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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, upliffed 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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Hayu4HbIn 0630p

Arpagupylouime naneo3onckme KapoboHaTHble MaccuBbl. [NaBHbIe
KOHCeAUMEeHTaLNOHHbIe MeracTpyKTypbl B CBEPXIrily60Kux
MHTepBanax LleHTpanbHO-A3naTCcKoro ocago4Horo 6accenHa

B.T. XKemuyxHukoB', M. ®dyctny?, A. XK. AxmemxaHoB', A.l. Aocan’, C.K. Kyp6aHuszos?
'Kazaxcko-bpumaHcKul mexHu4Yeckul yHusepcumem, e. Anmamsi, KasaxcmaH

2Hasapbaee YHusepcumem, 2. AcmaHa, KasaxcmaH

3MexdyHapoOHbIU Kazaxcko-mypeukul yHusepcumem um. Xodxu Axmeda Scasu, e. TypkecmaH,
KasaxcmaH

AHHOTALMUA

Maneo3solickne kapboHaTtbl, OOHaxkéHHble B xpebTe Kapatay Ha tore KasaxcrtaHa, o6pasytoT
KapboHaTHble MaccuBbl, KOTOpble COPMMPOBANNCL KaK  W30MMPOBaHHbIE  BHYTPUMOPCKUE
MENKOBOAHbIE KapGoHaTHble ropbl ApeBHero okeaHa [pototeTnc. OHM HapacTanu BBepx, obpasysi
NonoXWUTENbHBIA penbed OHa okeaHa. B pesynsrate konebaHwuii ypoBHS MOPsi OKpauHbl MacCuMBOB
nogBeprnMcb  MUHEpanormyeckuMm  KanbuuT-Z4O0NIOMUTOBBLIM — TpaHcdopmaumam. Kak — cnegctsue
o6pa3zoBan1ch KapcToBble NYCTOTbl U BTOPUYHAS NMOPUCTOCTb, KOTOPbIE CTanu TUMOBLIMU KOMeKTopamm
ans  yrnesogopogoB. [locne cknagyato-HagBuroBbiXx AedopMaumii M oporeHe3a COXPaHWUUCh
rmraHTckne doparMeHTbl 3TUX KapOGOoHATHbLIX MacCMBOB, KOTOpble MOFYT ObiTb LenesbiMn o6bekTamu
[Ons reonoropasseiky B ocafoyHbix bacceriHax LieHTpanbHon Asnn.

Knroveewie criosa: ocado4Hbili baccelH, KapboHambl, azspadupyroujue Keepxy CUKBEHChI,
yanesodopookl.

Kak umtupoBarthb:
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Fbinbimu wony

Maneo3on pgayipiHaeri arpagauuanbiKk KApO6oOHaTTbLlI MaccUBTEP.
Oprtanbik A3us wWeriHAai 6accenHiHiH aca TepeH KkabaTTapbiHAarbl
Heri3ri KoHceagUMeHTaUuuASbIK Merakypbisibimaap

B.T. XKemuyxHukoB', M. ®yctny?, 9.XK. AxmetmxkaHoB', A.ll. DocaH', C.K. Kyp6aHusasos?
'Kasak-bpumaH mexHukarnbIK yHusepcumemi, Anmamai Kanacel, KazakcmaH

2Hasapbaee YHusepcumemi, AcmaHa Kanacol, KasakcmaH

3Koxa Axmem Slcayu ambiHOafbl Ka3ak-mypik xanbikapasnbik yHusepcumemi, TypkicmaH Kanacel,
KasakcmaH

AHHOTALUMUA

KasakcTaHHbIH OHTYCTiriHAeri KapaTay oTacbiHaa allbinFaH naneo3on kapboHaTTapbl eXenri NpoToTmc
MYXMTbIHbIH, OKLLIAYNaHFaH TeHi3 ilWiHaeri Tan3 kapboHaTTbl Taynapbl peTiHae KanbinTackaH kapboHaTTbl
MaccuBTepai Kypanabl. Onap >kofapbl kapaw ecin, MyxuT TybiHiH OH penbediH KanbinTacTbipabl.
TeHi3 AeHreniHiH aybITKybl HOTWXeciHAe MaccuBTepAiH weTki GenikTepi MUHepanorusnblk KanbuuT-
[onomMuTTik e3srepictepre ywbipagbl. COHbIH, HOTUXECIHAE KapCT KybICTapbl MEH KaWTanama KeyekTinik
nanga 6onein, onap KeMipCyTeKTepAiH X1HanyblHa KoNannbl TUMTIK KONNEKTopnap KbI3MeTiH atkapabl.
Katnapnbl-bifbicnansl gedopmaumanap MeH oporeHesneH KeriH ocbl KapOoHaTTbl MacCUMBTEPAiH, anbin
bparmeHTTEpPI cakTanbin, onap Optanblk A3usaHbIH LWeriHai 6accenHaepiHae reonorvanelk Gapnay
XKYMbICTapbl YLUIH HbicaHasnbl 06bekTinep 6ona anagbl.

Hezizzi ce3dep: weeiHOi bacceliH, kapboHammap, Xofapbl Kapal aspadayusisibiK mypde OambiraH
cukeeHcmep, Kemipcymekmep.
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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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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
and feldspar rich red beds.
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 &0
and 6"C, as well as in the ratio of strontium isotopes
87Sr/%eSr [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

Devonian quartz-
Specific locations

Figure 2. Stratigraphic correlation diagram of Lower Palaeozoic Maly Karatau area
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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 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

DOI: 10.54859/kjogi108940

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

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].
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