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2 Clarivate
Analytics

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 2oinvim akademusicol « KP YA Xabapnapwl. ['eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD CepUsChly bLibiMU dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHwi
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, aemopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevinaowvl. KP YFA Xabapnapel. eonozus scane mexHUKAIbIK 2blIbIMOAP CEPUsChl
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6edendi eeonocus HcoHe MEXHUKAIBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 68 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheluezo npUHAMUA
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, uzdameneti u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCb K Hauboiee akmyaibHOMY U GIUATNETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYECKUM HAYKAM 0I5l Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Ka3akcran PecryOnmukackl ¥ITTHIK FUTBIM akanemusice» PKbB-HiH mpesunenti, AK
«/1.B. CoxonbCckuii aTBIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUSI HHCTUTYTHIHBIHY» 0ac TUPEKTOPHI
(Anmarsl, Kazakcran) H =4

FpuibiMu xaTmisl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH JOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF IXUMUS FBUTBIM AP MHCTUTY THI (AsMaTthl, Kazakcran) H=5
PegaknusablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penaktopabslH opeIHOAcaphl), reoIorus-MAHHEPaIoTUs
FBUIBIMJIAPBIHEIH  TOKTOpBI, Tpodeccop, KP ¥YFA akanemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS SKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupeKkTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrUs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH JOKTOPEL, Tpodeccop, K. M. Carnaes THIHAAFbI 00T U FEUIBIMIAPEI HHCTUTY THIHBIH
nupexTopbl (Anmartel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcuteriHiH Cy
FBUIBIMJIAPBI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsiy XKep Typains! FeutbiMaap OemiMinne
METPOJIOTUS JKOHE Iaijayibl Kaszbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNICpAiH JKeTeKIIici
(Jlonnon, Aurus) H =37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hancn, ®panims) H=15

HIEH Iun, Ph.D, KpiTaii reonorusuibik KOFAMBIHBIH Tay FEOJOTHIChl KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKaHABIK SKOHOMHKAJBIK TEO0NOrTap KaybIMAACcTHIFBIHBIH Mymneci (ITexuw,
Kprrait) H = 25

OUIIEP Axceab, Ph.D, J[Ipe3neH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbeBHY, I'€OJOIHA-MUHEPAIOTUs FhUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpopumyka aTelHIaFEl MyHali-Ia3 Te0JIOTHUACHI JKoHE reoU3HnKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBMY, XHMMHS FhUIBIMAAPBIHBIH JOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMHUSIChI HHCTHTYTBIHBIH KYpMeTTi qupektops! (MuHck, Benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHMBEPCHUTETIHIH KaybIMAACTBIPUIFAH
npodeccops ([pesznen, bepaun) H = 20

CENUTMYPATOBA Jneonopa FOcynoBHa, reosorus-MUHEPATOTUs FhIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, KM. CarnaeB areinmarbl [€070Tusl FHUIBIMAAPHI
HHCTHTYTHI 3€pTXaHAChIHBIH MeHrepyuici (Anamarsl, Kazakcran) H=11

CAFBIHTAEB ‘Kanaii, Ph.D, xaybsimpacteipbuiran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H = 11

®PATTHUHMH Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMAACTBHIPBUIFaH Ipodeccopbl
(Munan, Uranus) H =28

«KP ¥YFA» PKb Xaoapaapsbl. ['eosiorust :xoHe TEXHHKAJIBIK FHIJIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmikreymri: «Kazakcran PecyOnukacbiHBIH ¥JITTHIK FRUTBIM akagemMusick»y PKB (Ammarst k.).
Kazakcran PecrryOnukacsIHBIH AKIapar koHe KOFaMIbIK JaMy MUHHCTPIITiHIH AKIapaT KOMATETIHIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imaik 6achiibM TipkeyiHe KOHBITY Typasbl
KYOITiK.
TaKBIPBINTHIK OAFBITEL: 2€0102Us, MYHAL JCoHe 2a30bl OHOeYOiH XUMUATLIK MEeXHONOSUANAPbl, MYHAU
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Tupaxsr: 300 nana.
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HaruponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIH TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHBbIIi cekpeTapb

ABCA/IBIKOB BbaxsiT HapukfaeBu4, TOKTOp TEXHHYECKUX HAYK, POQeccop, OTBETCTBEHHBII

cekperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJdJerus:

ABCAMETOB Mauc KyabicoBuy, (3aMeCTHTEINb ITIABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupextop HHcruTyTa THaporeosoruu u
reoskooruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPa), JIOKTOP T'€0JI0rOMUHEpaIo-
THYIECKUX Hayk, mpodeccop, mupexrop MucTrTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunen, Ph.D, acconumpoBannslil npodeccop, nupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtesnb uccienoBaHuii B 00JacTH INETPOJIOTHU U
MECTOPOXK/ICHUH ITTOJE3HBIX HCKomaeMblx B Otmene Hayk o 3emie My3sest eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua BopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEPCHTETA
Hancu (Hancu, ®pannus) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomorun Kuraiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHKAHCKONH acCOMMAINK SKOHOMHUYecknux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axkceas, accorunpoBanHslii npodeccop, Ph.D, Texanuecknit yausepcurer Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUIbLEBHY, TOKTOP I€0JI0r0-MHHEPATIOIMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Biaaaumup EHokoBHMY, TOKTOp XuUMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (MuHnck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoumupoBanubiii mnpodeccop, TexHHYECKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Dgeonopa IOcymoBHa, [OKTOp TIeO0lOro-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt IHCTHTyTa re0IOrHIecKux
Hayk uM. K.W. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kanaii, Ph.D, acconuupoBannsii mnpogeccop, HazapbaeB yHHBEepcHTET
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28

«H3BecTtuss POO «<HAH PK». Cepusi reo10ruu 4 TEXHHYECKHX HAYK».
ISSN 2518-170X (Online),
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CobcrBenHuk: PecriyOnmkanckoe obuiecTBeHHOe 00beHeHne « HanmonanbHas akaieMus Hayk
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CBHJIETENbCTBO O IIOCTAHOBKE HA Y4YET IIEPHOAMYECKOro IeyaTHoro wusfgaHus B Komurere
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KZ39VPY 00025420, Beinannoe 29.07.2020 .
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
president of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC
“Institute of fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan)
H=4

Scientific secretary

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive

secretary of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEY Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the
Earth sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H =25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
professor, academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS
(Novosibirsk, Russia) H =19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus,
honorary director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences,
professor, corresponding member of NAS RK, head of the laboratory of the Institute of geological
sciences named after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H=28
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A. Sharapatov!, *N. Assirbek!, A. Saduov!, M. Abdyrov', B. Zhumabayev?, 2024.
' Satbayev University, Almaty, Kazakhstan;
?Institute of Ionosphere, Almaty, Kazakhstan.
* E-mail: n.assirbek@satbayev.university

CONSOLIDATED GEOLOGICAL AND GEOPHYSICAL
CHARACTERISTICS OF URANIUM DEPOSIT ROCKS AND
PROSPECTS FOR THEIR UTILIZATION (SHU-SARYSU PROVINCE,
KAZAKHSTAN)

Sharapatov A. — candidate of Geological and Mineralogical Sciences, Associate Professor of the
Department of Geophysics and Seismology, Kazakh National Research Technical University named
after K.I. Satbayev, Almaty, Kazakhstan, E-mail: a.sharapatov(@satbayev.university, https://orcid.
0rg/0000-0003-2578-3817;

*Assirbek N. — senior-lecturer of the Department of Geophysics and Seismology, Kazakh

National Research Technical University named after K.I. Satbayev, Almaty, Kazakhstan, E-mail:
n.assirbek@satbayev.university, https://orcid.org/0000-0001-9803-4011;

Saduov A. — PhD student of the Department of Geophysics and Seismology, Kazakh National
Research Technical University named after K.I. Satbayev, Almaty, Kazakhstan, E-mail: a.saduov@
satbayev.university, https://orcid.org/0000-0003-1501-7772;

Abdyrov M. — intern of the Department of Geophysics and Seismology, Kazakh National Research
Technical University named after I. Satbayev, Almaty, Kazakhstan, E-mail: madiyar abdyrov@
mail.ru; https://orcid.org/0000-0002-3244-7769;

Zhumabayev B. — candidate of Physical and Mathematical Sciences, Chief Researcher at the
Institute of the Ionosphere, Almaty, Kazakhstan, E-mail: beibit.zhu@mail.ru; https://orcid.org/0000-
0002-8402-7934.

Abstract. The article addresses a scientific and methodological (physico-
geological) problem concerning the selection and application of effective geophysical
technologies at all stages of geological and mining-geological operations in uranium
provinces and deposits of Kazakhstan. Borehole geophysical methods are vital not
only due to uranium’s radioactive nature but also because of the safe and efficient
in-situ leaching (ISL) technology widely used for its extraction.

The study focuses on creating detailed models of the physical properties of rocks
and ores forming the geological sections of uranium deposits. Statistical methods
were applied to calculate generalized ranges of physical properties and borehole
geophysical fields, using data from geological archives and scientific publications
on the Shu-Sarysu uranium province. The authors’ experience with other deposits
and geological challenges further supported this analysis.
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The results revealed insufficiently detailed studies of impermeable (barren) and
permeable (ore-bearing and barren) rocks, particularly regarding their electrical
properties, density, and seismic wave velocities. Detailed investigations into these
characteristics would improve the informativeness of geophysical methods and
expand their industrial applications, such as optimizing well-logging and ISL
technologies.

Integrating advanced geophysical technologies into exploration and development
processes enhances workplace safety, reduces operational costs, and increases
economic efficiency. These advancements contribute to modernizing geological
operations and boosting the long-term sustainability of Kazakhstan’s uranium
industry.

Key words: Shu-Sarysu province, uranium deposits, physical fields and rock
properties, statistical data processing, geophysical technologies

O. lllapanaros', *H. Ocipbek’, 9. Canyos ', M. A6nbipos’, b. ’Kymabaes?, 2024.
! CorbaeB YuuBepcuteri, Anmarsl, Kazakcran;
2HNonocdepa MucturyTsr, Anmarsl, Kazakcram,.
* E-mail: n.assirbek@satbayev.university

YPAH KEHOPBIHJIAPBI TAYKbIHBICTAPBIHBIH, "KUbIHTBIK
TEOJIOTUSLIBIK-TEO®U3UKAJIBIK CUTTATTAMAJIAPBI 5KOHE
OJIAPIIBI MAVIJAJTAHY NEPCIEKTUBAJIAPHI (IIY-CAPBICY
MPOBUHIUSICHI, KABAKCTAH)

[lapanaToB O. — reoNOrUs-MUHEPATIOTHS FhUTBIMIAPbIHBIH Kananaarel, K.M. CorbaeB aTbiHIarsl
Kasak yITThIK TEXHUKAJIBIK 3epTTey yHHBepCcUTETiHIH [ codu3nka xoHe ceiicMonorus kadepachiHbIH
KaybIMIACThIpbUTFaH mpodeccopsl, Anmarsl, Kazakcran, E-mail: a.sharapatov@satbayev.university,
https://orcid.org/0000-0003-2578-3817,

*9cipoex H. — K.U. CorbaeB arsimarsl Kasak YITTBIK TEXHUKAJBIK 3€pTTEYy YHHBEPCHTETIHIH
Teodpusuka sxoHe ceiicMonorus KageapachlHbIH ara-OKbITYHIbICH, AjMarbl, Kaszakcran, E-mail:
n.assirbek@satbayev.university, https://orcid.org/0000-0001-9803-4011;

CanyoB A. — K.U. CorbaeB arbiHgarsl Ka3ak YITTBIK TEXHHKAIBIK 3epTTE€Y YHHBEPCHTETiHIH
Teodusnka xoHe ceiicMomnorus kadenpacsiHbIH acupanThl, AnMarsl, Kasakcran, E-mail: a.saduov@,
satbayev.university, https://orcid.org/0000-0003-1501-7772;

AoasipoB M. — K.M. CarbaeB areiHmarsl Ka3ak yITTBIK TEXHHKAJIBIK 3€pPTTE€Y YHHBEPCHTETiHIH
leodmsuxka xaHe ceifcmonorus kadeapacsiHbIH HHTEpHBI, Anmarbl, Kazakcran, E-mail: madiyar
abdyrov(@mail.ru; https://orcid.org/0000-0002-3244-7769;

KymabaeB B. — (usuka-mareMarrika FhUIBIMAAPBIHBIH KaHIUAaThl, MIOHOC]Epa MHCTHTYTBHIHBIH
0acrbUTBIMU KbI3METKepi, beibit.zhu@mail.ru; https://orcid.org/0000-0002-8402-7934.

AnHoraumsg. Makana KazakcTaHHBIH ~ ypaH  NPOBUHIMSIApPHl  MEH
KCHOPBIHJAPBIHAAFEl TCOJOTHSIIBIK KOHE Tay-KEeH-TEOJIOTHSUIBIK JKYMBICTapIbIH
OapJIbIK K€3CHCPIH/IC aKIapaTThl reo(PU3NKAIIBIK TEXHOJOTHSUIAP bl TAHAY JKIHE
naiaanaHyIblH FBUTBIMU-IICTEMEITIK ((U3UKAIBIK-T€OJIOTHSUIBIK) POOJIeMaiapbiH
IIeIIyre apHaJfaH. YpaH KEHOPBIHIAPhl YHFbIMAJApbIHIA TCO(PU3UKAIBIK
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(KamIbIKTBIK) 9/icTep/Ii KOJIAaHy KQXKETTUTIr ypaHHBIH paJHOaKTHBTI TAOUFAThIMEH
FaHa HerizgenMenai. MaHbpI3Abl OHAIPICTIK (PaKTop — JKEpacThl YHFBIMAJBIK
cinriciznenaipy (K¥C) oamicin KosinaHa OTHIPHII, ypaH KEHOPBIHAAPBIH UTEPy MEH
OHIIPYMIH KayiIici3 )KOHE 03BIK TEXHOJIOTHSICHIHBIH KOJIIAHBLTYHI.

[IpoGnemanb! miemyaiH GU3NKaIBIK-TeOJIOTHUSIIBIK HET13/Iepi KCHOPBIH AP 1aFbl
TEOJIOTUSIIBIK KUMaJapAbl KYPANTHIH TayKBIHBICTAP MEH KEHIEPAIH HEFYpPIIbIM
Kol (DU3MKAJIBIK KaCUETTEPl MOHJEPIH XKyhesey OoJbin TaOblaaabl. ¥ HFbIMaHbIH
reoU3UKaIBbIK OPICTEPiHIH JKOHE Tay>KbIHBICTApAbIH (DU3UKAIBIK KacHETTEPiHIH
JKUBIHTBIK MOHIIEPIH (MOHIEPIHIH 63Trepy AUara30HbIH) €CENTEYIe CTATHCTHKAIBIK
o/licTep MEH oJicTeMelleniep KOJJIaHbULIbL. EcenTeynep YIIH TeoJI0THsUIBIK
KopnapaslH (akTiiik nepekrepi sxxoHe ly-Capricy ypaH mpoBHHIUSACH OOMBIHIIIA
FBUIBIMU  0aChUIBIMJIAP/IBIH MOIIMETTEpl MakayiaHbUIAbBl. MakajlaHbl JKa3ynia
aBTOpIapAbIH Oacka KEHOPBIHAAPAAFbl KOHE 0acKa TeOJIOTHSIIBIK Mocerenepi
MIETTyIeT1 TOKIpUOeci e maiaaaaHbUIIbL.

AnbIHFaH KemnmapameTpil NeTpoU3UKaIbIK MOJCIbBIIK KOPCETKIIITep ypaH
KCHOPBIHIAphl OOMBIHINA OTKI30CHTIH (Ca3mbl) KoHE OTKI3eTiH (KCeHII JKOHE
KEHCI3 KymJiap) Tay>KbIHBICTapAbl A7 aXKbIpaTyFa MYMKIHAIK OepeTiH 3epTreyiep
KaKeTTirin kepcerti. Omapra Tay>KbIHBICTap/a CEHCMUKAIBIK TOJIKBIHIAP/IBIH
Tapay KbUIIaM/IbIKTaphl, TAy>KbIHBICTAPBIH JCKTPIIIK KACUETTEPI, ThIFbI3IBIKTAPbI
xarajpl. OChl (PU3MKAIBIK KACHETTEP/i TAKBIPBIITHIK JKOHE HEFYPIBIM HaKThI
JEHTeH e 3epTTeyep re0(PU3NKAIBIK SIICTEPIIH MOTIMETTUTIK JCHTEHIH KOTEpyTe
JKOHE OJIapJblH cajiaja IIeIIe aJaThlH MOCEINICICPiHIH ayKbIMbIH KEHEHTyTe
MYMKIHIK Oepei.

YpaH KeHOPBIHIAPBIH Oapiiay MEH Urepyje reou3nKasblK TEXHOJIOTUsIapAbIH
MYMKIHIIKTepiH KEHEWTy J>KOHE eHTi3y IepCOHANIbIH €HOCK KayincCi3miriHiH
JIEHTCHiH KOTEPE/Ii JKOHE YKAIIITHI CallaHbIH YKOHOMHUKAJIBIK THIMILTITIH apTTHIPAIEL.

Tyiiin ce3mep: Llly-Capbicy TpOBUHIMSACH, ypaH KEHOPBIHAAPHI, TayXbl-
HBICTapIbIH (PU3UKAIBIK ©picTepi MEH KaCHETTEPi, MOJIIMETTEP/II CTATHCTHKAIBIK
OH/ICY, re0(DU3UKAIIBIK TEXHOJIOTUsLIAp
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AnHoTranmusa. CraTesl TOCBANIEHA  PEIICHUIO  HAYYHO-METOIUYECKON
(pu3uko-Teomornveckoif) mpoOIeMbl BBIOOpAa W HCIIONB30BaHHS Hawmbolee
WHPOPMATUBHBIX T€O(PHU3MYECKUX TEXHOJOTWH Ha BCEX 3Talax TeoJOrMYeCcKUX
U TOPHO-TEOJIOTHYECKUX PabOT B YPaHOBBIX MPOBHHIMSIX M MECTOPOXKACHUSIX
Kazaxcrana. Heo0XoaMMOCTh B MCIOIB30BAHNN CKBAKUHHBIX (IUCTAHIIMOHHBIX)
reo(pu3NYecKux MeTOo0B O0OCHOBaHA HE TOJBKO PAaJMOAKTHBHON MPHUPOIOH
[I0JIE3HOI0 MCKOIIaeMOoro — ypasa. BaxkHbIM (akropom sBisiercss OezomacHasi u
nepesoBast TEXHOIOTHsI Pa3paboTKU U 10OBIMM MECTOPOXKIEHUN ypaHa crnocoOoM
MOA3EMHOTO CKBaKMHHOTO BhIlIenadnBanus (IICB).

OU3HKO-TEOTOrHYECKOM OCHOBOH pelleHus] MPOOJIeMbl SIBISIETCSI COCTAaBIICHUE
MOJICTIBHBIX TPEACTABICHUH HaWOOIBIIEr0 KOJIMYECTBA (PU3MUECKUX CBOWMCTB
TOPHBIX TIOPOA M PyJ, CIAraloluX TeOoNIOTUYECKUE pa3pe3bl MECTOPOKIeHHH. B
CTaTUCTUYECKHUX METOZaX M METOIUKE pacyéra CBOAHBIX 3HAYCHUH (IMAlla30HOB
M3MEHEHUS 3HAYeHUH ) PU3NUECKUX CBOMCTB M CKBAXKMHHBIX Fe0(U3NUECKUX MOTeH
WCTIOJIb30BaHbl (PAKTHUECKUE JaHHBIC M3 TCOJIOTUYECKUX (OHAOB M MyOIuKaui
13 HayuHbIX u3ganuii no Illy-Capsicyckoif ypaHOBOpYAHOM MpoBHHIMH. Taxke
WCIIOJIb30BAHbI OMBIT aBTOPOB CTATHU IO JAPYTHMM THUIIAM MECTOPOKIACHUH U T10
PEIIEHUI0 APYTHX TeOJIOTHIECKUX 3a/1ad.

[lomy4yeHHBIE MHOTONApaMETPOBbIE MOZAEIbHBIC IPEACTABICHUS MNETPOQU-
3MYECKHX CBOWCTB IOPOJ YPaHOBBIX MECTOPOXKICHHMH paiioHa IOKa3ajld, YTO
CYIIECTBYET MpobieMa HEAOCTaTOYHO AETATbHON M3yUYE€HHOCTH HETPOHUIAEMBIX
(Oe3pyaHBIX) M TpPOHWIAEMBIX (PYIHBIX M Oe3pyAHBIX) MOpOXN paioHa IIo
EKTPUYECKUM  CBOMCTBaM,  IUIOTHOCTH, CKOPOCTH  PacHpoOCTpaHEHUs
ceficMmuecknx BONH. Temarnyeckoe um OoJiee AeTambHOE M3YYEHHE YKa3aHHBIX
CBOICTB I103BOJIUT MOJHSATH YPOBEHb HH(GOPMATUBHOCTU T€0()hU3NIECKUX METOIOB
U pacIIUPUTh KPYT UMH PeLIaeMbIX 3a1a4d B OTPaCIIy.

Pacmmpenne u peanmzanusi BO3MOXHOCTEH Teo(pU3UUECKUX TEXHOJIOTHH
Ipy JIeTalbHON pa3BeaKe U pa3paboTKe ypaHOBBIX MECTOPOXKACHUH TMOBBIIIAIOT
YpOBEHb 0€30MMaCHOCTH Tpy/a MepcoHalia B pa3Beike U 0CBOCHUH MECTOPOXKICHHI
ypaHa u SKOHOMUYECKYIO d((HEeKTHBHOCTH OTPACIH B IIETIOM.

Kurouesbie ciosa: Illy-Cappicyckas NpOBUHLMS, MECTOPOXKICHUS ypaHa,
¢u3nueckue MoJIsl M CBOMCTBA IOPOA, CTaTUCTHYecKass 00paboTKa JaHHBIX,
reopu3nYeCcKUe TeXHOIOTUH.
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Introduction

Kazakhstan ranks among the top countries in the world for uranium resources.
Its territory hosts exogenous (Shu-Sarysu, Syrdar’ya, Ile provinces, and the
Caspian region) and endogenous (primarily in the North Kazakhstan province and
Betpakdala-Shu-Ile) types of deposits. These include strata-bound, groundwater
infiltration, sedimentary-diagenetic, and hydrothermal types of uranium
mineralization (Mineral resources of Kazakhstan, Explanatory note for the Map of
the Mineral Resources of Kazakhstan, 1:1000 000 scale, 2002; Uranium Production
by Country, 2023; Franz, 2009; Petrov, et al, 2008). Information on the geological
structure of the region, the genesis of the deposits, mineralization features, ore
deposit characteristics, and associated minerals has been detailed in numerous
scientific works by researchers (Uranium Production by Country, 2023; Franz,
2009; Petrov, et al, 2008; Brovin, et al, 1997; Uranium Mining in Virginia, 2012).
On an international scale, the geological-structural and genetic characteristics of
uranium deposits, as well as the technologies for their exploration and development,
have been extensively studied (Franz, 2009; Uranium Mining in Virginia:
Scientific, Technical, Environmental, Human Health and Safety, and Regulatory
Aspects of Uranium Mining and Processing in Virginia, 2012; Mwenifumbo, et
al, 2013; Kalashnyk, 2013; Zhanchiv, et al, 2013; Kolbenkov, 2010; Erofeev, et
al, 2009). For example, the literature classifies them differently according to ore
formation. According to the IAEA classification, uranium deposits are categorized
as Unconformity-Related Deposits, Fracture-controlled, dominantly basement-
hosted deposits, Clay-Bound Massive Ore, Sandstone Deposits, Roll-front deposits,
Tabular deposits, Paleovalleys, and Tectonic/lithologic deposits (Uranium Mining
in Virginia: Scientific, Technical, Environmental, Human Health and Safety, and
Regulatory Aspects of Uranium Mining and Processing in Virginia, 2012).

Currently, exogenous strata-infiltration hydrogeological type deposits account
for about 75% of Kazakhstan’s proven uranium reserves. The Shu-Sarysu uranium
province hosts around ten known deposits of this type. Among these, the Mynkudyk,
Inkay, and Budenovsk deposits are unique, while the Zhalpak, Akdala, Uanas,
Tortkudyk, Moyynkum, and Kanzhugan deposits are considered large (Mineral
resources of Kazakhstan, Explanatory note for the Map of the Mineral Resources
of Kazakhstan, 1:1000 000 scale, 2002). These deposits are located in the northern
and eastern uranium clusters of southern Kazakhstan (Figure 1).

Geological map of the Shu-Sarysu and Syrdar’ya uranium provinces showing
oxidation-reduction fronts and uranium deposits. The map highlights oxidation
zones in Paleogene and Cretaceous deposits, key deposits such as Mynkudyk and
Inkay, and major geological features including the Karatau Range and Syrdar’ya
Depression. Similar deposits include Crow Butte and Smith Ranch in the USA.
They are also comparable in terms of resources, ranging from several hundred to
several tens of thousands of tonnes of uranium, with grades from 0.015 to 0.25
percent (Uranium Mining in Virginia: Scientific, Technical, Environmental, Human
Health and Safety, and Regulatory Aspects of Uranium Mining and Processing in

214



ISSN 2224-5278 6.2024

Virginia, 2012). The safety, efficiency, and profitability of mining ore horizons in
exogenous deposits are ensured by the use of well-logging technologies and in-situ
leaching (ISL) (Mwenifumbo, et al, 2013; Erofeev, et al, 2009; Shayakhmetov, et
al, 2023; Wei, et al, 2023; Huang, et al, 2021; Sharapatov, et al, 2023).
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Figure 1 — Geological map of the Shu-Sarysu, Syrdar’ya uranium provinces and the location of the
redox potential fronts and related deposits, compiled by Assirbek N. using published data’s (Mineral
resources of Kazakhstan, Explanatory note for the Map of the Mineral Resources of Kazakhstan,
1:1000 000 scale, 2002; Franz, 2009; Petrov, et al, 2008)

A pressing task in geological and mining-technological work at deposits
is the optimization of their volume and execution time. The primary tool for
providing information at deposits with well mining is geophysical technologies. To
establish the physical basis for selecting and/or evaluating the informativeness of
geophysical methods, a detailed study of the physical properties of rocks and their
manifestations in observed physical fields is necessary (Sharapatov, et al, 2017).
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Statistical processing and the creation of a generalized data database for the region’s
deposits enable the use of information at various stages of deposit operations.

The aim of the study is to compile generalized (model) information on the
physico-geological parameters of ore deposits and host rocks for exogenous type
deposits. To achieve this research objective, a series of tasks were accomplished in
a specific sequence (Figure 2):

1. Collection of scientific and archival materials, grouping of deposits’ rocks
and ores by attributes (age, stratigraphic unit, ore horizon, composition);

2. Systematization of the parameters of observed geophysical fields and results
of geological interpretation of well log diagrams in conjunction with laboratory
core study data — physical properties, composition, and parameters of ore-bearing
and barren horizons, highlighting the main interpretative characteristics of the
geological section;

3. Analysis of actual geodata: statistical processing and averaging of the physical
properties of rocks, determination of the ranges of physical field variations;

4. Compilation of generalized geological and geophysical information on
uranium deposits in the Shu-Sarysu uranium province in a text-table format;

5. Evaluation of the sufficiency level of existing data, recommendations for the
content of further research.

The presence of a digital integrated database of geological, geophysical data, and
petrophysical parameters of rocks and ores of deposits — a geological-geophysical
(technological) model of uranium deposits for the ore district — enables: a) the
selection of effective geophysical technologies, ensuring the optimization of
geological work volumes (including drilling) when identifying new uranium
deposits and areas; b) information support for conducting geotechnological
operations (mining-geological and technological works) in the development of
uranium deposits using the in-situ leaching (ISL) method.

The practical value of the research results lies in the fact that the expansion
and utilization of geophysical methods’ capabilities can impact the technological
development and economic performance of the industry as a whole.

Materials and methods. In compiling the comprehensive geological-
geophysical/petrophysical characterization of the rocks of uranium deposits,
textual and graphic materials from geological fund reports on the deposits were
used, as well as normative and technical documentation of the uranium industry.
The comprehensive characterization is the result of analysis, grouping, statistical
processing, and generalization of data on characteristic rocks and ore horizons of
deposits in the northern and eastern nodes of the Shu-Sarysu uranium province
(Figure 2). The flow chart illustrates the process of creating a consolidated geological
and geophysical characteristic. It starts with factual materials from reports, articles,
and monographs, followed by systematization and statistical analysis of data, and
ends with a consolidated model of geological and geophysical characteristics of
uranium deposits.
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Figure 2 — General principle for creating summary/model
geological and geophysical characteristics

The relevant parameters for addressing geological and mining-technological
tasks in the development of hydrogeological-type uranium deposits include
lithology, horizon thicknesses, and the filtration-capacity properties (FCP) of the
rocks; the contours and sizes of ore deposits, and their uranium content. These
are determined based on the interpretation of geophysical field diagrams along the
wellbore. The interpretation of well logging data (WLD) is conducted based on
laboratory studies of the physical properties and parameters of a sufficient quantity
of rock core samples and the establishment of a correlation between WLD and core
data.

Lithological subdivision of the section is performed using the apparent resistivity
of the rocks (apparent resistivity method — AR; p, Ohm'm — blue line) and the
potential of the natural field (self-potential method — SP, U, mV—green line). When
interpreting the SP data, the potential readings for Chegan clays are conventionally
taken as the zero level of the natural electric field (above this level are positive field
values, below it are negative field values). The Chegan clay horizon (upper-middle
Paleogene P, ,) has a regional distribution and serves as a reference horizon in the
analysis and geological interpretation of WLD data.

Uranium horizons are identified based on the exposure dose rate (gamma logging
— GL; R, uR/h —red lines in two scales). The specific electrical conductivity values
(induction logging — IL; g, mS/m — pink line) are used to study the position of the
borehole bottom and the integrity of the casing (Figure 3). The example logs and
their geological interpretation results shown in Figure 3 show stratigraphy, gamma
ray logs and conductivity/resistivity measurements at different depths. Lithology is
depicted in the central column, showing the variations in rock types, while the logs
on either side indicate the relevant geophysical properties needed to identify ore
horizons. IL data are also informative for monitoring the spread of technological
solutions across the area during the exploitation phase of uranium deposits using
the in-situ leaching (ISL) method (Sharapatov, et al, 2023).
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Figure 3 — Example of logging diagrams and the results of their geological interpretation

The interpolation of geological, geometrical, and filtration-capacity
(technological) parameters of rocks and deposits, based on the interpretation
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of logging method diagrams, allows for the delineation of their boundaries and
contours along the profile in section format (Figure 4). The section in Figure 4
is the result of combining and interpolating borehole log and core data, showing
various rock types, ore bodies and uranium deposits. Also shown are gamma ray,
resistivity and spontaneous potential logs with contours indicating permeable and
impermeable zones within the stratigraphic profile.

Data analysis should not be considered merely as information processing after
collection. Instead, data analysis is a means of testing hypotheses and solving
research problems. The necessity of summarizing and collectively representing the
properties, parameters, and features of an object or phenomena leads to the use of
models.

Typically, various mathematical methods, including statistical analysis of
measurement results, are used for geodata analysis. Different types of statistical
computations using geophysical (petrophysical) data are conducted depending on
the stages of geological object studies and the tasks at hand. These computations
cover all stages of geological and geophysical work: from planning to developing
field observation methodologies; from assessing the required survey accuracy to
interpreting geophysical data to determine the nature of anomalies. Computational
work defines probabilistic-statistical parameters of physical properties and fields.
These parameters are used to select informative methods and create a rational
geophysical complex to enhance the efficiency of exploration tasks and address the
problem of classifying geophysical anomalies as ore-bearing or barren (Sharapatov,
et al, 2020).
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Figure 4 — Example of a lithological-filtration cross-section based on laboratory core material
studies and well-logging data along the profile of the operational site, Shu-Sarysu Uranium Ore
Province.
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When delineating petrophysical groups of rocks, the method of grouping by the
most general and stable characteristics (such as age, composition, and filtration-
capacity properties) is applied. Statistical processing of petrophysical properties
allows establishing the main patterns of changes in the physical parameters of the
studied rocks and objectively characterizes their groups and associations.

With numerous values of the same rock properties, there arises a need to average
empirical data separately for each rock type. An important factor in this process
is representativeness — the number of tested rock samples. A variation chart is
constructed based on the dependence of the ratio ﬂ on the studied property x): 7,
is the number of rock samples in the i- th interval of property values, 7, is the fotal
number of rock samples, and x, are the values of the studied property. The width of
the rock property value intervals (%) depends on the overall range of their variation
and is determined according to the rules of Scott 1979, Friedman, and Diaconis
1981 (Hyndman, 2023).

The average values of the studied rock properties reflect their typical level
per unit of the population under specific conditions of place and time, ignoring
differences between individual units. It serves as a measure of the attribute per
unit of the population (unlike relative values, which serve as a measure of the
ratio of indicators) (Kovaleva, et al, 2019). Based on the data processing results,
generalized/model values of physical properties are assigned to each rock type in
the geological section. Statistical processing can be used to assess the geological
exploration informativeness of geophysical fields (Sharapatov, et al, 2020) and in
the analysis of spatial quantitative data in other geosciences (Mukayeyv, et al, 2022;
Tereshchuk, et al, 2017).

The most common summary indicator of the distribution character of a physical
parameter is the arithmetic mean (x )

X1+Xo+..+XN

X = TN = SR X (1)
where x. is the physical parameter of the sample (sample data); , is the total
number of samples.

The values of x_ are used when calculations are performed on ungrouped
statistical data.

When identifying groups (associations) of rocks, the calculation of the most
probable values of physical parameters is conducted considering the recurrence
(«weight») of the parameter values (frequency). The weighted average x  is
calculated using the formula:

1gnN
Xwa = - Ni=1 Xi T 2)
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Where x, -physical parameter of the sample; n, - number of samples in separate
groups; m - number of groups.

As an indicator of the magnitude of the deviation of individual values from
the average and the difference of individual values from each other, that is, the
variation of a parameter, is the dispersion or standard (standard deviation S, which
is calculated by the formula:

S = Zﬁl(xi_xwa)z (3)
N-1

Results and discussion. In the “Generalized Geological-Geophysical/
Petrophysical Information on Ore-Bearing and Host Rocks of Uranium Deposits
in the Shu-Sarysu Depression of Kazakhstan” the data cover the deposits of the
northern and eastern ore nodes of the region (Figure 1).

Figures 5-8 detail the results of statistical data processing, exemplified by the
values of apparent electrical resistivity p,. In this case, the statistical data processing
results are used to solve a technological problem: determining the dependence
of p, on C, (filtration coefficient of permeable rocks — sands). For this purpose,
intermediate parameter correlations — median grain diameter of sands D, with C,
and D, with p, — were utilized.

Overall, the most important result is the fact that impermeable rocks (clays,
siltstones) can be reliably and unequivocally distinguished from permeable rocks
(sands of varying grain size and sorting). Thus, based on the modal values of p, for
lithological varieties of rocks, two groups of rocks are identified:

- rocks of clay composition — these include clays, siltstones, clayey siltstones,
and silty clays;

- rocks of sand composition — these include fine to medium-grained sands,
varied and medium-grained sands, sand-gravel, and gravel-pebble formations.

Poorly sorted sands with gravel, which occupy an intermediate position in terms
of p, values, can be identified with less reliability and greater error. Sand-gravel
and gravel-pebble formations exhibit intermediate apparent electrical resistivity
values due to the presence of clayey-silty particles, which makes their identification
prone to determination errors (Figure 5).

Figure 5 shows a graph of the variation in the distribution of apparent specific
electrical resistivity for different types of rocks in the Mynkudyk ore horizon of
the Budenovsk deposit. The graph depicts distinct curves for clays, aleurites, fine-
grained, medium-grained, mixed-grained, and gravelly-pebble rocks, highlighting
the modal values of their petrophysical properties.
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Figure 5 — Example of grouping rocks and determining the modal values of the petrophysical
properties of the section (variation graphs of the distribution of apparent electrical resistivities,
Mynkudyk ore horizon of the Budenovsk deposit)

In the data processing, sufficient representativeness of the number of
determinations was ensured. The sample size (N) and the standard deviation (S) of
p, values in Ohm'm were as follows: gravel-pebble deposits — 23 and 3.2; poorly
sorted sands, poorly sorted sands with gravel — 97 and 2.69; medium-grained sands
— 213 and 2.05; fine to very fine-grained sands — 44 and 1.51; clays, siltstones — 15
and 1.02.

In studying the dependence of p, on the granulometric composition, the closest
correlation was found with the median diameter D, . An example of the dependence
of p, on D, is presented in Figure 6.
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Figure 6 — Graph of the dependence of apparent electrical resistivity p, on the median diameter
D, of medium- and different-grained sands, Inkudyk horizon of the Budenovsk deposit

A graph (Figure 6) showing the relationship between apparent electrical resistivity
(p,) and the median grain diameter (D, ) of medium- and different-grained sands
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in the Inkudyk horizon of the Budenovsk deposit. The graph indicates a positive
correlation, with resistivity increasing as the grain diameter increases.

Based on the results of experimental pumping from hydrogeological wells,
the interpretation of flow meter data, and laboratory work, the dependence of the
filtration coefficient (C,) on the median diameter (D, ) was established. The results
of these studies are presented in Figure 7.

Cp, m/day
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Figure 7 — Graph of the filtration coefficient (C,) depending on the median diameter (D) of
medium- and different-grained sands

A graph (Figure 7) depicting the relationship between the filtration coefficient (C,) and
the median grain diameter (D) of medium- and different-grained sands. The graph shows a
positive trend, indicating that the filtration coefficient increases with the increase in median
grain diameter.

Since the parameter D, is common, the dependence C,. = f{p, ) can be represented in
an analytical form, as a regression equation, which is subsequently used for calculating C,
values based on apparent resistivity p, data. A graph (Figure 8) showing the relationship
between the filtration coefficient (C)) and apparent resistivity (p,). The graph displays a
positive correlation, indicating that as the apparent resistivity increases, the filtration
coefficient also increases.
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Figure 8 — Graph of filtration coefficient (C,) versus apparent resistivity (p,)
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Geophysical fields (Usp, P) in the wells are presented with coverage of their
minimum and maximum values as well as averaged values. Representing the
field values in this format is related to the wide range of field value variations
and their multifactorial dependence. The minimum value for the exposure dose
rate anomalies, according to gamma logging, was set at 80 uR/h (0.8 pSv/h). This
threshold was chosen because it generally reflects the minimum industrial uranium
content in the ore-bearing horizons of the deposits (Figures 3-4, Table 1).

Table 1. Generalized geological-geophysical/petrophysical information on rocks of ore and barren
horizons of uranium deposits of the Shu-Sarysu depression of Kazakhstan according to P (uR/hour),

p,(Ohm'm) and U, (mV)
Age Name of rocks; P, R/ p.a, Ohm'm 'Uzp mv Field
g ore horizon hour [ ™M e [ M Gve,
max. max.
Clays (Chegan) 7—-11122-43 3 0 0 | Mynkudyk
p Sands are medium- and fine- 55-9 7 |-5--25| 3 Uvanas
12 | grained, 80< [ 12-20 | 16 0-4 2 [ Moyynkum
ikan — uyyk — kanzhugan 20 —40 3-30 Kanzhugan
. 3-7 5 -5-3 | -35 Inkay
1 1 12-1
Clays, silts 3[36-66] 51 | 2-1 | -1 | Mynkudyk
Sands are medium- and fine- 9-13 11 -1-7 -4 Inkay
grained; motley 48-124| 74 -6-0 -5 | Mynkudyk
K Sands of vari . 80 < 5-12 8.1 -3—-1 -2 Zhalpak
,..| Sands of various grains; 0-2 1 551 Akdala
-P, | zhalpak 3-153] 9. '
, | zhalpa 63-153| 9.89 3-30 Kanzhugan
15-19 17 -1-3 -2 Inkay
Sand 1 39-42
ancy grave 80-152| 10 | -5-10 | -6 | Mynkudyk
20-90 50 -4 —-2 -3 Inkay
Sandstones 1821 1500200 180 |4—-15] 2 | Mynkudyk
15-17]35-5| 4 | -2-3 Inkay
1 -0.
Clays 15-17|36-66] 54 | 2-3 | " [Mynkudyk
Sands are medium- and fine- 80 < 8§—12 | 105 [ -3--1 -2 | Budenovsk
grained; inkudyk 80< [6.6-10| 7.8 3-1 -2 | Mynkudyk
K Sand of different grains; 80< | 12-15] 135 |-1.5-0.5 05 Budenovsk
o2 | inkudyk 80< [82-12| 10 [-1-05] 7 | Mynkudyk
Sandy eravel 33-35114-19 | 155 | -2—-1 -1 Inkay
Y grave 3235|1015 | 112 |-05-08] -0.5 | Mynkudyk
Sandst d it ith 20-251 20-70 30 2-3 2 Inkay
andstones and graveutes Wit 1754 551100150 | 140 | 2.5-3 | 2.5 | Mynkudyk
carbonate and siliceous cement
20-25[25-250| 110 0-5 2 | Kanzhugan
. 22 3-6 4.5 3-4 3 Inkay
1 1t:
Clays, silts 22 | 3-66 | 48 | 25-4 | 3.5 | Mynkudyk
. . 18—-20| 7—-12 9.5 -12 Inkay
K -, fine- 2
ot | Sands medium- fine-grained e T [ 76 [ 125 Mynkudyk
Sand of different grains; 80 < 8§—-12 | 11.8 | -3—-1 -2 | Budenovsk
mynkudyk 80 < 7—14 8.9 -12 -1.5 | Mynkudyk
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Sandy gravel 35-37 | 10-16| 13 -3--2 -3 Inkay
Sandy gravel with pebbles; 80< | 8-15 | 105 | 2.5-3 | -2.8 | Mynkudyk
mynkudyk

Sandstones and gravelstones 28-31| 15-40 | 20 -2-2 2 Inkay
with carbonate cement 22 -251140—190| 180 | 1.5-2.5| 1.8 | Mynkudyk

Information on the number of samples and diagrams for summarizing data and statistical
calculations when compiling Table 1 is given in the text

Analysis of literature and archival materials showed that the densities (o, g/cm?)
of rocks in the study area have been most thoroughly studied for the productive
horizons (densities of dry and naturally moist sands with different grain sizes).
This necessity is linked to solving technological tasks during the development of
uranium sites, such as determining the coefficient of radioactive equilibrium (C).
C,, 1is calculated from the dry rock core and is used to differentiate the influences
of radium and uranium on gamma logging (GL) readings. Uranium content, as
interpreted from GL logs, is based on the natural (i.e., moist) state of the ore.
Therefore, when calculating uranium content from GL data, a correction for
moisture is applied.

The densities of ore-bearing (moist) sands range from 1.79 g/cm?® (Kanzhugan
ore horizon, Moyynkum deposit) to 2.04 g/cm* (Mynkudyk ore horizon, Inkay
deposit). The moisture level (C) varies between 14.54% and 22.00%. The density
of dry ore-bearing sands ranges from 1.52 to 1.74 g/cm?. Additionally, data on the
densities of dry, barren sands with different grain sizes indicate values of 1.6 g/cm?
and above.

An analysis of the density characteristics of rocks in the barren horizons of
the region (o, g/cm®) was also conducted. The findings indicate that in various
petrophysical studies and reports, sedimentary rock groups are categorized
differently by age and stratigraphic units. The accuracy of measurement work also
varies. Consequently, it is incorrect to compare and identify contrasts between the
values of 6, and o, (density of ore-bearing permeable rocks).

Table 2 presents data on barren rocks/horizons from reports on petrophysical
studies of core materials (Petrov, et al, 2008).

Table 2. Generalized geological-geophysical/petrophysical information on rocks of ore and
barren horizons of uranium deposits of the Shu-Sarysu Depression of Kazakhstan by o (g/cm 3)

*
Name of rocks; o, g/em3 Number .
Age . . of Field
ore horizon min.-max. avg.
samples
in general for the
Clays (Chegan) 1.86 —2.02 1.96 4 .
region
p Sands are medium- and 1.79 - 1.98 1.911, 1.942, 1.79° - Moyynkum
12 fine-grained;
** ikan'— uyyk *— 1.89-1.93 1.912,1.92 - Kanzhugan
kanzhuga"3
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Clays, 1.85-2.24 2.02 20 in general for the
Silts 1.80-2.17 1.97 5 region
Sands are medium- and 1.99 ) Inkay
fine-grained; motley ’ Mynkudyk
K m
2 . 1.95 - Zhalpak
-PI[ The sands are of different
. Akdala
grains; zhalpak 1.98 -
Kanzhugan
***Sandy gravel 1.87-2.31 2.13 59 in genera] for the
Sandstones 1.79-2.42 2.19 13 region
Clays 1.90—2.13 2.04 o0 | ngeneral forthe
region
Sands are medium- and 1.97-2.02 2.00 Budenovsk
fine-grained; inkudyk 2.02-2.03 2.02 Mynkudyk
Sand of different grains; | 1.97 —2.02 2.00 i Budenovsk
K,st | inkudyk 2.02-2.03 2.02 Mynkudyk
Sandy gravel 1.87-231 2.13 s |0 general for the
region

1 lit .
Sandstones and gravelites in general for the

with carbonate and 2.45 13 .
- region
siliceous cement
Clays 1.90-2.13 2.04 20
Silts 2.00-2.10 2.05 5 in general for the
Sands medium-, 1.79-2.14 2.02 121 region
fine-grained 1.81-2.22 2.04 398
Sand of different grains; |1.97 —2.04 2.00 - Budenovsk
K.t mynkudyk 1.99 - Mynkudyk
2 B
Sandy gravel 1.87-231 2.13 59 [ ingeneral for the
region
Sandy gravel with 1.98 - 1.99 1.99 - Mynkudyk

pebbles; mynkudyk

Sandstones and gravelites in general for the
. 2.45 13 .

with carbonate cement region

* The number of samples is given for non-metallic rocks; ** Rock density values for all uranium
horizons were obtained from data from a special technological study of sands by mining companies;
*** in petrophysical materials sandy gravel and sandstones of all tiers of the Upper Cretaceous K,
(K,m, K st, K t) are considered together (Petrov, et al, 2008).

Within the framework of these studies, the investigation of rock densities (o,
g/cm?®) at the deposits aims to identify contrasts in the velocities of seismic wave
propagation ( v, , km/s). There is a need to evaluate the potential of seismic methods
for section delineation. Velocity parameters in scientific works are provided for rocks
of deeper zones (Urazaev, 1971; Kurskeev, 1983); however, Vp and o in sections
have been studied less thoroughly, and detailed information on each rock type is
lacking. Only with detailed data on o, can the prospects and informativeness of
surface-to-borehole seismic methods be evaluated and substantiated when studying
ore-bearing and adjacent environments.
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Conclusions. The results of compiling the generalized (model) geological-
geophysical/petrophysical characteristics showed:

1) the relevance of more detailed studies and the identification of contrasts in
the values of apparent resistivity (p,), dielectric permittivity (¢), density (o), and
seismic wave velocity (V,) of permeable (sands/sandstones of various degrees of
sorting) and impermeable (clays, siltstones) rocks (zones 1-7 in Figure 9). These
contrasts can serve as the physical basis for selecting well-logging methods:
seismic and/or electromagnetic methods in artificial fields for surface-to-borehole
and interwell modifications. These methods include vertical seismic profiling
(VSP), interwell seismic tomography (IST), and electromagnetic methods (radio-
wave profiling, radio-wave geointroscopy, and others) (Istratov, 2008; Belenkiy, et
al, 2010). Expanding the use of well-logging technologies at uranium deposits can
allow for detailed studies of the geometry and parameters of deposits around and
between wells. Consequently, geophysical data can optimize the volume of drilling
operations at various stages of uranium site exploration.

The Schematic Section of the Radiological Zoning of a Roller Uranium Ore
Deposit shows uranium ores, sands, clayey sandstones, clays, oxidized rock zones,
as well as radium diffusion and residual halos (Figure 9). The figure shows the
radioactive equilibrium coefficients for different sections of the deposit, the arrow
indicates the direction of formation water movement.

Y 7

Figure 9 — Scheme of the radiological zoning of the roll uranium ore deposit in the section:
1 — uranium ores; 2 — sands; 3 — clayey sandstones; 4 — clays, silts/siltstones; 5 — zone of oxidized
rocks; 6 — diffusion halo of radium; 7 — residual radium halo. The arrow shows the direction of
movement of formation waters. The numbers on the black field are the values of the radioactive
equilibrium coefficient in different parts of the uranium ore deposit

2) for developing a universal geodata database, additional and more detailed
information is necessary. Ensuring the database is updated with relevant
information is possible only through a thematic or targeted approach to obtaining
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and processing geological-geophysical and laboratory-analytical data. One such
theme could be the detailed study and identification of contrasts in the physical
properties of rocks throughout the entire section of uranium deposits. These can
serve as the physical basis for applying well-logging methods in solving detailed
exploration and geotechnological tasks, as well as for petrophysical justification of
well-logging diagram interpretations.

3) After selecting the logging method, preliminary calculations of the parameters
of the geophysical observation system and experimental-methodological works on
characteristic objects and sections should be conducted. During experimental works,
the effective parameters of the observation system, and the parameters of the primary
signals (from sources) and the recorded seismic/electromagnetic field are refined.
Modern geophysical equipment and adapted measurement methodologies allow
the registration of small changes in the observed field, related to slight differences
in the physical properties of rocks. The results of testing well-logging methods
at deposits will enable the development of methodological recommendations for
the use of geophysical technologies in solving specific geological and mining-
technological tasks.

4) The results of solving the listed tasks can enhance the database used in
Al technology for machine and deep learning of geological section models and
predictive objects (Sharapatov, et al, 2023).
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