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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY 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
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
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

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

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

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

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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and technology sciences.
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ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2023
Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.
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© L.Z. Issayeval, E. Slaby?, S.K. Assubayeva!, M.K. Kembayev!, K.S. Togizov'", 2023
'Satbayev University, Almaty, Kazakhstan;
Hnstitute of Geological Sciences P.A.S., Warsaw, Poland.
E-mail: k.togizov(@satbayev.university

THE THREE-DIMENSIONAL MODEL OF THE AKBULAK RARE EARTH DEPOSIT
(NORTHERN KAZAKHSTAN)

Lyudmila Issayeva — doctor of geological and mineralogical sciences, professor, Satbayev University
E-mail: Lissayeva@satbayev.university, https://orcid.org/0000-0001-7184-6351;

Ewa Slaby — Dr. Hab. professor, director institute of geological sciences P.A.S.
https://orcid.org/0000-0003-1476-5138;

Saltanat Assubayeva — candidate of geological and mineralogical sciences, Satbayev University
E-mail: s.assubayeva@satbayev.university, https://orcid.org/0000-0003-3658-715X;

Maxat Kembaev — PhD, associate professor, Satbayev University

E-mail: m.kembayev@satbayev.university, https://orcid.org/0000-0001-5069-9399;

Kuanysh Togizov — PhD, associate professor, Satbayev University

E-mail: k.togizov@satbayev.university, https://orcid.org/0000-0002-4830-405X.

Abstract. The economy of Kazakhstan was always linked closely to subsoil use, and the well-being
of our country is directly associated with robust approach to geological research. The 2021-2025 State
Geological Exploration Programme was adopted this year at governmental level to provide sustainable
replenishment, development and support to competitiveness of Kazakhstan's mineral resources base. The
programme predetermine new principles in geological research methodology for ore objects too. The new
approach can be realized through application of modern research technology (Maplnfo, ArcGIS, GIS—
Micromine), concerned with formation of a scientific digital geodata base to generate 3D models of mineral
resource deposits. Analysing the obtained results we can solve actual tasks of prospecting geology in
identifying promising areas within known deposits, specifying ore—controlling factors, and estimating its
reserves. Input data for the Akbulak 3D—model was supplied in the form of graphics and calculation tables.
Based on the Akbulak field geographic information system, we developed the wireframe and block models, as
well as the block model slices along exploration profiles. The result enable identifying the promising areas
with commercial ores within the deposit.

Key words: rare earth elements, ion adsorption deposits, geoinformation system, framework model,
block model

Funding. This research was funded by Geology Committee of the Ministry of Industry and
Infrastructure Development of the Republic of Kazakhstan, grant number BR10264324.

© JI.K. Uccaea!, E. Caaou?, C.K. Accy6aesa’, M.K. Kembaes!, K.C. Toruzos'", 2023
!Cornaes Yuusepcureri, AnMarsl, Kazakcran;
Teonorus reuteMaap uHcTHTYTHI [1.F.A., Bapmasa, Ilonibina.
E-mail: k.togizov(@satbayev.university

AKBYJIAK CUPEKKEP KEH OPHBIHBIH YL OJIILEM/II MOJEJI (COJTYCTIK
KA3AKCTAH)

HcaeBa JIronmuiia KanayiiceHKBI3bI — T'e0JIOTHS JKOHE MHHEPAIOTHs FhUIBIMAAPBIHBIH JOKTOPEI, mpodeccop, Cornaen
YHuBepcureri

E-mail: Lissayeva@satbayev.university, https://orcid.org/0000-0001-7184-6351;

Ewa Slaby — xa6. noxropsl, npodeccop, IL.F.A. reoIornsuIbIK FUIBIMAp HHCTHUTYTHIHBIH JTUPEKTOPHI

https://orcid.org/0000-0003-1476-5138;

AcybaeBa Canrtanat KanbIKOalKbI3bl — Te€O0JOTHS JKOHE MHHEPAIOTUS FhUIBIMIAPBIHBIH KaHauaatel, CoTmaes
YHuBepcuTeTi

E-mail: s.assubayeva@satbayev.university, https://orcid.org/0000-0003-3658-715X;

Kemo6aeB Makcat Kenxebexyanl — PhD, kaysiMnacteipsurras mpodeccop, CotriaeB Y HUBEpCHUTETI

E-mail: m kembayev(@satbayev.university, https://orcid.org/0000-0001-5069-9399;
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TorbzoB Kyansim Cepikxanyiasl — PhD, kaysivaacTeipsurran npodeccop, CotnaeB YHuBepcuTeTi
E-mail: k.togizov@satbayev.university, https://orcid.org/0000-0002-4830-405X.

AnnoTtauus. Kazakcran 5KOHOMHKAChl 9pKalllaH Xep KOWHAYbIH MaiilataHyMeH THIFbI3 OaiIaHbICTHI
OoyIpl, an emiMIi3IiH 9J-ayKaThbl TE€OJOTHSUIBIK 3epTTeyiepre CeHiMIi Ke3KapacleH Tikenel OaiIaHBICTHI.
Ykimer nerreringe KazakcTaHHBIH MUHEPaNIbIK-IIHUKI3aTThIK 0a3achblH TYPAKTbI TOJIBIKTHIPY, 1aMbBITY KOHE
Oacekere KaOineTTinirin Konaay makcarbiaga 2021-2025 sxpuigapra apHanFraH MeMIIEKEeTTiK TeoIOTHSUIBIK
Oapnay Oaraaprnamachl KaObUIOaHIbl. barnapiama KeH OOBEKTUIEpiH IeONOTHSUIBIK 3€pTTEY 9iCTeMECiHiH
JKaHa TPUHIMITEPIH Je ajablH ana Oenrineiimi. JKana Tociami Kasipri 3aMaHfbl 3€pTTECY TEXHOJIOTHMSCHIH
OpBIHAAPEIHBIH 3D MomenpaepiH Kypy VIIiH FBUIBIMH HHQPIBIK TEOAEpPEeKTep 0a3achlH KaJIBIITACTBIPYFa
KATBICTBI. AJIBIHFaH HOTIKENEpAl TalJail OTBIPHIN, OeNriyli KeH OphIHAAPBIHBIH LIETiHIE MEPCIEKTHBAIBIK
yJackesep/l aHbIKTay/a, KeH I PEeTTEHTIH QakTopaapbl KOPCeTyIe »KoHe OHBbIH KOpJapbiH Oaraayiaa Oapiay
T'eOJIOTHSICHIHBIH ©3€KTI MIHJIETTEpiH menryre Oonaasl. AkOyiiak 3D-mozeni yiniH Kipic epekrep rpadukaibik
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AnHoTanusa. OxkoHomuka KaszaxcraHa Bcerga Obla TECHO CBSI3aHA C HEIPOIOIB30BAaHUEM, U
Onaromonlyyre Halleld CTpaHbl HampAMYyI0 CBS3aHO C TPaMOTHBIM TOAXOJOM K T€O0JIOTUYECKUM
nccnenosannsaM. Ha yposne [IpaButenbctBa Obi1a mpuHsTa ['0OcynapcTBeHHas MporpaMMa reoIoropa3Be ke
Ha 2021-2025 rompl, HampaBiieHHAsS Ha 00ECIICYCHUE YCTOWIMBOTO BOCITOJIHCHHS, PA3BUTHS U IOICPKKH
KOHKYPEHTOCIIOCOOHOCTH MHUHEpalbHO—ChIpheBOi 0a3zbl Kasaxcrana. IIporpamma mpeponpenenser HOBbIC
MPUHIMITEL B METOIOJIOTHH T'€0JIOTHUECKUX MCCIEJOBaHUH U PYAHBIX 00beKTOB. HOBBINM oaX01 MOXKET OBITh
peann30BaH 3a CYeT MPUMEHEHHUS COBPEMEHHBIX MCClenoBareibckux texnonorui (Maplnfo, ArcGIS, GIS-
Micromine), CBsI3aHHBIX ¢ (OPMUPOBAaHUEM HAYYHOH HUPPOBOI Oa3bl reoganHbIX AJs co3nanus 3D-moneneit
MECTOPOKACHUH MOJIE3HBIX HCKONAeMbIX. AHAJIN3 MOJMyYEHHBIX PE3YIbTATOB MO3BOJISIET PEIIaTh aKTyaJIbHbIE
3aJ]aud TIOMCKOBOH TEOJIOTHMM I10 BBISBICHUIO TEPCHEKTHBHBIX YYacTKOB B TIpeieliaX HW3BECTHBIX
MECTOPOKACHUH, YTOUHEHHIO PYIOKOHTPOIUPYIONUX (HaKTOPOB U MOJICUETY ero 3anacoB. MicxonHbie JaHHbIC
i 3D-mogenn AxOynak ObUIM TpeAoCTaBiIeHBl B BHAE IpadMKOB M pacyeTHbIX Tabmui. Ha ocHoBe
reonH(OPMAIMOHHON CHUCTEMbl MECTOPOXACHUS AKOyJak pa3paboTaHbl KapKacHas W OJ04YHas MOJIEIH, a
TaKXKe Cpe3bl OJI0OYHON MOJIENH 110 Pa3BEIOYHBIM MPOQHISM. Pe3ynbTaT Mo3BOIHI BBIIEIUTh EPCIICKTHBHBIC
YYaCTKH C IPOMBIILIEHHBIMU PyIaMH B TIpeAeNiaX MECTOPOKACHUS.

KiaroueBble cioBa: peaKo3eMeNbHBIE SJIEMEHTHI, HMOHHO-aJICOPOIIMOHHBIE MECTOPOKICHHUS,
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reonH(OpMAIIMOHHAS CHCTEMA, KapKacHask MOJICIb, OJIOYHAsI MOJICITh

duHaHcupoBanme. VccienoBaHue BbIMOJHEHO Hpu (GrHAHCOBOH momaepxke Komurera reosoruu
MunnucrepcTBa WHAYCTpUM W HHQpacTpyKTypHOTO pa3Butus Pecmybnmku Kazaxcran, IIporpamma
NoBR10264324.

Introduction

Kazakhstan has significant prospects for development of its rare earth mineral resource base. Until the
late 1980s—1990s in Kazakhstan, the rare earth elements (of, mainly, cerium group) were extracted in the
uranium production at the Prikaspian and Tselinny Combines, as well as at the Irtysh Chemical-Metallurgical
Plant from imported raw materials (of the Kola Peninsula). This presented the mining industry with new tasks.

Currently, the hypergene deposits of rare earths are of significant interest, especially considering the
comparative ease of technological scheme of their mining, as a significant part of rare-earth mineralization is
associated with clay minerals. As is known, by composition the REE minerals are divided into the following
groups: cerium minerals (bastnaesite, parisite, loparite, monazite, knobotite, eudialyte, fergusonite Ce, etc.);
gadolinium (samarskite, etc.); yttrium (euxenite, xenotime, yttrialite, etc.); yttrium-yttterbium (fergusonite,
etc.), complex (orthite, pyrochlore, gadolinite, apatite, sphene, etc.).

A number of yttrium and rare earth deposits and ore occurrences are concentrated in Northern
Kazakhstan (Kundybai (Omirserikov, 2017a: 6, Omirserikov, 2016b: 12), Shok-Karagai (Issayeva, 2019a: 8,
Issayeva, 2022b: 8)), one of which is Akbulak. During last geochemical searches in 1986-90, a Akbulak zone
of rare and rare-earth metals was discovered and formalized on the Trough area. As a result, the Akbulak tin-
rare-earth zone was identified on the south-eastern endocontact of the Akzhar massif (Yermolov, 2019: 11;
Stepanets, 2017: 19; D'yachkov, 2022a: 22; Salikhov, 2020: 8). The mineralization is confined to linear
weathering crusts. In the south-western part of the Akbulak zone (according to surface metallometry and
isolated core holes), the rare-earth mineralization was detected both in weathering crusts and in bedrock
(Omirserikov, 2017a: 6; Mizernaya, 2020: 6; D’yachkov, 2021b: 23; Mukhamedzhanov, 2017: 12).
Mineralogical analysis defined their mineral forms as xenotime, rhabdophanite, cherchite and bastnaesite. The
ore parts have thickness from 1.4 m to 31 m, and the total thickness of weathering crusts is 10 to 50 m.
Anomalous yttrium contents are accompanied by elevated contents of tin (0.003-0.12 %), silver (1-100 g/t),
zinc (0.2-0.3 %). Prospecting and appraisal work on the deposit established the industrial significance of the
site. Average contents of yttrium oxide are 272 g/t, on sides 100 g/t, and sum of rare earths 790 g/t were
established at the deposit.

The spectral and semi-quantitative analysis for yttrium and rare earths allowed outlining the yttrium
and rare earths ore deposit by the side content of yttrium of 100 g/t and 200 g/t, and three promising areas were
identified within the area (Tishhenko, 1994: 246):

I. The central part of the site (the Akbulak ore occurrence itself and its flanks).
2. The southern part.
3. The northern part.

They are all located away from the south-eastern endocontact of the Akzhar massif, confined to linear
weathering crusts developed over gneiss granites and characterised by similar mineralisation parameters and a
set of elements.

Materials and basic research methods

The geological structure of the area involves rocks that were formed during the period between the
Proterozoic and the present day. Proterozoic and Paleozoic rocks compose the folded basement, while Meso-
Cenozoic sediments form the platform cover. Tectonically, the area is located in the Ulutau anticlinorium,
which consists of two structural floors, lower and upper, separated by regional unconformity. The site arca
consists of the Upper Stage deposits: the rocks of the Aralbai Series, Karasuleimen (PR2ks) and Duisyun Suite
(PRads). These rocks occupy 10-15 % of the area. About 80—90 % of the area are composed of gneiss granites
of the Akzhar massif of the Upper Proterozoic complex (¥PR:). The Akzhar massif is poorly exposed, with
bedrock gneiss granites coming to the surface in the northern part of the area along the Aschitasty River. The
main area is overlain by the cover of Pliocene-Pleistocene sediments of 10-25 m of thickness.

The platform cover is represented by Meso-Cenozoic formations of area or linear weathering crusts of
crystalline basement, clays and sands of Kaidaul (P> kd), Tersek (N;!?trs), Pavlodar (N;*~Na! ), Turnei (N,*
3trm) suites, gravel, sandy loams, loams of Quaternary system.

In the south-eastern endocontact of the Akzhar massif, the Akbulak tin-rare-earth zone is traced for 17
km along the strike, 2—3 km wide. The massifis composed of gneiss granites of light grey, pinkish-grey colour,
mica-quartz-feldspar composition with the porphyroblast structure. The hosting rocks (exocontact of the
Akzhar massif) are mica-feldspar-quartz schists interbedded with feldspar-biotite-amphibole porphyritoids,
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attributed to the Duisyun Suite of the Upper Proterozoic (PR.ds). Tectonically, the anomalous zone is
complicated by tectonic faults, clearly revealed by geophysical surveys, of north-eastern and sub-latitudinal
directions, along which displacements of rocks and geochemical halos are observed (Tishchenko, 1994: 246;
Baibatsha, 2020a: 14; Baibatsha, 2020b: 9; Baibatsha, 2020c: 9; Baibatsha, 2021d: 7; Ratov, 2021: 11;
Aidarbekov, 2022: 16).

In the magnetic field, the anomalous zone is characterised by elevated values of 100—400" in the

background of 150", In general, the Akbulak zone is characterised by yttrium contents of 0.01 % to 0.1 % and
above, elevated contents of tin, silver, molybdenum, niobium, gallium, lead and zinc. Within the zone, a
number of anomalous halos were identified with ore concentrations of rare earth elements. The zone is
unevenly explored: the north-eastern and south-western parts were identified by surface metallometry, the
central part by subsurface lithochemistry data (Nazirova, 2019: 5).

For the north-eastern part of the Akbulak zone, the indices of the transverse and longitudinal series of
zonality have been calculated. The longitudinal series of zoning (from south-west to north-east) is as follows:
Ti, Sn, Pb, Ga, Be, Nb, Jb, Y, Sn, and indicates the direction of dipping of the ore zone axis from south-west
to north-east with changes in the level of erosional cut from the low-ore to the ore and the sub-ore. The type
of mineralisation is rare-earth with tin. The cross-sectional zoning series (west to east) is as follows: Yb, Y, V,
Mo, Zr, Sn, Yb, Y, Cr, Nb, Sn, Y, Yb, Sn, and indicates that at least three ore bodies can be identified within
the zone.

The above data of predecessors and materials of drilling works (Tishhenko, 1994: 246) and data of
K.I. Satpayev IGN obtained in 2013-2014 formed the basis of GIS-modelling (MicroMine).

Initial data was used to create a geographical information system for the area in the form of graphic
charts (geological map, geological cross-sections and surface sampling plans) and scoring tables.

A total of 13,472 pieces of information on 1,712 wells were utilised for modelling.

The spatial boundaries of the ore body were modelled using the MicroMine software (Kennedy, 2001;
Micromine, 2004: 220). The ore body boundaries of yttrium at 100 g/t and 200 g/t lateral contents were used
as the basis for the wireframe model (Issayeva, 2019 a: 8; Issayeva, 2022b: 8).

Results and discussion

1) Frame models of the Akbulak site. First of all, the lithological structure of the Akbulak site was
modelled. It was noted that all prospective zones are located along the south-eastern endocontact of the Akzhar
massif, are confined to linear weathering crusts developed on gneiss granites, are characterised by similar
mineralisation parameters, and sets of elements. The geological setting is also similar to that of the Akbulak
ore occurrence, and therefore can be sufficiently descriptive by the latter.

The modelling of the lithological structure of this area utilised the lithological boundaries shown on
the 1991-1994 reserves estimation sections (Tishhenko, 1994: 246). The following lithological layers were
identified: the boundary of friable Meso-Cainozoic sediments, the boundary of the weathering crust, the
boundary of gneiss granites (Figure 1).

According to geological data, the structure of the Akbulak ore occurrence involves the following
vertical constituents (top to down):

- cover deposits (N-Q) represented by loams, clays up to 20.0 m thick (average thickness across the ore
occurrence is 13 m);

- weathering crusts (Mz) are clay-silt loam, clay-rubble, rubble with a total thickness up to 50m;

- weakly weathered gneiss-granites (¥PR>) of a light grey, pinkish-grey colour.

- the three-dimensional wireframe model of the lithological structure of the Central zone (the Akbulak
ore occurrence) clearly visualises these lithological layers with geometric parameters estimated vertically
(Figures 1).
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Figure 1. The 3D wireframe model of the lithological structure of the Central zone at the Akbulak site
The SW-NE isometric view: yellow — friable Meso-Cenozoic sediments; grey — weathering crust over gneissogranites; pink -
gneissogranites.

The rare earth elements of industrial interest are confined to linear weathering crusts developed over greisenised gneiss granites,
hence a 3D wireframe model of the productive horizon weathering crust is considered separately (Figures 2A, 2B).
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Figure 2. The 3D wireframe model of weathering crusts at the Akbulak site Central Zone. A) Isometric SW-NE view. B)
Side view.

According to geological data, they are divided according to their degree of weathering:

1. The muddy-clayey weathering crusts. This is the most weathered crusts, caolinised and
ferruginised in varying degrees. The horizon can be traced almost throughout the entire ore occurrence. Its
thickness varies from the first metres to 30.0 metres. It consists of 30—-60 % of kaolin, 5-10 % of hydromica
and 3050 % of quartz grits.

2. Clay-rubbly weathering crusts, consisting of 2040 % clayey material, 10-30 % quartz gravel,
30-60 % rubble of gneiss-granites heavily weathered but retaining the structural features. The horizon is 20—
28.0 m thick. The crusts are weakly kaolinised and ferruginised.

3. Rubbly weathering crusts. These are represented by rubble of weathered parent rock. The
weathering degree decreases towards the face. The horizon thickness is not great and amounts to the first
metres.

A wireframe model of ore bodies in the Akbulak site. Three prospective zones were identified in this
ore district based on geological data and they are delineated within the ore district. Therefore, we considered
the wireframe models of each prospective zone individually.

The northern zone of the site is analogous to the Akbulak ore occurrence in terms of its geological and
tectonic setting. The ore prospective halo has an isometric shape in plan with dimensions of 1.6x2.0 km, with
the halo not delineated in the north (Fig. 3).
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Figure 3. The 3D wireframe model of the Northern part of the Akbulak site ore bodies. SW-NW

The central zone (the Akbulak ore occurrence) is confined to linear gneiss granite weathering crusts developed along the
south-eastern endocontact of the Akzhar massif. The mineralization is in the form of a horizontal deposit extending from south-west
to north-east, sizing on average 2.2x0.55 km, with the area of 1.1 sq. km (Fig. 4).
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Figure 4. The 3D wireframe model of the Central part of the Akbulak site ore bodies. SW-NW

In the southern zone of the site, the yttrium-rare earth ore prospective halo is isometric in plan with
dimensions of 1.2x2.0 km. The geological setting, as mentioned above, is similar to that of the Akbulak ore
occurrence (Fig. 5).
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Figure 5. The 3D wireframe model of the Southern part of the Akbulak site ore bodies. SW-NW

The constructed framework models of the lithological structure of the Akbulak ore occurrence area
and the framework models of the weathering crusts at all its sites visualise the morphology of the ore deposits
in the area, as the localisation of rare earths in the area is associated with linear weathering crusts.

2) The block model of the Akbulak site. The next stage of the study is to build block models of the
above zones of the Akbulak site. These models visualise rare earth distributions within the ore bodies. Upon
the volumetric wireframe modelling of ore bodies, a block model of ore bodies is created, i.e. the internal space
of the wireframe model is filled by cells (blocks). Dimensions of blocks correspond to parameters of the
exploration network of the area and proportions of the ore body. It will deliver the visualisation of different
yttrium oxide contents in the Akbulak site, a block model of the Akbulak area. The block model of this area
was built separately for each zone, thus allowing to conduct a comparative analysis on distribution of their rare
earth contents.

The northern zone. This block model shows that ore zones with yttrium oxide content within the
lateral content of 0.01 to 0.02 % are most prevalent in this zone of the Akbulak site, and they cover both the
upper and lower horizons of the gneiss granite weathering crust. Ore zones with high yttrium oxide
concentrations (>0.07 %) are common only in the upper horizons of the North Zone of the Akbulak site (Fig.
6).

102




NEWS of the National Academy of Sciences of the Republic of Kazakhstan

CepepHan 3oHa

OKCHA, HTTPHA o=

|:| = 0.01
B 0.0t ac0.02
- 0.02 Ao 0.06

0.06 a0 0,07
A LlgHTpankLHanA

B =007 30H3

Figure 6. The block model of the Akbulak site. Plan view

The central zone of the Akbulak site has mainly zones with yttrium oxide contents between 0.02 and
0.06 %. Such zones of mineralisation above the lateral content are of relatively even distribution throughout
the horizon. In addition, zones with elevated yttrium oxide concentrations of 0.06 to 0.07 % and higher occur
in the upper and lower horizons (Fig. 6).

The central zone belongs to alluvial placers in Mesozoic weathering crusts over gneiss-granites and,
according to geological materials, has the following parameters:

- area 1.0 km? ;

- average thickness 14.2 m;

- average yttrium oxide content is 272 g/t;

- average content of the sum of rare earth oxides 790 g/t;

- average linear stripping ratio 1.5

According to geological data, the depth of the roof occurrence of the Central Zone ore deposit in the
Akbulak site varies from 0 to 33.0 m, the bottom from 4.0 m to 64.5 m. The average thickness of the deposit
across the ore occurrence was 13.2 m. The average content of yttrium oxide across the ore occurrence was 272
g/t (with lateral content of 100 g/t) and the sum of rare earth oxides was 790 g/t.

The Northern Zone, compared to the Central Zone, has the ore-promising halo with elevated contents
of up to 400 g/t. At that, distribution of silver in boreholes is uniform at contents from 1 to 10 g/t with sharp
increases to hundreds of g/t. Elevated contents are observed both in upper and lower parts of the section.
According to mineralogical analysis, silver is in native form (Tishhenko, 1994: 246).

Within the southern part of the Akbulak site, 4 ore deposits was identified with average contents of
yttrium oxide from 190 to 424 g/t (with lateral content of 100 g/t) and the sum of rare earth oxides of 829-1863
g/t. Ore deposit depths vary from 7.2 to 13.8 m. The linear stripping ratio is 0.6-1.6 (Tishhenko, 1994: 246).
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The block model of the southern part of the Akbulak site shows that here, in all 4 ore deposits, zones
with yttrium oxide content of 0.02 to 0.06 % have the highest occurrence. They are distributed relatively evenly
horizontally and vertically. Zones with yttrium oxide content within the lateral content are also distributed
evenly in ore deposits, while mineralization zones with elevated yttrium oxide content ranging from 0.06 to
0.07 % and higher are concentrated mainly in the upper horizons of ore deposits (Fig. 7).
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F igure 7. The block model of the Southern part of the Akbulak site. Side view

The geostatic analysis obtained during the 3D modelling of the Akbulak site shows that the average
yttrium oxide content is 280 g/t, when its value for the Central Zone was determined to be within 272 g/t (Fig.
8). This small discrepancy, or conversely overlap, means that the geological materials used to compile the
borehole database carry a number of inaccuracies.
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Figure 8. Statistics on the yttrium oxide JoOs3 content

Interpretation of ore bodies by exploration profiles. Interpretation of ore bodies by exploration profiles
was conducted for the Central Zone of the Akbulak site taking into account their reported boundaries (“The
1991-1994 report on prospecting works for rare elements within Akbulak site”, Central prospecting
geochemical party). In this case, the block model of the considered area was interpreted by exploration lines
and it was conducted interactively by 10 exploration lines (Fig. 9). Each section was rendered for viewing in
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the MICROMINE Vise environment. The transects were displayed with the results of yttrium oxide percentage
in the original samples in different colours. The results of interpreting the sections by exploration profiles were
tabulated, where prevailing zones with different content of yttrium oxide were evaluated.
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Figure 9. The block model of the Central Zone at the Akbulak site. Top view

Table 1. Exploration profile sections with visualisation of yttrium oxide contents of the Central Zone at the Akbulak site

Grey < 0.01 %; blue 0.01-0.02 %; green 0.02—0.06 %; brown 0.06—0.07 %;
red =>0.07 %

Qualitative interpretation of the section

1132

'—

i

The section in the northern part of the ore body,
zones with lateral yttrium oxide content occupy
both the upper and lower horizons of the
section, zones with relatively moderate content
occupy the upper and middle horizons

1129

In the lower and middle horizons of this section
there are zones with elevated levels of yttrium
oxide

1128

Zones with average yttrium oxide contents and
zones with lateral contents are common
throughout the section. In the middle and lower
parts of the section, there are zones with
elevated yttrium oxide content

1127

Zones with moderate to elevated yttrium oxide
concentrations as well as zones with lateral
contents are common throughout the section

1125

Zones with moderate to elevated yttrium oxide
concentrations as well as zones with lateral
contents are common throughout the section

1123

There is a uniform distribution of zones with
lateral content of yttrium oxide, as well as zones
with its average content.

1121

There is a uniform distribution of zones with
lateral content of yttrium oxide, as well as zones
with an average content of yttrium oxide

1119

A section in the southern part of the ore body:
zones of elevated yttrium oxide content are
encountered

1117

i

There is a uniform distribution of zones with
lateral content of yttrium oxide, as well as zones
with its average content
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1115 The central part of the section has concentrated
zones with lateral yttrium oxide content, while
the marginal parts have zones with medium

yttrium content

Visualisation of the sections in terms of yttrium oxide content has established the following pattern:

— vertically and horizontally in the sections, there is no definite pattern in distribution of zones with
certain yttrium oxide contents;

— the northern part of the ore body contains zones with higher contents of yttrium oxide, while the
southern part mainly contains zones with lateral and medium contents of yttrium oxide.

Conclusion

As noted above, almost all of the weathering crust is contaminated with yttrium and rare earth elements
within the site. The following conclusions are drawn from the Akbulak site 3D models:

1) the wireframe model of the site showed that:

- the ore deposits in the prospective areas have an elongated shape, inheriting the strike of the basement
rocks;

- the ore deposit contours depend on value of the lateral content of yttrium oxide;

- geometric parameters of the ore deposits correspond to geological data.

2) the block model and its 2D slices along exploration lines showed that:

- no definite pattern is observed in the horizontal and vertical variation of yttrium and rare earth oxides
within the given area;

- zones with high levels of yttrium oxide are common in the Central and Southern zones of the area;

- the Northern zone of the Akbulak site is distinguished by the fact that here distributed are mainly
ittrium oxide zones with lateral content;

- the geostatic analysis for building the deposit’s block model shows that the average content of sums
of yttrium and rare earth oxides in the Akbulak site is 280 g/t, when its value according to geological data was
determined to be within 272 g/t (Fig.10).

In general, the obtained results of computer modelling clarify the spatial location of different REM
contents, their relationships in three-dimensional environment, as well as provide an opportunity to select areas
of ores by the most important parameters, such as elevated content of useful component, their location in a
particular geological and lithological setting.
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