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This article highlights the geological and geochemical features of the oil field of the Caspian
region of the territory of Kazakhstan. The ways of hydrocarbon migration, which were carried out in
the direction of the southern steeper part of the Arystanov stage, are described. All the studies carried
out over the previous years have shown that the composition of dispersed organic matter (kerogen)
contained in Jurassic and Triassic sediments has a predominantly mixed, mixtinite composition. The
factor causing long-range migration may be faults, including a high-amplitude fault in the junction
zone of the Kosbulak trough with the Akkulkovsko-Bazaysky ledge and the Aral-Kyzylkum fault,
to which the deepest parts of the Kosbulaksky and Barsakelmessky bends are confined, and rock
fractures in various porous and permeable reservoir rocks can also serve. The presence of significant
reserves of dry methane gas deposits in the Paleogene of the Akkulkovsko-Bazaysky ledge and the
established manifestations of gas in the northern half of the Kyzyloysky shaft in Upper Cretaceous
sediments are associated with their vertical and lateral migration within these ledges, including
vertical along the faults. The unconformity surface at the foot of the Lower Jurassic sediments
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provides the development of organic life, plant growth, and clay residues deposited above these
unconformities become good source rocks. According to all geochemical indicators, the Middle
Jurassic rocks are oil-producing that are located in a favorable middle zone of mesocatagenesis.
The main volumes of oil reserves discovered on the territory of Northern Ustyurt were found in the
sediments of the Middle Jurassic. The results of geochemical studies in the future will allow basin
modeling to be carried out with greater accuracy.

KEY WORDS: Precaspian basin, geochemical, dispersed organic matter, hydrogen index
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byn makanada KasakcmaH aymarbiHOarbl Kacriul eHipi MyHall KeH OPHbIHbIH 2€0/102Us/IbIK
JKOHE 2e0XUMUSINIbIK epeKwernikmepi Kammbinadsl. ApbicmaHo8 spycbiHbiH OHmMycmik mik 6eniai
barbimbIHOa Xy3eae acblpbliiraH KemipcymekmepdiH Kewi-KOH xondapbl cunammarnfsaH. AnobIHfbl
XKblridapel XypaizinzeH 6aprnbik 3epmmeynep KOpa xoHe mpuac weaiHdinepiHdeai ducriepcmi
OpeaHukarnbiKk 3ammapdbiH (Kepo2eH) KypaMbl He2i3iHeH apanac, MUKCMUHUM KypambiHa ue
eKeHiH kepcemmi. YIIKeH KawbiKmblKmapsa Kewi-koHOblI myObipambiH ¢hakmop akayrnap 6onysbl
MYMKIH, OHbIH iwiHOe Kocbynak doracbiHbIH AKken-ba3al doracbiMeH xoHe Apan-Kbi3biiKym
JKapbIbICbIMEH KOCbIly aliMarbIHOarbl XXoFapbl aMiumyoarsbiK akayrblK, oFraH Kocbyrak xoHe
Bapcakenmec uinimoepiHiH eH mepeH benikmepi wiekmerneaeH, coHOali-aK apmyprii Keyekmi xoHe
emKi3aiw may XblIHbicmapbiHOarbl aKaynap.KomeKmoprbiK XbiHbicmap 0a Kbiamem eme anaokbl.
Akken-ba3sali xomachbiHbIH naneo2eHiHO0e Kyprak MemaH WOofbiprapbiHbIH €08yip KopbIHbIH 601ybI
XoHe Kbi3blnol yUiHAICiHIH conmycmik xXapmbicbiHOarbl Xorapfbl 60p weeiHdinepiHoeai ea3dbiH
aHbiKkmarsnraH KepiHicmepi onapdbiH OCbl Kemepriep weaiHoe, OHbIH iwiHOe cbiHbiKmap 60olbiHOa
mik xeHe bylipni kewi-KoHbIMeH 6alinaHbicmbl. TemeHai FOpa weeiHdinepiHiH emeeiHoeai calikec-
Cci30ik 6emi opa2aHuUKarbIK mipwinikmiy damybliH, eciMOikmepOiH ecyiH Kammamachi3 emedi, an ocbl
calikeccizdikmepdiH yCmiHeH xuHarraH ca3 Kandbikmapb! 6apribiK 2e0XUMUSIIbIK Kepcemkiumep
bolibIHWa xakcbl bacmarkbl XbiHbicmapFa aliHanadbl. Conmycmik Ycmipm aymarbiHOa mabbinraH
MyHal KOpbIHbIH Hezi3ai kernemi opma FKOpa weaiHdinepiHeH mabbiniFaH. [eoxumussbik 3epmmey-
nepdiH Homuxernepi 6onawakma 6accelHOepdi yrikeH 0andikneH modenbdeyze MyMKiHOIK 6epedi.

TYUIH CO3/[EP: Kacnuti maHbl olinambl, 2e0XUMUSIIbIK, QUCrepcmi op2aHukKasbiK 3am,
cymeei uHoekci
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B daHHOU crmambe ocgewaromcesi 2e0/102U4ecKue U 2e0XuMuYeckue 0CobeHHoCmMu HeghmsiHo20
mecmopoxdeHusi Kacriutickoeo peauoHa meppumopuu KazaxcmaHa. OnucaHb! mymu mugpayuu
yar1e8000p0008, KOMOopbIe OCYyWeCmeIIsANuUCh 8 HanpaeneHuu xHou bonee kpymou Yacmu Apbicma-
HOBCK020 sipyca. Bce uccrniedosaHusi, nposedeHHbIe 3a rnpedbidywiue 200bl, nokasasnu, Ymo cocmas
paccesiHHO20 opeaHU4eCcKo20 seuwecmeaa (KepoaeHa), codepkauie2ocs 8 OPCKUX U MpuacosbixX
OMJIOXKEHUSIX, UMEEM MpeuMyu,eCmeeHHo cMewaHHbIU, MUKCMUHUMO8bIU cocmas. @akmopom,
8bI3blgaloWUM Mu2payuto Ha bornbuwiue paccmosiHus, Mo2ym bbimb pa3roMbl, 8 MOM HUC/IE 8bICO-
KoamrnumyOHbIU pa3fom 8 30He coeduHeHuUs1 Kocbynakckoeo rpoeauba ¢ AKKyribKo8CcKo-basalickum
sbicmyrnom u Apaso-KbI3birIKyMCKUM pasfioMOM, K KOmMopoMy rpuypodYeHbl Haubornee aybokue
yacmu Kocbynakckozo u bapcakenbmecckozo npoaubos, a makxe pasfioMbl 20pHbIX MOPo0 8 pas-
JIUYHBIX TOPUCMBbIX U MPOHUYAeMbIX Kosiekmopax. Hanuuue 3HayumerbHbIX 3anacoe 3anexeu
CyX020 MemaHa 8 rasneozeHe AKKYrKo8cKko-ba3salickoeo ebicmyra U yCcmaHO8/IeHHbIE MPOSI8NeHUs
2asa 8 cesepHoUl ronosuHe Kbi3blrolicKo20 8arna 8 8epXHEMETOB8LIX OMITIOXEHUSIX C8513aHbl C UX
sepmukarnbHoU u 6okosol Muepauyuel 8 npedenax 3mux ycmyrios, 8 MoM HYucrie eepmukarnbHoOU
800’1b pazromos. [losepxHocmb Hecoanacusi MoOOW bl HUXHEIOPCKUX OmrioxeHuUl obecriedusaem
passumue opaaHU4ecKoUl KU3HU, pOCm pacmeHull, a 2/TUHUCMbIe 0CMamKU, OMIIOKeHHbIe Had amu-
MU HecoernacusiMu, CmaHO8sIMCcsl XOpowuMU MamepuHCcKumu rnopodamu. 1o ecem 2eoxumu4eckum
rokazamernsivM cpeOHerpcKue rMopodkl Aensaomcesi Heghmenpodyuupyrowumu nopodamu, Komopsble
pacrionoxeHnl 8 briazonpusimHol cpedHel 30He Me3okamazeHe3a. OCHO8Hble 06beMbI 3arnacos
Hegbmu, 0bHapyxeHHbIX Ha meppumopuu CegepHo20 Ycmropma, Obiriu 8bisierIeHbl 8 OMIIOXEHUSIX
cpeldHel topbl. Pe3ynbmamel 2e0XumMuyeckux uccriedosaHull 8 bydyuwem rno3eosnsim rnposodums
b6acceliHogoe modernuposaHue ¢ bosnbwel MOYHOCMbI.

KJTIOYEBBIE CJT0BA: Npukacnutickull 6acceliH, 2eoxumuydeckuli, POB, 8000p00HbIl UHOEKC.

search and exploration of hydrocarbon (HC) deposits is currently growing due to

the emerging trend of depletion of a large number of exploited oil and gas fields
[1]. The southern framing of the Precaspian basin is a complex of various structures: the
Precaucasian zones of the Scythian plate, the Donbass-Tuarkyr trough of post-drift immersion,
the shelf of the Northern Ustyurt of the Turanian plate [2]. The triangular-shaped North
Ustyurt basin is located between the Caspian Sea and the Aral Lake in Kazakhstan and
Uzbekistan and extends offshore both on the west and east [3]. Ustyurt was formed on a
cratonic microcontinental block that accreted to the north in the East European platform in
Visean or Early Permian time [4]. In 1965, Nevolin N.V. [5], considering the question of the

NTRODUCTION. The relevance of using effective innovative methods in the
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deep geological structure of Western Kazakhstan, identified 5 complexes within Ustyurt:
Archean-Lower Proterozoic, Riphean-Ordovician, Silurian-Eiffel, Zhivet-Lower Triassic and
Upper Triassic-Paleocene. In the publications of the 1970s by S.M. Ozdoev, on the basis of a
comprehensive analysis of the material composition of rocks and hydrogeological indicators,
the zoning of the territory of Northern Ustyurt was carried out according to the prospects
of oil and gas potential [6] [7]. Within the Kazakh part of the territory of the North Ustyurt
sedimentary basin, industrial oil accumulations have been discovered in Jurassic sediments on
the Komsomolskaya, Kultukskaya, Arstanovskaya and Karakudukskaya, Koshkaratinskaya
mulda areas in the Shalkar trough (Figure 1) [8]. The basement at the Northern Ustyurt
Block is located at 5-11 km [9]. In 1996, A.A. Abidov and F.G. Dolgopolov identified 2
paleorift systems of collision type in the Paleozoic complex of Ustyurt [10]. According to
other authors, within the Arystanovsko-Mynsualmassky system of geomagnetic anomalies,
the depth of immersion of the foundation varies in the range of 8.5-12.5 km [11]. According
to the Upper Triassic-Lower Jurassic deposits, the East Shoshkakol graben also meets these
conditions, where the depth of the sole of these deposits is estimated to 3.5-4 km according
to the preliminary stratification of the reflecting boundaries.

Accumulation of hydrocarbons in traps can occur both in the generation zones and
in the marginal, most elevated parts and separating ledges in the presence of favorable
conditions for lateral migration of hydrocarbons.

The formation of accumulations of the Komsomolskoye, Karakuduk (and Arystanovskoye)
deposits occurred due to the thermal transformation of kerogen from the Middle Jurassic
deposits accumulated in the bent zones of the Koltyk and possibly Kulazhatskaya mulds.

3 Volga-Ural ¢ v
)

== Geologic province name and boundary ASSESSMENT DATA

-~ Country boundary eeeeeeees Assessment units boundary and name
® Gan flokd conterpolot Total petroleum system boundary

* Ol field centerpolnt

Figure 1— Petroleum system and assessment units of North Caspian basin. (by Ulmishek G., 2001)
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The migration of newly formed hydrocarbons probably occurred to the south,
towards a steeper side — the Arstanov stage, which occupied an elevated position, where
accumulations formed in the Jurassic productive complex. There is widely held opinion
that further source-rock potential may be provided by Carboniferous deep-water facies
in the adjacent North Caspian basin through lateral migration of hydrocarbons into the
adjacent North Ustyurt basin [12].

In the relief of the surface of Paleozoic deposits, the Kosbulak and Samsky bends are
isolated at depths of 5.5-6.5 and 6.5—7.5 km, respectively, and the Kultuk depression up
to 7.0-8.0 km [13]. The distribution of thickness and facies shows that the North Ustyurt
depression remained the main synclinal structure of the region, along which the waters of all
Miocene transgressions were spread [14]. The proposed oil-producing complex of Triassic
age includes formations of the Upper Triassic and, possibly, the Lower Jurassic, formed in
shallow coastal-marine and marine conditions that existed only in the west of the territory,
mainly in the most bent zones of the Kultuk mulda. The migration of hydrocarbons from the
Triassic sediments occurred mainly in the vertical direction. The realization of the generation
potential of this complex could cause the formation of clusters within the Kultuk zone.

The most significant changes in the facies conditions of accumulation of source rocks are
observed in the latitudinal direction. They were caused by the spread of marine transgressions
in the eastern direction, both in the Triassic and Jurassic periods. More significant changes
are noted for the Jurassic stage of precipitation accumulation, since the territory was more
differentiated structurally and tectonically. All the studies carried out over the previous years
have shown that the composition of dispersed organic matter (kerogen) contained in Jurassic
and Triassic sediments has a predominantly mixed, mixtinite composition (Figure 2).
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Figure 2 — Characteristics of the types of dispersed organic matter by the ratio of oxygen
and hydrogen indices
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Moreover, the ratio of micro-components of kerogen experiences changes in
accordance with the change of facies conditions.

Spatially Jurassic deposits are traced in the time relations of Early Mesozoic rifting.
The accompanying geodynamic and tectonic processes are inextricably linked with the
historical and genetic model of the formation of hydrocarbon accumulation zones.

The factor causing long-range migration may be faults, including a high-amplitude
fault in the junction zone of the Kosbulak trough with the Akkulkovsko-Bazaysky
ledge and the Aral-Kyzylkum fault, to which the deepest parts of the Kosbulaksky and
Barsakelmessky bends are confined, and rock fractures in various porous and permeable
reservoir rocks can also serve. Zones of oil and gas accumulation are inversion uplifts,
areas of rock wedging and faults of tectonic shielding, and side sections of grabens of
lateral migration of hydrocarbons.

At the same time, the presence of significant reserves of dry methane gas deposits
in the Paleogene of the Akkulkovsko-Bazaysky ledge and the established manifestations
of gas in the northern half of the Kyzyloysky shaft in Upper Cretaceous sediments are
associated with their vertical and lateral migration within these ledges, including vertical
along the faults. The latter is proved by the presence of faults that cut through the entire
sedimentary cover and affect Paleogene deposits, which were established by the latest
work on the Akkulkovsky ledge.

In accordance with this, the main positive structural elements of the platform type,
along with the side parts of the depression, are the most likely zones of oil and gas
accumulation along the deposits of the platform cover and the Upper Triassic-Lower
Jurassic. The lithological factor is favorable for lateral migration -the presence of
alternating bundles of sand reservoirs and clays in the Middle-Upper Jurassic section.

METHODOLOGY. The prospects of oil and gas potential depend on three main
criteria for the formation of generation potential and accumulation of hydrocarbons: the
volume of oil and gas-producing strata, their entry into the main catagenetic zones of oil
and gas formation and the reliability of screening of oil and gas-bearing rock complexes.
There is a sufficient volume of sediments of Jurassic strata in the Kosbulak trough. They
lie at sufficient depths up to 5 km, which, together with the anomalous geothermal regime
of the subsurface, caused them to undergo the processes of oil and gas formation.

The history of the development of the Ustyurt sedimentary basin from the Kultuk
Bay to the Aral Sea shows the consistent and uniform passage of Jurassic sediments in the
grabens of the Kultuk, Samsky and Kosbulak bends of the main oil and gas formation zone.

Geochemical studies of the material composition of organic matter and bitumoids
indicate that the Jurassic deposits have fully realized their generation capabilities.
Dynamics of development of deep-submerged grabens of the North Ustyurt shows that
optimal conditions for the mass generation of liquid hydrocarbons of Jurassic rocks were
created in them already in the Cretaceous, on uplifts in the Paleogene.

The conducted studies of the Jurassic strata from the standpoint of a new approach to
the theory of rift structures made it possible to determine the formed potential of oil and
gas complexes and to outline areas for the prospects of oil and gas exploration.

The regionally widespread and most studied Jurassic deposits in the sedimentary
cover are oil and gas bearing in the sedimentary basins of Kazakhstan. Within the territory
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of Ustyurt, they lie on the eroded surface of Paleozoic, Lower Triassic rocks, and in
places - Middle and Upper Triassic with hiatus and unconformity. The most ancient of
them belong to the lithologically difficult-to-separate thickness of the Shoshkakol series
of the Upper Triassic and Lower Jurassic. On the Northern Ustyurt cliff, they are opened
by several wells and are represented by mudstones, which are layered with sandstones
and siltstones of gray tones. According to the thickness distribution of dark mudstones,
Kosbulak sag, Sudochi sag and Barsakelmes sag were preferable hydrocarbon-generation
sags [15]. The uncovered thickness of the rocks of the Shoshkakol series reaches 1000
m. Such rock thickness and lithology are characteristic near the Shoshkakol anticline in
the north-west of Ustyurt. In other places of the studied territory such capacities are not
met, which indicates the intensive subsidence of some and the rise of other Ustyurt blocks
at this time. The Ancient Cimmerian folding phase is observed here, which affected the
preservation of Lower Jurassic deposits in bends and on positive structures.

Where the deposits of the Lower Jurassic are uncovered by wells on the structures of
the Northern Ustyurt that are distant from each other, they indicate a sufficient concentration
of organic matter in them capable of generating hydrocarbons (Figure 3). The unconformity
surface at the foot of the Lower Jurassic sediments provides the development of organic
life, plant growth, and clay residues deposited above these unconformities become good
source rocks. According to the accepted gradation of the stages of oil and gas formation,
the Lower Jurassic deposits are located at the depth of the lower phase of mesocatagenesis.
This interval is considered the most favorable for oil formation and preservation of oil
deposits. Due to the sporadic distribution and low thickness, the Lower Jurassic deposits
could produce a limited amount of hydrocarbons. This is evidenced by open oil fields
with average reserves.

The Middle Jurassic deposits of regional distribution lie with stratigraphic
and angular disagreement on the underlying rocks. They are represented by three
tiers: Aalensky, Bayosky and Batsky. The Aalensky tier of sporadic distribution is
conditionally distinguished in sections of wells drilled at the Arstanovsky stage and in
the Barsakelmessky trough. Widespread deposits of the Bajocian and Batsky tiers are
confirmed by many paleontological data. Lithologically, the deposits of the Middle Jurassic
are composed of overlapping sandstones, clays, siltstones containing numerous charred
plant remains. The clays are argillite-like, silky, colored in gray, dark brown and black
tones. Siltstones are light gray, thinly layered, clayey. The sandstones are fine-grained,
light gray, silky. There are separate differences of calcareous sandstones with carbonaceous
detritus, gravel, polymictic, thin-layered sections. The thickness of the Middle Jurassic
ranges from complete wedging in the extreme northwest of Ustyurt in the area of the
Zhaksybutash block uplift and up to 980 m in the trough. This Middle Jurassic volume
of rocks is the main supplier of hydrocarbon compounds. A characteristic feature of the
indicators of the analysis of geochemical studies of rocks of the Middle Jurassic is the
spread of a large content of organic substances over the territory.

The dividing boundary of the two areas of the quantitative content of hydrocarbon
indicators is the rift zone, tectonically confined to the North Ustyurt trough. It stretches
latitudinal from the Komsomolets Bay of the Caspian Sea to the Aral Sea. Within the area of
the territory located north of the rift zone, the content of hydrocarbon compounds increases

7K
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from west to east. While in the territory located south of the rift zone, geochemical
indicators of hydrocarbon compounds are increasing from east to west.

RESULTS. According to all geochemical indicators, the Middle Jurassic rocks are
oil-producing rocks that are located in a favorable middle zone of mesocatagenesis. The
main volumes of oil reserves discovered on the territory of Northern Ustyurt were found
in the sediments of the Middle Jurassic.

Upper Jurassic deposits have been uncovered in many areas of the territory of Northern
Ustyurt. They lie with stratigraphic unconformity on rocks of the Bajocian tier. Lithological
features in combination with paleontological remains and field geophysics data make it
possible to dissect the Upper Jurassic deposits into the Kellovian, Oxford, Kimeridgian and
Volga tiers. The Kelloway-Oxford deposits are represented by a thickness of dark green,
greenish-gray mudstones with interlayers of greenish-gray medium-grained sandstones and
siltstones. On the waterworn surface of the Kelloway-Oxford formations, the Kimeridge-
Volga formations are deposited, represented mainly by carbonate rocks: dark gray, greenish-
gray sandstones, organic limestone-shells, mudstone-like clays, siltstone clay with a shell
fracture and remnants of fauna. The layering of clay and carbonate deposits of the Upper
Jurassic, whose thickness reaches 100-400 m, makes it possible to consider this thickness
a good seal for the underlying oil and gas producing rocks. The Upper Jurassic sediments
subjected to geochemical studies showed a characteristic increase in the concentration of
bitumoids from the northeast to the southwest of the territory of Northern Ustyurt.

In the marginal rift zones and at the Arystanov stage, a group of structures according
to geochemical factor are favorable for the formation of gas-oil deposits in the Upper
Jurassic sediments, which is proved by well-known oil deposits. Thus, taking into account
the regional distribution with a total thickness of up to 1500 m, geological and structural
factors and analytical data, we can conclude about the degree of prospects of the territory
of Northern Ustyurt for Jurassic deposits.

DISCUSSION. Industrial accumulations of oil and gas in the Jurassic sediments have
been identified and are being exploited in a number of areas. The high content of organic
matter, bitumoids, and reducing sedimentation conditions that existed in the Jurassic
period make it possible to highly evaluate their prospects for oil and gas. At the same
time, the degree of prospects of the Jurassic section as a whole according to geochemical
data increases from east to west. Analytical data indicate that there are still undisclosed
prospects for the discovery of new oil and gas fields in the territory of Northern Ustyurt.

CONCLUSION. In the marginal rift zones and at the Arystanov stage, a group of
structures according to geochemical factor are favorable for the formation of gas-oil
deposits in the Upper Jurassic sediments, which is proved by well-known oil deposits.
Thus, taking into account the regional distribution with a total thickness of up to 1500 m,
geological and structural factors and analytical data, we can conclude about the degree of
prospects of the territory of Northern Ustyurt for Jurassic deposits. @
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