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I 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 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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Editorial chief

ZHURINOYV 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

ABSADYKOYV 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

ZHOLTAEYV 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

PANFILOV 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.N. Kopobayeva’, G.G. Blyalova, A. Bakyt, V.S. Portnov,
A.Amangeldikyzy

Karaganda Technical University, Karaganda, Republic of Kazakhstan.
E-mail: kopobayeva@inbox.ru

THE NATURE OF RARE EARTH ELEMENTS ACCUMULATION
IN CLAY LAYERS AND COALS OF THE SHUBARKOL DEPOSIT

Abstract. This paper presents data of mineralogical-geochemical studies of
clay layers of the Western section of the Shubarkol deposit, which can shed
light to the origin of these specific formations. A comprehensive analysis of
possible sources of accumulation of the clay layers matter has been carried out,
and the main patterns of distribution and conditions for the REE accumulation in
coals and coal-bearing rocks have been studied. The analysis of the carried out
studies indicates the existence of a number of independent sources and various
mechanisms of REE accumulation in the sediments of the Shubarkol deposit.
The REE accumulation in coal seams and clay layers at the deposit is caused
by the peculiarities of the composition of the feeding area of the ancient peat
accumulation basin, manifestation of epigenetic processes, and the peculiarities
of the hydrogeochemistry of the region. In this regard, the increased contents of
REE and impurity elements in coals are confined to contacts with enclosing rocks
and clay layers, as well as to zones of hypergene oxidation. Forms of presence
of valuable elements in coals are various. Most of the impurity elements are
associated with mineral phases. The enrichment of coals with a wide range of
impurity elements is expressed in a variety of micromineral forms including
specific ones. At the same time, individual micromineral phases tend to contacts
with clay layers and zones of hypergene oxidation.

Key words: coal, clay layers, tonsteins, geochemistry, Shubarkol, rare earth
elements, coal seams, formation conditions.
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A.H. KonobaeBa*, I.I'. basiuioBa, A. bakebiT, B.C. IlopTHOB,
A. AMaHTIe/JTiKbI3bI

Kaparanaunckuit tTexuudeckuii yaupecuret, Kaparanaa, KazaxcraHn.
E-mail: kopobayeva@inbox.ru

IMPUPOJA HAKOIVIEHUA P32 B INTIMHUCTBIX ITPOCJI0AX
N YIITIAX MECTOPOXKJAEHUS IITYBAPKOJIb

AHHoOTauus. B HacTosmiel paboTe mprUBEACHBI HOBBIE TaHHBIE MUHEPAJIOTO-
FEOXMMUYECKUX HMCCIEOBAaHUN IIMHUCTBIX MPOCIOEB 3amagHOro paspesa
MecropokaeHus Llybapkoib, cHocOOHbBIE TPOIUTH CBET HAa MPOUCX0XKIEHUE TUX
cnenuduieckux odpazoBanuil. [IpoBeneH KOMIUICKCHBIA aHAIA3 BO3MOXKHBIX
HMCTOYHMKOB HAKOIJIEHUSI BEUIECTBA NIMHUCTHIX MTPOCIIOEB, U3y4YE€Hbl OCHOBHBIE
3aKOHOMEPHOCTH pacIipe/iefieHuss U ycioBHs HakomieHus P30 B ymisax u
yIJIEBMEUIAIOMINX MopoAax. B nanHo# pa®oTe mpencTaBieHbl pe3yabTaThl MO
W3YYEHHUIO ITIMHUCTOTO MpPOCios B YroibHOM Iiacte 2B 3amagHoro ywacTtka,
MOILHOCTBIO 2-5 cM. B Xoze npoBeneHus nccieqoBaHuil ycTaHOBIEHO, yTo La-
Yb otHOmIEHHEe >1, 4TO MO3BOJIAET ClIeNaTh BBIBOA O TOM, uTo LllybGapkonbckue
ym oTHOcATCS K yriiaMm H-tuma pacnpenenenust P33. Ananu3 npoBeAeHHBIX
WCCIIEOBAHUM CBUJETEIBCTBYET O CYLIECTBOBAHMU pAJla HE3aBHCHUMBIX
HUCTOYHMKOB M PAa3JIMYHBIX MEXaHM3MOB HakormieHus P30 B omioxkeHUsX
mecropoxkaenust [llyGapkons. Hakomnenwe P35 B yroiapHbIX miactax u
[JIMHUCTBIX MPOCIOSX Ha MECTOpOXJIeHHE OOYyCIOBIEHO OCOOEHHOCTIMHU
cocTaBa 00J1aCTH MUTAHUS IPEBHETO OacceitHa TOp(OHAKOTUICHUS, IPOSIBIICHUEM
SMUTCHETUYECKUX MPOLECCOB U OCOOCHHOCTSMHU THIPOTEOXMMHU PETHOHA.
B cBs3u ¢ 3TuM mnoBbllIeHHBIE cofepkaHus P3D u aneMeHTOB-ipumeced B
yIIAX NPUYpPOUYEHBI K KOHTAKTaM C BMEUIAIOIIMMM IOPOJAaMHU U IIIMHUCTBIMU
MIPOCIJIOSIMH, @ TAKXKE K 30HaM TMIEPreHHOT0 OKHUCIIeHUs. POPMBI HAXOKIACHUS
LEHHBIX 3JIEMEHTOB B YIVISIX pa3HooOpa3Hbl. boinblias 4acTh 3JI€MEHTOB-
nmpuMeceil cBsizaHa ¢ MHHEpaldbHbIMU ¢azamMu. OOOrameHHOCTh YITIel
OOJNBIIMM CHEKTPOM 3JEMEHTOB-IPUMECE BbIpa3wiiach B MHOroodpazuu
MUKPOMHHEPAJIbHBIX ()OPM, B TOM YHCIIe crienuuyeckux (IIMpKOH, 6agaenent
u 1.11.). [Ipu 3TOM OoTHENbHBIE MUKPOMUHEpaIbHbIE (pa3bl TATOTEIOT K KOHTAKTaM
C NNIMHUCTBIMU IIPOCIIOSMHU U 30HAM TMIIEPIreHHOTI0 OKHCIIEHUS.

KuroueBblie c¢JjioBa: yroib, aprujuidT, ITTMHUCTBIE MPOCIOU, TOHIITEWHBI,
reoxumus, LllybGapkonab, peako3eMeNnbHbIE 3JEMEHTbHI, YTIOJbHbIE ILIACTHI,
ycnoBus 00pa3oBaHUsL.
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A.H. KonobaeBa*, I.I'. basuioBa, A. bakeIt, B.C. [lopTHOB, A.
AMaHreJIiKbI3LI

Kaparanbl TexHUKaJBIK yHUBepcuTeTi, Kaparansl, KazakcraH.
E-mail: kopobayeva@inbox.ru

IIYBAPKOJI KEH OPHBIHBIH CA3/1bl KABATTAPbI MEH
KOMIPIHJE C/K3 JKMHAKTAJIY TABUT'ATBI

AnHotanusi. byn xymbicra IllyGapken keH opHbIHBIH barbic Kumacsl
ca3 KaOaTTapbIHBIH MHHEPAJOTHSUIBIK JKOHE TEOXMMUSUIBIK 3epTTeyJepiHiH
JKaHa JIepeKTepi KeNTIpiIreH, oiap OChl ca3 KabaTTapbhIHBIH TY3UIYiH JKaHaIa
aiimeikTaii Tycenmi. Ca3 Kabarrapbl KYpaMbIHBIH — JKHMHAKTally Ke3JepiHe
KEIICHIIK TaJifay XYPTi3UIil, KeMip MEH KeMip ChIMBICTHIPYIIBI JKbIHBICTAp/a
cuperkep osmeMmentrepaid (CXKD) wHerisri Tapany 3aHIBUIBIKTAphl MEH
YKUHAKTaTy >Karaaimapel 3eprrenai. JKymbicTa keH opHBIHBIH batsic 6emiri 2B
KeMip KabaThIHAAFbl KAJIBIHJBIFI 2-5 cM OOJaThIH ca3 KabaTTapbIHbIH 3e€pTTEY
HOTHKenNepi Oepitren. 3eprrey OapwickiHma La-Yb kareiHacel >1 OoNaThIHBI
anbIKTas b1, 0y1 Hlybapkenkemipi C2KD TapamysinbiH H-THNTi KeMipiHe KaTa bl
JIETeH KOPBITBIHIBI JKacayFa MYMKIHIIK Oepemi. JKypri3iareH 3eprreynepiiH
nHotwkeci lllybapken keH opHbIHBIH merinaiiepinae CXD jxuHaKTaTybIHBIH
OipkaTap Toyelsci3 Ke3/IepiHiH JKoHE dpTYpii MeXaHH3MJEPiHiH Oap eKeHIIriH
kepcereni. Ken opHbIHAarbl keMmip KaOaTTapbl MeH ca3lbl Kabarrapaa CXKD
AKHUHATYbl €XKEeNrl IIBIMTE3eK >KMHAKTalIFaH OaccelHIHIH KOPEKTeHY aiMarbl
KYPaMBIHBIH ~€pEeKILeNTIKTepiHe, AMHUICHETUKANbIK YPAICTEpAiH KepiHiciHe
KOHE alMaKTBIH THIPOTEOXMMHUSCHIHBIH €peKIIeNiKTepiHe OallIaHbICTHI.
Ocpiran opait kemipaeri CXXD jxoHe Kocma-3lIeMEHTTEePIHIH JKOFapbl KYpaMbl
HETI3r1 JKbIHBICTap OallIaHBICHIMEH JKOHE ca3 apalblK KabaTrTapMeH, COHOan-
aK THIIEPreH/liK TOThIFy aiiMaKTapbIMEH THIFbI3 KaTblHacTa. Kemipaeri KyHabI
AJIEMEHTTEPIIH TaObuTy TinriHaepi opTypii. Kocma snmeMeHTTepiHiH Kom 0ediri
MUHepasl ¢pazanapMmeH OainanbicThl. KeMipiH Kocna-31eMeHTTepiHIH YIIKEeH
CHEKTPIMEH OaMBITHUTYbl MUKPOMHUHEPAJIBI MIIIHACP/IH adyaH TYPJIUIITIHIE,
COHBIH 11II1H/1e cTIeIU(PUKATBIK (LIUPKOH, 0a1/1esIenT )KaHe T.0.) KepiHic TanThl. by
XKaFrai1a skeke MUKpOMIHEpa bl (hazanap ca3apl KabaTtap OaiaHbICTapbIMEH
YKOHE TUIepreH/ 1 TOThIFY aliMaKTapbIMEeH KaThbIHAcKa OeiiM OOJIbII Kenel.

Tyiiin ce31ep: keMip, aprUJUINAT, ca3bl KabaTTap, TOHIITCHHIEP, TEOXUMHUSI,
[IyGapken, cupek Kep JMeMEeHTTepi, KoMip KabarTapsl, TY311y IapTTaphl.

Introduction. Rare earth elements (REE) play an important role in the economy
of the XXI century, especially in rapidly developing innovative industries. The
main sources of REE are the weathering crusts of granites, carbonatite deposits, and
coastal-marine placers. In addition to traditional raw material sources of lanthanides,
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metal-bearing coals are also considered as potentially promising (Spears D.A., 2012;
Arbuzov S.1., 2007; Dai S., 2012; Seredin V.V., 2013; Dai Sh., 2015; Finkelman R.B.,
2019). The colossal resources and huge volumes of coal consumption, alongside with
the presence of anomalous REE concentrations in a number of coal deposits, make it
possible to consider this potential raw material source of rare metals in more detail, and
require large-scale prospecting to identify metal-bearing coals. At present, the content
of lanthanides in the coals of the United States, China, and a number of other countries
has been estimated, and the average content of all individual rare earth elements in the
coals of the world has been calculated (Ketris M.P., 2009; Li J., 2016; Dai S., 2016).
Comprehensive geochemical studies have been carried out at a number of deposits.

At the same time, despite significant progress in studying the geochemistry
of lanthanides, a number of issues related to the conditions of accumulation,
migration, and fractionation of lanthanides in coals, their occurrence forms, and
factors controlling the formation of rare-earth metal-bearing coals have not been
resolved (Spears D.A., 2012; Dai Sh., 2015 and others).

This work is dealing with the original data of the geochemistry and mineralogy
of coals and coal-bearing rocks of the Shubarkol deposit obtained by the authors
in the course of complex geochemical studies of this object. At the moment, there
are a large number of works that indicate industrially significant concentrations
of various chemical elements in coals. All this indicates a growing interest in
coals as a source of ore elements.

Layers of essentially kaolinite clays, tonsteins, are extremely characteristic
formations in coal seams and coal basins of the world, they are a source of rare
metals (Spears D.A., 2012; Erkoyuna H., 2019). The main purpose of studying
clay layers is to obtain valuable metals from coals. To implement this, it is
necessary to have clear understanding of where and under what conditions coals
enriched with valuable elements are formed, in order to identify such coals and
to develop methods of their processing. The relevance of the work is caused
by the need to search for new sources of valuable elements that determine the
development of the present day innovative economy. Coals are considered as
their promising source. Studying the geochemical features of coals and the
forms of chemical elements occurrence coals is necessary for assessing the metal
content of coal deposits, developing criteria for identifying metal-bearing coals
and methods of extracting valuable elements.

Characteristics of the deposit. The study was carried out at the coal deposit
of Central Kazakhstan, Shubarkol, by testing the open and accessible for studying
coal seams. Jurassic deposits of the Shubarkol trough are coal-bearing. The
Lower Jurassic coal-bearing deposits, up to 330 m thick, form a sublatitudinal
trough (7x16 km) with gentle western and eastern (5-10 and 5-15°) and steeper
southern (20-48°) and northern (40-90°) wings. In the inner part of the trough,
the slope angles of rocks do not exceed 3-5°. In the central part of the trough, a
gently sloping transverse uplift of the coal-bearing stratum is noted, which fades
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north of the long axis of the structure. It divides the trough into western and
eastern parts. In the first part, the roof of the Upper coal level has a maximum
subsidence from the daylight surface of 127 m, and in the eastern one 90 m.
The deposit consists of three sections: Western, Central and Eastern. This paper
presents the results for the Western section.

At the turn of the century, studying the rare metal content of coals from the
Shubarkol deposit was suspended for almost a thirty-year period. A new surge of
research in this aspect has occurred only in recent decades.

The maximum contents of rare earth metals are associated with weathered
coals; for the medium-heavy groups, they are almost a hundred times higher
than the clarke in the upper continental crust. It has been established that the
contents of Ce, Ba, Sr, Sc, Zn in individual coal samples are higher than the
Clarke. The maximum contents of Sm, Ce, U, Cr, Yb, Ba, Sr, Nd, As, Sc, Zn,
Eu, La exceeding the clarke values for sedimentary rocks are established in the
composition of mudstone and clay layers (hereinafter referred to as CL).

Research materials and methods. In order to elucidate the origin of the clay
layers of the Shubarkol deposit, the clay layers themselves and the coals containing
them were tested and studied. In the Western section, a 2-5 cm thick clay layer was
studied that was located in seam 2B. In eight vertical sections along seam 2B in
two sections, which were 1000 m apart, 23 furrow samples of coal, clay layers and
coal-CL contact zone were taken. The sampling interval at the sites was kept within
30-35 m. Composite samples weighing 200 g were made using primary samples.
In total, the group composition of 23 samples taken from the Western section of the
deposit was studied. The samples were studied by instrumental neutron activation
analysis (INAA) to determine the average contents of 28 elements in the nuclear
geochemical laboratory of the Department of Geoecology and Geochemistry of
National Research Tomsk Polytechnic University (TPU) (analyst A.F. Sudyko).
Irradiation of the samples with a neutron flux was carried out at the IRT-T research
nuclear reactor of the TPU Physical-Technical Institute. X-ray structural analysis
was performed in the laboratory of the Department of Technology of Silicates
and Nanomaterials of TPU using a DRON-3M setup. Mineral forms were studied
by the method of scanning electron microscopy (SEM-EDX) on the basis of the
Institute of Science and Technology “Uranium Geology” of the Engineering School
of Natural Resources of TPU. The samples were examined on a Hitachi S-3400N
microscope with a Bruker X@Flash 5010 energy-dispersive spectrometer for
X-ray spectral analysis.

Discussing the results. There have been studied 23 samples of coal, clay
layers and the coal-GP contact zone of the Western section, the content of which
is presented in Table 1.

The content of rare earth elements in the samples has been normalized
according to UCC, Figure 1. The distribution of lanthanides is relatively uniform
in the CL and at CL-coal contacts.
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Note. The content of iron, sodium and calcium is in %, the rest is in g/t.

The total amount of REE in the CL and contact zones varies within  =21.8-
132.2 g/t. Their total content in coal is within . = 5.3-36.0 g/t. The analysis
of the lanthanides distribution in clay layers shows that rare earth elements
have a positive correlation with each other (Fig. 2). The calculated lanthanum-
ytherbium (La/Yb) ratio for coals, equal to La/Yb>1 of the Western section,
allows attributing Shubarkol coals to H-type coals of REE distribution and
concluding that in the formation of H-type coals of the Shubarkol deposit with
near-clarke REE contents, clay matter of terrigenous ash prevailed as a carrier
of REE, while the formation of metal-bearing coals with record levels of REE
accumulation occurred during long-term unloading of carbonic waters with high
contents of heavy lanthanides into a peat bog followed by binding of REE by
peat organic matter (Seredin V.V., 2007).

In the near-top and near-soil zones, a sharp decrease in the La/Yb ratio
was noted, which indicates participation of their water-soluble forms in the
accumulation of REE in coals (Arbuzov S.I., 2016). It can be seen from the
graphs that pronounced REE anomalies are associated with CL overlying coals
due to their sorption capacity. The analysis of the impurity elements distribution
in clayey rocks of the Western area shows that large ionic lithophilic (Rb, Ba,
Sr) and transit (Cr, Zn) elements have the highest concentration, and the rest (As,
Ca, Fe, Sb) are relatively average.

The analysis of the vertical distribution of La and Yb along the 2B layer in
three sections in the Western area of the deposit (Fig. 3) shows that the highest
concentrations of all REE are characteristic of clay layers and oxidized coals.
In this case, the La/Yb ratio increases up the section indicating a predominantly
clastogenic mechanism of REE supply to coals (Arbuzov S.I., 2007).

It has been established that the distribution of lanthanides over the site in
the section is uneven. Within the Shubarkol deposit, the weathering processes
led mainly to the loss and redistribution of REE in coal seams, which led to
increasing the content of rare earth elements from bottom to top in the section.
The maximum accumulation occurred under the mudstone screen, i.e. in the
upper part of the section, the coals underwent a “cerium” phase of weathering:
the contents of lanthanum and cerium decreased, in turn, the contents of yttrium
and “heavy” REE increased.
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1%

Figure 1 — Distribution of rare earth elements in mudstones, contacts
of mudstones with coal of the Western section of the Shubarkol deposit
(normalized according to UCC).
Note. 3, 8, 13, 17, 26, 29, 34 is the CL sample number, 18, 21, 25 is the coal
and CL contact sample number.

The established absence of negative europium and positive cerium anomalies
at this deposit confirms the peculiarity of the composition of the original rocks
and the ways of introducing REE into the deposits. It has been found that only in
some coal samples the cerium anomaly is positive, which could be affected by
rocks with an insignificant admixture of “background” clastic material. Thus, the
analysis of the data obtained indicates the existence of a number of independent
sources and various mechanisms of REE accumulation in the sediments of the
Shubarkol deposit. If to consider the mineralogical and geochemical state, then
these concentrations can be caused by the action of sea water or hydrothermal
action (Arbuzov S.I., 2014), which in turn could affect the appearance of the
cerium minimum, which is explained by the presence of authigenic minerals
(for example, clay minerals, which the cerium minimum inherits from sea water)
(Ayupova N.R., 2002), rare earths also probably entered the sedimentation area
as part of clastic material.

Figure 2 — Correlation plots of elements of the lanthanide group in
mudstones of the Western section of the Shubarkol deposit.
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In tectonic terms, multiple faults (Karakengir, Zhezkazgan-Terektinsky faults,
Kainda graben, Ulzhanskaya syncline, Tantal and Shubarkul graben-synclines
and horst-anticlines) and fold-block structures (Sarysu-Teniz zone of block
folds) occur in the area of the deposit. Impurity elements entered the coals along
the formed faults from the basement rocks due to removal and redeposition with
the participation of syn- and epigenetic processes of migration of ground and
underground waters (Kopobayeva A.N., 2021).

.l .l -I’

» B .+ B
£ =

s Bl =

|22 ] i 4

: |

m | . "

[ . . Lo [,

l ....... b Y g l e o T { 4 4 4 | Emvms

N & B & - 1 B4 1 in e ] ! r - g f F 8

=

Figure 3 — Vertical distribution of La and Yb in the sections of coal seam 2B of
the Western area

The analysis of studying the geochemistry of coals from the Shubarkol deposit
makes it possible to identify the main source of REE entry into coal-bearing
deposits. This is a complex of rocks of the folded framing of the Shubarkol
deposit. The contribution of the Kokchetav uplift in the north and northwest,
the Kaptyadyr, Arganata and Ulutau mountains in the west, which make up the
chain of the Kokchetav-North Tien Shan fold system and the Central Kazakhstan
(Devonian) volcano-plutonic belt in the east with the presence of alkaline-
granitoid composition. Significant massifs of alkaline rocks in the composition
of the folded frame probably determined the formation of positive europium
anomalies in coals and coal-bearing rocks, which are clearly visible throughout
the coal-bearing section.

The weathering of rocks under conditions of the warm, humid Jurassic climate
also caused transition of elements into the dissolved state and their transport
in aqueous solutions. Carbonate rocks in the framing structures determined
the formation of carbonate and hydrocarbonate waters of varying degrees of
alkalinity. The degree of saturation of terrigenous ash with REE is in direct
proportion to the chemical composition of the areas fed by clastic material of an
ancient peat bog (Arbuzov S.I., 2007). The clastogenic component also played
an important role in the accumulation of light lanthanides; the rocks of ultramafic
composition in the framing structures ensured the enrichment of groundwater,
suspended matter, and coarser clastic material with europium. This explains
the increased contents of this element in coal-bearing rocks and coals and the
absence of the characteristic europium minimum on the normalized curves.

The problem of diagnosing clay layers as tonsteins arises in the case of
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post-sedimentary changes in pyroclastics, when it becomes undetectable by
conventional petrographic methods due to its transformation into heir minerals:
smectites, zeolites, silica minerals, kaolinite, etc.

X-ray phase analysis was used as one of the diagnostic methods of studying the
material composition of clay layers. It was carried out by recording diffractometric
curves, which made it possible to identify the composition, to trace its changes
and to obtain an approximate estimate of the ratio of the constituent components
of the samples. Almost all diffractograms have reflections indicating the presence
of quartz. Silicification can occur under the impact of the processes of dissolution
and oxidation of the original rocks and be accompanied by the release of a part
of SiO, which can lead to silicification of the enclosing rocks. Thus, volcanic
ash is likely to be a source of authigenic silica. According to the XRD data of
chemical analysis, the content of SiO, varies from 32.8 to 59.6%, which brings
them closer to tonsteins and metatonsteins.

Based on the data obtained as a result of diffraction analysis, the diagram of
the minerals distribution in the composition of the CL was constructed (average
value from 6 samples) (Fig. 4).

Clay rocks are dominated by minerals: quartz, kaolinite, muscovite, while
quartz occupies a leading position, only in rocks No. 1-15 sampled in section 1 of
the Western section, kaolinite prevails over quartz. A distinctive feature of coal-
bearing and contact rocks is the low content of minerals of the feldspar group.
Albite and microcline are noted among the minerals of this group. Minerals of
palygorskite, barite, anatase, and siderite also appear in small amounts. The
presence of palygorskite is considered as confirming the connection of tonstein
with pyroclastics, but is less conclusive. The clear presence of pyroclastic
material and specific mineralization is one of the conditions for the formation
of palygorskite. But for the formation of palygorskite, only a suitable substrate
is not sufficient; it is also necessary that it fall into a favorable environment
characterized by alkaline conditions (YUdovich YA.E., 2010).
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Figure 4 — Mineral distribution in the mudstone composition.
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A significantly higher REE concentration is characteristic of clayey rocks rich
in kaolinite and pyrite. The most convincing explanation for this is that after
deposition and subsequent diagenesis, these coal and CL levels developed higher
recovery conditions. Possibly later, the studied layers were affected by magmatic
intrusion, during which hydrothermal activity increased the coal content and
introduced some trace elements.

Detailed electron microscopic studies revealed well-faceted crystals of zircon,
native silicon, and baddeleyite in the clay layers (Fig. 5).

Figure 5 — Crystals of zircon (a, b), baddeleyite (c), and native silicon (d).

Individual zircon grains contain an admixture of scandium, titanium, yttrium,
or other heavy rare earth elements. Baddeleyite is rarer than zircon. The mineral
was found in rocks and coals on contact with them. This character of mineral
excretions indicates a sparing mode of transportation of the substance and
excludes its transfer by water flows. This once again points to different ways of
REE migration into coals and coal-bearing rocks of the deposit.

When studying of samples of coal and coal-bearing rocks on a high-resolution
electron microscope, REE carbonates were detected (Fig. 6). REE carbonates
at the Shubarkol deposit occur in the form of aggregates of lamellar, foliar,
columnar crystals, fragments of prismatic crystals. The extremely small size of
REE mineral segregations and the peculiarities of their composition suggest the
authigenic nature of their formation.

The formation of the authigenic minerals bulk occurred in the course of brown
coal maturation and its transformation into hard coal. In mature coals of the
coal stage, the role of mineral phases increases due to the bonds released during
coalification of metals with the loss of carboxyl, hydroxyl and other functional
groups, authigenic minerals are formed.

It is possible that during metamorphism some part of REE remains in the
composition of organometallic complexes in organic matter forming complex
aluminosulfate-silicophosphate compounds with different rare-metal spectra.
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Figure 6 — REE carbonates in the form of aggregates: a — prismatic crystals,
b — lamellar crystals.

Conclusion. Studying the mineralogical and geochemical features of clay
layers and coals of the Shubarkol deposit shows that elevated contents of REE
and impurity elements are characteristic of clay layers and oxidized coals.
The nature of their accumulation and their migration paths are different: the
predominantly clastogenic mechanism of REE entry into coals predominates,
and there is also an impact of the original rocks composition.

The presence of mineral palygorskite in coals and clayey rocks is considered
as confirming the relationship of the tonstein with pyroclastics, a possible
addition from earlier volcanic rocks of the basement. The established, well-
cut crystals of zircon, native silicon, baddeleyite indicate a more gentle way
of transporting them to coal-bearing rocks and excludes their transfer by water
flows. In addition to the clastogenic-volcanogenic source, the accumulation
of REE in organic matter is also possible due to the introduction in aqueous
solutions from the hypergenesis zone or hydrotherms. The extremely small size
of REE mineral segregations and the peculiarities of their composition suggest
the authigenic nature of their formation.
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