basin of the Alakol trough should be consi-
dered as an independent perspective object for detecting commercial hydrocarbon reserves. Study of
tectonic development of the region and its cover indicates that hydrocarbons could be accumulated in
deposits of stratigraphic levels of the Permian-Triassic, Jurassic and Paleogene reservoir rocks.

It should be assumed that formation of hydrocarbon potential of the sedimentary complex is con-
ditioned mainly by vertical flow of hydrocarbon fluids from the underlying Paleozoic terrigenous and
terrigenous-carbonate deposits.

Common features in tectonic structure of intermountain troughs of the South-East Kazakhstan and
Xinjiang of China, in particular Dzungaria, are in similarity of their sedimentary cover. Deposits’ maximal
thicknesses concentrate in deflections of the southern framing of deep faults, and the cover is monoclinally
reduced towards the north. Such asymmetric development of intermountain troughs is explained in terms
of plate tectonic manifestations, differentiated nature of rise and falls of strata blocks.

Discrepancies between Alakol and Dzungarian troughs are not essential as both developed mainly in
the platform stage. The difference can be attributed to somewhat greater role of duration of downward
movements in case of the Dzungarian trough.

As a result, the capacity of accumulated sedimentary cover in the Dzungarian trough is

16 km [7], while that of Alakol is four times less. The Dzungarian trough area is five times larger
than that of Alakol. This is characteristic to a much lower intensity and differentiation of tectonic activity
which disposed the Alakol trough to ascending movements.

The Alakol trough shows direct and indirect signs of the oil-and-gas bearing capacity. Here, we
observe periods of intense accumulation of multi-meter coal strata in the Carboniferous and Jurassic ages,
which is one of the favourable conditions for the formation of oil and gas source rocks.

Undoubtedly positive signs of oil-and-gas bearing capacity in the region are: mud volcanism, spread
of bituminous rocks, ozokerites, asphaltites, presence of dissolved heavy gases and phenols in water
sources. Significant oil and gas accumulation zones are associated with widely developed mobile struc-
tures of the Dzungarian Alatau range. This is confirmed by debris of Mesozoic formations carried out to
surface through chimneys of mud volcanoes along the Dzungarian Devonian-Carboniferous fault [8]. A
direct sign of oil-bearing capacity can be seen in water self-discharging from a well located 5 km
westward from the Zharbulak village: the water bears a film of oil.

Having these obvious prospects for detecting oil and gas deposits in the Alakol basin, most of the
issues affecting the geological structure and oil-and-gas bearing capacity will have to be clarified by the
upcoming geophysical and exploration work.
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