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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. The Balkhash sedimentary basin is one of the largest geostructural
elements in the southeast of Kazakhstan and remains poorly studied in terms of
its oil and gas potential. The fundamental research problem lies in the ambiguity
of existing concepts regarding the nature, structure, and hydrocarbon potential
of the basin, particularly in its central subsided part. The relevance of the topic
is driven by the need to diversify sources of hydrocarbon raw materials, as well
as the socio-economic importance of potentially discovering new fields for the
southern regions of the country. The study employs methods of comprehensive
analysis of geological and geophysical data, including gravimetry, magnetometry,
electrical exploration, heat flow data, and the interpretation of structural-tectonic
information. Based on the reconstruction of the geodynamic evolution of the region,
a new model of the structure of the Balkhash basin is proposed, which includes
the identification of graben-synclines and tectonic steps. The key hypothesis is
the presence of slightly deformed Upper Paleozoic and Jurassic sedimentary and
volcanogenic-sedimentary complexes in the central part of the basin, which show
signs of hydrocarbon generation. Drawing on analogies with hydrocarbon-bearing
basins of the Junggar zone (China) and the geochemical characteristics of coal-
bearing and bituminous strata, the author substantiates the area's prospectivity for
oil and gas. As a practical conclusion, a three-stage program of exploration work
is proposed, involving regional seismic surveys, refinement of potential structures,
and drilling of exploratory wells. The results of the study can be used in planning
geological exploration activities, selecting priority areas for further investment, and
developing regional energy security programs.
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AnHotrammusa. bamkam merinai  Oacceiini  KasakcTaHHBIH  OHTYCTIK-
IIBIFBICBIHIIAFBI €H 1pi TeOKYPBUIBIMIBIK AIIEMEHTTEP/IH Oipi OONBIT TaOBLIAIBI,
Oipak o1 MyHaii OTEHITHAIIBI OOWBIHIIIA JJTi [Ie a3 3epTTeNreH. by 3epTTeyiH Heri3ri
MakcaThl 0acceHHIH TaOUFaThl, KYPBHUIBIMBI KOHE MYHAW OlleyeTi, acipece OHBIH
OPTAJIBIK CYy aCThIHJA KaJFaH 06JIiri Typanbl 0ap TYCIHIKTEP/IiH €KiYIITHUIBIFbIH/A
KaTblp. ByJl TakKBIPBINTHIH ©3CKTUIIrT KOMIpCYTeK KO3IepiH opTapanTaHIbIpy
KOKETTUTITIHEeH, COHIali-aK eJJIiH OHTYCTIK OHipJepi YIIiH jkaHa KeH OPBIHIapbIH
aITy/IbIH QJICYeTTI QJICyMETTIK-9KOHOMUKAIIBIK MaHBI3/IbLIBIFBIHAH TYBIHAAI OTHID.
byn 3eprrey rpaBUMETpPUSIHBI, MarHUTOMETPHUSHBI, SJIEKTp Oapiaymbl, KbLUTY
arblHBIH JKOHE KYPBUIBIMIBIK JKOHE TEKTOHWKAJBIK HHTEPIPETAIMIHBI KOoca
aJIFaHza, TeOJOTHSUIBIK JKOHE TeO0(M3UKAIBIK JEPeKTep/l JKaH-KaKThl TaJlAay/Ibl
naiigananaasl. AWMaKTBIH T€OTMHAMHKAJIBIK SBOJTIONMICHIH KaiTa Kypy Herizinue
rpaOeH-CHHKIIMHANIAp MEH TEKTOHUKAJBIK CaThUIapbl aHBIKTAyAbl KaMTHUTHIH
bankamr olnaTeIHBIH KaHa KYpBUIBIMIBIK MOJETI YChIHBUIaAbl. Herisri runoresa
— aJanThIH OpTANBIK OeiriHae MyHald MEH Ta3lblH Taiina 0oy Oenrinepin
KOPCETEeTiH QJICI3 AMCIIOKAIMsIIaHFAH SKOFapFbl Taje030i JKOHE opa MIeriHi
YKOHE BYJIKAHOTEH/II-IIOTIH I KemeHaepain 0omysl. XKoxrap afimarbiabiy (Kbitaif)
MYHaUIIBI-Ta3/lbl OacceWHIepiMEH YKCACTBIKTAphl MEH KOMIpIi JKOHE OUTYMIIBI
Ka0aTTapAblH TeOXUMHUSUIIBIK CHUITATTaMaJapblH €CKePe OTBIPHII, aBTOpP aliMaKThIH
MyHaii-ra3 oJjeyeTiH Heriznedi. [IpakTukamblk KOPBITBIHIBI PETiHIE alMaKTBIK
CEHCMHKAIIBIK 3epPTTEYIIEPIi, AJIeYeTTI KYPbUIBIMIAPAbl HAKThUIAY/IbI KoHE Oapiay
YHFBIMaJapblH OYpFbUTIayAbl KAaMTUTBIH VIO Ke3eHIi Oapnay OarmapiamMachl
YCHIHBUIIIBI. BYJT JKYMBICTBIH HOTHIKENEpPI T'€OJOTHSUIBIK Oapiiay >KYMBICTAphIH
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Kocrapiayaa, olaH opi WHBECTHIMsIIAy YIIH 0achlM OarbITTapibl TaHIAyna
JKOHE alMaKThIK DJHEPreTHKAIBIK Kayilci3mik OarmapiaManapblH — d3iplieyne
naiaanaHbUTybl MYMKIH.
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MyHali-ra3 Ty3y1ui Kabarrap
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AnHoTaums. bamxamckuii ocagovHbIii OacCeH — OAWH W3 KpyIMHEHIIHX
TEOCTPYKTYPHBIX JJIEMEHTOB IOro-BocToka Kasaxcrana, ocrarommiics ciabo-
W3y4YCHHBIM B acnekte HedrerazoHocHocTH. OCHOBHAs mpodieMa HCCIIea0BaHUs
3aKII0YaeTcss B HEOJHO3HAYHOCTH  CYLIECTBYIOIIUX  MPEACTABICHUH O
MpUposie, CTPOCHUH W MOTEHIHaNe He(TEra30HOCHOCTH OacceiHa, 0COOEHHO
B €ro IEHTPAJIbHON MOTPY)KEHHOW dYacTH. AKTYaJIbHOCTH TE€MBI OOYCIIOBJIEHA
HEOOXOAMMOCTBIO JTUBEPCU(DHUKAIIMA HCTOYHUKOB  yIIIEBOJOPOAHOTO  CHIPHS,
a TaKkKe COLUMAIbHO-DKOHOMHYECKHM 3HAYEHHEM BO3MOXKHOTO OTKPBITHS
HOBBIX MECTOPOXKICHHMN JJIsl IOXKHBIX PErHOHOB CTpaHbl. B paboTe mpumeHeHbI
METOJBl KOMIUIEKCHOTO aHaJln3a TeoJoro-reopu3nuecKuX JTaHHBIX, BKIIOYAs
JAHHBIE TPAaBUMETPHH, MArHUTOMETPUH, DJICKTPOPA3BEIKH, TEIUIOBOTO MOTOKA
W UHTEpPHpPETalii CTPYKTypHO-TEKTOHWYEecKoi wH(popmaruun. Ha ocHoBe
PEKOHCTPYKIIUM TEOJUHAMHYECKOW SBONIOLMK PETHOHA IIpe/IOKeHa HOBas
MOJIeNib cTpoeHusi bamxamickoro OacceifHa, BKIIIOYAOIAs BEIICICHHE TI'paOeH-
CHUHKJIMHAJIBHBIX CTPYKTYp M TEKTOHHYECKUX cTyneHeidl. KiroueBas rumoresa
3aKII0YaeTCss B CYIIECTBOBAHMU CIa0OAMCIONMPOBAHHBIX BEPXHENATC030HCKUX
" IOPCKUX OCAJIOYHBIX U BYJIIKAHOI'CHHO-OCAOYHBIX KOMIIJIEKCOB B HeHTpaHBHOﬁ
gacTh OacceliHa, oOiamaromux Mpu3HakaMu HedTerazoreHepannn. C ydeTroMm
aHajoruii ¢ HedTerazoHoCHBIMH OacceiiHamu JKonrapckoit 3oubl (KHP) m
TEOXUMUYECKUX XapaKTePUCTHK YIIIGHOCHBIX W OWTYMHUHO3HBIX OTJIOXKECHUN
aBTOp 00OOCHOBBIBAET MIEPCIEKTHBHOCTh HE(TEra30HOCHOCTH paiioHa. B xauecTse
MPaKTHYECKOr0 BBIBOJA TIPEIJIOKEHA TpexdTalHas M[porpaMMa IMOUCKOBO-
pa3BeloYHbBIX paboT, BKIIIOYAIONIAst TIPOBEJICHNUE PETHOHAIILHON CeHCMOpa3BeIKH,
YTOYHEHHE MMOTEHIINATBHBIX CTPYKTYP 1 OypeHHe MOMCKOBBIX CKBaKWH. Pe3ynmprarsr
WCCIIEZIOBAHUS MOTY T OBITh HCITOJIb30BAHBI TP TNTAHUPOBAHUH T€0JIOTOPA3BEA0THBIX
MEpONPUTUH, BEIOOpE MPUOPUTETHBIX YUACTKOB AJIS 1aIbHEHIINX WHBECTULIMH 1
pa3paboTKe PErHOHAJIBHBIX IPOrPaMM SHEPTOOEC30MIaCHOCTH.
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Introduction. The Balkhash sedimentary basin, covering an area of more than
90,000 km? and overlain by Quaternary barchan sands, is a major structural element
in southeastern Kazakhstan. On its western margin, i.e., the eastern slope of the
Chu-Ili anticlinorium, ancient metamorphosed rocks—exposed by hydrogeological
boreholes No. 131-133, 308, 311 and gradually dipping toward the center of
the basin—host lead-zinc, molybdenum, and gold deposits such as Vostok-1, 2,
and 3, Zhideli, Kaskyrmys, Semizkol, and brown coal enriched with uranium
(Nizhneili, Balatopar, Orta-Bakanas, Kertobe). Gold occurrences are also known
in the Malaisary anticlinorium, which forms the southern margin of the basin. In
the central subsided part of the basin lies an artesian basin of fresh groundwater.
The Junggar-Balkhash fold region to the east is separated from the Balkhash basin
by the Main Junggar Fault, along which volcanic eruptions occurred in the Late
Permian and Early Triassic, such as the Ushmola volcanic massif and others. In the
northern part of this fold region lies the Sayak polymetallic deposit, associated with
reef limestones that have undergone metamorphism, indicating the existence of a
marine sedimentation regime in the region and possibly in the adjacent Balkhash
basin.

The Mointy mega-anticlinorium and the Tokrau synclinorium, which bound the
basin from the north, are likely to dip stepwise toward the center of the basin. The
rock formations are similar; in the Tokrau zone, they have been encountered by
hydrogeological boreholes Nos. 6, 10, 77, and 215 on the southern shore of the lake
and further south, where the surface of the Paleozoic deposits dips toward the basin
center (Smolyar et al., 2007).

Historically, the potential for discovering oil and gas deposits in the Mesozoic
and Paleozoic formations at significant depths (more than 3—6 km) in the central
part of the basin has remained a subject of debate. Most researchers have assessed
the hydrocarbon prospects negatively, citing the limited thickness of the Meso-
Cenozoic sediments and assuming that the Paleozoic formations are heavily
deformed. Only in recent years have some researchers begun to support the basin’s
potential for oil and gas, allowing for the possible presence of so-called quasi-
platform complexes of Upper Paleozoic age, although this view has been advanced
without substantial supporting evidence.

In this article, by analyzing not only the geological and geophysical data from the
basin's marginal zones and central part, but also the opinions of various researchers,
the logic of their conclusions, and literature from both proponents and opponents
of oil and gas exploration, we present our views on the tectonic nature and internal
structure of the basin. We also discuss the conditions under which sedimentary and
coeval formations may have accumulated—by analogy with the Junggar-Balkhash
region—and assess the potential hydrocarbon prospects of the Upper Paleozoic
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sedimentary and volcanogenic-sedimentary sequences and Mesozoic (Jurassic)
deposits. Recommendations are provided regarding the methodology and phased
approach to oil and gas exploration and prospecting (Figure 1).

There are conflicting views among researchers regarding the nature of the
Balkhash Basin. One of the first, N.G. Kassine, identified the Balkhash-Alakol
Depression as a region resting on ancient basement blocks, where platform-
type sedimentation occurred throughout the Paleozoic. He later clarified that the
Balkhash and Alakol basins represent Middle Paleozoic platforms on a Precambrian
foundation (Kassine, 1934).

Most researchers describe the Balkhash Basin territory as part of the "Devonian
volcanic belt" (Bogdanov et al., 1963), while some avoid discussing the nature of the
basin altogether, labeling it as a "region with an unknown sedimentation character"
(Seitmuratova, 2011). The concept of the "Devonian volcanic belt," introduced
by A.A. Bogdanov (1959) for the Aktau-Mointy zone, structurally represents a
"morphologically expressed uplift... whose internal structure is characterized
by block tectonics complicated by the emergence of localized volcano-tectonic
structures, grabens, and horsts" (Seitmuratova, 2011).

Similar theoretical assumptions are found in the works of R.A. Borukaev,
O.A. Seydalin (Azbel et al., 1971; Map, 1971; Shcherba, 1973), Yu.A. Zaitsev
(Bogdanov, 1963; Ozdoev et al., 2020; Ozdoev et al., 2021), and others. This
diversity of opinion among researchers is largely due to the lack of factual data on
the Paleozoic section of the basin, which is mostly covered by Cenozoic sediments.

An expert in the geology of sedimentary basins in eastern Kazakhstan, Kh.Kh.
Paragulgov, together with co-authors, in one of their recent articles (Paragulgov
et al.,, 2002), after an extensive and thorough review of scientific opinions in
recent publications, made, in his words, “an important assumption for assessing
hydrocarbon potential: the formation of sediments in all modern sedimentary
basins (SB) of Eastern Kazakhstan began in the Devonian and is of a quasi-
platform nature...” (Paragulgov et al., 2002). This significantly alters the approach
of those who view the Paleozoic deposits as Hercynides that have undergone strong
deformation and are therefore considered unfavorable for oil and gas accumulation.

U.A. Akchulakov and A.B. Bigaraev classify the Balkhash sedimentary basin as
a rift-type basin, initiated in the early Paleozoic era and actively developing during
the Late Devonian (Akchulakov et al., 2014).

Data on the Balkhash Basin have been obtained through gravimetric,
aeromagnetic, electrical prospecting methods, as well as helium and satellite surveys.
These methods provide fundamental information about the state (thermodynamic
conditions) and deep structure of the subsurface, i.e., quantitative and qualitative
characteristics of the physical heterogeneities of the geological environment. The
geological interpretation of the results from each method (gravimetry, magnetometry,
electrical prospecting, heat flow studies, and others), or even from their combined
use, is complicated by the diversity of physical fields and the subjective opinions of
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researchers. These factors lead to multiple possible interpretations and ambiguities,
resulting in the development of various hypothetical and alternative geological
models.

To construct reliable models of the basin's structure, in addition to a
comprehensive analysis of the maximum amount of information from various
interpretative results, data from seismic prospecting using the CMP (Common mind
point) method are needed. This method has significant informational content and
resolution capabilities to illuminate the deep structure of the basin's cross-section
and the drilling of wells.

Research materials and methods.

Considering the currently available geological and geophysical data for the
basin area, along with published information on the geological structure and
nature of geostructural elements that are relatively well studied—such as the
Shu-Ile anticlinorium to the west, the Tokrau synclinorium to the north, the North
Zhetysu anticlinorium to the east, and the Tasmurun and Malaisary anticlinoria to
the south (composed of Permian and Triassic volcanic complexes)—the following
geodynamic model of the basin’s structure can be proposed (Figure 1).

Based on the analysis of the geodynamic evolution of the region and materials
from the marginal outcrops of the basin, the most acceptable and well-substantiated
version of its tectonic nature and structural position is presented in the Tectonic
Map of Eastern Kazakhstan and described in the book Tectonics of Kazakhstan
(Kassine, 1934; Tectonic Map, 1982), edited by A.V. Peive and A.A. Mossakovsky.

Like the authors of these important documents, we believe that the Balkhash
sedimentary basin is located in the southeast of the Kazakh continent, where the
continental crust of Caledonian age expanded due to the Hercynian formations of
the Junggar-Balkhash region. Therefore, we consider that during the Late Paleozoic,
the Balkhash Basin existed in a marginal continental sea regime, similar to the Sea
of Okhotsk adjacent to the Kamchatka-Kuril volcanic zone. The basement of the
Balkhash sedimentary basin is most likely of Early Paleozoic age and composed
of deformed Lower Paleozoic deposits, as well as partially volcanic-plutonic rocks
of the Lower and Middle Devonian. Under the influence of tectonic and volcanic
processes occurring in the adjacent young Junggar-Balkhash geosynclinal system
to the east, the basement surface of the Balkhash Basin underwent stepwise
subsidence, and the basin was filled with volcanogenic-sedimentary formations.
Judging by the depth of the magnetoactive surface in the inner part of the basin,
gravity data, and the anisotropic heat flow transformation map, horsts, grabens, and
numerous faults were formed—along some of which volcanic activity may also
have occurred.

In the newly compiled tectonic scheme, which for the first time incorporates
updated geological and geodynamic (magnetometric) information, the Naryn and
Akzhar tectonic steps are identified. These are separated in the west by the deep
Balkhash Fault from the Mointy and Anrakay synclinoria, which are part of the
ancient Precambrian Chu-Ili mega-anticlinorium.
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In the central part of the Balkhash sedimentary basin, geophysical data indicate
that the basement surface plunges to a depth of 4-6 km or more, forming the
Bakanas graben-syncline, which extends from the southeast to the north, then
northeastward, spanning approximately 220 km in length and 40 to 90 km in width,
with two major depressions — the Akkol and Karamergen depressions — named
after the village of Akkol and the ancient Karamergen fortress along the Silk Road.

These depressions are likely filled with Upper Paleozoic sedimentary rocks, with
the presence of volcanogenic-sedimentary formations, especially within coeval
strata associated with a phase of volcanic activity in the Junggar-Balkhash zone.
The accumulation of sedimentary sequences in the Balkhash Basin is believed to
have begun in the Late Devonian and concluded in the Permian period.

. = Junggar-Balkhash
sw Shu-1h Fold System. NE
anticlinorium

Figure 1 — Geodynamic model of the Balkhash Basin

a — tectonic scheme; b — geological cross-section along line I-1. A — Chu-Ili Anticlinorium; B —

Balkhash Basin; C — Junggar-Balkhash Folded Area; D — Malaisary Anticlinorium. Tectonic steps
(numbers): 1 — Naryn Step, 2 — Akzhar Step, 3 — Zhetysu Step.
Age of the basin basement: 1 — Riphean, 2 — Caledonides, 3 — Hercynides (marked as a on the
scheme and b on the section). 4-5 — Sedimentary and volcanogenic-sedimentary formations:
4 — on tectonic steps, 5 — in the deep central part of the basin within the Bakanas graben-syncline.
6 — Faults; a — Main Junggar Deep Fault.

In the Late Devonian and Carboniferous, simultaneous with the formation of the
Junggar-Balkhash volcano-plutonic belt in a marginal continental environment of
Caledonian age, on which the Balkhash sedimentary basin is located, predominantly
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terrigenous-carbonate sedimentation occurred, interlayered with volcanic rocks
corresponding to periods of intensified volcanism in the east.

In the central part of the Balkhash Basin, faults are clearly identified on the
anomalous magnetic field map, predominantly trending northeastward—parallel
to the Junggar-Balkhash system—and likely of earlier origin. Northwest-trending
faults, influenced by tectonic processes within the Malaisary Anticlinorium, are
distinguished in the southern part of the basin. These tectonic dislocations are
characterized by high gradients of magnetic anomalies and considerable length;
on the map, they are marked by a sharp reversal in the sign of the magnetic field.

The characteristics of the anomalous magnetic field of the Balkhash sedimentary
basin reflect its structural-tectonic and geological features. The local gravitational
field of the basin is well differentiated and clearly reflects the tectonic setting of
sedimentary complexes, intrusive bodies, and the position of the folded foundation
surface. It is assumed that the gravitational field minima generally correspond to
zones with sedimentary complexes of considerable thickness. Within the Balkhash
sedimentary basin, according to calculations by geophysics specialists, the
correlation coefficient between the intensity of the minima and the depth to the roof
of the foundation can be quite high, reaching values of approximately 0.7-0.8, by
analogy with neighboring basins.

In the history of the formation of the Balkhash sedimentary basin (OB), three
stages should be highlighted: Late Paleozoic, Mesozoic, and Cenozoic.

The Late Paleozoic stage, beginning with rifting and volcanism in the Middle
and Late Devonian, occurred in the setting of a marginal continental sea. It was
characterized, as in the region as a whole, by the dominance of volcanic and
intrusive processes at the start, resulting in the predominance of volcanic-plutonic
formations in the stratigraphic section, which were later replaced by volcanogenic-
sedimentary and sedimentary complexes of terrigenous-carbonate composition
during the Famennian and Frasnian stages.

Based on the results of detailed studies of the stratigraphic sections (Bespalov,
1954; Seitemuratova, 2011; Azbel, 1971; Afonicev, 1967) in the Zhetysu-Balkhash
area, starting from the Famennian, there was a large-scale marine transgression and
accumulation of marine terrigenous-carbonate sediments. It is likely that similar
geodynamic and paleogeographic conditions existed over the area of the adjacent
Balkhash basin. The possible correlations of the Upper Paleozoic sections in the
neighboring Zhetysu-Balkhash area and the Balkhash basin are shown in Figure 2.

The forecast of sedimentary accumulation and the geological history of the
basin in the Late Paleozoic can be reconstructed taking into account the history and
influence of the concurrently developing neighboring Zhetysu-Balkhash fold area,
which now limits the Balkhash basin to the east and is separated from it by the Main
Zhetysu deep fault with an overthrust character. The Devonian, Carboniferous, and
Permian sections, studied in detail due to good exposures in the Zhetysu-Balkhash
area and in the Zhetysu (Malaysarin) mountains, have been taken as the basis for
the forecast Paleogeographic conditions of sedimentation, as well as potential
magmatic and volcanogenic processes in the interior of the basin.
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Balkhash Basin Junggar-Balkhash area
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Figure 2 — Prognostic correlation of the Upper Paleozoic sections in the Balkhash Basin and in the
Zhetysu-Balkhash fold region

1 - Terrigenous-carbonate complexes, 2 - Volcanogenic-sedimentary complexes,
3 - Volcanogenic-plutonic complexes, 4 - Caledonian continental crust 5 - Oceanic crust

Most of the basin's territory lies on a Caledonian basement, formed during
the Silurian—Early Devonian period. In the Zhetysu-Balkhash region, beginning
in the Famennian, a large-scale marine transgression took place, resulting in
the accumulation of marine terrigenous-carbonate sediments. In the Early
Carboniferous, shallow marine conditions persisted, leading to the deposition of
terrigenous, carbonate-terrigenous, and volcanogenic-sedimentary formations.
Active volcanic activity occurred along deep faults. The marine transgression
continued during the Visean, covering vast areas and forming thick sedimentary
sequences. The Visean transgression is distinguished by persistent horizons of
limestones, calcareous sandstones, and siltstones, interbedded with tuffs and rich in
marine fauna (Afonichev, 1967; Shuzhanov, 1968).

During the Late Visean—Moscovian period, volcanic activity was particularly
intense. In coastal marine environments, volcanogenic-sedimentary sequences
and volcanic rocks of andesite—basalt-rhyolite formations were formed. In several
stratigraphic sections, co-burials of flora and marine ostracods were observed,
indicating periodic marine transgressions in the Zhetysu-Balkhash region during
this time (Tectonic Map, 1982; Bogdanov et al., 1963; Seitemuratova, 2011; Azbel
et al., 1971; Peive et al., 1976).

In the Late Carboniferous, alongside continental volcanic deposition, shallow
water basins existed across vast areas of the Zhetysu-Balkhash Basin. These basins
saw the accumulation of thin-layered reworked tuff horizons, composed of well-
sorted material. In some deeper areas, organogenic and chemogenic deposits, such
as limestone beds, bituminous siltstones, and sandstones with algal imprints, were
deposited along with terrigenous materials.
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The early Permian period is known for active destructive processes, accompanied
by basalt and andesite volcanism. Volcanic eruptions likely occurred over large
areas of the Balhash-Ili region. In the southern part of the Balhash Basin, in the
Malaisary ridges, numerous small volcanic structures and a single large volcanic
massif are known. The Ushmola volcanic structure has been studied in detail on the
eastern shore of the basin.

The well-argued geodynamic conditions of the Junggar -Balhash region in the
late Paleozoic likely had a significant impact on sedimentation conditions, and
naturally, on the formation of internal faults, horsts, and grabens with varying
rates and characteristics of geological history. The formed grabens and subsiding
areas of the central part of the basin, as evidenced by the depths (from 3 to 6 km)
of the magnetically active surface (the roof of the Caledonides), were filled with
sedimentary deposits of the same age, including volcanic-sedimentary layers.
These sedimentary and volcanic-sedimentary sequences, forming in the conditions
of marginal seas, could have possessed the properties of hydrocarbon-producing
formations, and the high thermal regime, created by volcanic and magmatic
processes, contributed to the formation of hydrocarbons.

Results and discussion

By analogy with the Meso-Cenozoic oil and gas-bearing basins (Shcherba, 1973;
Khain etal., 1978) in the northwest Pacific region (Sakhalin and others), a significant
feature of the structure of sedimentary layers in the Balhash basin is related to
the influence of volcanic processes that occurred in the adjacent Junggar-Balhash
region. Volcanism affected the composition and structure of the sedimentary layers
in the basin in two ways. First, the ash material became part of the rocks, possibly
in large quantities, sometimes forming well-defined layers. Second, the waters of
the volcanic zone, rich in silica, contributed to the development of organisms that
used silica to build their skeletons, which led to the rapid development of diatoms
and silica-containing organisms. Clay-silica formations in Sakhalin are known as
rich oil-mother rocks (Burlyn, 1976).

Based on the results of the reconstruction of the geodynamic evolution of the
basin in the late Paleozoic, using data from detailed surveys of the basin's periphery
and geophysical research materials on the deep structure, we consider the Upper
Paleozoic deposits in the submerged parts of the basin to be prospective for oil and
gas.

In the Mesozoic, the considered territory, like the entire Kazakh continent,
occupied an elevated position and represented an area of erosion. Along the
regional South-Junggar fault, a system of depressions formed, the largest of which
is the Balkhash sedimentary basin. During the period of active volcanism in the
late Permian and early Triassic, there were possible accumulations of coeval
volcanogenic-sedimentary continental deposits in the basin. In the Jurassic,
sedimentation of terrigenous coal-bearing and terrigenous-carbonate shallow
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water deposits occurred; in the west, on the Naryn tectonic step, small grabens
were formed, mainly filled with terrigenous coal-bearing sediments. One of these
grabens is the Lower Ili, which has been studied in detail and is filled with coal-
bearing terrigenous sediments enriched with uranium.

Within the Naryn tectonic step, deposits of brown coal, including the Lower
1li, Balatopar, Orta-Bakanas, and Kertobel, have been discovered, with the largest
being the Nizhneili field (Figure 3).

The Nizhneili field deposit is located in the Balkhash district of the Almaty
region, approximately 160 km west-northwest of the district center, the village of
Bakanas, at the mouth of the Ili River where it flows into Lake Balkhash. It was
discovered in 1973 by the geological survey organization "Volkovgeologia." From
1981 to 1987, detailed exploration was conducted, including the calculation of coal
reserves.

At the Balatopar deposit, the coal seam has a thickness of 21.8 meters, with the
roof of the seam lying at a depth of 180-230 meters. At the Kertobel deposit, the
seam thickness is 22.4 meters, with the roof located at a depth of 400-430 meters.
At the Orta-Bakanas deposit, the coal seam is 14.1 meters thick and lies at a depth
of 540-560 meters (Figure 3).

The Nizhneili field deposit contains coal-bearing strata of Lower to Middle
Jurassic age with a thickness ranging from 50 to 200 meters, subdivided into 4
cycles (Figure 4). Within these cycles, the coal layers range from 1-2 to 7-10 seams
of brown coal. The main coal seam is located at the top of the IV cycle, which
extends across the entire basin area (approximately 560 km?). The thickness of the
seam varies from 1-2 meters to 58.3 meters, with an average thickness of about 17
meters. The depth of the seam varies from 160 to 330 meters.

In the central and southeastern parts of the subsidence, where the Jurassic
strata are exposed in borehole 313, the coal-bearing strata are relatively simple in
structure over an area of 240 km? On the remaining area, the seam splits, and the
coal deposit is divided into two major packages: the lower (I) and upper (II). The
coal-bearing sequence is overlain by a coal-bearing layer of Middle Jurassic age,
with a thickness of up to 60-80 meters, consisting primarily of sand-gravel rocks
with rare clay interlayers (Bekzhanov, 2000).

The brown coals (grades B1 - B3) are primarily of the fusain type and are prone
to spontaneous combustion. The average moisture content is 37.8% (ranging from
23.8% to 44%), while the ash content fluctuates from 10-12% to 20-25%, and
sometimes even up to 35%, with an average of 15.94%. The lowest ash content
(10-12%) is found in the axial parts of the contiguous coal seam areas, while the
highest ash content is in the splitting and wedging zones, as well as in the roof and
soil of the coal seam. The calorific value of the coal on a combustible mass basis is
6.7 kcal/kg. The coals are sulfurous (up to 2%).

In the section of Jurassic deposits, combustible shales are present, lying at the
bottom of the coal seam and on the kaolinite weathering crust. The reserves of
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combustible shales (forecasted) are estimated at 57 million tons. Their ash content
ranges from 14% to 60%, moisture content is 2.45%, sulfur content is 0.9%, and
the calorific value of the dry shale is on average 3.5 kcal/kg. The carbon content
is 52-73%, hydrogen content is 7.5-10% (average 9.8%), and nitrogen and oxygen
content is 18-24% (average 22%). When partially coked, the yield is 13.7-24.2%
(average 20.4%) tar, 65% semicoke, and 7.5% gas (mainly nitrogen, carbon
dioxide, and hydrogen sulfide). The ash content of the shales is characterized by an
increased content of titanium dioxide (1.31%).
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Figure 3 — Cross-section of the Jurassic deposits of the Nizhneili field lignite deposit

The Jurassic deposits in the Nizhneiliyskoye field coalfield are characterized by
an increase in thickness as one moves from the periphery of the basin towards its
central part. In the same direction, there is a replacement of coal horizons with coal-
bearing clayey rocks. The total depth of burial in the down-warped areas can reach
1.5 km or more. The paleogeographic conditions of sedimentation are primarily
lacustrine and shallow-water, which occupied a large portion of the basin area.
Geochemically, the deposits are predominantly composed of humic coals, with a
smaller proportion of sapropelic-humic coals.

Due to their specific characteristics and geochemical indicators, the strata may
be classified as potential petroleum and gas-generating formations. When coal-
bearing layers with a high content of uranium are buried, they undergo natural
methanogenesis, resulting in the generation of methane gas. Indirect evidence of
the potential for hydrocarbon gas (methane) formation is provided by the results of
laboratory analyses of the coals, confirming the possibility of methane generation
under certain conditions.
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The volatile component yield when heated to 850°C under normal conditions,
based on the dry mass, ranges from 44% to 47%. The carbon (C) content in the
combustible mass varies from 7% to 76%. The hydrogen (H) content ranges from
5.21% to 5.26%, and nitrogen and oxygen make up 18-20%. The coal has reached
the late brown coal stage of coalification.

Uranium ore deposits are distributed in the upper part of the coal horizon and
contain ore concentrations of U, Mo, Se, Re, and Ge. The uranium mineralization
is represented by asturian (80%) and coffinite (20%).

The yield of semi-coking tar (heating to 500-550°C without air access) is
relatively high, reaching 9.3-10.5%. The yield of gasoline-ligroin and kerosene-
diesel fractions is 5.6% and 49.6%, respectively.

Geochemically, the deposits are predominantly composed of humic coals, with
a lesser proportion of uranium-rich sapropelic-humic coals.

Coal reserves: total (balance) reserves amount to 10.9 billion tons, with
9.975 billion tons in the Nizhneili field. The forecasted reserves in the region are
estimated at 7.1 billion tons. The Nizhneili field is prepared for development both
by underground and open-pit mining methods.

With such coal reserves, trillions of cubic meters of combustible natural gas can
be expected, which would be essential for the gas supply to the cities of Taldykorgan,
Almaty, and Balkhash, as well as for the entire region.

By the Cenozoic era, the Balkhash Basin has undergone relatively uniform
subsidence, filling with terrigenous sediments, which are confidently dated to the
Paleogene, Neogene, and Quaternary periods. The total thickness of the sediments
in the wells exceeds 600 meters, and according to rare seismic profiles, it may
exceed 1000 meters. The greatest thickness of these sediments is observed in the
Bakanas graben-syncline.

Conclusion

The prospects for oil and gas potential in the Balkhash Basin, as noted, are
evaluated differently and ambiguously by researchers. We believe that in the
subsiding zones of the basin, weakly dislocated Upper Paleozoic, Triassic, and
Jurassic deposits enriched with organic components may be present, which can
be considered as potential source rocks for oil and gas production. Age-equivalent
terrigenous-carbonate and volcaniclastic sediments in the Zhaosu Basin in China,
which are in similar tectonic conditions, are commercially oil- and gas-bearing. Oil
and gas-bearing horizons have been identified in the Zaysan Basin, while bitumens
"A" in quantities of 0.19-0.39% have been observed in Permian and Triassic
deposits in the Ili Basin. Bituminous shales of Upper Paleozoic age are present
in the Kendyrlyk Syncline, and bituminous limestones of Viséan age have been
discovered in the eastern part of the Ketmen Range.

Taking into account the information on oil and gas manifestations in the region,
the paleogeographic conditions of sediment accumulation, and the geodynamic
settings conducive to hydrocarbon generation, we consider the Balkhash
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sedimentary basin to be promising for oil and gas. It is viewed as an object of
important social and economic significance for the country and for improving the
socio-economic living conditions of people in the densely populated southern and
southeastern regions of Kazakhstan.

To assess the oil and gas potential of the Balkhash sedimentary basin, it is
recommended to carry out geological exploration in three stages.

At the first stage, regional 2D seismic surveys should be conducted.

Based on the processing and interpretation of regional profiles, the most
promising areas should be selected for detailed seismic studies and for preparing
potential targets for exploratory drilling.

In the event that promising targets are identified, the third and final stage of
exploration should include the drilling of 3—4 independent wells with depths
ranging from 2,000 to 4,000 meters.

Based on the available geological and geophysical data, as well as the overall
geodynamic evolution of the Balkhash sedimentary basin, there is reason to expect
a positive and significant outcome from geological exploration in the area.
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