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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 Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH 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 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 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).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. This study provides a detailed analysis of the specific
clay and carbonate content characteristics in ore-bearing horizons of hydrogenic
uranium deposits within the Chu-Sarysu province, hosted mainly by sandstones
of varying grain sizes. A comprehensive understanding of the distribution and
quantitative features of these parameters is crucial for geological interpretation,
including determining the shape, dimensions, and position of uranium ore bodies.
It is also highly relevant for field development using in-situ leaching (ISL), where
efficiency strongly depends on high leaching solution mobility. Clay and carbonate
minerals significantly affect the permeability and filtration properties of sandstones,
reducing the migration efficiency of natural and technological fluids. Objective.
To analyze the physical foundations and assess the capabilities of well-logging,
electrical, and seismic methods for reliably predicting clay/carbonate content and
the overall filtration properties of ore horizons, aiming to overcome the limitations
of labor-intensive laboratory core analysis. Methods. These challenges were
addressed by analyzing the physical foundations and assessing the capabilities of
well-logging methods. Special emphasis was placed on identifying the physico-

64



ISSN 2224-5278 4.2026

geological foundations of electrical and seismic methods, as well as delineating
contrasts in electrical and density properties to evaluate geophysical methods
for predicting rock filtration properties. Conclusions. The results identified key
limitations caused by insufficient completeness and detail in studying rock physical
properties, resulting in a shortage of specialized petrophysical data required for
reliable interpretation of well-logging and inter-well geophysical data. Based
on this analysis, major problems and promising future research directions were
defined to enhance the accuracy, reliability, and information content of geophysical
methods across all stages of geological and technological operations on hydrogenic
uranium deposits.

Keywords: hydrogenic uranium deposits, ore horizons, clay content and
carbonate content of rocks, geophysical methods
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AnHoTauus. Ozexminiei. Ily-Capbicy NpOBUHUMSACBIHBIH THAPOTEHAl ypaH
KEHOPBIHJIAPbIHAAFEl PyAaibl TOPU3OHTTApAbl KYpaWTBIH SpTYpIi TYHIpIIIKTI
KyMIap MEH KYMTacTapAblH Ca3lIbUIbIFbI MEH KapOOHATTBUIBIFBI YKaH-)KAKThl
3eprrenii. by TayxbiHbICTapIaFkl ca3 jKoHE KapOOHAT MUHEpaNJapbIHBIH OOTybI
OJIapIbIH OTIMIUIIT MeH (QUIBTPIIK KAacHEeTTepiHEe eJieylli ocep eTil, TaOuFu
KOHE TEXHOJIOTHSJIBIK CYHBIKTBIKTAPABIH MUTPALUsCHIH ToMeHaeTe . Ca3abuIbIK
MEeH KapOOHATTBUIBIKTBIH Tapadybl MEH CaHJABIK CHIATTaMaJIapblH aHBIKTAy
reOJIOTHSUIBIK MHTEpIpeTalnnsl YIIiH, COHBIH IMIiHAE YypaHKEeHAl JeHeJepaiH
MIITHIH, eJIIEeMiH XoHEe KUMaJarbl OpHalacyblH Ooibkayna maHbi3abl. CebeOi,
OHIp/IeT1 YpaH KeHOPBIHJAPbI TeHe3UCi OOMBIHIIIA THAPOTeH I THIITET1 KabaTThIK-
WHOUIBTPALMSUIBIK pylaiaHyMeH cuiiartanabl. COHbIMEH KaTap, 0Cbl TeHETUKAIBIK
TUNTET1 KEHOPBIHAAP/IBI XKepacThl YHFbIMaIBIK maiiManay (JK¥ L) TociniMen urepy
Ke31HJE /e 3epTTey HOTHXKENIepl ©3eKTi. OUTKeHI YAEPiCTiH THIMALIIr maiManay
epITIHAUIEPIHIH pylaibl TOPU3OHTTAPAAFbl KOFAphl KO3FAIFBIIUTHIFBIHA TOYEINIi.
Maxcamul. 3eprreynep ca3IbUIbIK MeH KapOOHATTHUIBIKTBI aHBIKTAYIBIH J9CTYPIi
3epPTXaHANIBIK SiCTEpIMEH CANBICTBHIPFAHAA OHIMIUII >KOFapbl YHFBIMAJbIK
reoU3NKaIBbIK QMICTepHiH (U3MKAJBIK HETi3IEpiH TajjayFa >KOHE OJaplbIH
MYMKIHIIKTepiH Oaranay apKbUIbl XYPrizinai. Odicmepi. 3epTXaHalbIK oicTep
KOJIEM/I1 )KYMBICTBI — 3PTYPJIi TEPEHAIK IeH KAJIBIHIBIKTAFbl KeH TOPU30HTTapbIHAH
Tay>KbIHBICTAP/bIH PEIPE3CHTATUBTI YATUIEpiH amyabl — KakeT erexdi. JKymbicTa
ANEKTPIIK KOHE CEHCMHUKAIBIK dAICTepAiH (PU3UKAIBIK-T€OJOTHAJIBIK HETi31epine
epeKlle Hazap aygapbUlibl. Tay>KbIHBICTApABIH JJCKTPIIK JKOHE THIFBI3IBIK
KACHUeTTepiHAerl albIpMaIIbUIBIKTAPbIH  aHBIKTAY T'eO(QHU3UKAIBIK OAiCTepAiH
KEH TOPU3OHTTApBIHBIH (DUIBTPIIK KAaCHETTepiH CeHIMIl OoJpKaynarbl olieyeTiH
Oaranmayra MYMKIHIOIK Oepai. KopwimbinObi. AJNBIHFAaH HOTIDKENEp KeHI1
TOPU30HTTApAAFbI TAy>KbIHBICTAPABIH (PU3UKAIIBIK KACHETTEP1 Typasibl IepeKTepAiH
TOJIBIK €MECTITiH OHE Teo(U3UKAIBIK 3epTTeYIepli CEHIMII HMHTepHpeTaunus
KacayFa KaXeTTI MaMaHAaHABIPBUIFAH TNEeTPOQU3UKAIBIK  MOJIIMETTepAiH
KETKITIKCi3airiH kepcerTi. Tannay Herizinae ruporeH i ypaH KeHOPbIHIapbIHAAF bl
reOJIOTHSUTBIK-TEXHOJIOTHSUIBIK, )KYMBICTAPJIBIH SPTYPJI KE3eHIACPIHAE YHFBIMAIbBIK
reoU3NKaIBbIK (CEHCMUKAIIBIK JKOHE 3JIEKTPIIK) 9MICTepHi KOJIAAaHYAbIH HErisri
mpoOieManapbl JKoHE OJapiblH IONJITiH, CEHIMIUITIH JKOHE MOIIMETTLIIriH
apTThIpyFa OarbITTalFaH OoJaliak 3epTTEYNEpIiH NEepCHEeKTUBAJIBI OarbITTaphbl
OeJruIeH .

Tyiiin ce3mep: ruzxporeHai ypaH KEHOPBIHIApHI, pYHalbl TOPU3OHTTAp,
Tay>KbIHBICTAPbIH CA3bUIBIFBl MEH KapOOHATTBUIBIFBI, Te0()U3NKAIIBIK d/iCTep
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AnHoraums.  AxmyanbHocms.  VccnemoBaHWE — TMOCBSINEHO — aHAU3Y
[JIMHUCTOCTA W KapOOHATHOCTH PYIOHOCHBIX TOPU30HTOB  T'HJIPOTCHHBIX
MecTtopoxkaeHuii ypana Uy-CapbICyckoil ypaHOBOPYIHOM TPOBUHIINU, CIIOKEHHBIX
MIPEUMYIIECTBEHHO PA3HO3EPHUCTHIMU TECUaHUKaMH. BcecTopoHHee u3ydeHue
MIPOCTPAHCTBEHHOTO PACIPEACICHUS M KOJIMYECTBEHHBIX XapaKTEPUCTUK ITHUX
MapaMeTpoB HMMEET Ba)XXHOE 3HAUYCHHUE [MJIsi TCOJOTHYCCKOM HHTEpIpETaIiH,
BKJItOYAs ompejeicHre (OpMbl, pa3MEpOB U IMPOCTPAHCTBEHHOTO TOJIOXKEHUS
YPaHOBBIX PYIHBIX TeJ. [JIMHUCTOCT, M KApOOHATHOCTh TIOPOJA  TaKXKe
CYLIECTBEHHO BIHSIOT Ha AS(PQPEKTUBHOCTh pa3pabOTKH MECTOPOKICHUI
METOJIOM TOA3EMHOTO CKBaXKMHHOTO BbimenaduBanus ([ICB), mockonbky
OTIPECNSIOT TOABMKHOCTD BBIIIEIAYUBAIOIICTO PACTBOPA, IMPOHUIIAEMOCTh U
(UIIBTPALIMOHHBIC CBOMCTBA MMeCYaHUKOB. [OBBINIEHHOE COJICpKAHUE TIIMHUCTBIX
U KapOOHATHBIX MHHEPAJIOB MOXKET OrPAaHUYMBATh MHIPALMIO TPUPOAHBIX U
TEXHOJIOTUYECKUX PACTBOPOB U CHWXKATh A((EKTUBHOCTH W3BJICUCHHS YypaHa.
Lenw. Tlpoananu3upoBarb (HU3NYESCKUE MPEANOCHUIKM M OIICHUTh BO3MOXKHOCTH
KApOTQXKHBIX, OJIEKTPUYCCKUX U CEHCMUYECKUX METOAOB ISl JOCTOBEPHOTO
MIPOTHO3UPOBAHUSI TIIMHUCTOCTH, KapOOHATHOCTH ¥ (PHIBTPAI[MOHHBIX CBOWCTB
PYAOHOCHBIX TOPU30HTOB, a TAKXKE OMPENCTUTH IIyTH MPEOIOJICHUS OTPaHUYCHUH,
CBSI3aHHBIX C TPYJOEMKHM JIAOOPATOPHBIM HCCIICOBaHUEM KepHa. Memoobi.
[IpoBenén anamu3 (PU3NYECKUX OCHOB U JIMATHOCTHUYECKHX BO3MOXKHOCTEH
METO/IOB Te0(hM3UUYSCKUX HCCIeNoBaHMi CKBakMH. Oco00€ BHHMaHUE YJICIICHO
(PMBUKO-TEOJIOTUYECKOMY  OOOCHOBAHHMIO  TPUMEHEHHsSI  DJICKTPUYCCKUX U
CEHCMUYECKUX METOMOB, a TAaKKE BBIABICHUIO DPA3IHUUNA B DICKTPHUUCCKUX,
IJIOTHOCTHBIX M YOPYTHX CBOWMCTBAaX TMOPOJ, CBA3aHHBIX C H3MEHEHHUEM UX
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[JIMHUCTOCTHU, KApOOHATHOCTH U (PUIIBTPALIMOHHBIX XapaKTepUCTUK. PaccMoTpeHsb
BO3MOXXHOCTH HCIOJIB30BAHNA KAPOTAXKHBIX M MEKCKBAKUHHBIX T€OPH3NIECKIX
JAHHBIX JUIi KOCBEHHOM OLICHKM COCTaBa M IIPOHULAEMOCTU PYLOHOCHBIX
[IECUaHUKOB. Pe3ynvmamul. YCTaHOBIEHO, YTO JOCTOBEPHOCTh I€0()hH3NIECKOrO
MPOTHO3UPOBAHMS [IMHUCTOCTH, KapOOHATHOCTH W (HIBTPALIMOHHBIX CBOWMCTB
PYIHBIX TOPU30HTOB OTPAaHUYUBAETCS] HEOCTATOUHON N3yYEHHOCTBHIO (PU3MUECKUX
CBOMCTB TIOPOJT U Ie(DUIIUTOM CIEIIMATH3UPOBAHHBIX METPOPU3HUECKUX TaHHBIX.
[lokazaHo, YTO 3JIEKTpUUYECKHE, TUIOTHOCTHBIE M YNPYTHE IapaMeTpbl MOTYT
HCIOJIB30BATECS B KAYECTBE KOCBEHHBIX MHAMKATOPOB MHHEPAJIBHOIO COCTaBa U
(UIBTPAIMOHHBIX XapaKTEPUCTHUK MECYaHUKOB, OJTHAKO X MHTEPIIpETaHs TpeOyeT
y4éTa JINTOJOTMYECKOW HEOAHOPOIHOCTH, MHWHEPAIN3ALNU IUIACTOBBIX BOZ,
HOPUCTOCTH U CTEIEHH LEMEHTAIMH MOPOA. Bei6oosi. OCHOBHBIMH IpobiIeMaMu
OCTAIOTCSl HEIOCTAaTOYHass MOJHOTa M ACTAIbHOCTh H3Y4EHHUS (DU3NIECKUX
CBOWMCTB TOPOJ, a TaKke€ OTCYTCTBHE PENPE3EHTATUBHBIX METPO(YU3NIECKUX
3aBUCUMOCTEH, HEOOXOAMMBIX JJisl HaJAEKHOW HMHTEPIPETAUH KapOTaKHBIX U
MEXCKBOKUHHBIX TI'€O(QHU3MUECKUX AaHHBIX. llepCreKTHBHBIMU HaIpaBICHUSIMU
JaTbHEWIINX HWCCIENOBaHUKN SBISAIOTCS (OPMHUPOBAHHME CIICHUATU3UPOBAHHON
nerpodusndeckoil 0a3pl, KOMIUIEKCUPOBAHUE JIEKTPUUECKUX, CEHCMHUYECKUX U
KapoTaXKHBIX METO/IOB, a TaKke pa3paboTka MHOTOMapaMeTpUYEcKUX Mojesen
MPOTHO3UPOBAHMS IIMHUCTOCTH, KapOOHATHOCTH W (UIBTPALIMOHHBIX CBOMCTB
PYZOHOCHBIX TOPHU30HTOB. Peanu3anusa >TUX HAIpaBICHWH ITO3BOJIUT IOBBICHTH
TOYHOCTb, HAJEKHOCTh U MH()OPMATUBHOCTH T€OPHU3MUECKUX HCCICAOBAaHUN Ha
BCEX ATalax reoJ0ro-TEXHOJIOTHUECKUX PadOT Ha THAPOTCHHBIX MECTOPOKACHUIX
ypaHa.

KuroueBbie cy10Ba: TporeHHbIe MECTOPOXKICHUS YPaHa, pyAHbIE TOPU30HTHI,
[JIMHACTOCTD ¥ KapOOHATHOCTD MOPO/I, Te0(hU3NnIECKre METObI, (PUITBTPAIIMOHHBIE
CBOMCTBa; reo(M3NUECKUE HCCIECIOBAHUS CKBAXKWH; MOA3EMHOE CKBOKMHHOE
BBIILIETAYNBAHNE

Introduction. The majority of Kazakhstan's uranium reserves are concentrated
in hydrogene, tabular infiltration-type deposits, primarily hosted within the
coformational sand-clay sequences of the Shu-Sarysu and Syrdar’yarift-sedimentary
basins (Figure 1). These basins consist of Mesozoic-Cenozoic sand-clay sediments
that contain uranium mineralization of the roll-front type, characterized by the
curved geometry of the oxidation-reduction boundary. Roll-front uranium bodies
typically occur within sandstones exhibiting high permeability. In this context,
sedimentary texture, the alternation of sand and clay layers, and the presence of
carbonates and organic matter collectively control the position of the redox front,
the intensity of uranium precipitation, and the current technological properties of the
ore-bearing strata. For instance, in the Shu-Sarysu region, six sand-clay sequences
have been identified, with sand-dominant intervals reaching 50-70 m in thickness
and separated by low-permeability clay interbeds (Petrov et al., 2008; Franz, 2009;
Aizhulov et al., 2023).
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Figure 1. Location of the study area (Franz J. Dahlkamp, 2009), modified.

The clay content and carbonate content of uranium-bearing horizons are of
critical importance — both from a geological perspective (the genesis, morphology,
and localization of uranium deposits) and from the standpoint of in-situ leaching
(ISL) technology used for the development of uranium deposits. An increase in the
proportion of clay and carbonate minerals elevates the acid-neutralizing capacity
of the host rocks and diminishes the permeability of formation waters and leaching
solutions (Jiang Guoping, Zhao Lixin, 2021; Tong Zhang et al., 2023). For instance,
the addition of 10% bentonite (montmorillonite, smectite) to quartz sand has been
shown to reduce its hydraulic conductivity by four orders of magnitude (Vorontsov,
2022).

At present, the clay and carbonate contents of rocks in Kazakhstan’s uranium
deposits are determined exclusively through laboratory analyses of technological
samples extracted from boreholes. Meanwhile, the vast majority of geological,
mining, and technological tasks are addressed more efficiently through the use of
geophysical data (Mwenifumbo and Mwenifumbo, 2013; Sharapatov et al., 2023;
Kun Xiao et al., 2024).

In the evaluation of filtration properties of hydrocarbon reservoir rocks, gamma-
ray logs (GR) are commonly employed, as clays exhibit relatively high natural
radioactivity and their concentration correlates with GR responses (Kopeev et al.,
2020). However, due to the anomalously high radioactivity of uranium-bearing
horizons, radiometric logging methods cannot be applied to estimate their clay
and carbonate contents. This limitation necessitates the examination of other
physical properties of the rocks and the establishment of quantitative, potentially
multifactorial, direct or indirect relationships between clay and carbonate parameters
and geophysical field measurements under in situ conditions. Developing physical
criteria for the informativity of individual or integrated logging methods requires
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analyzing contrasts in acoustic and electrical properties, which govern the sensitivity
of the measured parameters to variations in clay content and carbonate composition
(Sharapatov, 2024).

Methods and materials. The study was conducted using empirical datasets
obtained from deposits of the Northern Ore Cluster within the Shu-Sarysu uranium
province. Processing, analysis, and synthesis of field-based geological and
geophysical observations, as well as laboratory investigations of core samples,
were carried out (Figure 2).
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Figure 2. Technological profile showing the filtration properties of rocks in the Inkudyk ore horizon
(depth interval 249.3-284.6 m).

The gical composition of clays is not constant. Although clay minerals constitute
the primary component, various impurities are also present and influence the final
chemical composition. In the analyzed technological-profile samples, the clay
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minerals of the sandstone units within the ore-bearing horizon are predominantly
represented by kaolinite and montmorillonite in varying quantitative proportions
(Figure 3). The clay content of the uranium horizon ranges from 2.9 to 45%, with a
mean value of 12.1441.31 and a standard error of approximately 0.66.

The database is highly reliable and includes survey results from 40 boreholes
located along seven profiles. The analysis included 581 samples collected
exclusively from Inkudyk ore (productive) horizons 1 and 2, with a total thickness
of 746.9 meters. Subsequently, during the uranium deposit development stage,
the study area was divided into seven balance blocks, further confirming the
representativeness and practical significance of the resulting database.

Carbonate minerals in the analyzed samples are represented by dolomite and
calcite. According to the chemical analysis, CO, content ranges from <0.10 to
0.25% (Table 1). Aggregate cemented structures of varying composition were
identified within the gravel-sand fractions of samples Y1 and Y4. The medium- and
fine-grained sand fractions contain aggregate clusters composed of detrital grains
bound by carbonate cement, as well as numerous aggregates of mixed carbonate-
clay composition.

Figure 3. Form of clay occurrence — kaolinite (translucent, slightly whitish, with a soft sheen)
in the sands of the ore horizon: sample Y3; fraction 0.1-0.05 (nicoli “+”; magnification 630x).

Table 1. Example of results of mineralogical tests of ores at a temperature of 15-25°C,

humidity < 80%
or or Total . Total
Ne | Well | Sample g:fiz Oxidized |reduced Sarr%i:ﬁ,c% E/:ooz’ sulfur, ssl,lllllffi[f% s;ﬁie%
Fe, % Fe, % %
1 Y1 095 1041 0.54 0.029 0.14 |<0.10 |<0.20 <0.10
LX Y2 0.84 1034 0.50 0.120 <0.10]0.16 | <0.20 0.16
13 | Y3 344 248 0.96 0.830 0.11 |<0.10 |<0.20 <0.10
4 Y4 0.82 10.39 0.43 0.044 0.25 |<0.10 |<0.20 <0.10
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According to the results of the semiquantitative X-ray fluorescence analysis,
the silt-grade fraction of the sands contains 1.6 to 2.6% carbonates (dolomite and
calcite). The clay-grade fraction of the samples contains 1.8 to 4.5% carbonates
(dolomite and calcite). Siderite is present only in trace amounts.

The selection of informative electrical and seismic methods for assessing clay
content and carbonate composition in sandstone-hosted uranium horizons requires
establishing the physico-geological foundations of their application by identifying
contrasts in the electrical properties and densities (seismic-wave velocities) of the
studied rocks. A sandy medium containing 15% water exhibits markedly lower
specific electrical resistivity (SER, QQ-m) compared to dry sand. At the same time,
the presence of approximately 10% carbonate minerals slightly increases resistivity
relative to clean wet sand, thereby compensating a portion of the reduction
caused by water saturation (Heying Hou et al., 2023). Following the same trend,
carbonate minerals moderately reduce the magnitude of electrochemical activity,
polarizability, and dielectric permittivity (Table 2).

Table 2. Effect of humidity, clays, carbonates on the electrical characteristics of sands.

No | Provert *Sands of variable grain Influence
perty size, natural moisture 15% | *Clays (12.14%) | "Carbonates (10%)
.. . Ionic (bound- Electrolytic (water in

1 | Type of conductivity |Electrolytic (pore water) water films) fractures/cavities)
Sensitivity to

2 moisture Strong Weak Very strong

3 Spe.:m.ﬁc.: electrical 7.8 (§.6-10. 1), based on “110-30% +5-15%
resistivity, Q-m logging data

: 5.15% or

4 Ele.ct.r ochemical Noticeably increased 3-15% or - moderate
activity moderate

5 | Polarizability, % Noticeably increased Up to +30% - moderate

6 Dlelef: trlc Up to +25% Up to +20% - moderate
permittivity

*The values presented here and throughout the text correspond to average parameters of uranium-
bearing horizons within the study area.

“The symbols “+” and “-” indicate an increase and decrease, respectively, in the electrical
properties of the rocks.

With an increase in clay-mineral content in digital sand models (for example, 0
— 3.95 — 7.26 — 16.86%) and under otherwise identical conditions, the specific
electrical resistivity decreases markedly (Weichao Yan et al., 2018). Clay minerals
introduce additional surface conductivity and enhance ionic activity; therefore, an
increase in electrochemical activity may be expected. However, if clay reduces water
mobility, the effect may become insignificant or even lead to a decrease (Emelianov
et al., 2024). Increasing moisture content leads to higher electrochemical activity
and polarizability due to enhanced ion mobility.

To calculate specific electrical resistivity under the defined conditions, a
modified generalized equation for sedimentary rocks is applied:
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p=A-W™™

where

p — denotes specific electrical resistivity,

W — is moisture content expressed in weight percent,

A and m — are empirical parameters dependent on sediment texture and
mineralogical composition.

The parameters A and m are subsequently adjusted to account for clay content
and carbonate composition: for example, clays lead to a decrease in A (meaning
that resistivity becomes lower for the same value of W), whereas carbonates result
in an increase in A (Cesar and Navarro et al., 2025).

For dielectric permittivity, an empirical relationship of the following form can
be applied:

e =e+B-W

where

B _is a coefficient dependent on mineral composition;

W' _is the moisture content,

B . . T .
€" &c —represent the dielectric permittivities of wet and dry sands, respectively.
For the application of electromagnetic methods, it is essential to analyze the
complex dielectric permittivity of the studied rocks:
g* — 8’ _jgll
where
€' — «the real component» that governs the propagation velocity of the
C

electromagnetic wave in rocks, expressed as: V= Ve’ » €= 0.3 m/ns — representing
the speed of light in vacuum. An increase in €' results in a reduction of wave velocity;

g’ — «imaginary» component, which controls wave absorption and attenuation.
The attenuation coefficient — o, dB/m: expresses the exponential decay of the signal
with distance and is related to the specific electrical conductivity 1/p (the inverse
of resistivity), S/m, and to the loss tangent

tgb =¢"/¢', &' = (%) - =

0]
@

o - is the angular frequency of the electromagnetic field (MHz). The constant
g,~ 8.8541878128-10"'* characterizes the ability of vacuum to transmit an electric
field.

Under average geological conditions and for the typical physical parameters of
the ore-bearing horizons in the study area &’ values for clays and carbonates are
approximately 4-6, whereas for sands they range from about 3 to 5. This results
in only a weak contrast in wave-propagation velocity V, often falling within the
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uncertainty of field measurements. In contrast, £ and 1/p (electrical conductivity)
contribute directly to the attenuation coefficient (o, dB/m), which provides the
primary contrast. When the electromagnetic field traverses clay-rich zones, the
attenuation increases sharply, by a factor of 3-10. Clays, including kaolinite-rich
varieties, consistently exhibit higher ¢ (losses) and higher 1/p (related to water in
the diffuse double layer and mineralogical effects) compared with sands containing
15% moisture (Parkhomenko et al., 2022).

To refine the applicability of seismic wave-based methods, the factors influencing
variations in the density of the host rocks — sand-dominated units — were examined.
This approach is justified by: a) the existence of a reliable quantitative relationship
between density and seismic-wave velocity, and b) the substantially larger volume
of density data available for the study area.

The analysis of rock density (o, g/cm®) was carried out for the Inkudyk and
Mynkudyk ore-bearing horizons, which are the most representative units within
the study area. As in the assessment of electrical properties, the analysis employed
the most common parameter sets obtained from industry laboratories during
technological evaluations of ore-bearing horizons from different zones and deposits:
for the Inkudyk horizon, sand units exhibit densities of ¢ = 1.98 and 2.02 g/cm? at
moisture levels of W = 14.8 and 15%, respectively. For the Mynkudyk horizon, the
corresponding densities are o = 2.03, 1.99, and 1.97 g/cm? at moisture contents of
W =14.5, 15, and 14.8%, respectively.

The influence of moisture on the density of sands is moderate and can be
expressed as Ao/AW = 0,01-0,02 g/cm? per 1% moisture (for moisture levels up to
approximately 20%). For clays, the effect is strong: Ac/AW = 0,015-0,025 g/cm?
per 1% moisture, valid up to the average moisture level characteristic of the ore-
bearing horizons in the study area. For carbonates, the effect is weak, amounting to:
Ao/AW = 0,002-0,004 g/cm? per 1% moisture.

The analysis of the influence of clay content and carbonate composition on sand
density at W =15 % demonstrated that, in combination, these components generally
increase bulk density. Their effect is governed by their structural role within the sand
matrix. For example, when clays (=12%) act as a pore-filling material between sand
grains, they increase density more substantially. Carbonates (=<10%), in contrast,
tend to reduce density because their relatively high porosity lowers the overall bulk
density of the mixture (Badee, 2020).

Results. The analysis of the physical properties of the rocks, including their
electrical and seismic-wave characteristics, demonstrated the high potential of
two geophysical techniques for detailed investigation of ore-bearing horizons: the
radio-wave sounding method (RWS) and/or crosshole seismic tomography (CST)
(Figures 4 and 5). Furthermore, there is a clear need for pilot methodological
studies aimed at selecting optimal modifications of these methods and observation
geometries adapted to the specific geological conditions of individual deposits.

In the RWS method, it is possible to record (1) the signal amplitude, which is
used to calculate the apparent attenuation coefficient o, and (2) the arrival time
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of the impulse or phase, which is used to determine velocity V and subsequently
the apparent dielectric permittivity €. This enables the detection of contrasts in
attenuation between host rocks and target intervals and thus provides the capability
to illuminate the interwell space with electromagnetic waves (Shapovalov et al.,
2022).

The registration of analogous parameters for seismic waves, the independence of
CST from heterogeneously absorbing near-surface layers, and its wide investigative
radius (Oshkin et al., 2017), together with the proximity of sources and receivers
to the target interval and the availability of various observation geometries in both
methods, collectively enable the effective solution of geological and technological
tasks during the development of hydrogene-type uranium deposits.
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Figure 4. Observation systems for work using the RWS method: A — fan, B — synchronous.
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Figure 5. Types of CST: A — parallel scanning; B — tomographic scanning; C — tomographic
scanning with the addition of data from sources and receivers located on the surface (Oshkin et al.,
2017).

Discussion. The principal advantage of employing geophysical methods
to assess clay content and carbonate composition lies in the ability to obtain
data directly under in situ conditions, offering significantly greater operational
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efficiency compared with laboratory analyses of extracted samples. The review and
analysis of the electrical and density characteristics of rocks from uranium-bearing
horizons indicate that such investigations must be conducted with a more targeted
and thematic focus. Existing datasets on the physical properties of these rocks
do not adequately account for the specific effects of clay content and carbonate
composition on geophysical field responses, which complicates the interpretation
of corresponding logs and field measurements.

Conclusion.

1) Geological prerequisites exist for the application of physical field methods as
an effective tool for evaluating the filtration properties of ore-bearing horizons in
uranium deposits.

2) At the development stage of uranium deposits, both the physical foundations
and the technical capabilities are available to address geological and technological
tasks through the investigation of interwell space using geophysical techniques.

3) To select an optimal geophysical method, determine its potential modifications,
and develop a data-acquisition strategy, further detailed examination of the physical
properties of the ore-bearing rocks is required, including electrical characteristics
for radio-wave sounding and density or seismic-wave velocity for crosshole seismic
tomography.

4) The results of additional thematic investigations of the physical properties
of the uranium-bearing horizons can be employed as interpretive parameters for
geophysical fields and subsequently as criteria within a data library designed for
training artificial intelligence models (Sharapatov and Saduov et al., 2025).
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