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ABSTRACT
Palaeozoic carbonates exposed in the Karatau Ridge of southern Kazakhstan represent 
isolated offshore carbonate massifs that developed as shallow- marine carbonate mounts within  
the ancient Proto-Tethys Ocean. These massifs aggraded in response to tectonic subsidence, forming 
prominent positive relief features on the ocean floor. Repeated sea level oscillations led to periodic 
subaerial exposures and associated karstification, while meteoric-marine mixing in their margins led  
to dolomitization. Together, these processes generated extensive karst voids and secondary 
porosity that later served as hydrocarbon reservoirs. Subsequent fold-and-thrust deformations  
and orogenesis, uplifted and exposed giant fragments of carbonate massifs, enabling detailed 
stratigraphic and sedimentological investigations, which provide valuable insights for geological 
exploration across the sedimentary basins of Central Asia.
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Научный обзор

Аградирующие палеозойские карбонатные массивы. Главные 
конседиментационные мегаструктуры в сверхглубоких 
интервалах Центрально-Азиатского осадочного бассейна
В.Г. Жемчужников¹, М. Фустич², А.Ж. Ахметжанов¹, А.Д. Досан¹, С.К. Курбаниязов³
¹Казахско-Британский технический университет, г. Алматы, Казахстан
²Назарбаев Университет, г. Астана, Казахстан
³Международный казахско-турецкий университет им. Ходжи Ахмеда Ясави, г. Туркестан, 
Казахстан

АННОТАЦИЯ
Палеозойские карбонаты, обнажённые в хребте Каратау на юге Казахстана, образуют 
карбонатные массивы, которые сформировались как изолированные внутриморские 
мелководные карбонатные горы древнего океана Прототетис. Они нарастали вверх, образуя 
положительный рельеф дна океана. В результате колебаний уровня моря окраины массивов 
подверглись минералогическим кальцит-доломитовым трансформациям. Как следствие 
образовались карстовые пустоты и вторичная пористость, которые стали типовыми коллекторами 
для углеводородов. После складчато-надвиговых деформаций и орогенеза сохранились 
гигантские фрагменты этих карбонатных массивов, которые могут быть целевыми объектами  
для геологоразведки в осадочных бассейнах Центральной Азии.
Ключевые слова: осадочный бассейн, карбонаты, аградирующие кверху сиквенсы, 
углеводороды.
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Ғылыми шолу

Палеозой дәуіріндегі аградациялық карбонатты массивтер. 
Орталық Азия шөгінді бассейнінің аса терең қабаттарындағы 
негізгі конседиментациялық мегақұрылымдар
В.Г. Жемчужников¹, М. Фустич², Ә.Ж. Ахметжанов¹, А.Д. Досан¹, С.Қ. Құрбаниязов³
¹Қазақ-Британ техникалық университеті, Алматы қаласы, Қазақстан
²Назарбаев Университеті, Астана қаласы, Қазақстан
³Қожа Ахмет Ясауи атындағы Қазақ-түрік халықаралық университеті, Түркістан қаласы, 
Қазақстан

АННОТАЦИЯ
Қазақстанның оңтүстігіндегі Қаратау жотасында ашылған палеозой карбонаттары ежелгі прототис 
мұхитының оқшауланған теңіз ішіндегі таяз карбонатты таулары ретінде қалыптасқан карбонатты 
массивтерді құрайды. Олар жоғары қарай өсіп, мұхит түбінің оң рельефін қалыптастырды. 
Теңіз деңгейінің ауытқуы нәтижесінде массивтердің шеткі бөліктері минералогиялық кальцит-
доломиттік өзгерістерге ұшырады. Соның нәтижесінде карст қуыстары мен қайталама кеуектілік 
пайда болып, олар көмірсутектердің жиналуына қолайлы типтік коллекторлар қызметін атқарды. 
Қатпарлы-ығыспалы деформациялар мен орогенезден кейін осы карбонатты массивтердің алып 
фрагменттері сақталып, олар Орталық Азияның шөгінді бассейндерінде геологиялық барлау 
жұмыстары үшін нысаналы объектілер бола алады.
Негізгі сөздер: шөгінді бассейн, карбонаттар, жоғары қарай аградациялық түрде дамыған 
сиквенстер, көмірсутектер.

Дәйексөз келтіру үшін:
Жемчужников В.Г., Фустич М., Ахметжанов Ә.Ж., және б. Палеозой дәуіріндегі аградациялық 
карбонатты массивтер. Орталық Азия шөгінді бассейнінің аса терең қабаттарындағы негізгі 
конседиментациялық мегақұрылымдар // Қазақстанның мұнай-газ саласының хабаршысы. 2026. 8 том, 
№1. 8–18 б. DOI: 10.54859/kjogi108940.

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.54859/kjogi108940
https://doi.org/10.54859/kjogi108940


11DOI: 10.54859/kjogi108940 

REVIEW ARTICLES	                             Vol. 8, № 1 (2026)                            Kazakhstan journal for oil & gas industry

Introduction
The Karatau mountains  (Fig.  1) in the south 
of  Kazakhstan are presented by multikilometer 
thickness of siliciclastic-carbonate strata  [1].  
The Palaeozoic and  Mesozoic-Cenozoic succe
ssions are biostratigraphically constrained, 
while Late Proterozoic strata are substantiated  
by absolute geochronology. The  complete 
Palaeozoic stratigraphy is well exposed in Karatau 
ridge [2, 3], which elevation rarely exceed 1000 m, 
although in the axial part of the ridge reaches 2173 m 
(Bessaz Peak). However, the  relative elevations  
of uplifts above the modern valleys is not exceeding 
100–300  m. Modern river valleys intersect 
the  mountainous part perpendicular to  the strike 
of the main geological structures, creating favorable 
outcrop exposures for examining structures 
and  stratigraphy and correlating them between 
valleys over long distances (tens of kilometres).
The base of Karatau section is presented  
by Bessazian Group, composed of crystalline schists, 
amphibolites, and serpentinites, which are intersected 
by younger plagiogranites. The isotope age dates 
vary from 934 Ma to 825 Ma and 775 Ma [2], which 
coincide to the tops of Tonian Period.
Two carbonate units were successively formed 
during Baikalian and Caledonian tectonic epoch: 
Neoproterozoic and Cambrian-Lower Ordovician, 
each up to 2–3 km thick, as long as two siliciclastic 
units: Neoproterozoic-Ediacaran and Middle-Upper 
Ordovician flyshoids, each up to 2.5–4 km thick.
The base of this section is presented by bimodal 
basaltic-rhyolite volcanites characterized by thick
nesses up to  1.5  km and more. Their absolute 
age of 725  Ma correlates with the volcano- 
sedimentary deposits of  the  Neoproterozoic 
of the Maly Karatau from  the  Kurgan tuffites, 
the absolute age was obtained from zircons  
of 820  million years and 779  million years  [2].  
An age of 570  Ma (corresponding to Ediacaran  
of the upper Neoproterozoic) was confirmed using  
K/Ar method in glauconitic sandstones of siliciclastic-
carbonate deposits of the Kyrshabakty formation  
of Maly Karatau [4].
The contact with the overlying Precambrian  
and Lower Palaeozoic successions is marked  
by an angular unconformity presented by Baikonur 
Cryogenian tilloids, which is widely recognized  
as a marker horizon. These tilloids are overlain  
by Terraneuvian Epoch of the Lower Cambrian 
organic- and silica-rich Kurumsak formation shale 
and the phosphate-bearing Chulaktau forma
tions [1–3].
The Early Palaeozoic succession includes 
Cambrian-Lower Ordovician carbonates [5] charac
terized by a very diverse shallow- and deep-water 
facies  (Fig.  2) and  Ordovician siliciclastic deep-
water turbidites which are dated by the fauna  
of trilobites, graptolites, and  conodonts  [1,  2].  
The end of this early Palaeozoic stage is marked  
by Caledonian orogeny and associated intrusions  

of the Upper Ordovician granitoids in Maly Karatau [2]. 
The orogeny caused significant deformation  
of the Late Proterozoic and early Palaeozoic 
siliciclastic-carbonate succession including  
the overthrusting and  assemblage of tectonic 
packages in the form of  monoclinal-flexural blocks  
and  overthrusting  [6,  7]  (Fig.  1, geological cross-
section C–D  [7]). However, the original basin 
stratigraphy including basin-wide palaeogeogra
phical zoning has been well preserved.
The Late Palaeozoic is comprised of multikilometer 
terrigenous-carbonate deposits, predominantly 
accumulated during the Hercynian stage [1–3, 8].
Red-colored terrigenous sequences of the Middle-
Late Devonian, as well as Late Carboniferous  
and Permian are 2–3  km thickness each  [2].  
These are separated by  4  km of Famennian-
Carboniferous multifacial shallow and deep-water 
carbonates, rich in diverse fossil fauna, foraminifera 
and conodont microfauna [9] (Fig. 3).
The end of the deposition at the latest Permian  
is caused by transpressive tectonics along  
the Main Karatau Fault [10] and associated intrusion 
of small granitoids. As a result, the Famennian-Early 
Carboniferous carbonate basin was broken apart 
into large tectonic blocks  (Fig. 1, geological cross-
section A–B in lower insert).
The Mesozoic succession includes, Jurassic lacust
rine-alluvial deposits accumulated in the Leontinov 
graben [2] (Fig. 1) which was formed by the dextral 
strike-slip movements along the Main Karatau Fault, 
and  Cretaceous continental clastics of debatable 
origin.
The Karatau region is crossed cut by a giant 
lineament  (Fig.  1) – the long-lasting Main Karatau 
fault  , which was active at least since Proterozoic 
when  continental rift structures were formed  [6]. 
Together with its feathering faults, it was reactivated 
multiple times and particularly during the Caledonian 
and  Hercynian orogenies, contributing to exerting 
deformations of the accumulated sedimentary strata 
and their divisions into tectonic blocks, including: 
North-West Karatau, Central Karatau, Axial 
Karatau, South-Eastern Karatau, Leontinov graben, 
Baizhansai, Kokzhot horst and Maly Karatau (Fig. 1, 
lower insert; [1]).

Carbonate massif geological model
Palaeozoic carbonates exposed in Karatau 
mountains are interpreted as off-shore isolated 
platform accumulations formed in two stages:  
i) in the Cambrian-Early Ordovician in the Maly 
Karatau and, ii) at the end of the Devonian – 
beginning of the Carboniferous within the Bolshoi  
Karatau [1, 5, 8]. In international geological practice, 
offshore carbonate platforms have received 
a  cumbersome name as “isolated submarine 
carbonate mount”, but the closest in meaning  
to geology is the term “carbonate massif” (Fig. 4).
The carbonate massifs are characterized by 
significantly higher thicknesses of reef-building 
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sediments compared to their coeval deep-water 
basin fine grained sediments, and a narrow transi
tion zone between the two, where sediments shed  
of from the platform form steeply dipping wedge-
shaped deposits commonly referred to as carbonate 
slopes [5, 8] (Fig. 4).
The carbonate massifs themselves are almost  
entirely composed of limestones comprised  
of different facies and, to a lesser extent, dolomites 
and other commonly light-colored carbonates.  

In contrast, the coeval deep-water carbonates  
thin-layered clay-rich shale are commonly 
dark colored due to the preservation of ocean 
derived organics in deep-water sub- and/or ano
xic conditions. Slope deposits are commonly 
characterized by alternating light and dark 
colors, which are reflecting shifts between storms  
when platform sourced bioclastics are derived 
and quite periods when deep water sediments 
accumulated from water-column.

Figure 1. Geological map and representative cross-sections of the Karatau Range  
(Southern Kazakhstan)

Modified after [1]. For full names of stratotype sections (black circles) see captions in Fig. 2 and 3
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Figure 2. Stratigraphic correlation diagram of Lower Palaeozoic Maly Karatau area 

The carbonate massif developed from a flat carbona
te shelf attached to main-land to an isolated offshore 
massif characterized by marginal oolitic sandbanks 
comprised of stacked grainstone accumula
tions and deep-water reef mounds developed  
on slopes  (Fig.  5). In response to basement 
subsidence and associated relative sea-level rise,  
the carbonate massif was growing upward, 
continuously providing sediment source for slope 
and  deep-water basin. These sediments were 
derived by  debris flows and both low- and high-
density turbidites [5, 8].

Reservoir Facies Associations
The shallow-water facies of the carbonate 
massifs are documented: i) in the northeast –  
the most ancient Cambrian-Ordovician in the Maly  
Karatau,  in  the  Ushbas-Tamdy interfluve, and ii)  
in  the  extreme south – in the Ters-Arys inter
fluve  [1]. They are composed of interbedded 
thick-layered limestones and  dolomites reaching  
a thicknessof 2000–4000  m, and characterized 
by layers of oolitic limestones along the edges  
of Palaeo-massifs [5].
The carbonate massif facies are widespread in Bol- 
soi Karatau, while in Maly Karatau they are 

replaced by  coeval Upper Devonian quartz-  
and feldspar rich red beds. Specific locations  
in Bolshoi Karatau include: i)  Zhilandy–Shert 
interfluve, and ii) in Baizhansai, between the upper 
reaches of the Shayan River and the upper reaches 
of the Shert River [8] they form shallow-water strata 
up to 4000 m thick.
These carbonate massifs underwent mineralogical 
transformations caused by early marine diagenesis 
and  surface karst, which led to the filling of voids 
with marine cement and karst filler, as well as early 
dolomitization of carbonate deposits.
ation diagram of Lower Palaeozoic Maly Karatau 
area 
When submerged to depth, thermal sulfate reduction 
was manifested at some horizons and, as a result 
of  deep diagenesis, the carbonate strata were 
subjected to dedolomitization (Fig. 5).
They differ well both in mineralogical composition 
and  in  the values of stable isotopes δ¹⁸O  
and δ¹³C, as well as in the ratio of strontium isotopes 
⁸⁷Sr/⁸⁶Sr [13]. At the end of the Palaeozoic, Karatau 
experienced Hercynian tectogenesis and, as a result 
of shear deformations, underwent folding. 
Oolite layers of sand shoal facies, sometimes 
reaching a thickness of up to 500 m, have been 
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Figure 3. Stratigraphic correlation diagram of Famennian and Lower Carboniferous of North-Western 
Karatau area (modified after [9])

Figure 4. Geological model of the Karatau carbonate massif (modified after [5, 8])
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Figure 6. Palaeogeography and main tectonic 
blocks and movements of Karatau Range for Late 
Permian to Late Mesozoic time along dextral Main 

Karatau Wrench Fault

Figure 5. Geological model of Karatau mountains Famennian-Early Carboniferous carbonate platform 
i) Schematic depositional model of Karatau mountains Famennian-Early Carboniferous carbonate platform 

including; ii) typical sedimentary and diagenetic micro-facies (modified after [11, 12])
Note that maximum diagenesis in the Karatau carbonates is confined to the marine oolitic sand shoal facies on the platform 
margin and is characterized by dolomitization of the primary limestone sediment

studied in  Maidantal Formartion the Zhertansai  
and Ushozen sections (Fig. 3), and paleogeographic 
reconstructions suggest that they extended for tens 
of kilometers [14].

Tectonic fragmentation
The Famennian-Lower Carboniferous carbonate 
deposits are tectonically separated along  
the Main Karatau Wrench Fault (Fig.  6) over  
a distance of up to 200 km as a result of right-lateral 
strike-slip deformations during of the Permian-
Mesozoic and  Cenozoic periods  [9]. In addition, 
the carbonate deposits are divided into numerous 
isolated giant tectonic blocks with varying sinistral 
antithetic and extral synthetic offsets (Fig. 1). Since  
the faults are curvilinear, various blocks along  
the fault route experienced both uplift and subsi
ding of the basement, depending on the distribution  
of compression or tension forces. Deep fault 
tectonics is widely interpreted throughout Central 
Asia tectonic basement (Fig. 1, upper inset).
However, these blocks retain vertical facies 
continuity, which allows for the analysis of sedi
mentary and  diagenetic facies, including various 
porosity types and different karsts [12–14].

Conclusion
In the sedimentary basins of Kazakhstan, 
and  throughout the Central Asia, in the interval 
of  the  Cambrian and Lower Ordovician, as well 
as  the  Famennian and Lower Carboniferous deep 
geological sections the thick carbonate deposits 
of  various facies are distributed over a large 
area  [13,  15]. In the North Caspian Depression, 
within the Astrakhan-Aktobe facies zone,  
the Northern, Eastern and Southern facies zones 
(Fig.  1, upper inset), the giant oil and gas-bearing 

Tengiz-Kashagan, Zhanazhol and  Karachaganak 
carbonate platforms have been explored and studied 
in detail, forming groups of  carbonate massifs  
of large area and great thickness to  subsurface 
depth of 5 km  [16–18]. Their structure and  carbo
nate facies zonation are reliably recognized 
by  seismic lines and borehole geophysics 
methods, especially by formation-velocity characte- 
ristics, as well as by density, radioactivity  
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and magnetic susceptibility of  the rocks  [16].  
There is in the northern edge of Astrakhan-Aqtobe 
facial area, in the super-deep well Tasym Yugo-
Vostochnaya 1, at TD 7 km, reservoirs with a porosity 
of up to 13% were interpreted and  discovered, 
and these data are confirmed by both borehole 
geophysics and petrophysical study of the core 
samples [19].

Although variably displaced and deformed 
by  transpressive tectonics Karatau’s carbonate 
successions of such massifs serve as an unpa
ralleled portal for the prediction, assessment  
and exploration of  hydrocarbon plays at deep  
and ultra-deep horizons in  the subsurface  
of sedimentary basins of the Central Asia, which  
are of particular interest to carbonate field operators.
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