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N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

NAS RK 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.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы,  техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы  (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы  (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович,  техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич,  геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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Главный редактор
ЖУРИНОВ Мурат Журинович,  доктор химических наук, профессор, академик НАН РК, 

президент Национальной академии наук Республики Казахстан, генеральный директор АО 
«Институт топлива, катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан) H = 4

Ученный секретарь
АБСАДЫКОВ Бахыт Нарикбаевич,  доктор технических наук, профессор, ответственный 

секретарь НАН РК, Институт химических наук им. А.Б. Бектурова (Алматы, Казахстан) H = 5
Р е д а к ц и о н н а я  к о л л е г и я:

АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии им. 
У.М. Ахмедсафина (Алматы, Казахстан) H = 2

ЖОЛТАЕВ Герой Жолтаевич,  (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, директор Института геологических наук им. К.И. Сатпаева (Алматы, 
Казахстан) Н=2

СНОУ Дэниел, Ph.D, ассоциированный профессор, директор Лаборатории водных наук универ
ситета Небраски (штат Небраска, США) H = 32

ЗЕЛЬТМАН Реймар, Ph.D, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
(Нанси, Франция) Н=15
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ФИШЕР Аксель,  ассоциированный профессор, Ph.D, технический университет Дрезден 
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КАТАЛИН Стефан, Ph.D, ассоциированный профессор, Технический университет (Дрезден, 
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СЕЙТМУРАТОВА Элеонора Юсуповна, доктор геолого-минералогических наук, профессор, 
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A.S. Zhumagulov1*, M.T. Manzari2, G.B. Kezembayeva1, 
S.M. Nurmakova1, D.B. Mukanov1

1Satbayev University, Almaty, Kazakhstan;
2 Sharif University of Technology, Tehran, Iran.
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TECTONIC EVOLUTION AND HYDROCARBON ACCUMULATION 
CONTROLLING CHARACTERISTICS OF THE SHU-SARYSU BASIN

Abstract. Due to the growth of demand for natural gas, including for 
environmental reasons, the topical issue of today has become the expansion of its 
resource base in the Republic of Kazakhstan by involving in the search, exploration 
and additional exploration of areas, stratigraphic horizons and objects that are 
promising for its discovery. Among latter, deposits of the Shu-Sarysu depression 
deserve closest attention, which are characterized by the all necessary geological 
conditions for the formation and preservation of hydrocarbon accumulations, 
and productivity of which is confirmed by the discovery of commercial natural 
gas fields.

Nevertheless, despite a significant number of wells drilled and geophysical 
studies performed over more than half a century of study the degree of its 
knowledge as a whole remains low and hinders the exploration and development 
of its hydrocarbon potential. This is because of uneven distribution of geological 
and geophysical surveys, focused only on a few individual blocks of the basin, 
and due to the remoteness of the basin from the necessary facilities and the small 
size of previously discovered gas fields.

Petroleum potential of any territory mainly depends on its geological and 
geophysical knowledge and features of the tectonic structure that control 
hydrocarbon accumulation zones. This article considers the synthesis and 
system analysis of the results of geological and geophysical studies, including 
data on seismic, gravity, magnetic, thermal space surveys and drilling, as a tool 
for solving the tasks set.

Key words: Shu-Sarysu basin, oil and gas potential, tectonic evolution, 
hydrocarbon accumulation, magnetic exploration, gravity exploration.
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ШУ-САРЫСУ БАССЕЙНЫНЫҢ ТЕКТОНИКАЛЫҚ 
ЭВОЛЮЦИЯСЫ ЖӘНЕ КӨМІРСУТЕКТЕРДІҢ ЖИНАЛУЫН 

БАҚЫЛАЙТЫН СИПАТТАМАЛАР

Аннотация. Табиғи газға, оның ішінде экологиялық себептерге де 
байланысты, сұраныстың өсуінің нәтижесінде мұнай-газға перспективті 
аумақтарда, аудандарда, стратиграфиялық горизонттар мен объектілерде 
табиғи газды іздеу, барлау және қосымша анықтау жұмыстары Қазақстан 
Республикасының ресурстық базасын кеңейту мақсатында бүгінгі күннің 
өзекті мәселесіне айналды. Олардың ішінде перспективтілігі табиғи газ 
кен орындарының ашылуымен расталған, көмірсутектердің қалыптасуы 
мен сақталуы үшін қажетті геологиялық жағдайлары бар Шу-Сарысу 
бассейнінің шөгінді тау жыныстары ерекше назар аударуға лайық.

Дегенмен, бұрғыланған ұңғымалардың айтарлықтай санына және 
жарты ғасырдан астам жүргізілген геофизикалық зерттеулерге қарамастан, 
жалпы Шу-Сарысу бассейні туралы білімнің жағдайы төмен болып 
қалуда және оның көмірсутектік әлеуетін барлау мен игеруге кедергі 
келтіруде. Бұл геология-геофизикалық жұмыстарының біркелкі бөлінбеуі 
және ол жұмыстардың бассейннің бірнеше жеке блоктарында ғана 
жіргізілгендігімен, одан басқа, бассейннің қажетті инфрақұрылымнан 
қашықтығымен және ашылған газ кен орындарының көлемінің аздығымен 
түсіндіріледі.

Белгілі болғандай, кез келген аумақтың мұнай-газ әлеуеті оның 
геология-геофизикалық білу денгейіне және көмірсутектердің жинақталу 
аймақтарын басқаратын тектоникалық құрылымның ерекшеліктеріне 
байланысты. Бұл мақалада алға қойылған міндеттерді шешу құралы 
ретінде геология-геофизикалық зерттеулердің нәтижелерін, оның ішінде 
сейсмикалық, гравитациялық, магниттік, жылу-ғарыштық зерттеулер мен 
бұрғылау деректерін, синтездеу және жүйелік талдау әдісі қарастырылады.

Түйін сөздер: Шу-Сарысу бассейні, мұнай-газ потенциалы, 
тектоникалық эволюция, көмірсутектердің жинақталуы, магниттік барлау, 
гравитациялық барлау.
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ТЕКТОНИЧЕСКАЯ ЭВОЛЮЦИЯ И ХАРАКТЕРИСТИКИ, 
РЕГУЛИРУЮЩИЕ НАКОПЛЕНИЕ УГЛЕВОДОРОДОВ ШУ-

САРЫСУЙСКОГО БАССЕЙНА

Аннотация. В связи с ростом спроса на природный газ, в том числе 
и по экологическим соображениям, актуальным вопросом сегодняшнего 
дня стало расширение его ресурсной базы в Республике Казахстан за 
счет вовлечения в поиски, разведку и доразведку перспективных на 
его обнаружение районов, площадей, стратиграфических горизонтов и 
объектов. Среди последних самое пристальное внимание заслуживают 
отложения Шу-Сарысуйской депрессии, которые характеризуются 
необходимыми геологическими условиями для образования и сохранения 
скоплений углеводородов, продуктивность которых подтверждена 
открытием промышленных месторождений природного газа.

Тем не менее, несмотря на значительное количество пробуренных 
скважин и выполненных геофизических исследований за более чем полвека 
исследований, состояние изученности Шу-Сарысуйского бассейна в целом 
остается низким и сдерживает разведку и разработку его углеводородного 
потенциала. Это вызвано неравномерным распределением геолого-
геофизических работ, сосредоточенных только на нескольких отдельных 
блоках бассейна, отдаленностью бассейна от необходимой инфраструктуры 
и малыми размерами ранее обнаруженных месторождений газа.

Как известно, нефтегазогеологический потенциал любой территории в 
значительной степени зависит от ее геолого-геофизической изученности и 
особенностей тектонического строения, контролирующих зоны скопления 
углеводородов. В статье в качестве инструмента решения поставленных 
задач рассматривается синтез и системный анализ результатов геолого-
геофизических исследований, в том числе сведения по сейсморазведке, 
гравиразведке, магниторазведке, данных тепловых космических съемок и 
бурения. 

Ключевые слова: бассейн Шу-Сарысу, потенциал нефтегазоносности, 
тектоническая эволюция, скопление углеводородов, магниторазведка, 
гравиразведка.
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Introduction. The Shu-Sarysu sedimentary basin is located in the central 
part of Kazakhstan between the Karatau, Shu-Ili and Kirgiz Alatau ranges. It is 
extended in a northwestern direction for 840 km with a width of 340 km (Fig. 1) 
(Bykadorov et al., 2014; Korobkin and Buslov, 2011).

Planned reconnaissance surveys in Shu-Sarysu basin began in the 1941. 
Works were carried out with the aim of studying geological structure of the area 
and searching for ore and non-metallic minerals.

From 1941 to 1969 regional and exploratory aeromagnetic surveys using 
Z-aeromagnetometers in scales 1:500000-1:100000 covered the areas of the 
western, northwestern and, partially, central parts of Shu-Sarysu basin. Since 
1969, up to 70% of the area of Shu-Sarysu basin has been covered with high-
precision surveys using proton magnetometer and quantum aeromagnetometers 
at scales of 1:50000-1:25000, which make it possible to relate measurements to 
the absolute values of magnetic fields.

Almost entire territory of Shu-Sarysu basin is covered by areal gravimetric 
surveys of 1:200000 scale, with about 75% of the area surveyed using 1:100000-
1:50000. In the West and southeast of this basin some areas were worked out by 
detailed surveying at a scale of 1:25000 (Urazalin, 1991).

Entire territory of Shu-Sarysu basin has been fully and evenly studied by 
satellite imagery using Terra, Aqua, Landsat, IRS, Radarsat. Since 1972, 
an extensive archive of high, medium and low-resolution images has been 
accumulated, which can be used to solve various cartographic tasks. Landsat 
satellite images in the visible and thermal ranges are used to solve problems 
of geotectonic zoning, to identify various geotectonic structures by tracing 
lineaments and identifying thermal anomalies. The results of surveys by Radarsat 
system are used to construct the terrain and build its three-dimensional models. 
This information is of great help in geotectonic zoning, identification and 
tracking of both fault zones and local structures, including inherited structures. 
Seismic study of territory of Shu-Sarysu basin by the Seismic Reflection Method 
began in 1958.

From 1975 to 2002 seismic survey was carried out using the Common Depth 
Point (CDP) in 2D Method modification. Since 2015 seismic exploration has 
been carried out by using the CDP-3D method (Korobkin and Buslov, 2011; Li 
and Petlenko, 2017).

Study of the basin by drilling parametric, prospecting and exploration wells 
was conducted from 1959 to 1983, and it has continued since 2003 by drilling 
production wells, in the Amangeldy field. As of today, in total only about 355 
parametric, prospecting, exploration and production wells have been drilled in 
Shu-Sarysu basin.
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Figure 1 – Shu-Sarysu Basin Location Map

Overall, twelve gas and condensate fields were established in Shu-Sarysu 
Basin (Fig. 2), including: (Amangeldy, Anabai, Airakty, Zharkum, Kumyrly, 
Maldybai), 3 in the Kokpansor graben (Pridorozhnoe, Z.Oppak, Ortalyk) and 3 
in the Talas uplift (Ucharal, Z.Ucharal, S.Ucharal) (Li and Petlenko, 2017).

Oil and gas potential of the basin is based on the degree of its exploration 
maturity, characteristics of its tectonic structure and results of oil and gas 
prospecting. Reducing costs of the exploration and prospecting for accumulations 
of the hydrocarbons can be achieved by conducting synthesis and systematic 
analysis of currently available geophysical data. Current research is attempted to 
systematic examination of the tectonic and hydrocarbon accumulation controlling 
characteristics on the basis of available geophysical data.

Materials and Methods. Basin evolution. At the end of the Ordovician-
Early Silurian, as a result of the collision of a number of microcontinents 
with Precambrian crust and Lower Paleozoic island arcs, a large Kazakhstan 
microcontinent was formed. At the same time, as a result of spreading along 
periphery of the Kazakhstan microcontinent, Ural, Turkestan, and Ob-Zaisan 
oceanic basins are formed.

During early and partly middle Devonian, Kazakhstan microcontinent had 
active volcanic margins. Inside continent volcanogenic-sedimentary red-colored 
sequences accumulated in separate depressions and rifts.

In Famennian geodynamic processes slow down; volcanism is known only on 
the border with the Turkestan Ocean. Rifting processes with weak volcanism are 
noted inside continent. In Shu-Sarysu basin along Zhezkazgan-Kokshetau fault, 
a trough with salt accumulation and alkaline basalt dikes arose. The Kazakhstan 
continent was located in the Middle-Upper Devonian in low latitudes of the 
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northern hemisphere (8-24o N). In Famennian, a marine transgression began, 
which reached its maximum in the Visean time, when the western half of 
the microcontinent, including Shu-Sarysu basin, was covered by the sea (De 
Pelsmaeker et al., 2015; Korobkin and Buslov, 2011).

By the end of the Middle Carboniferous, oceanic basins surrounding Kazakhstan 
microcontinent are closed, volcanism subsides. In the Late Carboniferous-Early 
Permian, collisional processes with granitoid magmatism take place. From the 
Middle Carboniferous in the Shu-Sarysu basin, lacustrine-alluvial red-colored 
(C2-3) and predominantly lacustrine salt-bearing red-colored and gray-colored 
deposits (P1-2) were accumulated.

Figure 2 – Main Paleozoic Tectonic Units in Kazakhstan, Shu-Sarysu Basin

At the end of the Permian-Triassic, due to the closure of the Paleo-Tethys, 
intense compression processes and the development of right-sided strike-slip 
faults (Main Karatau, Zhezkazgan-Kokshetau, Zhalair-Naiman) with amplitudes 
of horizontal displacements up to 100-200 km are noted. Main structure of the 
Shu-Sarysu basin was formed at that time. Some changes in the structure occurred 
in the Oligocene-Quaternary due to the collision of Hindustan and Eurasia.

Within Shu-Sarysu basin stratigraphic section and the thickness of sedimentary 
formations are different. Upper Devonian (Famenian) predominantly terrigenous-
saline deposits with a thickness of 500-1000 m are distributed in the Lower 
Shu and Tasty uplifts, in the southeastern parts of the Kokpansor and Tasbulak 
grabens, as well as in the northern part of the Moiynkum graben. On salt domes, 
the thickness of the Upper Devonian is increased to 2-3 km. In other areas, 
the Upper Devonian is absent or its thickness does not exceed 50-100 m. The 
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formation of the salt-bearing Famennian basin is associated with weak rifting 
along the Zhezkazgan-Kokshetau fault system with small manifestations of 
basaltic alkaline magmatism (Tikhomirov, 1959).

During the entire Lower Carboniferous time, sedimentation in the Shu-
Sarysu basin and adjacent, later folded, regions of Karatau, Sarysu-Teniz, Shu-Ili 
occurred mainly in shelf conditions without clear boundaries of the basin. In the 
greater southwestern part of the basin, the thickness of the Lower Carboniferous 
is 0.5-0.8 km. On the contrary, in its northeastern half, the thickness of the Lower 
Carboniferous sediments increases to 1.2–1.4 km in the Tasbulak graben and the 
Lower Shu uplift, and to 1.8–2.0 km in the northeast of the Moinkum graben. 
In general, these zones of increased thickness also correspond to hydrocarbon 
generation areas (primarily the Moinkum graben). It should be emphasized that 
the maximum thickness of the Lower Carboniferous deposits was established 
at the eastern boundary of the basin, which indicates its secondary nature and 
younger age.

Figure 3 – Magnetic Anomaly Map, Shu-Sarysu Basin

Magnetic field characteristics. In the magnetic field of the Shu-Sarysu basin 
(Fig. 3), the The thicknesses of the Middle Carboniferous-Permian continental 
deposits are in good agreement with the modern structural plan of the basin. On 
large uplifts and in the marginal zones, these deposits are destroyed or reduced in 
thickness due to subsequent erosion, and in grabens they have maximum values. 
Deposits of the Middle-Upper Carboniferous in the grabens have a thickness of 
500-700 m, at the eastern boundary of the basin from 1000-1500 m to 2000 m 
(Kyzyltuz trough).
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The thickness of the Permian deposits in the grabens reaches 1.5-2 km, and in 
the Tasbulak graben 2.5 km (Zhang et al., 2020).

closure (and partly deep continuation) of large geological structures of 
Kazakhstan is quite clearly expressed. In the northwestern corner there are 
outcrops of the Ulytau (Karsakpai) crystalline basement and the Zhezkazgan 
mega syncline, in the southwestern part the northern end of the Greater Karatau 
stands out. To the northeast and east, parts of the Aktau, Shu-Ili and Zhalair-
Naiman folding zones are noted.

Increases in the magnetic field, complex and irregular in plan, up to 1000 nT 
in the South Pre-Atasu region, more often elongated in the northwestern and sub 
latitudinal directions. They can be interpreted by analogy with the hidden mafic-
intermediate intrusions exposed to the north and metasomatic and metamorphic 
alterations with the introduction of magnetite of host, mostly non-magnetic, rock 
varieties. Linear positive and reflective anomalies of the northwest direction are 
interpreted by blocks of ultramafic and effusive rocks of the basic-intermediate 
composition, located among the non-magnetic rocks of the sedimentary complex 
(Li et al. 2019).

Figure 4 – Gravity anomaly map, Shu-Sarysu Basin
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Figure 5 – Thermal Satellite Image, Shu-Sarysu Basin

Gravimetric surveys. The local gravity field of the Shu-Sarysu sedimentary 
basin is very well differentiated and clearly reflects the tectonic setting of 
sedimentary complexes and intrusive intrusions at the level of the crystalline 
basement and the upper part of the earth’s crust (Fig. 4). The dominant part of 
the anomalies is elongated in the northwest direction, obeying the general strike 
of the tectonic elements of the Karatau and Shu-Sarysu structures and the Shu-
Ili folded belt. Only the orientation of the Ulytau structures to the submeridional 
direction and the Shu block to the sub latitudinal direction change. The most 
intense minimums of isometric fields, which sometimes represent chains of 
anomalies, are characteristic of intrusive intrusions of acidic intrusions into the 
upper and middle parts of the Earth’s crust along the Ulytau, Shu-Ili fold system, 
Shu block and Tasty uplift. Their intensity reaches tens of mGal. Smooth forms 
of gravity field anomalies with smaller amplitudes of minima are characteristic 
of areas with a developed thickness of the sedimentary cover - the Moiynkum, 
Tasbulak, Kokpansor and Sozak-Baikadam grabens. Here, the intensity of 
the field minima reaches 3–5 mGal. In the southeastern part of the territory, 
a northwest-trending lineament is pronounced, corresponding to the Karatau 
structures and the Main Karatau fault, which separate the Shu-Sarysu and Lower 
Syrdarya sedimentary basins (Turkov, 2020).
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Figure 6 – Structure of the basement, Shu-Sarysu Basin.
Grabens: I - Kokpansor; II – Sozak-Baikadam; III – Zhezkazgan; IV – Tasbulak; V – 

Moyinkum. Uplifts: VI – Bugudzhil; VII – Sarysu; VIII – Tusty; IX – Talas; X – Betpakdala; 
XI – Lower-Shu.

Thermal imaging with satellites. Figure 5 shows the result of processing 
a thermal satellite image of the basin area. The systems of tectonic faults of 
the northeastern, northwestern, sub meridional and sub latitudinal directions 
are quite clearly distinguished by extended thermal anomalies. An analysis of 
the characteristics of the identified anomalies allows us to divide them into two 
groups. The first group includes anomalies of significant (hundreds of km) extent, 
which, apparently, reflect deep fault zones in the basement and intermediate 
structural stage. The second group of faults is distinguished by a relatively 
shorter extent. These faults are most likely associated with the middle and upper 
parts of the section (Li and Petlenko, 2017).

Seismic survey. Based on gathered seismic data, a number of reflecting 
horizons have been established. According to drilling data, these reflecting 
horizons are stratified as follows: top of Paleozoic (Regional unconformity 
above Paleozoic); top of Permian salt (P1); base of Permian salt (P1); top of 
carbonate formation of Carboniferous (C1v2-3-s); base of Carboniferous (C1); top 
of the basement (PR-D3).

The basement of the basin was formed at the end of the Ordovician. In 
its structure, Precambrian blocks (Moinkum, Tasbulak, etc.) and zones of 
Caledonian folding (Shu-Ili, Baikonur-Karatau, Tastinskaya) are distinguished. 
The sedimentary cover of the basin includes deposits from the Middle-Upper 
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Devonian to the Neogene and forms two structural levels separated by large 
stratigraphic and angular unconformities: Paleozoic (Middle-Upper Devonian-
Permian) and Mesozoic-Cenozoic (Upper Cretaceous-Neogene).

Basement of the Shu-Sarysu sedimentary basin is composed of Precambrian 
and Lower Paleozoic formations. Basement rocks are intensively dislocated, 
metamorphosed and intruded by intrusions of various composition and age, 
which are widely developed in the side frames of the Shu-Sarysu sedimentary 
basin in Ulytau, Karatau, Kirgiz Alatau, on Kendyktas, Shu block, Ergenekty-
Zhuantobe anticlinorium and in separate areas of the Sarysu-Teniz uplift. In 
addition, the rock associations of the basement were also exposed by boreholes 
in a number of interior areas of the basin. Basement of the Shu-Sarysu depression 
is characterized by a block structure of different ages. It contains a number of 
subsided (Kokpansor, Sozak-Baikadam, Zhezkazgan, Tasbulak, Moiynkum 
grabens) and uplifted blocks (Bugudzhil, Sarysu, Tasty, Talas, Betpakdala, 
Lower-Shu) (Fig. 6) (Madenova et al., 2018).

The main structural element of the Shu-Sarysu basin, dividing it into the 
northwestern and southeastern parts, is the central system of uplifts stretching 
from the northwest to the southeast and consisting of the Betpakdala, Tasty and 
Talas uplifts. The Kokpansor and Sozak-Baikadam grabens, separated by the 
Bugudzhil uplift, stand out to the southwest of this system of uplifts (Fig. 6). 
On the northeastern side of this system of uplifts, Zhezkazgan graben, Sarysu 
uplift, Tasbulak graben, Lower-Shu uplift and Moiynkum graben are located 
successively from northwest to southeast. Table 1 presents a description of the 
structural and morphological characteristics of the main tectonic elements of the 
Shu-Sarysu sedimentary basin along the top of the basement. Overall, conformity 
of structural plans for different horizons of the quasi platform structural level 
displays itself well in geological and seismic sections (Fig. 7) (Tulemissova, 
2017).

Figure 7 – Geological sub-latitudinal section along the V-V line
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Along the base of the Mesozoic-Cenozoic structural level, Shu-Sarysu basin 
is not distinguished as a single structure. Most of it is the southwestern end of 
the Central Kazakhstan Shield. Within the Shu-Sarysu basin, the only clear-cut 
post-Paleozoic large structure is distinguished tectonic element is Sozak graben. 
The Mesozoic-Cenozoic formations of the platform structural level, according 
to the lithological and stratigraphic features of sedimentary filling, the nature 
of areal development, the degree of dislocation, the presence of various types 
of unconformities, are confidently differentiated into two structural layers: the 
lower one, which includes the Triassic-Jurassic formations, and the upper one, 
that represents the rest of the deposits of the platform structural level.

Types of the traps of the discovered gas fields within Middle-Upper Paleozoic 
sediments of the Shu-Sarysu Basin. As a result of the geological and geophysical 
studies, including the drilling of parametric and exploration wells in various 
geotectonic conditions, commercial accumulations of gas and gas condensate 
were discovered in the basin, and no surface oil and gas manifestations were 
observed (Figure 6). In total, twelve gas fields have been discovered in the Shu-
Sarysu basin: six (Amangeldy, Anabay, Airakty, Zharkum, Kumyrly, Maldybay) 
in the Moyinkum graben, three (Pridorozhnoe, Western Oppak, Ortalyk) in the 
Kokpansor graben and three on the Talas uplift (Usharal-Kempirtobe, Northern 
Usharal, Alimbet). All identified fields belong to the reservoir-arch type with 
elements of tectonic and lithological shielding (Figure 8). For some gas fields 
(such as Maldybay etc.), there is an incomplete coincidence of structural plans 
with the displacement of arches with depth at various stratigraphic levels (Zhang 
et al., 2018).

Figure 8 – Trap model of the basin’s largest gas and condensate field Amangeldy
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Methods. Systematic examination of the tectonic and hydrocarbon 
accumulation controlling characteristics was carried out on the basis of 
structural maps built from seismic surveys, in conjunction with magnetometric 
and gravimetric studies and their various transformations. It aims to identify 
and summarize the key findings related to tectonic structure of the basin and to 
evaluate it effects on formation of the hydrocarbon accumulations.

Results and discussion. The Shu-Sarysu Basin is characterized by low 
exploration maturity. To date, only the southern margin of the Kokpansor graben 
and the northern margin of the Moiynkum graben have been studied quite 
well. Most likely, this explains the discovery of commercial gas accumulations 
within the Kokpansor and Moiynkum grabens and only gas shows and signs of 
hydrocarbons in the Tasbulak, Zhezkazgan and Sozak-Baikadam grabens.

The lows of the gravity field, as a rule, characterize the thickness of the 
development of depositional sequence. Here, in contrast to the South Torgai 
depression, correlation coefficient between intensity of the gravity field lows and 
the depth to the top of the basement is not clearly traced. There are two reasons 
for this: firstly, there are no sufficient number of wells that have exposed the 
basement, and, secondly, field lows are additionally caused by the development 
of Permian and Devonian salts here.

According to the seismic material, the junction of uplifts with grabens occurs 
along high-amplitude faults of thrust and shear-thrust nature. Structural plans of 
the Paleozoic deposits are in good agreement with the different horizons. All the 
main tectonic elements are well shown on the map of the local gravity field, but 
at the same time, on the magnetometric maps, the main tectonic elements of the 
Paleozoic deposits are not clearly observed.

The appearance of thermal anomalies in tectonic faults according to the data 
of thermal satellite surveys, especially regional ones, indicates that geological 
conditions for heat migration have been created in these zones. Such anomalies 
may be associated with regional geodynamic zones, which, in turn, may be a 
subject to fluid-dynamic systems of the regional level. This can be an important 
prospecting criterion. For example, the analysis of the spatial distribution of the 
largest hydrocarbon fields in the South Torgai basin shows that the vast majority 
of them are located in the areas of identified anomalies or are located near 
them, and the largest of them, Kumkol, tend towards the area of intersection of 
anomalies of the northwestern and northeastern directions. Similar situation is 
observed in other basins, in connection with which this fact is proposed to be 
considered during planning of exploration works.

Features of the regional structure indicate sufficient isolation of the grabens 
from each other, which as a whole creates a characteristic, relatively closed 
system. The differentiation of the grabens is also quite contrasting both in terms 
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of hypsometry and the number of faults of the sedimentary section, especially 
in the northern regions of the Moinkum and western regions of the Kokpansor 
grabens. We can conclude that the specified features of the hydrogeological 
environment have determined the stagnant hydrodynamic regime and the 
passive nature of the marginal waters in gas fields, which are considered as a 
favorable factor contributing to the conservation of hydrocarbon accumulations. 
Hydrocarbons migrated along faults in different periods of geological history, 
upon encountering structural, combined, and other types of traps, could filled 
them and formed accumulations of hydrocarbons. At the same time, the 
Zhezkazgan, Kokpansor, Tasbulak, Moiynkum and Sozak-Baikadam grabens 
were autonomous sources of hydrocarbon generation, and their edge zones, 
complicated by local structures, were oil and gas accumulation zones.

Almost all of the identified grabens are asymmetric and do not have a clearly 
defined internal axial linearity close to their general regional orientation. The 
grabens are characterized by relatively small submerged areas and larger flattened 
side zones. Such most submerged areas for the Moinkum and Tasbulak grabens 
are spatially confined to the near-contact zones with the Shu ledge and individual 
elements at the contact with the Talas-Tasty system of uplifts. Submerged areas 
of the Kokpansor graben tend mainly to its axial zone. Multi-vector orientation 
is also characteristic of structural elements of a lower rank within grabens, which 
indirectly indicates the influence of various tectonic factors at different times 
on the formation and subsequent reshaping of a number of structural elements, 
including local structures. These are mainly anticlines and brachyanticlines  folds 
with varying levels of tectonic dislocations, including fault folds. The faulting of 
the grabens by local anticlinal structures is quite high, while any strictly defined 
orientation is practically not traced in the location of the structures. This also 
indicates a multifactorial tectonic impact on the sedimentary cover in various 
parts of the grabens.

Table 1 – Structural and morphological characteristics of the main tectonic elements within 
Shu-Sarysu basin

Name of 
tectonic 
elements

Strike Borders Dimensions, 
km

Depth, m

Dislocation Local anticlinal 
structuresFrom To

Kokpansor 
graben

Subme-
ridional

Between Betpakdala, Tasty, 
Bugudzhil uplifts and the 

Ulytau anticlinorium. In the 
southwest with the Itmurun 
step, in the south with the 

Akkol step, in the northwest 
with the Bugudzhil and in 

the northeast with the Tasty 
uplift.

310 х  20-
120 -2500 -4500

Mosaic 
appearance 

and increased 
number of rifts

Oppak uplift
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Sozak-
Baikadam 

graben
Northwest

In the northwest with the Shu 
block and the Lower-Shu 

uplift, in the northeast with 
the Kendyktas massif and the 
Shu-Ili anticlinorium, in the 

southwest and northwest with 
the Talas uplift

240 × 75 -2500 -3500

The inner part 
has a simple 

structure and is 
broken only by 
low-amplitude 
discontinuities

Moiynkum 
graben Northwest

In the east with the Tasty and 
Baikadam uplifts and in the 
south with the Lower-Shu 
uplift, in the east-northeast 
with the Shu-Ili fold belt

310 х 70-150 -1200 -2500

The 
southwestern 

part is 
complicated by 
low-amplitude 

northeast-
trending 

faults, the 
northeast part is 
complicated by 
high-amplitude 

northeast-
trending faults

In the southwestern 
part: Amangeldy, 

Airakty, 
Karamatau, 

Barkhannaya, 
Akkankol, 

Kashkynbay, 
Zharum, etc. In the 
northeastern part: 

Anabay, Maldybay, 
Sayakbay, Besoba, 
Kolgaly, Merkesh, 

Usurbay, etc.

Tasbulak 
graben Northwest

In the east with the Tasty and 
Baikadam uplifts and in the 
south with the Lower-Shu 
uplift, in the east-northeast 
with the Shu-Ili folded belt

190-210 × 
90-110 -2000 -5500

Weak 
dislocation and 
weak faulting of 
the sedimentary 
cover, a small 

number of 
local anticlines, 

with the 
exception of the 

northeastern, 
southwestern 
and southern 

parts

Zhaman-
Aybatskaya, 

Dautbayskaya, 
Karakoinskaya

Zhezkazgan 
graben Latitudinal

In the south with Sarysu 
uplift and in the north with 
the Teniz-Sarysu watershed

90 х 20 -1500 -4000

Tasty upift Northwest 220 × 50-70 -1500 -2500

It is bounded 
by large 

longitudinal 
tectonic faults 

of north-
northwest strike 

and is broken 
up by transverse 

faults into 
separate blocks

Betpakdala 
uplift Northwest In the southeast with the 

Tasty uplift 210 х 20-40 -500 -2500 Limited by 
large faults

Ortasynyrli and 
Milibulak swells, 

Central Betpakdala 
step

Sarysu uplift Northwest In the south with the 
Tasbulak graben

90-130 х 
90-110 0 -1500

Complicated 
by northeast-

trending faults

Northeast-trending 
brachianticlines

Talas uplift Northwest

In the east with the 
Moiynkum graben, in the 
southwest with the Lesser 

Karatau

250 × 90 -1500 -3000

The faults have 
a northwestern 

orientation 
and small 

amplitudes (the 
first hundreds of 

meters)

Northern Usharal, 
Zhaiylma, 

Koskuduk, Akbii, 
Dreams, Western 

Mishty, etc.
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Lower-Shu 
uplift Northwest

In the northeast with the Shu 
block, in the southwest with 

the Tasty uplift
110 × 60-70 -1500 -3500

It is 
complicated by 
high-amplitude 
(many hundreds 

of meters) 
sublatitudinal 

faults and 
northeast-

trending faults 
cutting them.

Bugudzhil 
uplift Northwest In the northeast with the 

Tasty uplift 80 х 65-20 -1500 -5000

Conclusions. The low degree of geological and geophysical certainty of 
the Shu-Sarysu basin does not provide an opportunity to fully assess its oil and 
gas potential. The data on the tectonics and structure of individual blocks of 
the basin are undoubtedly subject to research as a more detailed study of less 
explored areas appears.

Tectonics has had a multifactorial tectonic impact on the sedimentary cover 
in different parts of the grabens. The multi-vector orientation of local structures, 
potential hydrocarbon accumulation zones, inside the grabens indicates the 
multifactorial and multidirectional impact of tectonic processes on their 
formation. The presence of tectonically active zones at the boundaries of the basin 
and within it led to the development of a wide network of faults in sedimentary 
cover, which, on the one hand, provided conditions for the formation of structures 
of various ranks, and, on the other hand, increased the degree of isolation during 
the formation of zonal and local traps.

While planning prospecting works, it is recommended to consider the location 
of thermal anomalies in regional faults according to thermal satellite imagery.

Structural differentiation of the Shu-Sarysu basin indicates the isolation of 
grabens separated by dynamically active zones of uplifts, and indicates the 
prospects for the marginal parts of the grabens.
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