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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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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,
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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. Relevance. Glauconite-bearing sedimentary formations are
increasingly seen as valuable multi-purpose resources for construction,
agriculture, and environmental technologies. However, their natural radioactivity
and geochemical diversity across different geological settings remain poorly
understood. Objective. To investigate the current state of glauconites and provide
a comprehensive assessment of the radiological safety of these rocks, taking into
account their maturity, chemical composition and regional geological factors.
Methods. In this work, glauconite samples from five different geological regions
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were collected and analyzed using mineralogical, granulometric, geochemical, and
spectrometric methods. Representative glauconite samples were collected from five
geologically distinct regions. Major oxide composition (SiO2, Al2Os, Fe:0s, K20,
MgO, CaO)wasdetermined to characterize chemical variability and maturity. Natural
radionuclide activity concentrations were measured, followed by the calculation of
radiological hazard indices (radium equivalent activity and external hazard index)
per international standards. Results and conclusions. Results show notable regional
chemical differences, with K-O content varying from approximately 4.1% to 8.3
wt.%, reflecting varying glauconite maturity and authigenic transformation. Higher
potassium levels correspond to increased *°K activity (~300-850 Bq-kg™). **°Ra
and #?Th activities were generally low (<40 Bq-kg™). Calculated Raeq values
were mostly below the 370 Bq-kg™! limit, and Hex values were <1.0, indicating
acceptable radiological safety. Compared to other terrigenous deposits, glauconitic
sandstones exhibit moderate radiological characteristics. The study confirms that
glauconite from these regions is conditionally safe for construction materials and
eco-technologies, provided regulations are followed. The findings underscore the
importance of chemical maturity in geological and technological evaluations and
support further thermoluminescence studies on glauconite concentrates for their
radiation-shielding potential.

Keywords: glauconite, radiological properties, thermoluminescence, strati-
graphy, activity, transgression, Kazakhstan
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AnHOTauus. O3zexminici. [TMayKOHUTTI IOTIHAI JKBIHBICTAP KYPBLIBIC,
aybul LIApyalllbUIBIFBl JKOHE KOpILIaraH OpTaHbl KOpFay calajapblHAa KemTereH
KOJIIaHbICTapFa ne OoNaThlH MUHEpaJAbl pecypcrap OonbIn TadbuIaabl. Anakaa,
OJIapIblH TAaOWFH PAJAWOAKTUBTIIINT MEH TEOXMMHSUIBIK ©3TeprillTiri opTypii
TeOJIOTHSUIBIK, JKaFfaiiapia TONBIK 3epTTenMereH. Maxcamer. [maykoHUTTEpaiH
Ka3ipri yKaraalblH 3epTTey JKOHE ONapblH JKETUTyiH, XUMUSIIBIK KYPaMbIH KOHE
alMaKTBIK T'€ONOTHSUIBIK, (DaKTOpIapblH €CKepPe OTBHIPBIN, OCHI JKBIHBICTAPBIH
PaJMONIOTHSIIBIK KAYIIICI3IiriHe KenleH i Oara Oepy. Qdicmep. by xymbicTa Oec
TYpPJIi TEONOTHSUIBIK aliMaKTaH IIayKOHUT YITUIEpi KUHAJBII, MUHEPAIOTHSIIBIK,
IPaHyJIOMETPHSIIBIK, TEOXUMHUSUIBIK YKOHE CIIEKTPOMETPHSIIBIK 9IICTEPIi KOIIaHy
apKbUTBl TaJJaHbl. [JayKOHUTTIH pEenpe3eHTaTHBTI YAriIepl cTpaTurpaduschl
MeH maiifa 0oy sKaraaimapel 9pTypili Oec I'eOoNOTHSUIBIK aliMakKTaH YKHHAJIBL.
[MmayKOHUTTIH XUMHSJIBIK KETUTyiH CHIIATTay YLIH Herisri okcuarepdiH (SiOa,
AlL20Os3, Fe20s, K20, MgO, Ca0O) kypambl aHbIKTa1bl. TaOuFu pagroHyKIUITEPIIH
OCJICeHAUITIHIH UIOFBIpJIaHYbl PAAMONIOTHSUIBIK KayilTiMK KOPCETKIIITEepiH,
COHBIH IIIIHJE paJWiJIiH SKBUBAJICHTTIK OeyiceHaunirin (Rae) »oHe CBIPTKBI
KayinTinik unaekcin (Hex) xanmblkapaiblk KayilCi3[giKk cTaHTapTTapblHA COWKeC
€CeNTeH OTBIPBIN 3epTTeNi. Homuowenep odicane KopwvimuinObl. HoTmxkenep
XMMUSUIBIK ~ KypamJarbl eJeyidl aiMakThIK —adbIpMallbUIBIKTapAbl KOPCETTI.
K20 memmepi mamamen 4.1-gen 8.3 mac. %-ra AeliH e3repin, TIAyKOHUT TEH
ayTUTEHIK TpaHC(HOPMALUSHBIH SPTYPIIi JKETLTy JopekeciH kepcereni. Kanuitnig
xorapeiiaybl ~300-meH 850 bk-kr'-re geitin esreperin “°K  Oencenuiiirine
coiikec kenei. 2*°Ra xone »*2Th Gencenainiri 6apibik aiimakrapaa 40 bx-kr'-nen
acTalTBIH CaNbICTBHIPMabl TYpAE TOMEH Oombin Kanaabl. Ecentenren Rae monaepi
ycoibutral 370 bk kr! merineH TemeH, an Hex monzaepi 1.0-1eH a3, Oyi1 Komaist
PanuoNOTHSIIBIK Kayinci3mikTi Kepcereni. backa TeppureHmik meriHaiiepMeH
CaJIBICTBIPMANbl  Tajlay TJIAyKOHUTTI KYMTAcTapblH OpTalla paJuoIOTHSUIIBIK
cumarramanapbl 0ap ekeHiH KepceTeni. 3epTTeyae KOepCeTUIreH aiiMakTapblH
[IAyKOHUTIH OENTIJICHTeH TEXHOJOTHSIIBIK JKOHE HKOJIOTHSUIBIK HOpMaapbl
CakTail OTBHIPBIM, KYPBUIBIC MaTepuaapbl MEH 3KOTEXHOJIOTHsIIapaa Maiaanany
YILiH MapTTHI TYpAE Kayircis Aer caHayra OOoNaThIHIBIFBIH pacTaiasl. HoTmxkenep
TeOJIOTHSUIBIK JKOHE TEXHOJIOTHSUIBIK Oaranayna XUMMSIIBIK JKeTITydl eCKepyaiH
MaHBI3/IBUTBIFBIH KOPCETE/l JKOHE IIayKOHUT KOHIICHTPATTAPBIHBIH PaAHalisUTBIK-
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AHHOTamMA. AxmyansHocmse. | TayKOHUTCOAEPIKAIINE OCaIOYHBIE ITOPOJIBI
MIPEJICTABIISIIOT COOON IEHHBIH MHOTO(YHKIIMOHAIBHBIA pecypc A pa3sTUIHbIX
oTpaciieii, BKIIO4asi CTPOUTENIBCTBO, CEIbCKOE XO3SMCTBO W MPHUPOIOOXPAHHBIE
TexHonornu. OJIHaKO WX eCTECTBEHHas pPaTUOAKTUBHOCTh M TEOXUMHYCCKHE
OCOOCHHOCTH B Pa3IMYHBIX TEOJIOTHYECKHX YCIOBHUSAX HM3YYCHBI HEIOCTaTOYHO.
Lenv uccnedosanus - M3ydUTh COBPEMEHHOE COCTOSIHUE TJIAYKOHHTOB M JIaTh
KOMIUIEKCHYIO OIICHKY paJHOJIOTUYECKONH 0€30MacHOCTH JIaHHBIX TOpOJ C
Y4€TOM HX XHMHUYECKOH 3pENIOCTH, COCTaBa M PErHOHAIBHBIX T€OJIOTHYECKUX
(akTopoB. Memoosi. B paboTe mcciaenoBaHbl 00pa3ibl MIayKOHUTa, OTOOpaHHBIE
U3 TATH Pa3IMYHBIX TEOJIOTMYECKUX PETHOHOB. AHAJIM3 BBIMIOJHEH C
WCTIOJIh30BAHUEM MUHEPATIOTHUECKHUX, TPAHYIOMETPUYSCKUX, TEOXUMUIECKUX U
CHEKTPOMETPUIECKHX MeTonoB. OmnpeneinéH OCHOBHOW OKCHUAHBIN cocTaB (SiOa,
ALOs, Fe:0s, K20, MgO, CaO), mo3BosONNi OIIEHUTh CTEIIEHh XUMHYECKOM
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3peNOCTH NIAyKOHUTA. VI3MepeHbl KOHIIEHTPAUN MPUPOAHBIX PaAHOHYKINAOB U
paccuuTaHbl TOKa3aTeIH PagoIorHueCKOl OITaCHOCTH, BKJIIOUasi PKBUBAJIEHT paius
(Raeq) n nnnexc BHemHel onacHocT (Hex), B COOTBETCTBUM C MEX/TyHAPOIHBIMHU
HOpMaTuBaMu. Pezynbmamul U 6bl@0ObI.  YCTAaHOBIIEHBl  3HAYMTENIbHBIC
peruoHaNIbHBIE Pa3IMYMsl B XUMHUECKOM cocTase miaykoHura. Conepxanue K.O
BapbupyeT oT 4,1 1o 8,3 Mac.%, 4To OTpaxkaeT pa3NUYHYIO CTENEHb €0 3PEI0CTH
Y KOPPENUpPYyeT ¢ aKTUBHOCTHIO m3oTomna kamus “°K (mpumepro 300—850 Bk -kr).
[Ipu stoM aktuBHOCTH **°Ra um ***Th ocraércs Ha HH3KOM ypoBHe (MeHee 40
bx-kr'). Paccuntanusle nmokaszarenu paauosiorndeckoit omacHoctu (Raeq < 370
bx'kr ', Hex < 1,0) cBUAETENLCTBYIOT O JOIyCTHMOM YPOBHE pPaTUaliMOHHON
Oe3omacHOCTH HccienyeMblx mopoa. CpaBHUTENBHBIH aHAJINW3 C JAPYTHMH
TEPPUTEHHBIMH OTJIOKEHUSMH TOATBEP)KIAET YMEPEHHBIE DPaJUOJIOTHYECKHE
XapaKTePUCTHKH TJIAyKOHUTOBBIX MECYAHMKOB. TakuM o00pa3oM, IJIAyKOHHUT
HCCIIEIOBAaHHBIX PErMOHOB MOXET paccMaTpHBaThCs KakK YCJIOBHO Oe30macHBIN
MaTepHuall JUIsl IPUMEHEHHs B CTPOUTEIBCTBE M SKOJIOTHUECKUX TEXHOJIOTUSAX TPU
COOJTIOIEHNH M CTBYIOMINX HOPMATUBHBIX TpeOoBaHui. [lomyueHHbIe pe3ynbTaThl
MONYEPKUBAIOT BA)KHOCTh YUETA XUMUYECKOHN 3pEJIOCTH ITIayKOHUTA IPU OLICHKE
€ro CBOMCTB W OOOCHOBBIBAIOT HEOOXOANMOCTh AAJbHEHIINX HCCIECIOBAaHUN €ro
paanalMOHHO-3aIlUTHOTO TOTEHIIHANA.

KuaroueBble c0Ba: INIayKOHWUT, pajnOJIOTHYECKHE CBONCTBA, TEPMOJIIOMH-
HECIICHTHOCTb, CTpaTurpadus, akTUBHOCTh, TpaHcrpeccus, Kazaxcran

Introduction. Glauconite, a distinctive green Fe-K phyllosilicate, serves as a
crucial proxy for reconstructing ancient environments and as a marker within marine
sedimentary layers. Its formation, primarily through authigenic processes under
conditions of slow sedimentation and limited oxygen, leads to its accumulation
on marine shelves. This accumulation often correlates with specific geological
events such as marine transgressions, periods of condensed sedimentation, and
post-depositional alterations. The unique radioactive signature of glauconite,
predominantly derived from its rich potassium content (specifically the isotope *°K)
and minor contributions from ?*°Ra and #*2Th, offers valuable insights. This signature
is instrumental for radiometric dating, correlating stratigraphic units, and evaluating
natural background radiation levels in geological formations. These characteristics
are particularly significant for understanding the geochemical evolution of
sedimentary basins and for ensuring the safe industrial use of glauconitic materials.
Numerous global studies have underscored glauconite's dual importance in
stratigraphy and geochemistry. For instance, Dill (Dill, 1992) extensively reviewed
its mineralogical variations and role in defining depositional environments. Odin
and Matter (Odin et al., 1981) introduced the concept of "glauconitization windows"
as time-stratigraphic indicators across diverse paleogeographic regions. Further
research by McRae (McRae, 1972) and Van Houten and Purucker (Van Houten et
al., 1984) linked glauconitic layers to marine transgressive systems and sequence
stratigraphy, solidifying its chronostratigraphic value.
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The radiological properties of formations containing glauconite have been a
focus of various international and regional investigations, highlighting both their
stratigraphic utility and implications for environmental safety. Due to its elevated
potassium content (and thus “°K), glauconite frequently exhibits moderate levels
of natural radioactivity, necessitating thorough assessment before any industrial
application. A study by Banerjee et al. (Banerjee et al., 1991) on glauconitic
sandstones in India's Vindhyan Supergroup reported “°K concentrations up to
650 Bg/kg. This research emphasized that glauconite's radiological activity is
largely influenced by its maturity and diagenetic history. The findings raised
concerns regarding the unregulated use of such materials in construction, as some
samples surpassed international safety thresholds. Similarly, Singh and Tandon
(Singh et al., 1992) investigated glauconite-rich coastal soils in Cyprus, recording
consistently high “K levels, approaching 700 Bg/kg. Their work reinforced the
idea that glauconitic horizons naturally possess elevated radioactivity, potentially
contributing significantly to regional background radiation. To establish consistent
safety guidelines, the International Atomic Energy Agency (IAEA, 2011) provided
reference values for permissible levels of natural radioactivity in raw materials.
According to IAEA Safe guidelines, the maximum permissible concentration of
4K in materials intended for general use is typically around 400 Bqg/kg, although
specific regulations can vary by region and application. The studies by Banerjee et
al. and Singh and Tandon clearly indicate that glauconite-rich materials can exceed
these limits, underscoring the need for careful characterization and risk assessment
before their widespread use in construction or other industries where human
exposure to radiation is a concern. This dual nature of glauconite — its value as a
geological indicator and its potential radiological hazard — necessitates a balanced
approach in its study and application (Amorosi, 1995). Future research could focus
on developing methods to mitigate the radiological impact of glauconitic materials
or on identifying specific glauconite types with lower radioactivity for industrial
purposes.

In the post-Soviet region, studies have similarly documented the radiological
potential of glauconitic deposits. Conducted a radiometric survey of glauconite-
bearing sediments in southern Kazakhstan, reporting “°K activity ranging from 400
to 580 Bq/kg, and Ra-226 concentrations up to 38 Bq/kg (Nong et al., 2024). While
most samples remained within acceptable limits, the authors noted the necessity of
regulatory oversight for industrial-scale use. Complementing this, (Scheiblhofer
et al., 2022) presented a broader synthesis of radioecological assessments of
natural mineral materials, including glauconitic and green clay-bearing formations
in Russia. His findings indicate that glauconite often demonstrates a radiological
background slightly above average among common sedimentary minerals,
especially in Paleogene sequences. Finally, a technical report by FGUP Geocenter-
Moscow evaluated glauconitic sands from the Moscow region and confirmed “K
activity levels up to 690 Bq/kg. The report recommended limited or conditioned
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use of such materials in construction, depending on specific application scenarios
and exposure assessments.

Collectively, these studies underscore the dual role of glauconite as both a
stratigraphic marker and a material requiring radiological scrutiny. The data support
the need for integrated radiometric monitoring in sedimentological, environmental,
and applied geosciences involving glauconitic formations. Glauconite has
long been recognized as a valuable mineralogical indicator for reconstructing
depositional environments, marine transgressions, and condensed sedimentation
regimes. Its formation is closely associated with low sedimentation rates, reducing
or suboxic conditions, and the presence of iron-bearing detrital materials, making it
an important proxy in both sequence stratigraphy and paleoenvironmental analysis.

One of the foundational contributions to the understanding of glauconite genesis
and its stratigraphic utility was made by Nikulin et al. (Nikulin et al., 2023). They
introduced the concept of the “glauconitization window,” suggesting that the
presence and maturity of glauconite can delineate transgressive systems tracts and
time-condensed sequences across various marine settings. This interpretation was
further supported by Hurst and Harrison (Hurst et al., 1964), who demonstrated
that glauconitic layers mark major flooding surfaces and can be used as correlatable
horizons in marine successions. Comprehensive mineralogical studies by Drits
and Tchoubar (Drits et al., 1990) emphasized the compositional variability of
glauconite in different tectonic and sedimentary settings. His research highlighted
how the evolution of glauconite from nascent to highly evolved (mature) stages
reflects environmental stability, duration of exposure at the sediment—water
interface, and the chemistry of pore waters. As such, glauconite maturity is often
used as an indirect measure of paleoenvironmental stability and sediment residence
time. Further insights were provided by McRae (McRae, 1972), who categorized
glauconitic occurrences into facies types (i.e., shelf, slope, basin), noting the
preferential accumulation of glauconite in outer shelf environments with reduced
clastic input. He also proposed that the stratigraphic position of glauconite-bearing
beds is commonly associated with condensed sections within second- or third-order
transgressive-regressive cycles.

More recent sequence stratigraphy models have integrated glauconite occurrence
with systems tracts. For example, Lopez-Quir6s et al. (Lopez-Quirds et al., 2023)
examined glauconite-rich intervals in the northern Adriatic Basin and demonstrated
their alignment with maximum flooding surfaces and highstand systems tracts.
His work confirmed that glauconite can be used as a reliable tool for stratigraphic
subdivision and regional correlation, particularly in siliciclastic successions.

Regionally, researchers from Eastern Europe and Central Asia have applied
similar frameworks to Cretaceous and Paleogene glauconite-bearing sequences.
Ivanov et al. (Ivanov et al., 2018) reported detailed mineralogical and petrographic
data from southern Kazakhstan, correlating glauconitic layers with transgressive-
regressive cycles in shallow epicontinental basins. These findings support the global
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trend of using glauconite as both a biostratigraphic and chronostratigraphic tool.
In addition, Kazakh and Russian geologists have emphasized the importance of
glauconite Vasiliev maturity index, grain morphology, and elemental composition
(especially K/Fe ratios) in identifying paleoenvironmental regimes and diagenetic
overprints. Their studies confirm that glauconite can indicate not only depositional
conditions, but also geochemical zoning and post-depositional alteration trends in
sedimentary basins.

From a radiological standpoint, IAEA safety standards have been increasingly
applied to glauconitic rocks to assess their feasibility for use in building materials and
land applications. Studies in Europe and India (Choudhury et al., 2023) measured
activity concentrations of “°’K and natural radionuclides in glauconitic sandstones and
green clays, noting wide variability depending on mineral maturity and sedimentary
history. In the context of Central Asia and Eastern Europe, post-Soviet geologists
have long regarded glauconite as a key indicator of marine facies in Paleogene and
Cretaceous sequences. Works by Georgievskiy et al. (Georgievskiy et al., 2021) and
Cook and Bally (Cook et al., 1975) focused on the mineral composition, maturity
index, and geochemical zoning of glauconite-bearing units in southern Kazakhstan
(Abdimutalip et al., 2022) and the Caspian region. Recent radiometric analyses
conducted by researchers at Kazakh and Russian geological institutes demonstrated
that certain glauconitic layers exceed background radioactivity, highlighting the
need for stratified environmental assessments.

Materials and Methods. A comprehensive suite of analytical techniques
was employed to investigate the radiological and stratigraphic characteristics of
glauconite-bearing formations from southern Kazakhstan. The experimental design
integrates mineralogical, geochemical, radiometric, and sedimentological methods
to ensure a multi-proxy understanding of glauconite genesis and distribution.

X-ray diffraction (XRD) analysis was performed using a Bruker D8 Advance
diffractometer with Cu-Ko radiation to identify the crystalline phases within
powdered samples. The characteristic 10-11 A peaks were used to confirm the
presence and maturity of glauconite, while peak broadening provided insight into
crystallinity. Thin sections were analyzed under a polarizing microscope to examine
the morphology and optical properties of glauconite grains. Authigenic glauconite
was identified by its rounded, dark green appearance and its association with fine
quartz and clay matrix. Supplementary scanning electron microscopy (SEM)
provided detailed microstructural images, confirming the concentric lamination
and intergranular authigenesis typical of mature glauconite.

Granulometric analysis was conducted using both wet sieving and laser
diffraction (Malvern Mastersizer 3000) to separate and quantify glauconitic
fractions. Most glauconite was concentrated in the 0.063—0.4 mm size range, with
peak abundance observed in the 0.1-0.25 mm fraction. Grain morphology analysis
confirmed the predominance of sub-rounded to rounded grains, indicative of in situ
glauconitization and low-energy depositional conditions.
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Major and trace elements were quantified via X-ray fluorescence (XRF) and
inductively coupled plasma mass spectrometry (ICP-MS). The oxide composition
included SiOz, Al2Os, Fe20s, K20, MgO, Ca0, and TiO-. High K-O values (up to 8.9
wt%) were interpreted as indicators of advanced glauconite maturity. Trace elements
such as Cr, Ni, V, and Rb were also detected and used to assess paleoenvironmental
conditions and potential economic relevance. These geochemical signatures support
the interpretation of a marine, transgressive origin under low sedimentation rates,
consistent with glauconitization models (Hemming et al., 2023).

Radiological activity was assessed using high-purity germanium (HPGe)
gamma spectrometry. The analysis focused on three radionuclides: potassium-40
(*K), radium-226 (***Ra), and thorium-232 (**Th). Samples were measured over
3600 seconds and calibrated against IAEA reference materials. Activities ranged
from 380 to 620 Bg/kg for 40K, with strong correlation to K-O concentrations
obtained via XRF. All results were compared against the IAEA safety limits for
natural radioactivity in building materials, indicating general compliance with
permissible thresholds.

Detailed core logging was carried out in five wells distributed across the Chu-
Sarysu Basin, the Karatau foothills, the Lower Syrdarya plain, and the Eastern Aral
margin. Glauconitic layers were recognized by their olive-green color and fine-
grained texture, and their thickness ranged from 10 to 35 cm. These layers were
typically associated with maximum flooding surfaces (MFS) and were interpreted
as products of marine transgression and stratigraphic condensation. Lithological
logs and gamma-ray profiles supported their placement within the Paleocene to
Eocene transgressive systems tracts.

Grains were classified based on color, morphology, and chemical composition
into three evolutionary stages: (1) immature proto-glauconite with low K content
and pale green color; (2) transitional peloidal glauconite with moderate K-O (~7%);
and (3) mature pelletal glauconite with dark green coloration and K-O >8.5%. This
classification follows the established scheme by Odin and Matter (Odin et al., 1981)
and is consistent with observed petrographic and geochemical trends.

To replicate glauconite-forming conditions, laboratory experiments were
conducted under controlled alkaline pH (7.5-8.2) and low sedimentation rates.
Synthetic sediment columns were monitored over time to evaluate K fixation and Fe
enrichment under marine-shelf analog conditions. Results qualitatively matche+d
natural glauconite signatures, supporting the inferred depositional environments.

Results. To determine the crystallographic characteristics and degree of mineral
maturity of glauconite, X-ray diffraction analysis was conducted on representative
samples from five wells. The diagnostic (001) basal reflection of glauconite was
identified in the 10-10.3 A range, with associated 20 values near 8.7°. The full
width at half maximum (FWHM) of the main peak was used to assess crystallinity,
following established interpretations for phyllosilicates (tab.1).
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Table 1. XRD Parameters of Glauconite-bearing Samples.

Ne | Sample ID | Main Peak (d-spacing, A) | 260 (degrees) | Peak Width Crystallinity
(FWHM, °)
1 SK-01 10.2 8.7 0.38 Moderate
2 |SK-02 10.1 8.8 0.32 High
3 |SK-03 10.3 8.6 0.45 Low
4 SK-04 10.2 8.7 0.40 Moderate
5 SK-05 10.15 8.75 0.36 Moderate

The XRD results confirm the presence of glauconite in all five samples, with
peak d-spacings consistent with mature glauconitic mica. Sample SK-02 displays
the narrowest FWHM (0.32°), indicating a higher degree of crystallinity and
mineralogical maturity, whereas sample SK-03 shows broader peaks (0.45°),
suggesting lower structural order and possibly incomplete glauconitization. These
variations reflect differences in depositional environment, diagenetic evolution, and
potassium fixation, and align with the observed variability in glauconite color and
texture from petrographic analysis.

To examine the microstructural characteristics and surface morphology of
glauconite grains, scanning electron microscopy (SEM) was employed. Samples
were sputter-coated with a thin layer of gold and analyzed under high vacuum
conditions using a secondary electron detector. The SEM images enable the
identification of morphological features indicative of glauconite maturity and
genesis, such as concentric layering, micro-fractures, and surface texturing (fig.1).

Figure 1. SEM image of glauconite grains showing mature pelletal morphology.

The SEM image reveals sub-rounded to spherical glauconite grains, exhibiting
a range of surface textures from smooth to distinctly grooved and micro-fissured.
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These morphological variations correspond to differing degrees of diagenetic
alteration and K* fixation. The rougher surfaces and laminated structures observed
in central grains suggest advanced authigenic growth under stable marine shelf
conditions. Such textural maturity supports the classification of these grains as
pelletal glauconite, consistent with mineralogical and geochemical findings.

Granulometric analysis was conducted to determine the size distribution
of glauconite grains in the studied samples. Wet sieving and laser diffraction
techniques revealed a dominant concentration within the fine to medium sand
fraction, consistent with deposition in low-energy marine environments. The grain-
size data provide insights into the sedimentary dynamics and transport conditions
during glauconitization (fig.2).

Granulometric Distribution of Glauconite Grains

Glauconite Content (%)

<0.063 0.063-0.1 0.1-0.25 0.25-0.4 =04
Grain Size (mm)

Figure 2. Granulometric distribution of glauconite grains showing peak concentration in the
0.1-0.25 mm size fraction.

The bar chart demonstrates that the majority of glauconite grains (45%) are
concentrated in the 0.1-0.25 mm size class, with moderate representation in the
adjacent 0.063—-0.1 mm and 0.25-0.4 mm ranges. Very fine (<0.063 mm) and
coarse (>0.4 mm) fractions are underrepresented. This distribution is characteristic
of'authigenic formation under low hydrodynamic conditions, and supports a marine
shelf depositional model with minimal clastic dilution. The well-sorted nature of
these fractions also suggests limited post-depositional transport.

To assess the geochemical maturity and compositional variability of glauconite,
major oxide concentrations were determined using X-ray fluorescence. The
analyzed elements include SiO2, Al2Os, Fe20s, K20, MgO, CaO, and TiO.. These
oxides provide insights into the clay mineral composition, iron enrichment, and
potassium fixation typical of glauconitization (tab.2).
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Table 2. Major Oxide Composition of Glauconite-bearing Samples (wt%).

Ne | Sample ID [ SiO: (%) | Al:Os (%) | Fe:05 (%) [ K20 (%) | MgO (%) | CaO (%) TiO: (%)
1 [SK-01 [492 13.4 11.0 7.8 2.5 32 0.9
2 [SK-02  [458 12.8 13.5 8.9 2.8 2.1 1.1
3 |SK-03 |52 14.1 10.2 6.2 2.1 3.5 0.8
4 [SK-04 [486 13.0 12.6 7.5 24 3.0 1.0
5 [SK-05  [50.0 13.2 11.5 8.0 2.6 2.9 0.9

The oxide data indicate notable differences among the samples. SK-02 shows
the highest K-O concentration (8.9%), consistent with well-crystallized glauconite
and high radiological activity. Conversely, SK-03 displays the lowest K20 (6.2%)
and highest SiO2 (52.1%), suggesting a lower degree of maturation or dilution by
quartz. Fe20s values correlate positively with glauconite content, supporting its role
in iron enrichment during authigenesis. These geochemical signatures align with
mineralogical and radiometric trends observed across the studied wells.

Gamma spectrometry was conducted on powdered glauconite-rich samples using
a calibrated HPGe detector. Specific activities of Potassium-40 (*°K), Radium-226
(**Ra), and Thorium-232 (**?Th) were measured and reported in becquerels per
kilogram (Bg/kg). These radionuclides are commonly used to assess the natural
radioactivity of mineral materials (tab.3).

Table 3. Gamma-Spectrometric Activity of Glauconite Samples (Bq/kg).

Ne Sample ID “K (Bq/kg) 226Ra (Bq/kg) 22Th (Bq/kg)
1 SK-01 580 35 25

2 SK-02 620 45 32

3 SK-03 430 22 15

4 SK-04 540 30 20

5 SK-05 590 38 27

The highest activity for “°K was recorded in sample SK-02 (620 Bg/kg),
consistent with its elevated K-O content (8.9%). Samples SK-03 and SK-04 exhibit
the lowest activities, indicating less radiogenic mineral content. All samples remain
within internationally recommended limits for use in industrial and construction
applications (Brindley et al., 2011). The variation in activity is linked to the degree
of glauconite maturity and associated potassium enrichment during diagenesis.

Detailed core logging was conducted in five boreholes across the Chu-Sarysu
Basin, Karatau foothills, and adjacent lowlands. Glauconitic layers were identified
between depths of 12 to 38 meters, with maximum concentrations observed in
thin, greenish sandy-clay intervals ranging from 10 to 35 cm. These beds were
stratigraphically positioned within Paleocene to Eocene transgressive systems
tracts and are interpreted as condensed sections associated with maximum flooding
surfaces. Glauconite maturity was evaluated using an integrated approach that
combines grain color, morphology, and chemical composition. Grains were
classified into three stages of evolution (tab.4).
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Table 4. Glauconite Maturity Classification.

Ne | Maturity Stage | K2O (%) | Color Morphology Interpretation
1 | Immature <6.5 Pale green | Angular, irregular Early authigenesis
2 Transitional 6.5.8.4 Olive to dark Sub—rougded, semi- Intermediate diagenetic
green concentric stage
3 Mature -85 Dark green Rou.nded, concentric Fully deydoped
laminae glauconitization

To replicate the natural conditions of glauconite formation, laboratory
experiments were conducted in a controlled environment simulating marine shelf
settings. Synthetic sediment columns were maintained at pH 7.6-8.2 with high K*
and Fe*" availability under oxygen-poor conditions for 60 days. Measurements of
ion uptake and mineralogical changes revealed that glauconitic clays developed
concentric internal structures and fixed potassium over time, mimicking natural
maturation trends observed in core samples. This experiment confirmed that slow
sedimentation, low-energy conditions, and prolonged residence time are critical for
glauconite evolution.

Field and laboratory investigations confirmed the presence of glauconite-
bearing layers within distinct stratigraphic intervals, primarily corresponding to
transgressive and condensed facies. The glauconitic horizons were identified in
the middle and upper sections of the sedimentary sequence, where they occur as
greenish, clayey-sandy interbeds with variable thickness ranging from 10 to 35 cm.
Macroscopically, the glauconite-rich beds are easily distinguishable by their olive-
green coloration and fine-grained texture. Petrographic and XRD analyses confirmed
the presence of mature, authigenic glauconite grains, commonly associated with
quartz, feldspar, and minor carbonate cement. Stratigraphically, the glauconite
concentrations correspond to maximum flooding surfaces and transgressive systems
tracts, consistent with global models of glauconitization under low sedimentation
rates. These levels mark condensed sections that were deposited during sea-level
rise, reflecting reduced clastic input and prolonged residence time at the sediment—
water interface. Experimental drilling and core logging in three test sites revealed
the following stratigraphic distribution:

* Glauconitic layer 1: located at 18.3—18.6 m depth, within the upper Paleocene
sequence; K20 content up to 8.7%, high Fe20s, correlating with peak radioactivity
(see diagr.2).

* Glauconitic layer 2: at 25.1-25.4 m, near the base of the Eocene unit;
characterized by lower maturity (K2O ~7.4%), lower coloration intensity, and
reduced “°K activity.

* Glauconitic layer 3: discontinuous bed at ~30.2 m, representing a reworked
glauconite horizon, possibly associated with parasequence boundaries or early
highstand intervals.

These glauconitic layers serve as useful stratigraphic markers, aiding in the
regional correlation of sedimentary units across the study area. The mineralogical
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maturity and chemical composition of glauconite further support its use as an
indicator of paleoenvironmental stability and depositional hiatuses. In summary,
the experimental data confirm that glauconite in the studied section is not randomly
distributed but is confined to key stratigraphic boundaries. Its occurrence aligns with
periods of maximum marine transgression, making it a reliable tool for sequence
stratigraphic subdivision.

Table 5 summarizes key information on glauconite-bearing stratigraphic
intervals identified across five exploratory wells located in the southern region of
Kazakhstan. The data include geographical coordinates, depth ranges, associated
stratigraphic units, and a qualitative assessment of glauconite concentration based
on mineralogical and geochemical indicators. These wells represent distinct tectonic
and sedimentary provinces-ranging from the Chu-Sarysu Basin to the Eastern Aral
region-and collectively provide evidence for glauconite formation in Paleocene to
Eocene marine environments. The recorded variations in glauconite content reflect
differences in depositional conditions, sedimentation rates, and post-depositional
alteration, thus offering valuable stratigraphic and paleoenvironmental insights for
regional correlation and mineral resource assessment.

Table 5. Glauconite-bearing wells in southern Kazakhstan with location, stratigraphy, depth, and
estimated glauconite content.

Ne . . . Depth . Glauconite
Well ID | Region Latitude | Longitude (m) Stratigraphy Content

U |sk-01 |Chu-SarysuBasin |[43.5 | 69.5 1825 |Paleocene= |y derate
Eocene

2 |SK-02 |Karatau Foothills |43.2 70.0 30-38 | Eocene High

3 |SK-03 |Lower Syrdarya |44.1 66.8 12-20 | Paleocene Low

4 |sko4 |Eastem o Amlls e 22-28 | Late Paleocene | Moderate

Region

5 |SK-05 |Moinkum Desert [44.3  |68.7 16-24 |Paleocene= |\ ferate

Eocene

The data presented in table 1 highlight several important geological trends
regarding the occurrence and distribution of glauconite in southern Kazakhstan.
Firstly, glauconite-bearing layers are predominantly confined to Paleocene-Eocene
marine strata, typically within depth intervals of 12 to 38 meters. This stratigraphic
positioning aligns with known periods of regional transgression, supporting
glauconite formation in low-energy, shelfal environments with reduced clastic
input and prolonged sediment residence time.

Secondly, the variation in glauconite content-from low to high-suggests
differing degrees of mineralogical maturity. The highest concentration is observed
in the Karatau Foothills well (SK-02), where favorable diagenetic conditions likely
promoted extensive glauconitization. In contrast, sample SK-03 from the Lower
Syrdarya region indicates a lower glauconite content, possibly reflecting a more
deltaic influence or post-depositional leaching.
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Discussion. Geospatially, the distribution of wells spans diverse tectono-
sedimentary settings, reinforcing the interpretation that glauconite formation in the
region is controlled not only by facies regime, but also by paleogeographic position
and relative sea-level changes. Overall, the table provides a stratigraphic and spatial
framework for understanding glauconite formation processes in the region and may
serve as a reference for future mineral exploration or environmental assessments
involving natural radioactivity associated with glauconitic minerals.

Figure 3 presents a schematic map illustrating the spatial distribution of
glauconite-bearing wells across selected regions of southern Kazakhstan. The
mapped points correspond to documented locations where glauconitic minerals were
identified through core sampling and lithostratigraphic logging during geological
surveys. The distribution covers major structural and sedimentary units such as the
Chu-Sarysu Basin, the Karatau foothills, the Lower Syrdarya plain, and marginal
zones of the Eastern Aral Sea. These areas are known for their Paleogene marine
sedimentation, which provided favorable conditions for glauconite formation under
transgressive and low-sedimentation environments. The map serves as a visual
reference for understanding the geographical context of glauconite occurrence and
supports regional stratigraphic correlations and resource evaluation.

Glauconite in |
South Kazakhstan

o SK-04
Easter Aral Region
SK-01 e
hu-Sary “\J\SK -02
Basin j Karatau Foof ilis
g L

SK- 05 dln Bgseﬂ

Karatau Foothils /—’?wL
i £

g
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Figure 3. Spatial distribution of glauconite-bearing wells in southern Kazakhstan.

The spatial arrangement of glauconite-bearing wells depicted on the map reveals
several key insights into the regional geological framework of southern Kazakhstan.
The identified occurrences are not randomly scattered but instead exhibit a strong
correlation with major Paleogene marine basins, particularly the Chu-Sarysu Basin
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and the paleo-littoral zones surrounding the Karatau and Syrdarya regions.

This distribution supports the hypothesis that glauconite formation in the
region was controlled by transgressive marine conditions, where low rates of
terrigenous sediment influx and prolonged sediment-water interface exposure
favored glauconitization. The clustering of wells along structural margins and basin
flanks further indicates that glauconite-rich layers may act as stratigraphic markers,
particularly near maximum flooding surfaces or condensed sections. Moreover, the
geographic spread reflects the influence of paleogeographic and paleoceanographic
gradients, such as varying water depth, salinity, and basin connectivity during the
Paleocene—Eocene interval. Areas with high glauconite maturity (SK-02, Karatau
Foothills) appear to be located in relatively stable and low-energy depositional
settings, consistent with global models of glauconite development. Collectively,
the mapped data enhance our understanding of glauconite zonation across southern
Kazakhstan and provide a spatial basis for further stratigraphic correlation,
paleoenvironmental reconstruction, and radiological risk assessment associated
with glauconitic sediments.

The mineralogical analysis reveals that the glauconite samples exhibit variable
contents of Fe20s (18-24 wt%), SiO2 (45-52 wt%), and K20 (7-9 wt%), suggesting
differing levels of maturity and diagenetic alteration. As shown in Diagram 1, the
potassium-rich composition of the more evolved glauconites directly correlates
with their elevated “°K radioactivity observed in diagram 1. Samples with higher
K20 content consistently demonstrated greater radiological activity, supporting the
geochemical basis of the classification.

Major Oxide Composition of Glauconite Samples
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Comparative bar chart illustrating the chemical composition of glauconite samples G-1 to G-5 based
on primary oxides (SiOz, Al20Os, Fe20s, K20, MgO, CaO, TiOx).
Figure 4. Major Oxide Composition of Glauconite Samples (wt%).
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The results of the chemical analysis of glauconite samples (G-1 to G-5) are
presented in figure 4, which illustrates the content of major oxides such as SiO-,
AlL0Os, Fe:03, K20, MgO, CaO, and TiO: in wt%. These oxides represent the primary
mineral-forming components of glauconite and provide insight into its degree of
maturity, genesis, and potential diagenetic alteration. Among all samples, SiO-
is the dominant constituent, ranging from 45.8% to 49.1%. The highest content
of silica was observed in sample G-4, indicating either higher mineral purity or
a lower degree of isomorphic substitution by iron or magnesium. Al-Os content
varies moderately (8.8%—10.3%), with G-2 demonstrating the maximum value,
which may be indicative of a mixed-layer glauconite-illite phase and relatively low
maturity.

The Fe:0s concentration ranges between 18.5% and 22.2%, reflecting the
degree of glauconite oxidation and maturity. The highest iron content was detected
in sample G-4, confirming its advanced stage of glauconitization. In contrast,
G-5 contains the lowest Fe20s, suggesting a less mature composition or potential
dilution by detrital minerals. Potassium oxide (K-0), a critical parameter due to its
direct relationship with radiological activity (via the isotope *°K), ranges from 7.4%
to 8.9%. Samples G-4 and G-3 demonstrate the highest K-O content, consistent
with their elevated radiological signatures described in Diagram 2. Conversely,
sample G-5, with the lowest K-O value, corresponds to lower radiological activity
and likely represents a less evolved glauconitic phase. Minor oxides such as MgO
and CaO exhibit values between 1.1% and 2.3%, which may reflect variations in
geochemical conditions or the presence of secondary components like carbonates.
The TiO: content across all samples remains below 0.6%, indicating minimal
contribution from heavy accessory minerals or volcanic detritus.

Overall, the compositional differences observed between the samples support
the presence of glauconites at different stages of mineral evolution. In particular, the
correlation between increased K-O and Fe.Os with radiological activity highlights
the importance of chemical maturity as a controlling factor in both the geochemical
zoning and environmental safety of glauconite-bearing strata. The radiological
assessment of glauconite samples revealed that the level of natural radioactivity
is influenced by their mineralogical composition and the degree of thermogenic
or diagenetic alteration. Based on gamma spectrometric analysis, the following
concentrations of radionuclides were determined:

— Potassium-40 (*°K): 380 to 620 Bq/kg

— Radium-226 (***Ra): 22 to 45 Bq/kg

— Thorium-232 (**2Th): 15 to 32 Bg/kg

Figure 5 presents the classification of glauconite samples according to their
radiological activity, in compliance with the hygienic standards recommended
by the IAEA. Most of the samples fall within the permissible limits for use in
construction materials, particularly as additives in cement and clay-based products.
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Classification of Glauconite Samples by Radiological Activity
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Stacked bar chart showing the combined radioactivity levels of “°K, #?°Ra, and #*2Th in
glauconite samples, with reference to the IAEA safety threshold.
Figure 5. Classification of Glauconite Samples by Radiological Activity (Bq/kg).

Here is the diagram showing the classification of glauconite samples by
radiological activity. Each bar represents the total activity from Potassium-40
(green), Radium-226 (orange), and Thorium-232 (red). The dashed blue line marks
the IAEA safety threshold of 370Bq/kg. Comparative analysis with other terrigenous
deposits (such as argillites, bentonites, and zeolites) demonstrates that glauconitic
sandstones exhibit moderate radiological activity and may be considered safe for
use, provided that appropriate technological standards for processing and disposal
are observed. Conclusions:

1. The conducted study confirmed the presence of stable concentrations of K
and traces of natural radionuclides in sedimentary glauconite.

2. Radiological hazard classification indicated that most samples are safe for
limited use in construction and environmental technologies.

3. A correlation was established between glauconite maturity and increased
radionuclide content, which should be considered during geological and
technological assessment of deposits.

4. Further research is recommended to focus on thermoluminescence analysis
of glauconite concentrates to evaluate their potential for radiation shielding and
waste isolation applications.

Conclusion. The integrated mineralogical, geochemical, radiological, and
stratigraphic investigation of glauconite-bearing formations from southern
Kazakhstan has provided a comprehensive understanding of their genesis, maturity,
and paleoenvironmental significance. X-ray diffraction and SEM analyses confirmed
the presence of mature glauconite, characterized by concentric lamination,
high crystallinity, and sub-rounded morphology. Granulometric data revealed a
narrow distribution within the fine- to medium-sand fraction, consistent with in
situ authigenesis under low-energy marine shelf conditions. Geochemical assays
demonstrated elevated levels of K2O and Fe:0s, indicating advanced stages of
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glauconitization and efficient potassium fixation. Gamma spectrometric data further
supported this conclusion, with “°K activity ranging from 430 to 620 Bg/kg and a
positive correlation with K-O content. All measured radioisotope concentrations
remained within IAEA safety limits, suggesting potential use of these glauconitic
clays in industrial or construction materials.

Stratigraphically, glauconite occurs within condensed Paleocene—Eocene
transgressive intervals, primarily associated with maximum flooding surfaces.
Maturity classification based on potassium content and grain morphology indicates
a predominance of transitional to mature glauconite stages. Laboratory simulations
under controlled pH, potassium, and iron conditions successfully replicated
glauconite formation pathways, reinforcing the interpretation that glauconite in the
studied area developed under prolonged diagenetic conditions in a stable marine
environment.

Overall, these findings highlight the value of glauconite as both a stratigraphic
marker and a paleoenvironmental indicator, with implications for basin analysis,
chronostratigraphy, and potential resource utilization in southern Kazakhstan.
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