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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. The article analyzes the current state of preparation for the
development of potash and potash-bearing ores in the Pre-Caspian Depression.
In 2023, a 25-year license (with the possibility of extension) for the extraction
of mineral resources was obtained for the Satimola deposit. “Taskor Inter” LLP
developed and approved a Mining Operations Plan for the underground extraction
of 25 million tons of potash and potash-bearing ores per year.

Results. Using the Satimola structure as an example, the central site has been
selected as the primary object for development, which in turn makes it possible to
obtain relevant and comprehensive geological information, ensure degassing of the
rock mass, and significantly reduce drilling costs.

For the underground development of potash deposits, it is necessary to train
qualified specialists at both higher and intermediate levels - from the study of
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mineral raw materials to the justification of technological parameters for extraction
and processing (Baryakh A.A et al, 2022). It is proposed to organize such training
at the S. Utebayev Atyrau University of Oil and Gas (Zhanbatyrov A.A et al, 2024).

Scientific novelty: The proposed innovative method for preparing a solid mineral
deposit for industrial development by underground mining has been implemented
at the Satimola structure within the project “Mining Operations Plan for Ore
Extraction at the Satimola Deposit.”

Practical value. The authors propose conducting additional studies of the
mining-geological, mining-technical, hydrogeological, geotechnical conditions, as
well as gas-dynamic phenomena, using modern research methods and scientific
instruments.

Keywords: boron-bearing structures, boron-potash salts, carnallite-kieserite
rocks, boron minerals - hydroboracite, caliborite, boracite.
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Lowlands of the Republic of Kazakhstan: Problems and Solutions. News of
the National Academy of Sciences of the Republic of Kazakhstan, Series of

Geo 2026. No.2. Pp. 399—418. DOI: https://doi.
0rg/10.32014/2026.2518-170X.636

©XKaunobarpipoB A.A.*', Tyxdaros ’K.K.2, bBekraii E.K.%, Typbicoexona I.C.3,
Kaun6arbipos H.A.', 2026.

'«Tackop Inter» XKIIIC, Acrana, Kasakcram;
2«EmbOimyHaiiras»AK, «Jlocopmynaiiras» MI'Ob, Ateipay, Kasakcras;
3CorbaeB YuuBepcurerti, Aiamarel, Kazakcta.

E-mail: zaaz1953@mail.ru

KA3AKCTAH PECITYBJIUKACHI KACITUIA MAHBI
OUIIATBIHAAT'BI KAJIMU KEHAEPIH UTI'EPYIIH KA3IPT'1
KAFJIAWBI: MOCEJIEJIEPI MEH HIEIITY KOJIIAPBI

/KandarpipoB ApyH — TeXHHMKa FhUIBIMIApbIHBIH KaHaunatel, «Tackop Inter» JKILC, Acrana,
Ka3zakcran,

E-mail: zaaz1953@mail.ru, https://orcid.org/0009-0002-8845-93 1x;

Tyxdaros Kacy1aH — reosorus-MUHEpanIorus FbUIBIMIAAPBIHBIH KaHIUAAThI, «JloccopmyHaiiras
MI'Ob, «Embimynaiiras» AK, Artsipay, KazakcraH,

E-mail: zh.tuhfatov@kmgep.kz, https://orcid.org/0009-0007-3301-9997,

bexraii EpkiH — TexHMKa FBUIBIMIAPBIHBIH KaHAugarel, CorOaeB yHHBEpCUTETi, AJIMAThI,
Ka3zakcran,

E-mail: erbekta@gmail.com, https://orcid.org/0000-0002-5304-5021;

TypycoexoBa I'ayxap — TexHHKa FbUIBIMAAPBIHBIH KaHauaaThl, CoTOaeB yHUBEpCUTETI, AJIMAThI,
Ka3zakcran,

E-mail: ipgauhartas@gmail.com, https://orcid.org/0000-0003-1085-6470;

Kan6ateipoB Hypiaan — maructpant, "Tackop Inter" XKIIC, Acrana, Kasakcras,

E-mail: nuriksam@mail.ru, https://orcid.org/0009-0002-1565-1802.

400



ISSN 2224-5278 2.2026

AunHoranug. Maxkamaga Kacnuii MaHpl OHMOATBIHAAFBl KAJUW JKOHE KaJIUul
Kypam/ibl KeHAEP/li Urepyre TaibIHIBIKTBIH Ka3ipri xKaFaaiblHa Tajjaay jKacasraH.
2023 >xbutbl CaTMorna KeH OpHBIHAA 25 Kbl Mep3iMre (y3apTy MYMKIHAITIMEH)
nmaijanel KazOamapnael eHipyre mureH3us anbiHFaH. «Tackop Inter» JKILIC
KepacThl TOCUTIMEH JKbUIbIHA 25 MIJIH. TOHHA KaJMH KOHE KaJIMHKypambl KEeH
eHJIpyre apHaifaH Tay-KeH >XYMBICTapbIHBIH JKOCIApbIH >Kacall, KeJiCIMHEH
OTKI3mI.

Bopkypamabl KeHaep MEH Kalud KEHACPIHIH MaHBI3Ibl TEXHHMKAJIBIK
allBIPMaIIBUTBIFBIH aTall OTKEeH XKOH: Cy ocepiHiH KayinTiiiri. Kasakcranma Toxipuoe
TeK OOpKypaMIbl KeHIEP/li OHIIpYMEH MIeKTee] .

Homuorcenepi. Carumosa KypbIIbIMBIH MBICAJIFA aJla OTBIPBII, OPTAJIBIK yUacKe
OipiHIII Ke3eKTe UTepy HbICAHBI PETiHe TaHAalFaH, OYI 3 Ke3eTiHAe 03eKTi JKoHE
TOJIBIK T€OJIOTHSJIBIK aKIapar ajyFa, Tay >KbIHBICTAphl MAacCHBIH JAera3anusiayra
KOHE OYpFbIIAy IIBIFBIHAAPBIH alTapibIKTal TOMEHIETYTe )KIHE KEePaCThl JKaoHe
YKEepaCThI JKaFJaiibIHIa )KYPTi3iJIeTiH Oapiay HOTHKeIepi OOWBIHIINA XKaHa IEPEKTeP
ay THIMJII UTepy MEH OHEPKOCINTIK KayilCi3MiKTi KaMTaMachl3 €Tyre MYMKIHIIK
oeperti.

Kanmii keH OpbIHAAPBIH ’KEPACTHI TOCUTIMEH UTepY YIIIiH MUHEPAJABIK IUKI3aTThI
3epTTeyAcH OacTan eHaipy )KoHe OH/IeY TeXHOIOTUSUIBIK ITapaMeTpiIepid Herizneyre
NeHiHTi OapibIK Ke3eHIepre KaKeTTi KOFaphl KoHEe opTa OyblH MaMaHJapbiH
naiipiHaay yuriH, C.OrtebaeB aTbiHIarbl AThIpay MyHall jKOHE ra3 YHHBEPCHTETI
0a3zacelHaa YHBIMIACTBIPY YCHIHBLIABI.

Fouoivmu orcanyanvizer. JXKepacTbl TOCUTIMEH KaTThl Naigansl Kaz0anap KeH
OPHBIH OHEPKICINTIK Urepyre JalbIHIayIbIH YCHIHBUIBIIT OTHIPFaH HHHOBALIUSIIBIK
onici Carumorna KypbUIbIMBIHAA «CaTHMoONa KeH OpHBIHJA pydayapAbl eHIipyre
apHasiral Tay-KeH >KYMBICTapbIHbIH KOCIapbh» )K00aChIH/Ia CHI131JITeH.

Ipaxmuxanvix KyHOwLIbIK. ABTOpIAp KEH OPHBIH UIepyIiH Tay-TeOJOTUSIIBIK,
Tay-TeXHUKAJIBIK, THIPOTCONOTHSUIBIK, T€OTEXHUKANIBIK >KaFJaiaapblH JKOHE ras-
JTUHAMHKAIBIK KYOBIIBICTAPBIH Ka3ipri 3aMaHFbI 3epTTey OICTepi MEH FHUIBIMU
Kypajap Heri3iHae KOChIMILA 3ePTTEY/i YChIHAIBI.

Tyiiin ce3mep: ThipManay KYpbUIBIMIApBI, OOp-KaJIWH TY3/1apbhl, KapHAJUIUAT-
KHU3EPHT JKbIHBICTApPbI, 00p MUHEPAIAAPHI-THAPOOOpALNT, KaTHOOPHUT, OOpaLUT
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AuHoTauusi. AxmyanvHocms. B craThe NpOBENE¢H aHAIU3 COBPEMEHHOTO
COCTOSIHHSI TOTOBHOCTM K OCBOCHUIO KANUWHBIX M KaIUKACONEPKAIIUX PYA
[pukacnuiickoit Bnaguuel. B 2023 roxy momyuena auneH3us Ha 100bI9y MOJIEe3HbBIX
HCKOIIaeMbIX Ha MecTopokaeHnH CaTuMona CpokoM Ha 25 JeT ¢ BO3MOKHOCTBIO
npomienus. TOO «Taskor Inter» paspaborano u cormacoBano Ilman ropnbix
paboT 1Mo Mox3eMHO# J100bue 25 MJIH TOHH KaJMHHBIX U KaJIMHCOICpKAIIUX
pyr B roxa. Cruenyer OTMETUTh Ba)XXHOE TEXHOJIOTMYECKOE pa3inyhe MEXTy
OopcoaepKalMU U KaJUHHBIMU PyaMu, CBI3aHHOE C ITOBBIILIEHHOH OMACHOCTHIO
Bo3neicTBUs Boabl. B Kazaxcrane mnpakTUYECKHWil OMNBIT OrpPaHUYMBACTCA
MPEUMYIIIECTBEHHO J100bIuei Oopconepxkammx pyd. Pesyriemamul. Ha npumepe
cTpykTypbl CaTuMolia TIOKa3aHo, YTO IICHTPAJIbHBIN Yy4acTOK BHIOpaH B KauyeCTBE
MPUOPUTETHOTO OOBEKTAa Pa3pabOTKM, YTO MO3BOJISIET MOJMy4YaTh AaKTyalbHYIO
U TIOJNHYIO TEOJOrMYEecKyl0 HH(OpPMALMIO, OCYLICCTBISATH JEra3aldio MaccuBa
TOPHBIX TOPOJ, CYIIECTBEHHO CHIIKAaTh 3aTpaThl Ha OypeHHe, a TaKkKe MoJydyarh
HOBBIC JaHHBIE B TIPOLIECCE TTOI3EMHON Pa3BEeAKH. JTO 00eCIeUnBaeT MOBBIIICHHE
a¢dexTuBHOCTH pa3pabOTKM M YPOBHS IPOMBIIIJICHHON Oe3omacHoctu. Jlist
OCBOCHHSI KAJIMIHBIX MECTOPOXKICHUH MOA3EMHBIM CIIOCOOOM PEKOMEHJIYeTCs
cozJlanue o00pa3oBaTeIbHOM W HAyYHOH 0a3bl Ha 0a3e AThIpayCKHll YHUBEPCHTET
HepTH U raza uMmenn C. YrtebaeBa Ui TOATOTOBKH CIEIMAIMCTOB BBICIICTO U
Cpe/IHETro 3BeHa, HEOOXOIUMBIX Ha BCEX ATarax - OT U3yUeHHUS MUHEPAILHOTO ChIPhsI
710 000CHOBaHUS TEXHOJIOTUYECKUX ITapaMeTpOB A0ObIUM U iepepaboTku. Hayunas
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nosusna. TlpeqyiaraeMplii HHHOBAITMOHHBIH MOIXO K MOJTOTOBKE MECTOPOXKICHUS
TBEPIBIX TOJIE3HBIX HMCKOMAEMbIX K TMOA3EMHOW pa3paboTKe pealn30BaH B
ctpyktype Carumorna B paMmkax rpoekra «[lnaH ropHbix paboT mo g00bue pya Ha
MecTopoxaenun Carumona». [lpakmuueckas yennocms. ABropamu 000CHOBaHA
HEOOXOIUMOCTh JATbHEUIIEr0 KOMIUIEKCHOTO H3YYCHHUS TOPHO-TEOJIOTHUECKHUX,
FOPHO-TEXHUYECKMX, THIPOTCONIOTHUCCKUX, TCOTEXHUYCCKMX  YCIOBUH U
ra30JIMHAMUYECKHUX TPOIECCOB Pa3pabOTKU MECTOPOXKICHHS C TPUMECHECHHEM
COBPEMEHHBIX METOJIOB HCCIICIOBAHUN M HAYYHBIX HHCTPYMEHTOB.

KioueBble cjioBa: OOpOHOCHBIC CTPYKTYpbl, OOpPHO-KAJIUIHBIC COJIH,
KapHAJUTUT-KU3EPUTOBBIC TOPOJIbI, OOPHBIC MHHEPATIBI - THAPOOOPAILIUT, KATHOOPHT,
Oopanut

Introduction. More than 100 years ago, Kazakhstan began and successfully
develops hydrocarbon raw materials within the Caspian Basin. The Republic of
Kazakhstan has no practical experience in underground mining of potash and
potash-containing ores. The current state of readiness for the development of
potash and potash-containing ores in the Caspian basin raises reasonable concerns,
which may negatively affect the implementation of projects to create and develop
the potash industry in the Republic of Kazakhstan in the future. The results of this
approach can be seen in Uzbekistan and Turkmenistan during the development of
the Garlyk and Tyubegatan fields. The world literature contains materials on the
study of the Earth's potassium basins: - The Nepean deposit of potash salts and
the Lena-Kirenga potassium-bearing basin of Precambrian age. - Starobinskoye
deposit of the Verkhnedevonsky potassium-bearing formation. - Petrikovskoye
potassium-bearing deposit of the Upper Devonian age. -The Saskatchewan
potassium deposit of the Middle Devonian age. - Cane Creek potash deposit (USA)
of medium-carboniferous age. - Verkhnekamskoye deposit of potash salts of the
Kungursky stage of the Lower Permian - Verkhnepechorsky basin of potash salts of
the Kungurian stage of the Lower Permian, - The Caspian potassium-bearing basin
of the Kungurian stage of the Lower Permian. - The Stasfurt potassium-bearing
basin of the Upper Permian (Zechstein) age. - The Central European Tsechstein
circulatory basin of the Permian age. - Zechstein of Poland of the Late Permian
age of potassium salts. - The Kaliningrad (Nivenskoye) potassium deposit of the
Permian period. - The Delaware potassium-bearing basin of Late Permian age.
- Yorkshire potassium deposit of Late Permian age. - The Central Asian potash
basin is confined to the Upper Jurassic and Lower Cretaceous halogen formations.
- Industrial accumulations of Paleogene-age potash salts in northern Spain. -
The Upper Rhine potassium-bearing basin of tertiary age. - The Precarpathian
potassium-bearing basin of Miocene age.

Object of the study. Of the above-mentioned potassium-bearing basins, only
in the Caspian salt basin of the Kungurian stage of the lower Permian large-
scale industrial deposits of boron-potassium salts unknown to early science were
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discovered. The length of the basin is 1000 km, the width is 550 km, and the area
is 600 thousand km?2. Figure 1 shows a forecast map of borates and potash salts in
the Caspian basin. The "Central potassium-boron province" has been identified in
the potassium-bearing basin. Its length is 400 km, its width is 250 km (Zhanbatyrov
et al, 2025).

Figure 1. Forecast map of borates and potash salts of the Caspian lowland. Symbols: 1-contours
of domes based on gravimetric and seismic work; 2-stratoisohypses of the salt litter; 3-potassium
structures; 4-rake structures; 5 - salt structures of the zone promising for boron and potassium;
6-contours of the central potassium-Boron province.

The object of the study were: 1. Indersky salt massif, located in the southern
part of the Central potassium-boron province. The vault area of the structure is 250
km?2, the salt layer lies at a depth of 55 meters. (Tukhfatov et al, 2024)

Among boron-potassium and potash salts, there are silvinites, silvin-carnallite,
carnallite silvinites, kieserite, boracite-halite-kieserite, carnallite-kieserite,
carnallite, bischofite-carnallite, bischofite-halite, preobrazhenskite-bischofite-
halite and bischofite rocks.

2. The Satimolinsky salt massif, located closer to the center of the Central
potassium-boron province of the Caspian Basin. The vault area of the structure
is 270 km2 and the gypsum layer lies at a depth of 240-250 meters. Potassium
and boron-potassium salts of the Satimol structure are composed of polyhalite
silvinites, kainite, kieserite-kainite, Kkainite-polyhalite-carnallite, carnallite-
kieserite, kieserite-carnallite rocks with boracite, preobrazhenskite, caliborite,
caliborite-preobrazhenskite, preobrazhenskite-caliborite and preobrazhenskite-
sulfoborite-caliborite rocks.

3. The Satimolinsky salt massif, located closer to the center of the Central
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potassium-boron province of the Caspian Basin. The vault area of the structure is
270 km2 and the gypsum layer lies at a depth of 240-250 meters.

Boron-potash salts of the Chelkara salt massif are characterized by complex
lithological compositions. Productive breeds are mostly polymineral. Boracite,
caliborite, and preobrazhenskite are primarily used.

Main content. The study of potash and boron-potash salts has been carried out for
several decades at the Atyrau University of Oil and Gas named after Safi Utebayev
under the supervision of Academician of the National Academy of Sciences of the
Republic of Kazakhstan M.Diarov (Diarov, 2019; Diarov et al, 2016).

The actual chemical salt compositions of the Chelkarsky, Satimolinsky, and
Inder structures were analyzed. Since the ore strata have now undergone significant
changes in lithological and chemical compositions and it is impossible to draw
generalizing conclusions from them, it was necessary to find the gross (based on
mass analyses) chemical salt compositions of boron-potash salts of Chelkarsky,
Satimolinsky and Inder deposits of the boric province, and first of all, the
dependence of individual salt components based on the average composition was
clarified. boron-bearing rocks and are shown in Tables 1-3.

Table 1. Average gross chemical composition of boron-bearing horizons of salt massifs (for
rocks containing more than 0.5% boron oxide).

Depo- Average chemical composition of the components, %
sits. | Samp- |B,O, [K |Mg |Ca |Na |Cl [SO, [CO,|Br |mo. |HO |[The
les sum
of the
salts
Chel- {222 4,34 (3,0 |2,93 2,69 (22.54|40,19(9,37 |- 0,102 [4,45 |10,44 | 100
kar
Sati- |388 5,13 4,13 (3,47 (3,14]20,69 |35,85|14,03 |2,68 (0,022 (5,17 |5,7 100
mola
Inder {999 |3,47 (5,63 3,40 (2.18 (23,48 |41,83 (12,18 |0,54 (0,039|1,07 [6,72 |100

Table 2. Salt composition of borosolic ores of boron deposits.

No, Salt compositions (in weight %)

p/p |Deposits | B,O, |MgCl, |MgSO, |KCl CaSO, |NaCl H.O. MgCO,
1 Chelkar |4,34 |3,53 |3,66 5,72 9,14 57,43 4,45 -

2 Satimola |5,13 0,27 |8,15 7,87 10,67 52,6 5,17 3,77

3 Inder 3,47 10,7 4,82 10,73 7,4 59,69 1,07 0,78

Table 3. The actual ratio of gross salt components (in weight. %) boron-potash salts.

Deposits CaSO, (MgSO, + MgCl,) CaSO,
B,0, B,0, MgSO, + MgCl,
Chelkar 2,11 1,63 1,27
Satimola 2,08 1,64 1,27
Inder 2,14 1,60 1,34
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Despite the complex, diverse lithological, mineralogical and chemical
composition of the rocks and the significant remoteness of individual parts of the
Central potassium-boron Province, the concentration of boron oxide is strictly
related to magnesium and calcium salts. Specifically, the limit of the dependence
of boron oxide and magnesium and calcium salts is theoretically determined by
the ratio of molecular weights, which was established by academician M. Diarov,
based on numerous studies. This approach has received the status of a scientific
discovery and is one of the important search features (Tukhfatov et al, 2025;
Trapeznikov, 2021). The multicomponent ores of the Caspian lowland require a
special approach and a comprehensive study of mineral raw materials, taking into
account mining, geological, mining, hydrogeological, geotechnical conditions and
gas dynamic phenomena (Asylkhankyzy et al, 2024). These factors are discussed
in the monograph "Mining and chemical raw materials for the production of potash
and potassium-containing fertilizers" (Zhanbatyrov et al, 2024; Diarov, 2019). Let
us briefly consider each factor separately using the example of the structure of
Satimol.

Geological conditions. All structures of this type are classified as deposits with
difficult mining and geological conditions. The Satimol structure is located in
the Central part of the Caspian syneclise. Tectonically, the Caspian syneclise is
characterized by the presence of three structural floors: subsalt, saline and suprasalt
(Kasenov et al, 2023). A joint analysis of the relief, the thickness of the sulfate
rocks and the morphology and lithology of the salt rocks themselves allowed us to
identify four anticlinal structures within the arched part of the Satimola salt massif:
the Central, Southeastern, Western, and Kaldybai (Fig. 2). The axes of the anticlinal
folds are elongated parallel to the axes of the dome and undulate along the strike.

The central anticlinal structure. The Central anticlinal structure is the most
promising for the discovery of new deposits of boron-potassium salts. The most
powerful complex of potash and boron-potassium salts is found here. The structure
is stretched from northwest to southeast for a distance of 10 km with a width of 2-3
km. The ratio of the long and short axes is 1:3.5. The fold is tilted to the northeast.
Along the stretch, the structure sinks to a depth, the capacity of boron-potassium
salts is abnormally high. This may be due to the partial preservation of the hinge
part of the fold. The potash deposit of the central site was explored in 1967-1973
together with boron-potash salts and eluvial borates. Potash salts are characterized
by unstressed morphology and variable mineralogical and chemical composition.
The length of the strata is up to 6000m. The capacity ranges from 2m to 35m, with
even more in some parts of the field.

The strata of potash and boron-potash salts of the productive zone do not have a
rectilinear direction in occurrence, but are complicated by isoclinal folds of various
orders, with almost directed axial planes, with hinges sinking in the direction of the
general fall of the anticlinal structure. In accordance with this, the outcrops of the
layers of the productive zone onto the salt mirror have a complex pattern reflecting
the internal tectonics of the salt stratum.
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Figure 2. Diagram of the tectonic structure of the dome of the salt dome of Satimola.
Scale 1:50000.
l-anticlinal structures; 2-areas of predominantly monoclinic occurrence of salt rocks.

Southeastern anticlinal structure It stretches from northeast to southwest. The
length is up to 6 km. The ratio of the long and short axes is 1:3. Adjacent synclinal
structures, elongated in a northwesterly direction, are located everywhere on the
dome next to the identified anticlinal structures. Their core consists of younger
age salt deposits. Judging by the geological situation of the dome and the data of
oriented samples taken from exploratory wells, the angles of rock fall are mostly
steep, reaching 50-60 °. However, there are areas where potash and boron salts lie
in a relatively flat (no steeper than at an angle of 30-45°) monocline.

Kaldybai anticlinal structure. It is strongly elongated in a northeasterly
direction. The ratio of the axes is at least 1:7. Boron-potash and potash salts of the
southwest wing were discovered by wells NeNo2, 34, 20, 29, 23 and 380. The fold
is isoclinal in nature with steep angles of incidence of the wings. According to the
data of the oriented sample of well No. 34, the angle of incidence of the southwest
wing of the fold is 75°. The northeastern wing of the Kaldybai structure is also
composed of potash and boron-potash salts discovered by wells No.93, 10, 4, 22
and 382. In the section of well No. 4 (range 606-610 m), the boron-bearing pack is
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represented by brownish-red rock salt, boracite-anhydrite rocks. The upper boron-
bearing pack in well No. 23 is based on silvinites, and the lower part is weakly
boron-bearing. The boron horizon was uncovered by well No. 23 at a depth of
593-599 m and is lithologically represented by boracite-carnallite-halite-kieserite
rock with a weighted average content of B203 - 3.60% and K20 - 1.99%. Well
No. 34 uncovered the upper boron bearing pack at a depth of 384-397 m under the
silvinite formation. It consists of two boron-bearing formations bearing boracite
mineralization, separated by a layer of rock salt. The upper stratum is composed
of rock salt with a weighted average content of B203 - 0.78%, the lower one is
composed of halite-kieserite rock with a content of B203 - 4.35%.

Western anticlinal structure. The structure is elongated from northwest to
southeast. Judging by the data of structural prospecting wells and kernoscopy, the
outcrops to the salt mirror of the rocks of the productive zone in the southwestern
wing repeat the character of the outer wing of this site in their configurations.
Apparently, the tectonic forces that displaced the dome wing simultaneously
affected the nature of the occurrence of boron salts in the Western anticline. The
length of the structure is 17 km. A peculiar complex of boron-potassium, potash,
and potassium-magnesium salts of various compositions has been discovered in
the salt column, confined to certain horizons in the middle part of the stratigraphic
salt section.

The studied potash deposits are a series of irregular morphologically stratified
and lenticular bodies. They have been opened by many wells. The potassium
occurrences are cut by single wells.

The outlet of the layers of the potassium-bearing zone to the salt mirror has a
complex configuration due to the peculiarities of the internal tectonics of the salt
massif and is shown in Fig.3.

Thus, the mineralization of the Central potash-boron province of the Caspian
Basin has no analogues in the world practice in terms of quality, quantity and
variety of boron raw materials. Boron-potassium salts containing boron, potassium
and magnesium are easily enriched complex mineral raw materials. In addition,
the presence of rare earth metals significantly increases the potential value of the
mineral resources of the Caspian Basin. (Freyman, 2020; Asylkhankyzy et al.,
2020)

The presence of lithium, rubidium, and caesium was found in all lithological
varieties of salt rocks in the dome. The upper horizons of the salt domes of the
Caspian basin have been washed away by groundwater, and huge amounts of
salts have been removed from them. When salts are removed, insoluble minerals
accumulate above the salt mirror in the form of a kind of tire, called a "plaster hat"
or cap. The main part of precious metals and REM are concentrated in insoluble
salt sediment and represent practically natural storages. The content of lithium,
rubidium and caesium in boron concentrates of four technological samples of salts
of the Satimola dome is shown in Table 4.
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Table 4. The content of lithium, rubidium and caesium in boron concentrates of four

technological samples of salts of the Satimola dome.

No. |Samples Mineral composition The content of rare and
p/p scattered elements, in %
Li Rb Cs

1 Technological sample No. 1. Boron | Halite, polyhalite, 0,0066 |0,0030 {0,0002
salts (sle.No.512, int.803-818m) caliborite, clay

2 Technological sample concentrate | Caliborite, polyhalite, clay |0,0140 | 0,005 |0,0006
No. 1

3 Technological test No. 17. Boron Halite, sylvin, polyhalite, 0,0072 |H.o. 0,0002
salts. (square No.513, int.452,5- caliborite, anhydrite
456m)

4 Technological sample concentrate | Preobrazhenskite, 0,0225 |H.o. H.o.
No. 17 polyhalite,, anhydrite, clay

5 Technological test No. 18. Boron Halite, sylvin, polyhalite, 0,0066 |0,0020 |H.o.
salts caliborite, anhydrite

6 Technological sample concentrate | Preobrazhenskite, 0,01 0,0030 | H.o.
No. 18 polygalite, caliborite, clay

7 Technological test No. 19. Boron | Halite, polyhalite, H.o. H.o. 0,0001
ores. (square No. 514, int.1080- caliborite, clay
1086m).

8 Technological sample concentrate | Caliborite, polyhalite, clay |H.o. H.o. 0,0001
No. 19.

Mining conditions. The mining conditions of the Satimol structure are considered
in detail in the Mining Plan. (Plan gornykh rabot, 2023) Taking into account
the morphology of the productive layers of the Satimola deposit, the following
development systems are planned:

* ore mining using combine harvesters (flat and inclined formations);

» drilling and blasting method of ore extraction (inclined and steeply falling
formations);

The discovery of reserves of potash and boron salts of the Satimola deposit is
carried out in stages.

— the first stage is the construction of mine shafts No. 1 and No. 2, which open
the Central section of the deposit.

— the second stage is the opening of the South flank of the deposit with shafts
No. 4 and No.5.

— the third stage is the construction of ventilation shaft No. 3 with a diameter of
8 m on the North-West flank of the deposit, which provides the necessary amount of
fresh air to ventilate the mine workings with a maximum production of 25.0 million
tons of potash ore per year.

Hydrogeological conditions. The central potassium-boron province is located
within the North Caspian groundwater basin. During the exploration of the Satimola
deposit in 1979-1985 and with additional research at the mine shaft site in 2008, 61
hydrogeological wells were drilled and pilot filtration work was carried out.
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The groundwater of the Satimol structure is connected to the suprasalt
hydrogeological floor, the average capacity of which reaches 360 m. Table 5 shows
the rocks composing the hydrogeological section.

C®a oM aw M-

Figure 3. Geological and lithological map of the salt mirror of the salt dome structure of
Satimol. Compiled by K.Kamashev, 1979.
1-sulfate stratum (gypsum and anhydrites); 2-eluvial borates (hydroboracite, ulexite),
upper halite zone; 3-rock salt; 4-potassium salts (sylvinites, carnallites, polyhalites);
S-anhydrites; 6-rock salt with borate inclusions (caliborite, asharite, hydroboracite)
productive boron bearing zone; 7-rock salt; 8-potash salts (sylvinites, carnallites,
polyhalites, kainites); 9-boron-bearing rocks (boracite, preobrazhenskite, caliborite,
asharite, hydroboracite.
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Table 5. Rocks forming the hydrogeological section.

Age (index) Breeds Depth, m | Filtration coefficient, m/day
Qmhv Lenses of sand in clays 10 0,07
Qb-Qnhz Lenses of sand in clays 10-60 2,52
N,%ap - N,’ak Lenses of sand in clays 60-90 10¢
N ‘ap - N *ak Lenses of sand in clays 90-130 2,26
N,ap - N *ak Lenses of sand in clays 130-190 107
K, Clays, chalk, marl, seashell 190-210 1,0
K, Clay 210-230 10
1, Clay 230-280 10
T Clay 230-360 10
Pk Gypsum, clay, borate ores 230-360 0,0077

The generalization of all hydrogeological materials on the Satimola deposit
allows us to draw the following conclusions on the assessment of water flows into
the mine workings during the development of potash salts.

1) The expected inflow of groundwater into the mine shafts during their sinking
will not exceed 35 dm3/s (126m3/h) — from the flooded stratum of the Upper
Pliocene Akchagyl horizon (N23ak). The sinking of mine shafts should provide for
reliable isolation of aquifers, followed by their overlap with structural elements of
the mine shaft.

2) The only probable external source of groundwater inflows into the mining
operations carried out for the development of salts may be exploration geological
wells cut by mining operations. These wells will work as through filters. In reality,
flows from them are possible only from the weakly water-bearing Lower Permian
Kungur sulfate zone (P 1kp), composed of relatively stable rocks capable of ensuring
the safety of that part of the exploration wells that uncovered these rocks. Due to
the low filtration parameters of these rocks, inflows from such wells will not exceed
1-2 liters/s for any period of rock salt development. However, in order to avoid
cutting exploration geological wells by mining operations and ensure the safety of
mining operations, it is recommended to leave well sights near.

3) The salt column is practically anhydrous. The source of water supply to
the mine workings (subject to the safety of the ceiling, borehole pillars and the
tightness of the mine shafts) may be rare intra-formation leaching cavities with
a volume not exceeding 20-30 m3, with a maximum daily inflow of up to 20 m3.
In this regard, given the insignificance of brine occurrence, there is no need for
special measures, since it is possible to limit the special equipment available in the
underground mine, only providing for the availability of storage tanks, followed by
the involvement of brines in the drilling process.

Geotechnical conditions. Engineering and geological studies on the structure of
Satimol were carried out at all stages of geological exploration, as a result of which
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representative data for the deposit were obtained. In addition, to substantiate the
design decisions, the experience of work at the Inderskaya exploration mine was
used, based on the general genesis of salt rocks, their almost similar composition
(the Caspian salt basin) and the uniformity of structures (salt domes). (Kasenov et
al, 2024; Kasenov et al, 2024). Research at the Satimola deposit was carried out by
VNIIG (1967) and GIGHS (1979 - 1985). From the entire complex of engineering
and geological studies, the following initial data were selected: for the suprasalt
stratum - the results of the GIGHS, for the salt stratum - the work of 2008-2010, as
the most representative for the deposit in terms of area, depth, and number of tests.

The GIGHS examined samples taken from nine wells, which fairly fully
represent both the Central Site (eluvial borates) and the deposit as a whole. A total
of about 300 rock samples were taken.

According to the conclusion of GIGHS, the cover layer of the Satimola deposit
is generally characterized as relatively homogeneous in terms of strength.

The sulfate stratum containing boron mineralization is characterized by stable
strength parameters, with the exception of massive gypsum anhydrite layers, which
are characterized by average values of compressive strength of 496 kg/cm?2 and
tensile strength of 55 kg/cm?2.

The corresponding figures for gypsum are 237 and 27.3 kg/cm2. Gypsum-clay
rocks lying directly above the mineral strata are noticeably weaker than the main
massif: the compressive strength is 95.4 kg/cm2, and the tensile strength is 26.3 kg/
cm?2. For salt rocks, the compressive strength ranges from 233 to 519 kg/cm2, and
tensile strength ranges from 17 to 21 kg/s.

Based on the results of engineering and geological studies, the GIGHS concluded
that there are no large zones (sites) with weakened rock stability, weathering zones,
and tectonic fragmentation within the Central Area, which could be identified and
shown in the scale of the geological map of the field being presented. Such areas are
small and local. Given the fact that the Central Site is the most structurally complex
element of the Satimol structure, this conclusion can be confidently extrapolated to
the entire deposit.

Gas dynamic phenomena (gas content). The main feature of the mining conditions
during the operation of the Satimola deposit is the presence of gas content here. The
first signs of the presence of gas phenomena on the structure of Satimol were noted
in 1964 during prospecting for boron-potassium salts. From 1965 to 1968, special
gas drilling studies were carried out at the structure in 28 structural exploration
wells relatively evenly spaced over the area.

Analysis of gas logging materials showed that all recorded gas occurrences
are confined to the salt column of the structure and, as a rule, are located at
depths exceeding 500 m in 25 wells out of 28; only in three wells weak gas
occurrences are recorded at depths of 300-400 m. Moreover, in two of them, these
manifestations are confined to the upper horizons of the salt stratum, and in one —
to the bottoms of the gypsum-anhydrite stratum and the tops of the salt. Thus, a
conclusion was made about the gas content of the salt stratum.
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In 1983-84, at the stage of detailed exploration of the Central section of the
field (eluvial borates), gas logging was carried out by the LGKS-4AP serial station
in 16 wells during drilling and component-by-component analysis of drilling fluid
samples for marginal hydrocarbon gases using a gas-capping thermograph of the
XG-1G type, which allows determining the content of the air mixture in gases of
the maximum hydrocarbons from CH4 to C6H14. As a result, a conclusion was
made about the gas permeability of kaprock and its low gas content.

1. Only folded dislocations are developed at deposit No. 99, and there are no
disjunctive tectonic disturbances. There is one extended intraformational zone
associated with the movement of salt masses inside the core of the structure, a
fracture zone, a parallel crumpling zone in the host salts, and several size-limited
fractured zones. These tectonic elements have no outlet to the salt mirror and are
associated with breccia and conglomerate-like textures, especially of carnallite
rocks, with somewhat weakened physical and mechanical properties (Tukhfatov
et al, 2024).

2. All workings were completed without fastening, isolated collapses were
observed in breccated carnallite rock.

3. Strength coefficient of potash salts according to Protodyakonov 1-2, boron
salts 3-5. The stability assessment was carried out by measuring the workings with
a section of 7.5 square meters. m. The sides of the workings approached each other
by 8 mm in 110 days, and the roof by up to 3mm. Thus, it was concluded that the
rocks are stable.

4. The only source of brine occurrences are the deaf cavernous cavities of
leaching filled with extremely saturated uterine brines.

5. The recommended capacity of the ceiling water-proof rear sight is 100 m.

6. The gas content of the deposit is related to both the host rocks and ore layers.
The gas is in a free, bound and micro-connected state. The distribution of free gas
is extremely uneven and ranges from 0 to 11.5 m3/m3. The average free gas content
in rocks is rock salt, non-explosive - from 0 to 2, with an average of 0.39 m3/m3;
explosive - 5.3 m3/ m3, carnallite-kieserite-polyhalite - 0.29 m3/m3. Free gases
consist of methane (70-99%), heavy hydrocarbons and nitrogen are present in small
amounts (0.6-2.2%).

The distribution of bound gases is uneven from 0.005 to 2.83 m3/t.

Explosive rocks have the highest gas content, which is on average 4 times higher
than non-explosive rocks. Composition nitrogen (41-88%), methane (5.7-40.2%),
hydrogen (4.08-7.55%), carbon dioxide (0.12-2.67%). In the total gas content (0.48
m3/m3) of bound gases, 1-10%, the rest are free. The gas permeability of salts is
very low and does not exceed 9.5x10-2 m. darcy.

By the nature of the manifestation, they are divided into:

— Usual gas emissions from the surface of mine workings (pressure less than 10
kPa) for rocks with carnallite up to 100x10-4m3/m2/min, on average 52-574m3/
m2/min; silvinites — 51x10-4m3/m2/min and 32 x10-4m3/m2/min; rock salt -17
x10-4m3/m3/min and 14 x10-4m3/m2/min, respectively.
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— Souffle gas emissions occur from boreholes and wells or cracks that have
exposed accumulations of free gas. Of the 164 wells analyzed, souffle gas emissions
were recorded in 55, and in some souffles were observed 10-16 times, while there
was an outflow or discharge of drilling fluid, and at high pressure, drilling tools.
The maximum measured pressure was 4 MPa, the highest calculated pressure
determined by the fracture factor of the drilling tool was 38 MPa. At a pressure
of more than 10 kPa, a rock pin is ejected into the hole, and at a higher pressure, a
hand-held drilling tool can be ejected. The density of souffles is 1.3 for every 100
p.m of drilling.

There are two types of sudden emissions: actual sudden emissions and sudden
rashes. The latter occur after blasting operations and in all cases are associated
with some kind of geological complications, where the rocks are weakened and
have little strength. Sudden emissions of rock and gas form spherical and elliptical
shapes with an average volume of 16.9 m3.

According to the intensity of emissions from blasting operations, they are divided
into five types: microbursts of up to 3 tons/discharge (11.2% of all emissions), low-
strength - 3-20 tons/discharge (29.9%), medium-strength - 20-150 tons/discharge
(41.1%), high-strength - 150-600 tons/discharge (15.9%) and powerful - more than
600 tons/emission (1.9%). Most of the high-intensity and powerful emissions come
from the host rock salt.

It should be noted that in the course of geological exploration in 2008-2010, 24
cases of gas release from wells were recorded at the Satimola field. For the most
part, gas occurrences were noted in the form of foaming of drilling mud, and only
in three cases was the release of the solution, while the maximum calculated gas
pressure was about 9 MPa. The difference between these data and the experience
of deposit No. 99 is explained by the depth of the salt relative to the wellhead - 350
m (Satimol) and 0 m (Inder) during underground drilling from the mine and the
associated pressure of the column of flushing liquid. With a washing liquid density
of about 1.3 g/cm3, the initial pressure at the entrance to the salt layer at a depth
of 350 m will be about 4.5 MPa and increases by 1.27 MPa every 100 m. Such
an excess of the solution pressure over the gas pressure does not allow the latter
to enter the borehole, in addition, the process of colmatation of cracks and pores
during drilling generally eliminates any manifestations (of course, at a lower gas
pressure).

The methods of forecasting gas occurrences at field No. 99 developed during
this period were:

— Core. When the core is divided into discs with a length less than its diameter,
a sudden release will occur regardless of the method of penetration. The method is
reliable for rocks with a strength of less than 140 kgf/cm2, but with higher strength
it is not always reliable, since the division into discs does not always occur in this
case.

Most of the emissions in boron salts are confined to areas with a maximum
content of boron oxide.
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— The acoustic forecasting method is based on measuring the noise level of
salt when dissolved in water. It is applicable to carnallite rocks in the drilling and
blasting method of sinking.

These methods are planned to be applied at the Satimola field during mining
operations and, if necessary, supplemented to predict gas events.

Materials and methods. A comprehensive study of potash and boron-potassium
salts was carried out using various methods:

* Continuous sampling (core) of boron-potash salts obtained as a result of
drilling boreholes. ¢ Detailed description of the rocks.

* Lithological, mineralogical and chemical study of potash and boron salts by
determining mineralogical compositions under a microscope in immersion liquids;
conducting complete chemical analyses with determination of B,O,, K, Mg, Ca,
Na, Cl, SO,, CO, and insoluble residue; recalculation by component compositions
of rocks into salt compositions.

* Study of the physical and mechanical properties of the mountain range, taking
into account the modeling of loads under different conditions and positions.

* Study of gas dynamic phenomena on special stands with core samples, taking
into account different porosity, pressure and temperature changes.

Results and discussions. All conditions and phenomena that arise and affect
technological processes during mining operations were studied.

1. The complex geological conditions of the structures of the Caspian Lowland
and the multicomponence of ores should be noted. Ore bodies are represented by
stratified, plate-lenticular and lenticular deposits, while they are often not consistent
in terms of thickness and mineral composition. The presence of noble and rare earth
metals increases the potential value of the object. The separate location of eluvial
borates makes it possible to develop a separate project, regardless of the main part
of potash and potash-containing ores.

When preparing deposits of potash and potash-containing ores by the underground
method, it is proposed to explore the central part in detail by conducting a complex
of exploration, and to explore the remaining areas by conducting advanced
operational exploration. (Kasenov et al, 2024; Yue Hao et al, 2025).

The specified geological conditions must be taken into account when developing
project documents for mining.

2. The hydrogeological conditions are simple, but given the high dependence of
potash ores on the effects of water, it is necessary to plan water protection measures
for the entire period of operation of the facility.

3. Mining conditions are also very difficult when developing a deposit
underground. Given the high variability of geological conditions, mining of each
ore deposit must be approached individually.

4. The geotechnical conditions have been studied, but it is necessary to obtain
additional data immediately before developing a specific geological unit in real
production conditions.
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5. Gas dynamic phenomena, according to research, will occur during the
development of horizons below 350 meters.

This research is funded by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (grant No. AP14870189).

Conclusions. All geological, mineralogical, and gas emission studies were
conducted on extracted cores in laboratory conditions at research institutes in the
Soviet Union and Kazakhstan, as well as during boron ore mining at the Inder uplift
and underground exploration of deposit No. 99.

Pilot industrial development is required for underground mining of potash and
potash-bearing ores to clarify technological parameters of the mining systems at
this stage (Zhanbatyrov A.A., 2024). These provisions should be incorporated into
the current Code of the Republic of Kazakhstan “On Subsoil and Subsoil Use,”
similar to the approach used in uranium deposit development.

Based on the studies performed, the following conclusions can be drawn:

1. The Mining Plan for the extraction of ores from the Satimola deposit takes
into account all the features of mining, geological, mining, hydrogeological,
geotechnical conditions and gas dynamic phenomena.

2. The following underground mining systems have been adopted:

— ore mining using combine harvesters (flat and inclined formations);

— drilling and blasting method of ore extraction (inclined and steeply falling
strata).

3. Local development planning has been adopted in certain areas with difficult
mining and geological conditions.

4. It provides for the use of precious and rare earth metals, i.e. complex
processing of mineral raw materials.

5. Provide for the training of mining engineers and technicians for the
underground mining of potash deposits at Atyrau University of Oil and Gas.

6. To organize scientific research laboratories for the study of the mineral
resources of the Caspian Lowland.

7. To ensure the development of regulatory documents on industrial safety in the
underground mining of potash and potash-containing ores.

8. To amend the current Code of the Republic of Kazakhstan "On Subsoil and
Subsoil Use", which provides for pilot production to adjust the technological
parameters of underground mining systems in order to efficiently and safely develop
potash and potash-containing ores.
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