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GEOLOGICAL FEATURES OF THE INDER SALT DOME BASIN OF
THE INDER DISTRICT OF THE REPUBLIC OF KAZAKHSTAN

Annotation. This article describes the Jurassic and Cretaceous deposits of the Inder salt
dome basin of the Inder district of Atyrau region of the Republic of Kazakhstan. The material for
the work was observations and samples found in the spring of 2023. The materials were studied
using experiments and methods used in classical paleontology and geology.

An important feature of the structure of the salt dome is Mesozoic deposits. Jurassic and
Cretaceous marine deposits are characterized by abundant marls and limestones. On the slopes of
the Koktau ridge, rocks of the Triassic period are represented on the surface by red clays,
transverse sandstones and conglomerates. The following remains of invertebrates have been found
in the fauna: bass clams Belemnitella mucronata, dioecious shellfish Gryphea dilatata, Sea urchin
shell Echinocorys sp., the only scleractin coral Caryophyllum similotrochus.

Key words: Atyrau region; paleofauna; sediments; Inder; member; formation; lake;
Shellfish; mesozoic; uplift.

Introduction

The Caspian lowland is a geographical region, one of the distinctive features of which is
the significant influence of salt tectonics on the formation of landscapes. One of the largest salt
dome landscapes of the Caspian lowland is the Inder salt dome zone. The surroundings of Lake
Inder are located on the left bank of the Ural River (N48°36,139'E051°59,239") and represent a
saline dome-shaped rise in the form of a plateau 20-25 m high above the surrounding desert.

The plateau of the Inder uplift consists of gypsum rocks with an area of about 250 square
kilometers. It covers the territory, but the thickness does not exceed 50-60 m.

Research materials and methods

The material for the work was observations and finds made by the authors in May 2023 in
the area of Lake Inder (Fig. 2). The materials were studied using the experience and techniques used
in classical geology and paleontology.

The formation of the Inder salt dome area is associated with two large salt domes - the Inder
and Bad Indus, between which is located the largest compensation (depression) trough of the Inder
compensation trough in the Caspian basin.

This fluctuates at least 500 m at a rate of about 1 mm per year [1].

From a physical and geographical point of view, the Inderovsky solonchak-domolny district
is distinguished as a separate landscape region within the Ural-Embinsk plain desert province.

Like the five major salt dome landscapes of the Caspian Lowland, the Indera Salt Dome
region consists of the heavily karstic Inder Mountains, which corresponds to a large diapiric uplift,
and the Inder Salt Dome region consists of the Inder Mountains and 115 km? it is a paradynamic
interface consisting of the large ellipsoidal lake Inder. And the edge of the water is below sea level -
23.5 m. The lake is mainly fed by meltwater and rainwater, springs and ground water from the Inder
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Mountains. The lake stretches from northwest to southeast. Its northern and eastern banks are steep
it reaches more than 20 m in height and is cut by short gullies and gullies in the form of ditches and
ditches. In the ravines of the northern shore of the lake there are mineral waters and springs. Their
total number reaches 80 and is used for balneological purposes, including on the north-eastern shore
of Lake Ashytuzbulak. The average annual flow rate of spring sources is 78.2 | / s, ranging from 33
to 144 I/s in a wide range. The northern coast consists of gypsum, on which quaternary deposits lie.
The lake flows into two north-western currents - Beloe Rostoshye and Aksai, which expose Jurassic
and Cretaceous deposits. The western and Southern banks are cut by flat wide gullies [2].

According to K. M. Akhmedenov et al. [3] Karst of the Inder mountains the plain is the
largest in the Caspian lowland.

The total number of karst forms exceeds 5000. The density of surface karst forms reaches
200-300 pcs/km?. The total amount of surface shortening caused by karst processes is 1.87

mm / year. There are four types of karst pits: lamellar and conical, ponor

figurative ones and well-shaped. Lamellar depressions are common everywhere,

but most often located on the outskirts of the Inder Mountains. The diameter reaches 10-15
m, the depth is 2-3 m. The conical pits are 20 m deep and 30-40 m wide.

Ponor funnels have a conical shape with a narrow hole (ponor) at the base, which serves as a
drainage channel. Karst wells are unique: small in size (up to 5 m in diameter), their depth reaches
15 m. Separate karst depressions and depressions are located to the south and southeast of Lake
Inder.

An important feature of the dome design is the exposure of Mesozoic deposits on its
southwestern and eastern sides (Fig. 1). In the West, in the Belaya Rostosh Gorge, Jurassic and
Cretaceous marls and limestones with a rich marine fauna are found. On the slopes of the Koktau
ridge there are rocks of the Triassic period, on the surface of which red clays, transverse sandstones
and conglomerates are depicted [4].

In the Inder dome, the salt chain was divided by S. S. Korobov [5] into salt, Kyzyltau,

Kurgan, and Totzhal formations. The lower Sutpaitau formation consists of pure rock salt
with an intermediate layer of anhydrite (up to 22 m) at the top.

It is assumed that its thickness is at least 700 m. The dairy-free layer of Inder is equal to the
thickness of bottom rock salt found in other salt domes. The Kyzyltau formation consists of Lower
(halopelite), middle (polyhalite-silvinite), and upper (halite)rocks Buda. The lower hybrid of red-
brown halopelites consists mainly of carbonates and It is represented by anhydrites; only a quarter
consists of clay-siltstone components. Buda is 100-150 m thick.

It consists of medium polyglytic silvinite. In some places, flocks often contain kieserite and
kainite.

In the upper part of its section, silvinites were sometimes replaced by carnallites. Buda is
200 m thick. The upper halite of the Inder Kyzyltau formation is 150-200 m thick. The base of the
Kurgan formation is formed from Buda of the anhydrite horizon, Lower halite, middle Shushak, and
upper halite.

The anhydrite horizon passing through the base of the layer is represented by two closely
spaced anhydrite layers, each up to 10-15 m thick.

Despite the separation of the salt layers, this horizon in Indera is a sign. The thickness of the
lower halite Buda reaches up to 250 m. On its roof, N. K. Vorobyov et al. [6] were well diagnosed
from the core gergate-halite marker defined the horizon.

The bottom of the middle Shushakau Buda (up to 100 m) consists of rock salt, above which
lie two potash horizons separated by rock salt. At the bottom, the potash-bearing horizon (up to 40
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m) is formed by halite, kieserite, and carnallite, and in some places bisophyte, and at the top (up to
20 m)-silvinite-halite rocks.

The thickness of the Shushakau Buda is about 200 m. contains salt clays (5-10 m) the upper
halite element with a layer has a thickness of 650-750 m. The rust layer is represented by a layer of
rock salt coating (250-300 m) and anhydrite coating (80-100 m).

The thickness of the salt beds in the Inder region is about 2500 m.

The Upper Jurassic Inder marine sediments section begins with a glauconite sandstone layer
(0.2-0.45 m) filled with gravel and rounded phosphorite nodules, as well as rounded Callovian and
Oxfordian fauna: Kosmoceras ex gr. Enodatum Nik., K. proniae Teis., Quenstedticeras lamberti
Sow., Cardioceras cordatum Sow., Aspidoceras cf. perarmatum Sow. occurs. Gryphaea dilatata,
Lucina fischeri Orb., Panopaea peregrina Orb., Pleuromya sp., Rhynchonella personata Buch., R.
fischeri Orb. This phosphorite layer usually belongs to the Callovian and Oxfordian regions, but
comparison with other areas of the Caspian Lowland shows that this opinion is incorrect. Salt
domes and old rocks contain all eroded intermediate horizons with transgressive deposits of the
Volga stage. A phosphorite layer with rounded phosphoritized fossilized cores is always found at
the base of the fossils, and nearby horizons are preserved in adjacent dome depressions, possibly
without phosphorites. Hence the formation of a phosphorite horizon and the formation of workings
leached from rocks under the Inder phosphorylation Callovia To Oxford not applicable. It dates
back to the beginning of the Volga transgression. This is directly confirmed by the ammonite
discovered by V. V. Mokrinsky in the same layer with the Callovian and Oxford excavations, and
by G. T. Pchelintseva Virgatites sp. defined as indet. Intermediate layers of gray and yellowish-
gray, often sandy, slightly marl clays (14-17 m) and yellow-clay sands and sandstones are located
above the belaya Rostosha phosphorite horizon. Its rocks contain various non-specific pelecypods,
as well as Pachyteuthis (Simobetus) kirghisensis (Orb.), and Cylindroteuthis (Lagonibelus) cf.
magnifica (Orb.), Belemnitella sp. 3) occurs according to Mikhailov and Gustomesov [7].
Pachyteuthis (Simobelus) kirghisensis (Orb.) occurs in Upper Oxfordian deposits and occurs in
Kimmeridgian rocks, Cylindroteuthis (Lagonibelus) magnifica (Orb.) On the Eastern Europe
platform

Dorsoplanites panderi it occurs in the sediments of the region. In addition, the microfauna
found in clays, according to A. V. Fursenko, is known from deposits of the Volga stage of the
Caspian lowland L. ornatissima(Furss. et Pol.) Lenticulina dofleini (Kasants.), L. ornatissima
(Furss. et Pol.) characteristic forms.

The clays under consideration belong to the Doprsoplanites panderi zone of the Volga stage.

Figure 1-Geological diagram of the Inder salt dome rise (geological survey sheet M-39-
XXXIV M 1:200000) [11].

Above (up to 30 m) are clays of dark, greenish-gray, yellowish-green and brown color,
mainly bituminous, usually marl, in the lower part-separated marl nodes (up to 0.5 m in diameter)
and above-clay sandstones with rare intermediate layers and one horizon of oil shales (0.4-0.7 I)
there is one. Its rocks include Zaraiskites scythicus (Vischn.), Cylindroteuthis (Lagonibelus)
magnifica (Orb.) and numerous pelecypods, and in the upper part of the section (above the oil shale)
- Zaraiskites cf. zaraiskensis (Mich), Pavlovia pallasi (Mich) South Africa.

The upper part of the Volga stage in the white Heath is formed by a unit of light gray marl
(17-22 g), only in its lower part there are several layers of yellow-gray and black clay. Zaraiskites
zaraiskensis (Mich.) is still found in the lower part of the hybrid, and V. sosia (Vischn.) occurs
Virgatites virgatus (Buch).
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Figure 1 - Geological diagram of the Inder salt dome uplift (geological survey of sheet M-
39-XXXIV M 1:200000) [11]

——

Figure 2 - View of Lake Inder from the northeast coast
(Photo by D. B. Yakupova)
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The Volga deposits are relatively poor in ammonites and belemnites, but they are rich in
various pelecypods, which are listed in many works [8-10].

In addition, sea urchins (Cidaris boloniensis Wright., C. coronatus Goldf., C. suevicus
Quenst.) (Figs.4, 5), sea lilies (Pentacrinites amblyscalaris Thug., P. pentagonalis Quenst.),
brachiopods (Rhynchonella pinguis Roem., R. triunca Quenst., Terebratula helmerseni Lem.6),
various representatives of serpula worms and vertebrae of ichthyosaurs (ichtyosaurus trigonus Ow.)
were found.

Toothless wickets Ostrea deltoidea Sw., O. expansa Sw., Exogyra bruntrutana Thurm. in the

sedimentary layer, Virgatites virgatus form solid banks.

The total thickness of the Volga step deposits in Inder is estimated differently by different
researchers: according to A.V. Khabakov (1937), 45-47 m, according to E. I. Sokolova (1939) -68
m, according to A.V. Fursenko— 75 m [ 12].

Figure 3-Belemnitella sp. Figure 4 —Sea urchin shell Echinocorys sp.
(Photo by D. B. Yakupova) (Photo by D. B. Yakupova)

Early Cretaceous deposits make up the eastern part of the Inder and the southern part of the
Bad Inder and contain the ammonite fauna Deshayesites sp. the main part of the Late Cretaceous
deposits was formed in the Campanian and Maastrichtian ages [13].
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Figure 5 —Remains of a sea L Figurr'ém '6'-'Single scleractin  coral
(photo by V. N. Kurdukov) [13] Caryophyllum  Similotrochus (Photo by
A.A. Kurmaniyazova)
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Conclusion

Geological characteristics of the Inder district of Atyrau region, which are of considerable
interest from the point of view of stratigraphy and tectonics, are carried out. Jurassic deposits cover
the entire perimeter of the Inder dome and cover all the eras of the Jurassic period-early, middle and
Late. From the Upper Cretaceous sediments, cephalopods Belemnitella sp., sea urchin shell
Echinocorys sp., and scleractin corals, fossilized fauna of invertebrates such as Caryophyllum
similotrochus were discovered.

The research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (grant No. AR 19177208 "Research of marine reptile

fossil biodiversity in Western Kazakhstan™).
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KypmanuszoBa A.A.*, AXMeIleHOBUK.M., SAxynosa /I.b.
KA3AKCTAH PECITIYBJIUKACBHI HHIAEP AUMAYBIHBIH UHJIEP TY¥3/1bI-
KYMBE3/1 BACCEFIHIHIH I'EOJIOT'UAJIBIK EPEKIHEJIIKTEPI

Anparna. byn makanaga Kazakcran PecnyOnukacel Ateipay o6neickl UHnep aynanst UHaep
TY31bI KymOe3ni OaccelHiHIH fopa koHe OOp erinauiepi cunarranrad. KyYMBICTBIH MaTepHasbl
6ombin 2023 KbUILIBIH KOKTEMIHJE JKYpPri3uireH Oakpliaynap MeH TaObUIFaH yiariiep OOJbl.
Marepuannap KJIacCHKAJIbIK MMaJCOHTOJIOTHsI MEH T'€0JIOTUAAAFbl KOJAAHBUIATBIH TOKIpUOenep MeH
ozicTepAl KOJIaHy apKbUibl 3epTrenai. Ty3asl KymOe3 KYpBUIBIMBIHBIH MaHBI3Jbl EpEKIIeNiri
Me3030i meriHainepi Oonbin TalObumanel. FOpa skone Oop ImeriHzaiiepi TeHi3 (ayHacsl MOJ
Meprenpiep MEH OKTacTapbIMeH epekiieneHesi. Kekray >XoTachlHbIH OeTkeilnepinae Tpuac
IQYipiHIH Tay JKbIHBICTApbl O€TiHAE KbI3BUI Ca3lapMeH, alKacmajibl KYMTAacTapMEH J>KOHe
KOHTJIOMEpaTTapMeH YChIHbUFaH. DayHagaH OMBIPTKAChI3 >KaHyapJapAblH Kelleci KaJJAbIKTaphl
TaOBUIIBI: OacasKThl MOJUTFOCKaap Belemnitella mucronata, kocxxakraynsl Mmosutrockanap Gryphea
dilatata, Teni3 kipmicinid kKaObiFbel EChinocorys sp., xanrbi3 ckiaepakTiua mapkanbl Caryophyllum
similotrochus.

KinT ce3nep: Atbipay o0mbichl; maneodayHa, meriHaiiep; MHaep, madyka, CBHUTA, Ko,
MOJUTIOCKAJIAp; ME30301; KoTepiiy.

KypmanuszoBa A.A., Axmeaenos K.M., fixynosa /I.b.
T'EOJIOTUYECKHUE OCOBEHHOCTH UHAEPCKOI'O COJITHOKYIIOJIBHOI'O
BACCEWHA UHJAEPCKOT'O PAMOHA PECITYBJIMKHU KA3BAXCTAH

AnHoTanusa. B 1aHHON cTaThe omMcaHbl IOPCKUE, MEJOBBbIE OTIOXeHHs Wuaepckoro
COJISTHOKYIIOJIbHOTO Oacceitna MHnepckoro paifona Ateipayckoit obmactu Pecriy6nuku Kazaxcran.
MarepuanoM ansi paboThl MOCTY)KUIM HAOMIOACHUS M HAXOJKH, Npou3BeaeHHbIe BecHoW 2023
roga. Marepuanbl ObUIM H3YyY€HBI C KCIIOJNB30BAaHHMEM ONBITA W METOJMK, NPUMEHSEMBIX B
KJIACCUYECKOM T'e0JOTMH M MaJCOHTOJOTHH. BaXHONH 0COOEHHOCTHIO CTPOEHMS COJISTHOTO KyIojia
ABJSIeTCS OOHA)KEHUE ME3030HMCKHX oTIoxkeHUH. FOpckue M MenoBble OTIIOKEHUS MPEICTaBIICHBI
MeprefisiMd M H3BECTHSAKaMHU ¢ OOMIbHOM Mopckoil ¢ayHoit. Ha ckimonax xpebra Koxray Ha
MOBEPXHOCTh BBIXOJAT TIOPOJBI TPUACOBOTO BO3pacTa, IPEACTaBICHHBIE KPAaCHOLBETHBIMHU
IJIMHAMM, KOCOCJIOMCTBIMHM TI€CYaHMKAaMU U KOHIJIOMepaTaMu. bbUTH HaileHBl OCTaTKH
0ecro3BOHOYHOM (hayHBI, TaKMe Kak rojioBoHorue moJuntocku Belemnitella sp., nanyups Mmopckoro
exxa Echinocorys sp., onuHouHbIe Kopauibl-ckiepakTiuaun Caryophyllum similotrochus.

KaroueBble ciioBa: ATbipayckas oOnacTh; naneodayHa, oTinoxxeHus; MHaep; mauka; cBUTa,
03€p0; MOJUTIOCKH; ME30301; MOIHATHE
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