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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. The article describes in detail the history of research in the field of
mining magnesium salts, boron ores and potash ores, as well as the characteristics of
potential regions of Kazakhstan for mining these ores. Historical data of exploration
works and their results for the period from 1960 to 2011 are presented. Various
sources of minerals and rocks, as well as their properties and composition, are
shown. A reliable mineral resource base for the production of boric and potassium
salts in Western Kazakhstan has been created. Boron-potassium salts are previously
unexplored new types of mining and chemical raw materials that have no analogues
in world practice. They are widespread on an industrial scale on the globe only in
halogen formations of the Kungurian stage of the Lower Permian of the Caspian
Basin and are a complex raw material containing boron, potassium, magnesium,
bromine and table salt. The exploration of borate ores and potassium salts in the
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Caspian Basin continues to be an important national economic task, due to the
development of borate ores in the Inder salt-dome structure, which made it possible
to continue exploration work on borate ores in the dome X. Due to the expansion
of agricultural production and the ever-growing need for potassium worldwide,
this study is of great importance. Fertilizer production accounts for a significant
portion of global potassium production, and it can also be used in other areas such
as pharmaceuticals, glass, ceramics, food and detergent industries.

Keywords: Potassium, magensium, boron ores, potash exploration, geological
survey, salt domes, exploration well.
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AHHOTaUMs. ByJT )KyMBICTa KaJIWid, MaTHAHA TY3Aaphl )KOHE O0p pymaiapbiH ary
yuria Kazakcran aitMakTapbIHBIH Oapiiay TapuXbl MEH CHTIATTaMaChl erKeH-Ter ke
KOpCeTUIreH. OPTYpIi Tay >KbIHBICTAPbl MEH MUHEPAJAbl KO31ep KOHE OJapIbIH
KacueTTepi MEH Kypamiapbl KepcerinreH. Horwxkemep. X Ty3asl KyMOe3iHiH
eJIeMi MeH KypaMbl aHbIKTasabpl. KymOe3 aiiMarbIHa Ha3ap ayaapapiiblk Oopar
KeHJIepi, OOpIIbI Kaluii-MarHuii TY3apbl aHBIKTAIIBL. 475-525 M TepeHIIKTeT1 Ty3
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Ka0aThl YIII alMaKThIH Tay JKbIHBICTAPBIMEH OCHHEICHIeH KOHEe TOMEHT1, JKOFapFbl
TIMTTIK aliMaKThl XKOHE OHIM1 OOpPJbI KOHJBIPFBIHBI KaMTH[IbI. JKapTacThiH
KaTBIHABIFEL 9,0 M. bop okcuaminiy memmepi 2,75%, xamwmit 13,1%. CymsdarTsr
Ka0ar KOFaprbl XeMOTSH/Ti-IIIOT1H/[I KadaTTaH )KoHE TOMEHT1 ATFOBHAIB B Ka0aTTaH
Typajsl. by kabarrarsl 00p Mesiepi boparrap: THIPOOOPALIUT, alllapUT, OOpaIUT
JKOHE MMHHOUT 00JTyBIMEH aHBIKTaIa bl CyabGhaTThl Ka0aTThIH KaIBIHABIFEI 294,0-
neH 441,0 m-re peiiiH aybITKUAbL. FeutbiMu kaHATBIK. 1960-1962 sxone 1988-
1992 xpipapaarsl Oapiay OyprbUIayBIHBIH KOJAa Oap Marepuaijapbl HEri3iHie
AIIOBUATBABI OOpaTTAPIBIH ipi KEH OPBIHAAPHI Oap MepCIeKTUBAIBI TY3IbI KyMOe3
X anbikTanapl. OHBIH eJIIeMi MEH KypaMbl aHBIKTAIIbI. MOp(]OIOTHSIBIK KOHE
KYPBUTBIMABIK TaJJiay TPUHIMITEPiH OaCHIBUIBIKKA aJia OTHIPHII, 013 X KyMOe3iHiH
TY37bl alfHACHIHBIH TEOJIOTHSIIBIK-THUTONOTHSIIBIK KapTachlH KYPACTBIPHIT, OHBIH
HET13T1 KYPBUIBIMABIK AJIEMEHTTEPiH Oeuin kepceTTik. [IpakTuKamblK KYHIBIIBIK,
Ty3 kym6e3i X KypaMbIHIa Kallui, Kaluii-MarHui skoHe 0Op-Kalnui TY3JapbIHbIH
ket Memmrepi 6ap. CoHmaii-ak O0pTY3Ibl KEHACPAIH KEeH Tapaixybl, OVJI X TY3IbI
KyMOe3iH/Je KeH OHAIpydi NaMBITy VIIIH jKaHa ayMakKTap[sl amry OOWbIHIIA
TeOJIOTHSUIBIK Oapiiay >KyMBICTaphIH JKaJIFacThIpyFa MYMKiHAIK Oepeni. KymOe3min
OpTaJIBIK OOJITIHAC €H BIKTUMAJ 0ail KeH OPBIHIAPHI AITIOBUAILIBI O0paTTap OOJIBIIT
TaOBIIa/IbI, OJAP/BIH K€H OPBIHIAPHI alllbUTybl MYMKIH KOHE IIETKepi JKepiepae
OHEPKACINTIK KbI3BIFYIIBUIBIK 0OBEKTUBTEPIMEH YCHIHBLTYBI MYMKIH.

Tyiiin ce3nep: kamuii TY3mapsl, MarHAA TY34apbl, 00p TY3BI KeHIEPi, Te0sIor-
Oapiay )KyMBICTapbl, Oapiay YHFEIMACHI.
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AnHoOTaums. B crathe moapoOHO ONMcaHa UCTOPHS UCCIIEIOBAaHUN B 00JIaCTH
MTOWCKOB U Pa3BEKN MarHUEBBIX COJIEH, OOPOCONEBBIX Pyl M KAIHHHBIX COJICH, a
TaK)Ke XapaKTePUCTHKHU TOTCHIIMAILHBIX pernoHoB KazaxcraHa st JOOBIYH 3TUX
pya. Pesynbratel. OnpeneneHsl pa3Mepsl U COAepKaHue CoasHOro kymona X. Ha
riomaaun KyroJja, MOXXHO BbBIABUTH 3aCITYKHMBArOIMEC BHUMAHUTIO 60paTOBI)Ie PyAbl
1 OOpoHOCHBIE KanuitHO-marHueBble conmu. ComnsHas Toima Ha TryomHax 475-
525M mpeacTaBieHa MOPoJaMH TPEX 30H U 3aKITI0UaeT B ceOe HIDKHIOI, BEPXHIOIO
TaJIMTOBYIO 30HY U MPOAYKTHBHYIO OOPOHOCHYIO mMavyky. MomHocTh moponst 9,0
M. Coneprkanue okucu 6opa cocramseT 2,75 %, a xamus 13.1 %. Cynbdarnas
TOJILA CIIO)KEHA U3 BEPXHEH XEMOIE€HHO-OCAJOYHOM W HUKHEW JIIFOBHAIBHOM.
BoponocHOCTh 3TOI TONIIM OMpeneNseTcs HaJudueM OoparoB: THIpoOOpamura,
amapura, 6opannTa 1 THHHONTA. MOITHOCTE Cyab(haTHOI TONMIIHN KOIeOIeTcss OT
294,0 no 441,0 m. Hayunas HoBu3Ha. Ilo nmeromumcs marepuaiamM IOUCKOBOTO
Oypenuss 1960- 1962,1988- 1992 romoB ObUT oOmpeAeNieH IEePCIEKTHBHBIN
COJISTHOM KyToJl X, KOTOPBIA COACPIKUT KPYITHBIC 3aJIS)KU TFOBHUAIBHBIX 00paTOB.
PykoBozacTBysicb  IpUHOMIAMH ~ MOPQOJIOro-CTPYKTYPHOTO — aHaiu3a, HaMu
ObIa COCTaBIICHa TEOJOTO-JIUTONIOTHYECKash KapTa COJSIHOTO 3epKajia Kyrolia
X € BBIIEICHUEM OCHOBHBIX CTPYKTYPHBIX €TI0 3JIEMEHTOB. BbUIM OIpeneseHsl
ero pasMepnl u coxepxanue. Ilpaktuueckass neHHOCTb. B consitHoM kymosne X
3aKIIFOYEHO OOJBIIOE KOJMYECTBO PECYPCOB KAIMHHBIX, KaJIMHHO-MarHUEBBIX
1 OOpHO-KaJIMIHBIX Colel. A TakKe HIMPOKOE PacHpoCTpaHeHHEe OOPOCOIEBBIX
PYZ, YTO JaeT BO3MOXKHOCTH MPOJOJKUTH MOUCKOBBIE PA0OTHI IO OOHAPYKEHHIO
HOBBIX IUIONIaI pa3BUTHS IJi1 IPOU3BOJACTBA PyA Ha COJSHOM Kymnojie X. B
LenTpanpHON 9acTH Kymoia HanOoee BeposATHO OoraTble 3aJIeXKH, SITFOBHAITBHBIX
00parToB, UX 3aJIEKU MOTYT OBITH BCKPBITHI U TIO TIepu(epun, e OHU MOTYT OBITh
MIPEICTaBIICHBI JTMH3AMH, TIPEACTABIISIONIMMHA TPOMBIIIICHHBIH HHTEPEC.

KuroueBble ciioBa: KanwifHbIE CONM, MarHUEBBIE COJNH, OOPOCOJEBBIC PYIBI,
T€0JIOTOpa3BeI0YHbIE PabOTHI, pa3BEIOYHbIE CKBAKUHBI.

Introduction. The salt formations in the Caspian Depression and Aktobe Trans-
Ural region have substantial reserves of potassium and magnesium salts, quantified
in billions of tons of K,O and MgCl,. Currently, 95 formations in the Kazakh
segment of the salt-bearing basin are identified to exhibit potassium mineralization
to varied extents, with 50 deemed promising. Regarding potassium and magnesium
salt resources, only four sites are designated as deposits: Zhilyan, Inder, Satimola,
and Chalkar. The initial three have been comprehensively examined, whilst one
is now undergoing research and assessment. Kazakhstan Potash Company starts
exploration of potash deposits according to the company. They obtained subsoil
use rights for Zhilyan and Chalkar in 2011. In 2014, Reuters reported on its plans
to invest $3.8 billion in deposits and potash production in Kazakhstan (https://
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amm.kz/en/press-center/news/news-blog/907-kazakhstan-potash-company-starts-
exploration-of-potash-deposits)

Table 1 Areas of potash exploration and development in eastern Europe and Asia (Wynn, 2016)

Country Mine production by year

2021 2022 2023 2024
Canada 14000 14,600 13,500 15000
Russia 8000 6800 9000 9000
Belarus 7100 4000 4500 7000
China 6000 6000 6000 6000
German 2300 2700 2600 3000
Jordan 1600 1640 1700 1800
Israel 2300 2450 2330 2400
Chile 900 1100 600 750
United States 480 430 390 420

Kazakhstan possesses substantial reserves of potassium and magnesium salts
to support the mining and processing industries in fulfilling the agriculture sector's
demand for potassium fertilizers in the global market (Bocharov, 2004:350). By
recovering this mineral resource Kazakhstan might ascend to the top five global
leaders in agricultural fertilizer output. However, the potassium recovery from
minerals/rocks is very complicated due to the uniform distribution of potassium
throughout the crystal structure (Sandeep, 2020: 2).

Presently, Kazakhstan occupies the second position in the CIS countries, the
fourth in Asia, and the seventh globally regarding assessed boron reserves among
11 nations with substantial boron ore deposits.

As a result of geological exploration, prospecting, and scientific research
conducted from 1960 to 2011 (with interruptions), a reliable mineral resource base
for the production of boron and potassium salts has been established in Western
Kazakhstan. Boron-potassium salts represent previously unstudied new types of
mining and chemical raw materials, with no analogs in global practice. They are
distributed on an industrial scale around the globe only in the halogenic formations
of the Kungur tier of the Lower Permian of the Caspian Basin and are a complex
raw material containing boron, potassium, magnesium, bromine, and table salt.
The search for borate ores and potassium salts in the Caspian Basin remains an
important economic task, due to the development of borate ores in the Inder salt
dome structure, which made it possible to continue exploration work on borate ores
in the dome of the X dome in 1960-1962 and 1988-1992. The salt dome structure
X is located in the central part of the Caspian Basin, within the West Kazakhstan
region of the Republic of Kazakhstan.
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Figure 1. Area of geological exploration for boron-potassium salts.

Tectonics

The described territory is located in the central part of the Caspian Basin,
which represents the deeply submerged southeastern part of the Russian Platform.
In the tectonic structure of the platform cover, four structural complexes can be
distinguished: sub-salt, salt, supra-salt, and cover. The first sub-salt structural
complex includes Paleozoic rocks up to the Lower Permian Kungurian stage
(Khalturina, 1985:205). The rock of this complex is not exposed anywhere in the
central part of the Caspian Depression, so its structure can only be inferred from
seismic profiling data.

The second salt structural complex is represented by a thickness of hydrochemical
sediments from the Lower Permian. In the area of the salt domes, Mesozoic and
Paleogene rocks are highly displaced and reflect the tectonics of the salt core.
Here, local concordances, breaks, reductions in thickness, pinch-outs of individual
horizons, and a sharp increase in dip angles towards the dome caps are observed. In
the inter-dome zones, the rocks of this complex lie almost horizontally. Dome X is
the largest salt uplift identified within the basin. The studied salt dome X, in terms
of its size and morphology, belongs to the type of hidden salt domes, where the salt
core is exposed by a cover of younger deposits, and older deposits are pierced by
the salt body during the growth of the salt dome.

The salt massif has quite steep slopes. A particularly sharp descent is noted in the
western part, where the dip angles reach 40°. To the southeast, the slopes of the salt
massif are more gentle, with dip angles not exceeding 18-20°. According to seismic
survey data, the following structural elements and slopes can be distinguished in
the salt massif: southwestern, northwestern, northern, eastern, southeastern, and

257



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

southern. All of them are separated from each other by salt outcrops. The width
of the dome, according to seismic map data, ranges from 14 to 40 km, with an
area of about 200 sq. km. A characteristic feature is the development of powerful
sulfate thicknesses on the dome crests. During the formation of the dome, the
sulfate thickness in the form of a horizontal "cap" rose at different speeds, with the
underlying plastic salt masses, being relatively less local, breaking into separate
blocks (Diarov, 2000:82).

According to available data, the dome's vault is divided into two major blocks:
the northeastern part and the southwestern part, which extend parallel to each
other along the entire length of the dome. The dividing strip is formed by drilled
wells No. 28, 4, and 36. The northeastern block has a slight interruption in the
strip of drilled wells No. 66, 68, and 20, which apparently formed as a result of
tectonic phenomena. The southwestern block is significantly lower compared to
the northeastern one, which was mainly influenced by the subsidence of the salt
layer, as indicated by geological cross-sections showing a gradual deepening of the
salt mirror to the southwest. This block is considered tectonically the most stable,
having experienced the least active uplift during the overall development of salt
tectogenesis in the dome area. Within its limits, the thickness of the sulfate layer is
predominant (up to 209m in well No. 30).

Map Legend

Figure 2. Schematic geological map of sulfate thickness on structure X.

258



ISSN 2224-5278 3.2025

Similar to the more well researched Satimola, the salt dome X formed unevenly,
pulsing in both space and time. Individual portions accelerated or decelerated at
different times in relation to the linked ones, all against the background of the salt
masses' overall forward motion. Anticlinal structures were clearly created inside
the dynamically elevating portions of the salt mass. When the overlaying deposits
reached the erosional incision, they fractured because they were much more stiff
than the salts. Eluvium from the salt rocks—the so-called gypsum cap—formed
intensely when chemogenic deposits appeared in the leaching zone, which caused
the sulfate layer to thicken noticeably (Diarov, 1981:100). The Upper Permian to
Lower Cretaceous was the most active time period for gypsum cap formation, and
the Paleogene is also discernible in some places that correspond to the anticlinal
uplifts of the salt masses. The nearly total lack of overlaying terrigenous deposits
from the Upper Permian, Triassic, Jurassic, and Paleogene in the section serves as
evidence for this. In some blocks, deposits of the lower (well No. 19, 34, 77, 99) or
upper (well No. 1, 5, 6, 23, 30, 39, 74, 77, etc.) horizons are found in the section.
At the same time, the chalk deposits preserved from erosion within some of these
blocks are characterized by minimal thickness values

Basin internal structure

We have created a geological-lithological map of the salt mirror of dome X,
emphasizing its primary structural components, based on our experience on the
Inder and Satimola domes and the morpho-structural analysis principles. Polyhalite
and anhydrite are among the potassium, potassium-magnesium, and boron-
potassium salts that make up the dome. It has been shown that there are more
insoluble residues (clay, borate sulfates) than potassium salt. In regions where
boron-potassium salts emerge onto the salt mirror during their washing, this has
greatly accelerated the creation of eluvial formations. A more potent gypsum layer
is currently forming on the salt mirror as a result of the prolonged leaching of salts
by groundwater, which is manifested in the morphology of the sulfate layer rocks as
ridges and mounds. (Diarov, 1983:153) These salts and anhydrites are potassium,
potassium-magnesium, and boron-bearing. Individual anticlinal formations within
the dome component of the salt massif X, Bagyrlaiskaya, Kodzhinskaya, and
Vostochnaya, can be identified by a combined study of the relief and isopachy of
the sulfate layer rocks and the lithology of the salt rocks themselves. The anticlinal
folds' axes undulate along the strike and are extended parallel to the dome wing.
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Map Legend

Figure 3. Schematic geological-lithological map of the salt mirror structures X.

Because of the unique composition and structure of the boron-potassium salt
layers, the outcrops of productive salt horizons on the salt mirror control the position
of the identified anticlinal structures. This means that the wings of the identified
structures are made up of potassium and boron-potassium salts everywhere. The
layers of potassium and boron salts in the productive zone along the strike are
complicated by hinges, diving towards the general dip of the anticlinal structure, and
isoclinal folds of different orders (Tihvymskyi, 1985:25). The anticlinal structure of
Bagyrla is extended from northwest to southeast, spanning 10 km and measuring
1.5 to 2.5 km in breadth. The long to short axis has a 4:1 ratio. The exploration
wells No. 5, 18, 34, 19, 2, and 47 establish the southwest wing of the structure. This
section's northeast wing, which is exposed by wells No. 20 and 33, is configured
similarly to the outer wing. There are two faults that cross the wing from southeast
to northwest. The Kodzhinskaya anticline structure is elongated from the northwest
to the southeast over a distance of 13 km with a width of 2-5 km. Boron-potassium
and potassium salts of the fold wings are revealed by wells No. 30, 3, 37, 6, 35,
31, 50, and 28. The southeastern wing is intersected by a fault that extends from
the Bagyrla Anticline over a distance of 13 km and fades in the southern part of
the dome. The eastern anticline structure is elongated from north to south over a
distance of 6.5 km with a width of 1.5-3.2 km. The northern and southern wings
are complicated by tectonic faults and cut through all layers of potassium and boron
salts. Boron-potassium and potassium salts of the wings are found in wells No. 26,
25, 1, and 27. On the dome, adjacent synclinal structures are located next to the
highlighted anticline structures, elongated in the northeastern direction. The core
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of these formations consists of younger salt deposits. To the north of the work area
near the village of Krugly, due to the growth of the eponymous dome, the Ural River
deviates to the east from its main direction. In the southern part of the local uplift,
a tectonic fault can be traced, along which movement occurred in recent times.

Materials. Potassium salt. A list of potash minerals and its potash content is
shown in Table 2. Where, carnallites, sylvinites, and polyhalites are found among
the several regions within the investigated dome where wells have been found.
The potassium salts that are most prevalent in the vicinity of structures X and
Lebyazhinsky are carnallite. It usually combines with halite, but it also occasionally
combines with bischofite, kieserite, and sylvite. The potassium level of the salts
varies from 13.11% (well No. 20) to fractions. The deposits reach a thickness of 66
meters (well No. 35).

Table 2 Different potash minerals with approximate K20 content [Sandeep, 2020: 4]

Minerals Chemical formula K,O (approx.; %)
Orthoclase KAISi,O, 16
Mica (muscovite) KAL(AISi,0,))(OH), 8-12
Nepheline syenite Kainite Na,KAI,Si,O,, 5-7
Langbeinite Carnallite MgSO,-KCIL.3H,0 19
Microcline Polyhalite MgSO, K,SO, 22
Alunite KCI-MgCl,-6H,0 17
Feldspar KAISi,O, 15-17
Glauconite K,Ca,Mg(S0,),"2H,0 16
Sylvite K,SO, AL(S0,),"4Al(OH), 11
KAISi308 5-14
(K,Na)(Fe*~Al,Mg),(Si,Al),0, (OH), 4-8
KClI 63

Magnesium salts. The chemical composition in #2 (interval 556.0-560.5 m) of
structure X, which is represented by bischofite and kieserite (well 22), is as follows:

* C1-19.2%, Mg -11.05%, K -1.94%, Na -11.7%, and Ca -0.61%

« The insoluble residue is 0.57, B is 0.023%, and SOx is 43.24%.

Kieserite, halite, and individual grains of carnallite and polyhalite make up these
rocks.

Well No. 44 encountered the bischofite rock at the Lebyazhinskaya structure
between 623 and 625 m and 634 and 645 m. In certain locations, the kieserite
rock dominates the bischofite rock in the 635.3-636.0 m period. The following was
revealed by the examination of the rock from the 635.0-636.0 m interval:

* Ca-0.19%, CI -14.13%, Mg -15%, and SO4 -31.19%.

The content is determined as follows based on several samples taken from
different points in the rock's bischofite layer:

* Mg— about 11.6%, CI (around 33-34%).

Rock salt is widely distributed in the dome and contains at least 90% sodium
chloride. The deposits of rock salt have not been assessed, and the reserves have
not been calculated.
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Borates. Borate ores in the sulfate layer have been encountered by many wells.
They are represented by hydroboracite, ascharite, boracite, and less frequently,
pinnoite. The ore-forming minerals are hydroboracite and ascharite. The maximum
content of conditional ores (with borate content accepted as equal to 3% B20s) is
10m (well 76a). In the salt layer, borates were noted by five wells, but the B2Os
content in them usually does not exceed 1.0%, except for well No. 9, located near
the isthmus connecting X and Lebyazhinsky. Here, in the interval of 516.0-518.5
m and 518.5-519.5 m, the B2Os content in rock salt in the anhydrite rock is 12.70
and 1.92%, respectively.

The widespread occurrence of borate brines in the central part of the Caspian
Lowland within the salt domes, including structure X and their outcrops on the
salt mirror cut, has led to the formation of eluvial borate ores in the gypsum cap,
facilitating the discovery of new areas for the development of borate ores with
boron oxide content of 9-12%. (Lysicin,1983,300) This situation allows for the
continuation of exploration work to discover new areas for the development of
eluvial boron ores in the gypsum layer of the salt dome X. In this regard, the
exploration projects were designed to identify eluvial borate deposits in the
gypsum layer with boron content of 9-12%. The selection of objects for exploration
was justified by previous work on dome X in 1960-1962 and 1988-1992. As a
result of these exploration works conducted by the Inder Geological Exploration
Expedition in 1960-1962, a fairly wide boron-bearing capacity of hydrochemical
deposits was established on this structure. In 12 of the previously drilled wells,
boron manifestations were noted, including seven wells in the gypsum layer and
five wells in the salt layer. The boron oxide content in the gypsum ranges from 9.0
to 38.40%. The thickness of the ore bodies is 1.0-9.0m. The boron content in the
gypsum layer is represented by veins, nests, and inclusions of ulexite and asharite.
As a result of exploration work from 1988 to 1990, industrial-grade borate ores
were discovered in the gypsum layer by wells No. 76a, 77, and 100 on the dome
structure. The exploration revealed rich boron-bearing rocks in different intervals
with following boron oxide content shown in table below.

Table 3 Discovered boron bearing rock intervals with boron composition

Well No. Intervals, m Boron oxide content B20s %
76a 426-429 0.63 -2.24
428.0-436.0 4.26 —28.48
436.0 — 438.0 0.78 —7.37
77 441.0-446.0 2.08 to 31.68
100 440.0 - 443.5 1.2t03.41

The boron-bearing rocks are represented by gypsum and gypsum-clay rocks
with lenses and inclusions of hydroboracite and asharite. The salt layer has been
exposed by wells at depths between 475 m and 525 m. The salt layer primarily
constitutes the Kodzhinskaya and Bagyrlaiskaya anticlines and is characterized
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by rocks from three zones: the lower halite, productive boron-bearing, and higher
halite. The deposits of the lower halite zone have been disclosed by wells No. 151,
154, 155, and 156, characterized by gray and light gray rock salt with fine- and
medium-sized crystals. The color is mostly attributable to the presence of several
mineral impurities. Rock salt accompanied by anhydrite is the most prevalent.
Potassium-magnesium minerals are infrequently found in rock salt. Carnallite
and sylvite inclusions in rock salt are seen in well No. 156 within the depth range
of 516.0-525.0 m. Mineralization in rock salt within mountainous regions is
exceedingly uncommon. The productive salt layer consists of rock salt including
two strata: a lower layer rich in boron and an upper layer abundant in potassium.
They were encountered by twelve exploration wells: No. 107, 114, 115, 118, 119,
120, 130, 133, 134, 139, 142, and 149. The majority of these wells found rock
salt, however only well No. 135 discovered carnallite rock with 1.32% potassium
within the depth range of 475.5-483.0 meters. Beyond the productive horizon is
the upper halite formation, characterized by light gray, polycrystalline, huge rock
salt. Exploratory wells No. 78, 111, 113, 116, 121, and 135 encountered them.
The structural characteristics of the salt core of the X dome are dictated by the
existence of three principal anticline structures (Bagyrlaiskaya, Kodzhinskaya, and
Vostochnaya), within which the rocks of the lower boron-bearing package of the salt
layer are exposed at the salt mirror. The extensive anticlines are clearly complicated
by higher-order folds, the mapping of which presents significant challenges at the
present stage of research. The anticipated outcrops of the boron-rich layer within the
salt thickness at the flanks of these anticlines represent the most prospective regions
for the exploration of eluvial borate deposits in structure X. The sulfate thickness is
situated directly on the salt mirror. It has been identified through drilling at depths
of 294.0 to 441.0 m, with a thickness varying from 42.0 to 242.0 m. The sulfate
thickness of the dome exhibits genetic heterogeneity. The upper section comprises
relatively well-preserved chemogenic-sedimentary carbonate-sulfate deposits,
which finalize the phases of halogenic sedimentation in the Caspian region, whereas
the lower section consists of eluvial formations resulting from the leaching of the
salt strata, referred to as the gypsum cap. (Diarov, 2000: 68) The considerable
thickness of the eluvial layer across extensive regions signifies the intensity and
longevity of the salt leaching process, whereas pronounced thickness discrepancies
in neighboring areas, along with the characteristics of the superjacent terrigenous
Upper Permian-Cenozoic deposits—marked by a blocky, irregular pulsation in the
formation of the salt dome—are noted. The cover layer consists of fine-grained,
thick gypsum in shades of gray and dark gray, underlain by a layer of anhydritized
gypsum. The layer thickness varies between 10.0 and 82.0 meters. The gypsum
cap consists of polycrystalline gypsum interspersed with layers of greenish and
grayish-green clays (1.0-7.0 m), gypsum clays (5.0-52.0 m), and anhydrite-gypsum
rocks ranging from 5 to 15 m in thickness. Gypsum constitutes the primary rock
type that forms the gypsum cap. Their hues are light gray, gray, and dark gray. The
thickness varies from 32.0 to 160.0 meters. Boron minerals, including ascharite,
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hydroboracite, and ulexite, are present in gypsum. At the interface of the eluvial
layer and rock salt, there exists an anhydrite layer with a thickness ranging from
2.0 to 8.0 meters. This is a gray, light gray rock with a bluish hue, characterized
as cryptocrystalline. Boron-containing gypsum formations were identified in six
wells: No. 115, 116, 142, 149, 154, and 155, located on the Kodzhinskaya anticline.
The boron concentration is indicated by the presence of asharite and hydroboracite
inclusions. Their thickness varies from 1.0 to 9.0 meters. The boron oxide
concentration varies from 0.4% to 1.71%. Boron-bearing gypsum was discovered
in two wells, No. 133 and 134, on the Bagyrla anticline, occurring in two and
seven intervals, respectively, with thicknesses ranging from 1.0 to 7.0 meters. The
boron oxide concentration varies from 0.41% to 2.75%. A cover layer consisting of
terrigenous rocks from the Triassic, Neogene, and Quaternary deposits is situated
above. (larzhemskyi, 1984: 70)

Investigate indications.

The exploratory indicators employed in the quest for borate ores under the
sulfate layer of dome X were as follows:

1. The superficial presence of the sulfate layer of the dome from the terrestrial
surface. Genetic relationship of eluvial borate deposits with outcrops on the salt
mirror of boron-potassium strata within the salt thickness:

2.The correlation of boron-potassium and potassium salts with a singular
producing layer of the salt massif:

3. The positioning of boron-potassium horizons and their eluviation (borates)
within the sulfate layer on the flanks of isoclinal salt formations.

4. The presence of eluvial borates within the robust development of keprok local
structures is linked to the swift creation of eluvial deposits in regions where boron-
potassium salts appear on salt mirrors during erosion

Methods. Chemical analysis tasks.

To achieve a comprehensive qualitative evaluation of borates, boron-potassium
and potassium salts, and rock salt, the entire core recovered from these rocks was
subjected to sectional sampling. Samples were extracted by bisecting the core
along its longitudinal axis. One portion underwent additional processing, while
the remaining portion was designated for storage. The section lengths for borates,
boron-potassium, and potassium salts ranged from 0.5 to 1.0 meters; for rock salt,
from 2.0 to 10 meters; and for anhydrites, from 0.5 to 3.0 meters. Sample processing
was conducted mechanically utilizing the AC-150 x 80 jaw crusher, the AV 200 x
125 roller crusher, and the 60-DR type disc pulverizer, encompassing crushing,
mixing, and reduction. Screens with apertures ranging from 5.0 to 0.25 mm were
employed for sifting. (Filko, 1990, 7)

The reduction was executed through quantization with the Richards-Chechet
formula (Q = rd?) with uniformity coefficients:

- Rock salt and anhydrite — 0.1;

- Potassium and boron-potassium salts — 0.3;

-Borates, boron clays, and gypsum — 0.3.
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The initial weight of the sample varied between 1.2 and 19.0 kg, while the
final weight ranged from 100 to 185 g. A total of 406 samples were collected and
analyzed using the designated method. Among these, 384 samples were comprised
of boron-containing gypsum and anhydrites, whereas 22 samples were of rock and
potassium salts.

The analytical work encompassed chemical and mineralogical-petrographic
examinations of the stone material throughout the process. Chemical investigation
was conducted on boron-bearing rocks from the gypsum layer, as well as potassium
and boron-potassium salts. A total of 406 samples were examined for a condensed
analysis to ascertain the chemical composition of the rocks. Among these, there are
384 samples from the gypsum layer and 22 samples from the salts. Ten percent of
all samples undergo internal control analysis. External control was not conducted.
In the gypsum layer samples, only the concentrations of boron oxide, magnesium
oxide, and water (H20) were ascertained. Rock, potassium, and boron-potassium
salts underwent a diminished analysis to ascertain K, Cl, Br, B2Os, and H.O
content. The chemical laboratory conducted chemical analyses and internal control
assessments (Diarov, 1993:9).

Results and discussion. Salt dome X, similar to the renowned boron ore
deposits of Inder and Satimola, is situated within the developmental zone of the
boron-bearing carnallite-sylvite-halite lithological-facial complex of the Permian
halogenic formation in the Central Caspian region. The dome is categorized as
medium in size and characterized as buried and breached in microstructural type.
The geological and geophysical analysis is inadequate, particularly concerning the
salt layer, which hinders the comprehension of the internal structure of the salt core
and, subsequently, the identification of the most effective approach for undertaking
exploration activities for eluvial borates.

Based on the data from exploratory drilling performed between 1960-1962 and
1988-1992, the location of the dome, in proximity to established borate deposits,
clearly suggests that X is a viable site for discovering substantial eluvial borate
deposits. The exploratory wells conducted on the dome failed to locate borate ores
within the gypsum cap; nonetheless, 8 of the 28 wells intersected boron-bearing
gypsum containing non-industrial-grade boron anhydrite. This suggests that it is
highly feasible to locate significant borate ores and boron-containing potassium-
magnesium salts in the dome region. The salt thickness identified by exploratory
wells at depths of 475-525 meters comprises rocks from three zones, including
a lower and upper halite zone, as well as a productive boron-bearing formation.
The productive zone consists of rock salt containing interlayers and inclusions of
carnallite and sylvite. The thickness of the rock measures 9.0 meters. The boron
oxide concentration is 0.04%, while the potassium concentration is 1.17%. The
sulfate layer comprises two components: the upper chemogenic-sedimentary layer
and the bottom eluvial layer. The productive eluvial section of the sulfate layer
(gypsum cap) markedly differs from the sedimentary layer regarding structure,
composition, constituent rocks, and their structural-textural characteristics, which

265



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

are wholly dictated by the conditions of its formation. Eluvial layer is composed
of polycrystalline gypsum, interspersed with clays and clayey gypsum. The boron
concentration of this layer is dictated by the existence of borates: hydroboracite,
asharite, boracite, and pinnoite. The sulfate layer thickness varies between 294.0
and 441.0 meters. According to the consolidated mechanism for the production
of eluvial borate deposits, the most attractive region for exploration is the central
portion of the structure (the dome). The enormous quantity of exploratory wells
drilled at the periphery, notwithstanding the considerable thickness of the eluvial
layer, substantiates this assertion. Rich concentrations of eluvial borates are most
likely located in the central region of the dome, with additional deposits potentially
found throughout the perimeter, represented by lenses of industrial significance.
(Bocharov, 2004, 340)

Conclusion. In regard to the research results, the following recommendations
are presented:

1) The examination of eluvial borates within the dome of X appears promising,
particularly in its center region, namely within the Kodzhinskaya and Bagyrlaiskaya
anticlines.

2) During exploratory drilling, take into account the pronounced dip angles
of productive salt formations, as the eluvial borate formations show a band-like
configuration in plan view, requiring quick adjustments to the diameters of the well
network when actual material is extracted.

3) Persist in exploration activities for novel deposits of boron-potassium salts
on the upper portion of dome X utilizing a 2.0 x 2.0 km grid with a well depth of
1200 m.

4) Perform comprehensive seismic analysis on the dome's vault, and the identified
promising regions should be identified utilizing geophysical techniques (CMPV
method - correlation method of wave refraction) to investigate the morphology of
salt formations. Prior research indicates that the eluvium of productive rocks shows
up in the subterranean topography of sulfate layer rocks, characterized by ridges
and crests, with relative elevations compared to other relief forms varying from 20
to 140 meters. The placement of potassium and boron-potassium salts appears to be
revealed in the subsurface topography of the sulfate-bearing rocks
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