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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




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 Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



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, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPHI, mpodeccop, K.M. CaTnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
mupektops! (Anmarsl, Kazakcran) H=2

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

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

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX 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 Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

KOHTOPOBUY Aunekceii DMUIbeBHY, TOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, UuctutyTr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

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

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

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28
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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

ZHOLTAEV 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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Abstract. The features of geotectonic development, deep structure and rare metal
metallogeny of the Kalba region of the Greater Altai, which is part of the general system
of the Central Asian mobile belt, are considered. The main rare-metal structure of the
region is the Kalba-Narym granitoid belt of the northwestern direction, formed during
the Hercynian cycle in a post-collision (orogenic) geodynamic setting. The spatial-
genetic relationship of the leading geological-industrial type of deposits of rare-metal
pegmatites (Ta, Nb, Be, Li, Cs, Sn) with medium-coarse-grained biotite granites of
phase I of the Kalba complex P, (285 Ma), of the normal series of sodium-potassium
alkalinity is emphasized and moderate basicity. The predominant concentration of rare-
metal pegmatite deposits in the Central Kalba block of increased tectonic disturbance
is substantiated. In the distribution of pegmatite fields and deposits, the leading ore-
controlling role is given to the regmatic system of latitudinal deep faults of ancient
origin, renewed in the Hercynian cycle. A geological and genetic model of thythmically
pulsating rare-metal pegmatite formation is presented, reflecting the zonal development
of mineral complexes from oligoclase-microcline (barren) to albite, greisen, spodumene
containing and pollucite-bearing (ore) with increasing concentration of mineralization.
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According to laboratory studies (mass spectrometry, scanning electron microscopy,
atomic absorption analysis, etc.), new information was obtained on the material
composition of pegmatite ores with the release of typomorphic minerals (clevelandite,
lepidolite, colored tourmalines, spodumene, pollucite, ixiolite, etc.) and geochemical
elements-indicators of rare-metal pegmatite formation (Ta, Nb, Be, Li, Cs, F, P, etc.).
The developed geotectonic, geological-structural, petrological and mineralogical-
geochemical predictive-search criteria are the basis for setting up further exploration
work in order to strengthen the rare-metal mineral resource base of the region.
Keywords: Kalba region, granitoids, deposits, rare metals, modeling, forecasting
Funding: This research has been funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP19676805).
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AnHoTanus. OpTanblK A3Ws KBUDKBIMAB! OSNIEYiHIH KBl XKYHeciHe KipeTiH
Ynken AntaiineiH Kanbi aliMarbIHBIH TEOTEKTOHUKANBIK JaMy epeKIIeNiKTepi,
TepeH KYPBUIBIMBI KOHE CHPEK MeETalJap METAIOTEHHSICHl  KapacThIPbUIAIbL.
OOJBICTBIH HETI3T1 CHPEK-METaUl KYPBUIBIMBI - COKTHIFBICYNAaH KEHiHT1 (OpPOTCHIIIK)
TeOIMHAMUKAIIBIK JKaFJaia TepUUHIIK [UKIJIE KaNbINTACKAH COJTYCTIK-0aThic
OarpiTTarel Kanba-HapeiM rparautouaTs! Oenneyi. CHpek-MeTauIIbIK MeTMaTHTTEPIIH
(Ta, Nb, Be, Li, Cs, Sn) >keTeKII reoJoTHsIIBIK-0HIIPICTIK THNTI K€H OPBIHIAPBIHBIH
Kanba xemeni P, ¢asaceiHbiH oprama ipi TYWIPHIIKTI OMOTUTTI TPAHUTTEPIMEH
KEHICTIKTIK-TCHETHKAIBIK, Oaimanpickl (285 Ma), KanbIThl KaTapiarbl HaTpuii-
KaJIM{A CUITLIIT] JKOHE OpTallla HeTi3OUIri aram eTiiemi. TeKTOHMKAIBIK OY3bIIBICTHIH
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kymeroi Opraneik Kanba OmorsiHaa cupek MeTaifbl NerMaTHT KeH OPBIHAAPBIHBIH
0achIM IIOFBIPIIAHYBI JosesieH 1i. [lerMaTuTTi KeH OpBIHIaphl MEH KEH OPBIHAPBIHBIH
TapaiayblHAa TePUUHIIK IUKIJIE KaHAPFaH KOHE TEKTI CHIIKTIK TepPeH >KapbIKTapIblH
perMaTHKaIbIK KYHeciHe KeTeKIIl pyJaiblK OakplUiaymisl pen oepineni. Munepangany
KOHICHTPAIUSCHIHBIH KOFaPBUIAybIMEH OJMTOKIIAa3][bI-MHUKPOKIMHHEH (TaKbIp) ambOuT,
rpeii3eH, CromyMeH XoHe JTacTaHybl 0ap (pyaa) MUHEpaNIbl KSIICHICPAIH aiiMaKThIK,
JaMybIH KOPCETETiH BIPFAKTHI MYJIbCUPICHTEH CUPEK METajlbl MEeTMaTHT TY3LTyiHiH
TeOJIOTHSUTBIK-TEHETUKANBIK ~ MOJICNII  YCHIHBUIFAH.  3epPTXaHANBIK  3epTTeyliepre
coiikec (Macc-CIEeKTPOMETPHS, CKAHEPNEYI 3JICKTPOHBIK MHKPOCKOIHS, ATOMJIBIK
a0COPOIUSUIBIK Talljay KoHE T.0.) THHOMOP(THI MUHepaiaap (KICBIAHINT, JICTHIOJINUT,
TYPII-TYCTI TYpPMaJIMHIEP, CHOIYMEH, TOJUTIOINT, €KCOJIUT) OOJIHETiH IerMaTUTTI
KEHICP/IiH MaTepPHAaJIBIK KYPaMbl TYPAaJIbl )KaHa MAIIMETTEP aJbIH/IBL. J)KOHE T.0.) JKOHE
TFCOXUMHUSIIBIK AIIEMEHTTEP-CUPEK-METAJULIIBIK IIETMaTUT TYy311y kepcerkimTepi (Ta, Nb,
Be, Li, Cs, F, P xxonHe T1.0.). O3ipJIeHr¢H T€OTEKTOHUKAIBIK, TEOJIOTHSITBIK-KYPBIIBIMIBIK,
NETPOJIOTHUSJIBIK ~ JKOHE  MHHEPaJOTMsIIBIK-TCOXUMIBUIBIK  OOKaMIBIK-131eCTipy
KpUTEpHIIepl OHIpAIH CUpPEK-MeTalsl MHUHEPAJIbIK-IIUKI3aTThIK 0a3achblH HBIFAUTY
MakcaThIHa OJIaH 9pi Oapiay KyMBICTapbIH XKYPTi3y YIIiH HETi3 OObIT Ta0bLIa k.

Tyiiin ce3aep: KanGunck o0nbICH, IpaHUTOUATAP, KEH OPBIHAAPEL, CUPEK METaJAap,
MO/ICJIB/IEY, OOKay
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MTOJIBMKHOTO Tosica. [ TaBHOM peIKOMETaIUTBHOM CTPYKTY POl peruoHa sipisiercs: Kanba-
HapbeiMckuii TpaHUTOUIHBIN MTOSIC CEBEPO-3allaIHOTO HAIPaBIeHHS, C(HOPMUPOBAHHBIN
B T€PLIMHCKUN UK B TOCTKOJUTU3MOHHOM (OPOT€HHOM ) Te0IMHAMUYECKO 00CTaHOBKE.
[MomuepkuBaeTcss MNPOCTPAHCTBEHHO-TEHETUYECKAas CBA3b  BEAYILIEr0  T'e0JIoro-
MTPOMBIIIUIEHHOTO THITA MECTOPOXKICHUH peiKoMeTauTbHEIX iermarutos (Ta, Nb, Be, Li,
Cs, Sn) co cpenHe-KpyMHO3EPHUCTEIMA OMOTHTOBBIMU TpaHUTaMU | pa3bl KaIOMHCKOTO
kommiekca P, (285 MiH. JIeT), HOPMANBHOTO Psifia HATPUEBO-KAIHMEBOH IIETOYHOCTH
U yMmMepeHHOH OcCHOBHOCTH. OOOCHOBBIBAETCS MPEUMYIECTBEHHAs KOHIEHTPAIUS
PEeAKOMETAJUTBHBIX IIETMATUTOBBIX MecTopokaeHu B [lerTpansHo-KanonHnckom 6moke
MOBBIIICHHON TEKTOHUYECKOW HAPYIIEHHOCTH. B pa3sMelieHnH NerMaTUTOBBIX MOJIEH
Y MECTOPOXJIEHUH BenyIas pyIOKOHTPOIUPYIOIIas pojib MPUAAETCS perMarudecKoi
CUCTEME NIMPOTHBIX DIYOWHHBIX Pa3jIOMOB JPEBHETO 3aJ0KEHUS, IOJIHOBICHHBIX
B TEpPUUHCKUN 1UKI. [IpUBOOUTCS TEONOro-reHeTUYeCKass MOJAEIb PUTMUYHO-
MYNbCAIIMOHHOTO PEAKOMETAIUTBHOTO IErMaTHTO00Pa30BaHusl, OTPaKAIOIIasi 30HAIBHOE
Pa3BHUTHE MUHEPATBHBIX KOMIUIEKCOB OT OJIUTOKJIa3-MUKPOKIMHOBBIX (O€3pYIHBIX) 710
aMBOUTOBBIX, TPEH3CHOBBIX, CIIOYMEHCOCPKAIIUX U TOJLTYIIUTOHOCHBIX (PYIHBIX) C
BO3pacTaIleil KOHIIeHTpaluei opyneHeHus. [ 1o raHHBIM 1a00paTOPHEIX HCCIIEIOBAHUN
(Macc-CeKTpoMeTpHsl, PACTPOBASIAIEKTPOHHASI MUKPO CKOTIHSI, ATOMHO-a0COPOIIMOHHBII
aHaIIM3 | Jp.) MOJTy4eHa HoBasi MH(GOPMAIIHS O BEIIECTBEHHOM COCTaBe MErMaTHTOBBIX
PYZ € BBIETICHHEM TUTIOMOP(MHBIX MUHEpaNoB (KJIEBENAHAWT, JCTHIOIHT, [IBETHBIC
TYpMalIUHBI, CIOAYMEH, MOJUTYIIUT, UKCHOIUT U Jp.) W TEOXUMHUYECKUX IIEMEHTOB-
WHIAKATOPOB peaKoMeTauThHOTO TerMarutooopazosanus (Ta, Nb, Be, Li, Cs, F, P u
ap.). Pa3zpaboraHHBIE TEOTEKTOHHYECKHE, T€OJOTO-CTPYKTYypPHBIC, TMETPOJOTHYECKHE
U MHHEPAJIOTO-TEOXUMHYIECKUE TTPOTHO3HO-TTOMCKOBBIE KPUTEPHH SIBIISIOTCS OCHOBOM
JUIS TIOCTaHOBKHM JTATBHEUIINX Te0JI0rOpa3BeOYHBIX PAa0OT C IENBI0 YKPEIUICHUS
pelnKoMeTalTIbHOH MUHEPATbHO-CHIPbEBOM 0a3bl pETHOHA.

KioueBsble cioBa: KanOuHCKuid pernoH, TpaHUTOUIBI, MECTOPOXKICHHS, PEIKUE
MeETaJlTbl, MOACTUPOBaHNE, IPOTHO3UPOBAHHE

Introduction

The Kalba region is located in East Kazakhstan and, in terms of geotectonic zoning,
is included in the general geostructure of the Great Altai (hereby GA) which is part
of the Central Asian mobile belt. In the north-east it is limited by the Irtysh zone of
crumpling, in the south-west along the Terekta fault it is separated from the West Kalba.
The southeastern flank of the structure continues to China; in the northwest it is mainly
overlain by a cover of loose deposits of the Kulunda depression. In metallogenic terms,
this is the major rare metal structure of East Kazakhstan, the prospects of which have
not yet been exhausted. At present, the most important task is to forecast and search
for new rare metal objects in order to strengthen the raw material base for rare metal
production enterprises. Kalba granitoid belt of the northwestern direction is formed in
the Hercynian cycle in a post-collisional (orogenic) geodynamic setting. The spatial-
genetic relationship of the leading geological-industrial type of rare-metal pegmatites
deposits (Nb, Ta, Be, Cs, Li, Sn) with medium-coarse-grained biotite phase I granites of
the Kalba complex (P, 285 million years), normal series of sodium-potassium alkalinity
is emphasized and moderate basicity.
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Methodology

Based on geological, geochemical and mineralogical studies, information was
obtained on the composition of pegmatite ores with the release of typomorphic minerals
(clevelandite, lepidolite, colored tourmalines, spodumene, pollucite, ixiolite, etc.) and
main geochemical elements of rare metal ore formation (Nb, Ta, Be, Cs, Li, F, P, etc.).

The study of the mineralogical composition of Kalba pegmatites was greatly
contributed by A.IL. Ginzburg, V.D. Nikitin, S.G. Shavlo, N.A. Solodov, V.I. Kuznetsov,
Yu.A. Sadovsky, V.A. Filippov and others. New studies of the material composition
of pegmatites were carried out by the authors using electron microscopy to study
typomorphic minerals and geochemical elements of rare metal pegmatite formation.
Rare metal pegmatites were formed as a result of the multistage development of
metasomatic processes:

1) microclinization, accompanied by the formation of block microcline pegmatites
and mineral paragenesis (block quartz and microcline, large-lamellar muscovite,
columbite and beryl);

2) albitization, which is associated with the formation of albite-microcline and albite
mineral complexes, which are the matrix of rare-metal pegmatite veins with ordinary
beryllium-tin-tantalum ores;

3) greisenization, fixed by a quartz-albite-muscovite complex, in the inner parts of
pegmatite veins; typomorphic minerals - green lithium-bearing muscovite, fluorapatite,
verdelite, tantalite-columbite, and cassiterite;

4) spodumenization, manifested by the new formation of the most productive mineral
complexes (quartz-spodumene, quartz-spodumene-clevelandite, quartz-clevelandite-
spodumene-lepidolite, etc.). The general evolution of the process of pegmatite formation
was accompanied by a more complex shape and an increase in the thickness of pegmatite
veins, an increase in the amount of ore and accompanying minerals, a concentration of
rare metal mineralization (Ta, Li, Sn) and an increase in the contents of Zr, Hf, U, TR.

The characteristics of the leading mineral complexes are given in the article.

Results.

Features of geotectonic development and depth structure.

In accordance with modern geotectonic concepts, the Kalba region (hereafter KNZ)
is a fragment of a submerged Precambrian plate (terrane) that migrated separately in the
Paleo-Asian Ocean and joined the Greater Altai at the stage of the Hercynian collision
of the Kazakhstan and Gorny-Altai lithospheric plates and the degradation of the Irish
Zaysan paleobasin (Buslov, 2011; Safonova, 2014). In its modern form, the KNZ is
presented in the form of a linear complex-fold-granitoid belt bounded by deep faults. In
terms of metallogenic zoning, the Kalba region corresponds to a rare metal belt bounded
by the Irtysh copper-pyrrhotite-gold ore zone and the West Kalba gold belt (Fig. 1).
According to the features of the deep structure, the KNZ belongs to the sialic type of
the ZK section of increased thickness (45—50 km), differs in the increased thickness of
the metagranite (granite-metamorphic) layer (up to 12 km) and metadiorite (up to 12—14
km), reduced metabasalt (up to 14—18 km).

Geological structure and metallogeny Kalba region. In the Kalba region,
Precambrian formations are fragmentarily recorded in the Narym (Kurchum valley), near
the border with the Irtysh shear zone, represented by a small tectonic plate of crystalline
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shales and protrusions of serpentinized hyperbasites (PR?) among the deposits of the
Takyr suite (D,). The Caledonian formations are overlain by the Hercynian structural
layer and are not exposed on the day surface; they are assumed to occur at depths of 4-8
km. Hercynian formations are widespread (Zimanovskaya et. al., 2022), fig. 1.

In the early riftogenic stage, there were accumulated carbonaceous-calcareous-
terrigenous deposits (Kystav-Kurchum Formation, D,gv) and thin-bedded black shale
sandstone-siltstone sediments of the slate formation (Takyr Formation, D,). Later, the
flyschoid carbonaceous-calcareous-terrigenous formation (Burabay Formation, C v,
,) and graywacke siltstone-sandstone (Dalankarin Formation, C s) were formed. The
middle stage is characterized by molasse strata (Tauba Formation, C)) and small pre-
atolithic intrusions and dikes of the C, Kunush Complex (D’yachkov et. al., 2021;
Ponomareva et. al., 2021). In the postcollisional (orogenic) stage, the Kalba granitoid
belt was formed, composed mainly of granites of the Kalba (P,) and leucogranites of the
monastery (P,) complexes.
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1 — Cenozoic cover; 2 — Kalgutinskaya volcano-plutonic rhyolite-dacite association (C,); 3 — molasses of
the Tauba Formation (C,); 4 — flyschoid and graywacke silt-sandstone deposits (C,); 5 — slate sandstone-
siltstone formation (D,); 6 — carbonate-terrigenous deposits and 7 — metamorphic rocks (PZ2-PR); 8 —
hyperbasites; 9 — intrusive and dike (C,); 10-11 — granites (P|) (10 — granites of the I phase, 11 — II phase);
12 — leucogranites (P,); 13 — hidden granite massifs according to geophysical data; 14 — dikes of the
Mirolyubovsky complex (P,); 15 — regional deep faults, longitudinal northwestern; 16 — latitudinal ore
controlling and 17 — transverse northeastern; 18 — boundaries of belt and 19 — ore regions; 20 — 24 — ore
formations (20 —rare-metal and 21 — chamber crystal-bearing pegmatites; 22 — albitite-greisen tin-tantalum,
23 — tin-tungsten; 24 — quartz-veined tin-tungsten and tin).
Fig. 1 - Scheme of the geological structure of the Kalba-Narym belt (compiled by B.A. Dyachkov, T.A.
Oitseva).
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Rare metal mineralization is represented by deposits of pegmatite, albitite-greisen,
greisen-quartz vein and other ore-formational types. There are four ore regions (Shulbinsk,
North-West-Kalba, Central-Kalba and Narym), two ore zones (Gremyachinsko-Kiinsky,
Karagoin-Saryozeksky) and 22 ore clusters. Rare metal pegmatites deposits (Nb, Ta,
Be, Cs, Li, Sn), located mainly in the Ognevsko-Bakenny and Asubulak-Belogorsky ore
clusters (Bakennoye, Yubileinoye, Belogorskoye and Verkhne-Baimurzinskoye), were
of major industrial importance.

Forecasting criteria and perspective assessment. As a result of the study, further
development was given to the idea of the belt distribution of ore deposits in Rudny
Altai, Kalba-Narym zone, Western Kalba and Zharma-Saur. The general pattern consists
in the formation of deposits in the Hercynian cycle in various geodynamic settings, the
concentration of ore objects in the ore belts of the northwestern direction, a considerable
length (500-800 km) and high ore productivity (Buslov, 2011; Tkachev, 2011; D'yachkov
et. al.,, 2021; Ponomareva et. al., 2021; Zimanovskaya et. al., 2022; Oitseva et. al.,
2022). New data have been obtained on the formation patterns, features of the material
composition of ores of rare-metal pegmatite deposits and geological structure with the
development of predictive and prospecting criteria for their assessment.

The geotectonic position of rare metal deposits is determined by their confinement to
the Kalba granitoid belt, formed in the Hercynian cycle in the postcollisional (orogenic)
geodynamic setting of the Permian time. New studies determine the later age of the rare-
metal belt relative to the West Kalba gold-ore belt, the collisional geodynamic setting
(London, 2018). The confinement of rare-metal ore fields and deposits to thickened
parts of granite massifs is emphasized, which is one of the search criteria. In the location
of ore fields and deposits, the leading importance is given to longitudinal northwestern
deep faults (Kalba-Narymsky, Terektinsky and their feathering structures), which were
the largest magma conduits. The main pegmatite deposits (Bakennoye, Yubileinoye,
etc.) were formed in the Central Kalba block of increased tectonic mobility, thrust
over the Irtysh zone of collapse. The ore-controlling role of latitudinal faults is clearly
manifested in other objects of the KNZ, as well as in the gold fields of Western Kalba
and in Rudny Altai, and should be taken into account in predictive metallogenic
works (Le Bas et. al., 1986; Safonova, 2014; Kuznetsova, 2018; Kotler et. al., 2021;
Zimanovskaya et. al., 2022).

In the Kalba region, the spatial-genetic relationship of the main types of rare-metal-
deposits with phase I granitoids of the Kalba complex was determined (Zimanovskaya
et. al,, 2022). Granitoids are characterized by inconsistent facies composition,
petrochemically refer to the normal series of sodium-potassium alkalinity, calc-alkaline
and low-plumazite agpaiticity (Ka = 0.63), very high-alumina and moderate basicity. In
the diagram of silicic acidity-alkalinity, they occupy an intermediate position between
granites and granodiorites, Fig. 2.
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1-6 — medium-coarse-grained biotite granites (Ognevsko-Bakennoe ore field); 7-9 — contaminated
granites and granodiorites Karmen-Kuus ore occurrence, Yubileinoe deposit); 10—13 — porphyritic biotite
granites of the Krasny Kordon ore occurrence and 14-16 — Ungursai ore occurrence; 17-21 — medium-
coarse-grained weakly muscovitized granites (Belogorskoe ore field); 22 — microclinized and 23, 24 —
contaminated granites of the Jubilee deposit.

Fig. 2 - Diagram of silicic acidity and alkalinity of phase I granitoids of Central Kalba with the line of

separation of rocks into subalkaline and alkaline after (Le Bas et. al., 1986). Performed by T.A. Oitseva.
ICP-MS results, analyst S.N. Polezhaev.

Geochemically, the granitoids are enriched in rare alkalis (Li+Rb+Cs=480 grams
per ton) and Sn, an increased Ta content is found in biotite (26.14 grams per ton)
and accessory minerals, and is found in dispersed form in quartz and feldspars. New
radiological data of the Ar/Ar method (for biotite, muscovite, and lepidolite) additionally
confirm the close absolute age of phase I granitoids (285.1 + 2.7 million years) and
rare metal pegmatites (283 = 2.7 million years), which reflects the synchronicity of the
formation of granites and processes of pegmatite formation (Kotler et. al., 2021).

The geological-genetic model of rare-metal pegmatite formation is presented in the
form of a single ore-magmatic system, reflecting the synchronization of the arrival of the
initial granitoid melts, pegmatite-forming solutions-melts and fluid gas-liquid solutions
associated with common deep magma chambers of the crustal type. By the nature of ore
content, these granitoids are close to the tin-tantalum geochemical type and ore-bearing
granite systems of normal alkalinity (Gongalves et. al., 2019).

Characteristics of the leading mineral complexes. The zonal distribution of mineral
complexes in pegmatites is clearly manifested in the Asubulak ore field (Fig. 1),
which was noted in the works of N.A. Solodov, V.A. Filippov, D.Ya. Aizderzis, E.P.
Pushko, A.M. Smirnov and other researchers. The characteristics of the leading mineral
complexes are given.

The albite complex is widely developed. It is composed mainly of albite (95%) with
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an insignificant admixture of quartz (up to 5 %), muscovite, tourmaline, garnet and
other minerals. Outwardly, it is a rock of massive appearance, white, composed mainly
of fine-grained and sugary albite. They contain tantalite-columbite in the form of fine
dissemination (up to 0.5 mm in size), prismatic crystals of dark brown and black color.
Less commonly, cassiterite crystals of a dipyramidal-prismatic appearance of various
colors from reddish-brown and pale green to colorless are observed. A distinctive
feature of the complex is its enrichment with phosphates of Li, Mn, Fe, forming nests,
lenses and black spots.

The quartz-albite-muscovite (greisen) complex occurs locally in different parts of the
veins. In the inner zones, it is associated with the albite-spodumene complex. Outwardly,
it is a coarse-grained greisen of greenish color, consisting mainly of muscovite (more
than 50 %), quartz and albite.

Spodumene-bearing complexesarethemainconcentratorsofrare-metalmineralization.
New research results show that the most productive are quartz-clevelandite-spodumene-
lepidolite (colored) and quartz-clevelandite-lepidolite-pollucite complexes and their
varieties (Kotler et. al., 2021). Similar pegmatites are widespread in other rare-metal
provinces (Zhang et. al., 2016; Yong et. al., 2018; Dittrich et. al., 2019; Fei et. al.,
2021; Tramm et. al., 2021). The main feature is the complexity of the composition of
pegmatites containing unique minerals of several generations (clevelandite, lepidolite,
spodumene, petalite, amblygonite, pollucite, colored tourmalines, cassiterite, tantalite-
columbite, manganotantalite, microlite, etc.) and rich complex ores (Sn+Ta+Cs+Li).
The following minerals are among the most leading indicators of rare metal pegmatite
formation.

Discussion

In East Kazakhstan, according to the analysis of geological materials of past years
and new results of research work, ideas about the belt distribution of ore deposits (Fe,
Cu, Pb, Zn, Au, Ta, TR and other metals) were further developed with the formation of
ore belts of regional rank. Known rare metal and rare earth deposits (Nb, Ta, Be, TR,
Li, etc.) were formed in a postcollisional (orogenic) geodynamic setting, accompanied
by a powerful development of Permian granitoid magmatism, typical for many regions
of the Central Asian belt (Buslov, 2011; Safonova, 2014; Fei et. al., 2021; Kotler et. al.,
2021). In the regional plan, a regular spatial confinement of rare-metal objects to large
granitoid belts has been determined.

A positive factor in the rare-metal metallogeny of Kalba is the substantiation of
the synchronism of the age of the ore-hosting granitoids of the Kalba complex and
the rare-metal pegmatites by modern isotope-geochronological methods — 283-286
million years. For the Kalgutinskaya Mo-W deposit in Gorny Altai, the duration of
ore-magmatic processes is more than 20 million years. In the Kalba region, the time
interval of the ore-magmatic system is limited by the age of the ongonite dikes of the
Mirolyubovsky complex and amounts to about 10 million years (Safonova, 2014).

As a result of detailed mineralogical and geochemical studies, new information
was obtained on the composition of rare metal pegmatites, mineral parageneses and
geochemical indicator elements reflecting the fluid regime of ore formation were
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determined (Gamyanin et. al., 2008). The leading generators of rare-metal mineralization
are multistage processes of metasomatic replacement of pegmatites (microclinization,
albitization, greisenization, etc.), accompanied by the formation of a complex of
unique minerals (clevelandite, lepidolite, spodumene, pollucite, amblygonite, tantalite-
columbite, microlite concentrations) metals during the evolution of the pegmatite
process. According to these features, the Kalba rare-metal pegmatite objects approach
large pegmatite deposits of foreign countries: Kings Mountain, Bernik Lake, Koktogay,
Zimbabwe, Angola, etc. (Dittrich et. al., 2019; Wang et. al., 2020; Fei et. al., 2021;
Levashova et. al., 2022). The differences lie in the unequal geological conditions of
their formation: Kalba pegmatites were localized in environments similar in chemical
composition (quartz-feldspar-mica schists, granites), and foreign deposits were formed
mainly in rocks of increased basicity (gneisses, diabases, andesites, plagioamphibolites
and altered gabbroid etc.), have a more ancient age of the host rocks. This is one of
the possible reasons for the low scale of the volumes of rare metal ores of the Kalba
deposits.

Conclusion

The regularities of the formation of rare-metal pegmatite deposits of the Kalba
granitoid belt have been clarified from modern theoretical positions. The developed
geotectonic, geological-structural, magmatic and mineralogical-geochemical
forecasting and prospecting criteria are the scientific basis for further exploration. The
studies carried out show that the prospects for discovering new deposits of rare metals
remain in the Kalba region. The most promising are the flanks of the Kalba granitoid
belt, over-intrusive and apical zones of hidden granite massifs, identified according to
geological and geophysical data.

In order to increase the efficiency of prospecting work, it is necessary to sharply
increase the depth of geological study of the territory with the establishment of
deep geological mapping and deep mineragenic mapping, conducting more detailed
prospecting work in promising areas using modern scientific and methodological
technologies. The revealed features of the formation and mineral composition of
pegmatite deposits on a modern analytical basis make a certain contribution to the
knowledge of the processes of pegmatite ore formation.
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