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VARIATIONS OF CHEMICAL COMPOSITION OF GAGARINITE
FROM THE VERKHNEE ESPE DEPOSIT,
AS INDICATOR OF MINERAL FORMING CONDITIONS
AND POSITION IN METASOMATIC COLUMN

Abstract. We describe physical and optical properties of gagarinite NaCa(Y,REE)F¢. The chemical composi-
tion of gagarinite from different locations within the Verkhnee Espe rare-metal deposit and from point of minera-
lization of the Zailiisky Alatau (28 analyses) is provided. Due to partial change in the valence of yttrium and REEs,
apfu of the elements was used to quantify concentrations. The even-numbered REEs, including cerium, neodymium,
samarium efc., are constantly present in the composition of gagarinite. From the odd-numbered REEs, praseody-
mium, terbium, holmium etc. were identified. The ratio of FU of yttrium and the sum of FU of rare earths in
gagarinite from different locations were analysed. Variations in the chemical composition of gagarinite allow
estimation of the relative location within the metasomatic column.

Key words: gagarinite, albitite, yttrium, rare-earth element (REE), metasomatic process, chemical composition,
electron-probe analysis.

VIIK 552.54
A. O. Baﬁcanosal, A. B. I[o.ﬂrono.nosaz, R. Seltmannz, A. B. Crenanos', I. K. Bexenona'

1I/IHCTI/ITyT reosiornueckux Hayk uMm. K. M. CarnaeBa, Anmarsl, Kazaxcran,
*Myseii Ecrectennoii Mcropuu, Jouon, BenuxoGpuranus

BAPUALINS XUMHUYECKOI'O COCTABA TATAPUHUTA
BEPXHESCIHHUHCKOI'O MECTOPOXJIEHUS, KAK UHIUKATOP
YCJOBUM MUHEPAJIOOBPA3ZOBAHUS U IMTOJIOKEHUS
B METACOMATUYECKOM KOJIOHKE

AnHoranus. J[aHo onucanue ¢usnueckux u ontuueckux cBoiictB rarapunuta NaCa(Y,REE)F¢. Ilpusenen
XMMUYECKHH COCTaB rarapuHUTA U3 PasHbIX MECT BEpXHEICIMHCKOro peAKOMETAIbHOIO MECTOPOKACHUS U TOUYKH
MHUHepanu3anuu 3amnmiickoro Anaray (28 aHannzos). B cBsi3u ¢ BO3MOKHOI 4acTHYHOI NepeMeHON BaJEHTHOCTH
UTTPUS U APYTUX PEIKO3EMENBHBIX 2JIEMEHTOB B COCTBE TarapMHUTA AJIS OLIEHKU UX KOJHMYECTBEHHOIO COAEPIKAHUS
UCT0IB30BaH GopMynsHBIN K03 dunuent (PK) anemenToB. B cocraBe rarapuHuTa MOCTOSTHHO IMPUCYTCTBYIOT TIpe-
MMYIIECTBEHHO YETHBIE PEAKO3EMETbHBIC JIEMEHTHI: LIEPHii, HEOANM, CaMapui U JIp.; U3 HEUETHBIX BCTPEUCHBI Mpa-
3e01M, TepOuii, roasmuii u ap. IIpoananu3upoBaHo cooTHOmEHHE GOopMyIbHOTO KO3 (UIIMEHTa UTTPHS K CyMMe
(hopmysipHOTO KO3 GHUIMEHTa PEAKUX 3E€MENb rarapuHNTA U3 pa3HbIX MecT. Ha ocHOBE BapHaluii XUMHUYECKOTO CO-
CTaBa MHUHEpasa ONpPeIesIOCh €T0 OTHOCUTEIBHOE MECTO B COOTBETCTBYIOIINX METACOMATHYECKUX KOIOHKAX.

KiroueBble c1oBa: rarapuHut, aabOUTHT, UTTpUl, P33, MeTacoMaTudeckuii mporece, XUMHUECKUI COCTaB,
3JIEKTPOHHO30H0BbI MUKPOAHAJIN3.
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Iarapunut NaCa(Y,REE)F,. Crnoxnbiii ¢hTopua peakux 3eMenb, Kaiublus W HaTpus. OOHapy)eH
A. B. CrenanoBbM B 1958 1. [1] 11 ObLT yCIIOBHO Ha3BaH HaKaTMU(UTOM IO COCTABY, COTTIACHO MMEBIIIUMCS
B TO BpeMmsl MepBbIM aHayn3aM. B 1961 1. mocie yToYHeHHs: XMMHUYEeCKOro COCTaBa MUHEpaJl MOJTyYns CBOE
OKOHYAaTeJIbHOE Ha3BaHUE B YECTh MEPBOTO JieTynka-kocMoHarTa 0. C. [arapuna.

larapuHUT, OMH W3 pacHpPOCTPAHEHHBIX Ha MECTOPOXKICHHH MHHEPAJIOB PEIKUX 3eMelb, KOHIICH-
TPHPYET B ce0e 3aMETHYIO JIONII0 UTTPHUS U peaKo3eMeNbHBIX dieMenToB (P33). Munepan BcTpewaercs B
MErMaTOMIHBIX TeJIaX, B CHIIBHO KaTaKJIa3UPOBAHHBIX KBapLEBBIX KHUJIaX, OJIOKOBOM IIErMaTOUIHOM KBap-
e (pUCyHOK la) U CONpOBOXKAAIOIIMX €ro aJbOUTHTaX, B METACOMATHUECKUX MOPOJaX SK30KOHTAKTA B
IUTAPax W MOJI0CaX TPAHUTOB, OOOTAIICHHBIX PHOSKUTOM, STHPHUHOM, SIBIUANTOM H, 1K€ B «OOBITHBIX)»
aNbOUTU3NPOBAHHBIX TPAaHHUTAX, BOJM3U MErMaTUTOBBIX KWI. B mermarurax rarapuHuT o0pa3yer IecTH-
TpaHHbIe NMPU3MAaTHYECKUE KpUCTaUIbl (pUCYHOK 10) pasmepom 1o 3x15 cM, mpopacraromue KBapl HiIu
MOJIEBBIE IIITATHl U POTOBBIE 0OMaHKH. B anpOutuTax OH Hamie KceHOMOp(eH, HO U3penKa BCTPEUaroTCs
MEJIKHE TIPU3MOUKH. B MeTacomaTuTax 00buHO KceHOMOp(deH. B mermaTonaHoOM 0JIOKOBOM KBapiie rara-
PUHHAT OOBIYHO pacipeensieTcss BAONb TPEIIMHHBIX 30H. HecMOTpst Ha uIuoMopdu3M ero BIICICHUN B
0JIOKOBOM KBaplie OYeHb peiKH (POPMBI C MPaBUILHO OTPaHCHHBIMU TroJ0BKaMu. OOBIYHO 3TO KIMHOBHI-
HBIE WIH QyTIsIpooOpaszHble MPU3MBI (PUCYHOK 10), MHOTAA ¢ KBapUeBbIMH cepiedHnkaMi. CpaBHUTEINb-
HO XOpouIio OGpaSOBaHHI)Ie INECTUTPAHHBIC NPU3MBI C TYIIBIMH 6I/IHI/IpaMI/I]IaMI/I Ha KOHIaX BCTPCYCHLI
TIOKa JIUIIb B OJIOKOBOM MHUKPOKITUHE.

a 9

Pucynok 1 — CBeTiio-keNToBaThIe yUIMHEHHO-TIPH3MAaTHIECKHE KPHCTAIIIBI
rarapuHTa B KBapiie (a); IpU3MaTHIeCKH IIeCTUTPAHHbI MOHOKpHCTaIlT rarapuanta (6). Bonpimoii Berxoa. Vs, 10*

Figure 1 — Light yellowish elongated-prismatic crystals of gagarinite in quartz (a); prismatic hexahedral single crystal of
gagarinite (b). Great cupol. Magnification 10*

Kpucramisl rarapuHura, Takxke Kak U BCeX APYTHX MHHEPAIOB MECTOPOXKICHHUS, OOBIYHO CHIIBHO
neGopMUpPOBaHbI MM Pa30pBaHbl MONEPEYHBIMU TPEIIMHAMH U 3ajieueHbl KBapueM (pucyHok la). Cosep-
IIEHHO JIMIICHHBIC BPOCTKOB KPUCTAJLIBI TarapuHUTa pelkd. [1o TpeluHKaM O4eHb YacTO Pa3BUBAIOTCS
MUHEpalbl: 0ACTHE3WUT, MOHAIUT, KCEHOTHM, (EpPTyCOHHT, UTTPOMIIOOPHT, (IFOOPUT, HUPKOH (pHUCY-
HOK 2) u ap. bactHesur-(Ce) B rarapuHuTe 4acto 0Opa3yeT OOMJIBHYIO PaBHOMEPHYIO BKPAILICHHOCTH
MEJIKIX OKPYTIIBIX 3epeH (PUCYHOK 3).
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A0um b Electron Image 1

Pucynok 2 — B rarapununte (cepoe) kpuctaiuisl 6actaezuta-(Ce) (6enoe),
arperatsl roopuTa (TEMHO-cepoe) i UTTpoduroopuTa (cBetio-cepoe). BEI-compo

Figure 2 — In gagarinite (gray) crystals of bastnesite- (Ce) (white),
aggregates of fluorite (dark gray) and yttrofluorite (light gray). BEI-compo

00

Pucynok 3 — B rarapununTe (cepoe) KpuCTajuTbl HUPKOHA (TEMHO-CEpoe), MUKpOBKparieHus 6actHe3ura-(Ce) (6emoe).
BEI-compo

Figure 3 — In gagarinite (gray) crystals of zircon (dark gray), microinclusions of bastnesite-(Ce) (white).
BEI-compo

LlBer rarapuamnTa 6€NBINA CO CIAOBIM PO30BATHIM OTTEHKOM, OJTHAKO, 32 CUET MHOTOYHCIICHHBIX TOH-
KHX BKJIIFOYCHHU 0acTHE3WTa, CHHXU3UTA (MTTPOCHHXU3UTA) U TOHYANIIUX IJICHOYHBIX HAJICTOB THIPOK-
CHJIOB U OKCHJIOB Jelle3a 10 TPEIIMHKaM HEepPEeIKO — )KeNTOBaThIi, OypoBaTo-xkentsiid. [Ipo3pauen. B ciy-
yae HAJIM4YMUs NprUMeceld MyTHOBATBIH, TOIYIIPO3payHblil WM HEMPO3pauHbIi. biieck CTEKIISHHBIN, cierka
MaToBbIH. CaiiHOCTh CPEIHSsS IO HECOBEPIICHHOM IO MISCTHIPpaHHOW mpu3Me. Xpymnok. Yepra Oemnas.
Teepmocts 4—4,5 mo mkane Mooca. ['arapuHUT HepaJMOAKTHBEH WJIM OYECHb CIa00 PaJUOAKTHBEH B
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cirydae 3arpsi3HeHus. B ynpTpadnoneToBbIX U KaTOAHBIX JIy4ax He cBeTUTCS. [lo MarHUTHBIM CBOHCTBaM
OJIM30K K TAKUM MHHEpaTaM KaK pHOEKUT, STUPHH, aCTPOOHUIIIHT.

[Ipu HarpeBanum B Mydene cHayana (mo temnepatypsl 800°C) obpaszer; MuHepana criekaercs 0e3
3aMETHOTO Pa3JOXEHHUs] U M3MEeHeHus: (opMel, 3aTeM Bhime TemiepaTypsl 1050° mpoucxogut ObicTpoe
CIeKaHWe C BBIICTICHHEM Ta30B M BCIyYHBaHHEM C 00pa30oBaHHWEM IOPHUCTOW IIIaKOOOpPA3HOW Macchl
po3oBaroro win OypoBaroro 1Beta. [1oJIHOrO pacriaBieHHs HE TPOUCXOIHT.

B KOHLIEHTpPUPOBAHHOM CEpHOW KHUCIOTE pa3iaraercs NpU HArpeBaHWM, MPH 3TOM BBIIEISIOTCS
YMEHBIIAIOMINECsS B pa3Mepe My3bIpbkH Taza. Ciiabo pacTBOpPHM B BOJIE, OJarogapsi Y4eMy MOBEPXHOCTHBIE
BBIXO/IBI €r0 OOBIYHO COINPOBOXKIAIOTCS JYHKaMH WM IycToTamMu. KpymHbie mTy(dbl 9uCTOr0 TarapuHUTa
UMEIOT OyropyaTylo HMOBEPXHOCTb, HAIOMUHAIOUIYIO TOBEPXHOCTh KaMEHHOW coiu. B cBs3u ¢ pactBo-
PUMOCTBIO TUIOXO COXpaHSIEeTCs B IIUTHXAX.

B nmumdax muHEpan mpo3padHbli, OSCIBETHBIA MM CIIETKAa MYyTHOBATO-XKENITHIH B CIIydae BTOPHU-
HBIX W3MeHeHUH. OTHOOCHBIN MOIOKUTENBHBIN, HO U3peIKa aHOMABHO ABYOCHBIH (2V ot 0 mo 20°), mo-
BUIMMOMY, 33 CUET MEXaHMUECKHIX HAMPSIKCHNUH, BO3HUKAIOIINX P JePOpMAIHSIX.

[Nokazarenu npenoMieHus sl pa3HbIX 00pa3loB BapbUPYIOT B CIeXyIOMMX npenenax: N, ot 1,492
mo 1,501; N, or 1,472 no 1,474. Jlynpenominernue ot 0,020 mo 0,027, a manms TyBHHCKOTO oOpasma
rarapuauta — 0,015 [1-4].

T1I0THOCTH MUHEpaa [JIsl PAa3IMYHBIX 00pa3LoB Konebnercs oT 4,420 10 4,452 r/cv’.

TepMmorpamma rarapuHuTa UMEET OIWH PE3KO BBIPAKEHHBIH 3HA0PPEKT ¢ MHHUMYMOM IIPH TEM-
nepatype 720-750°C, o0ycioBIeHHBIN MEePeCTPOMKON KPUCTAJUIMIECKOW PEHIECTKH U3 TeKCaroHaJbHOH B
KyOHmuecKyto, aHajoruunyrm ¢urooputry. OOpas3ipl MuHepaia, COISpKallfe HEOTISIUMYI TpPHUMECh
OacTHe3WTa WM UTTPOCHHXHU3WTA, JAIOT HAa TepMoTpaMMax AOIOJHUTEILHBIN dHI03(dEKT (TIpu TemIre-
patype 450 °C) cOOTBETCTBYIOIINI pa3li0oKEHUIO KapOOHATOB.

JleGaerpaMma rarapuHUTa UMEET clieayromue Haunbonee nuatencusHsie muanu [d (1) B Al: 1,709 (10);
1,229 (10); 2,085 (9); 1,726 (9); 0,9967 (8); 2,98 (7); 1,012 (7). [lapameTpsbl 37IeMEHTAPHON SYCUKH:
a 5,99(2) A; ¢ 3,53(2) A. Munepan kpucranmmsyercs B TeKcaroHaabHOH cuHronuu. I[IpocTpaHcTBeHHAs
rpymma P6;/m [1-4]. Kpuctammdeckass CTpyKTypa TrarapuHuTa Oblla pacmmdpoBaHa W yTOYHEHA B
pabotax [5, 6].

B rumepreHHBIX YCIOBHSX TarapyuHAT CPAaBHUTENBHO JIETKO BBIIIENTAUYMBACTCS WM 3aMElaeTcs
TOHKO3EPHHUCTBIM arperaroM kapOoHaToB: OactHe3nTa-(Ce), TEHrepuTa, CHHXHU3HUTA, KalfHO3UTA, a TaKKe
UTTPOQIIIOOPUTOM, OIAJIOM H TIWHUCTBIM MaTepruaioM. MHOrga B TakuX NPOAYKTaX MPHUCYTCTBYET
crponnuit 10 1,0%, 6epummii mo 1,0%.

Jig u3ydeHusi XMMAYECKOTO COCTaBa ObUIH OTOOpaHBI 00pa3Ibl M3 Pa3HBIX MECT MECTOPOXKICHUS,
MOJIO’)KEHNE KOTOPHIX B COOTBETCTBYIOIIUX WM METACOMATHYECKHX KOJIOHKaX, B HACTOSIIEE BpeMs,
TPYJHO OIICHUTb.

Kcenomopodunsie 3epna rarapuauta (00p. Nel95) Obumn BeTpedeHbl B aIbOMTU3UPOBAHHON MOPOZE C
OOMJIPHON BKPAIUIEHHOCTBIO LIMPKOHA, MUPOXJIOpa M Ap. MUHEPAIOB B SHIOKOHTAKTOBOW 30HE BOJH3H
HEeHTpa OONBLIOTO BBIX0JA (PHCYHOK 2).

[TansrieBugHBIe KpUcTaAWIBL (00p. Ne6la) auameTpom 1o 3 ¢cM O0TOOpaHBI B KBapIie B IEHTPATBLHOMN
9acTH KPYITHOTO MErMaTOMIHOTO Tela U3 OOJBIIOr0 BHIXOA.

B 8 pyaHOM Tene Ha ceBepO-BOCTOKE TOTO YK€ BBIXOJa HETMOCPEICTBEHHO B SK30KOHTAKTOBOM 30HE
rarapuHUT (00p. 116/61) HaxomuTcs B BUAE KPYMHBIX OJIOKOB pazmepoMm 1o 10 cM ¢ oOWIBHOH BKparmn-
JIEHHOCTHIO 3aMEIAONINX MUHEPAIOB: OacTHE3WTA, MAPU3NTA, MOHAIINTA, CHHXHU3HUTA U PEXXe PCHTTCHNTA.

Crenyrommii oopaszerr Nel25 ObuT BCTpeueH W OTOOpaH M3 MHHEPATHHOW TOHKO3EPHHUCTON «KaIlTm)
MPEUMYIIECTBEHHO PEIKO3EMENBHBIX MUHEPAIOB B IICHTPAIILHOW YaCTH MaJIOTO BBIXOJIA.

Xumuueckuii cocmag oOpa3IOB TarapuHNATA W MPUCYTCTBYIOUINX B HUX MHUKPOBKIIOYCHUN OBLT H3Y-
YeH METOJOM 3JIEKTPOHHO30HIOBOTO MUKpoaHaiu3a Ha MukpoaHaiuzatope JCXA 733 ¢ nmpuMeHeHuEeM
sHeproaucnepcuonHoro cnekrpomerpa INCA ENERGY mpu yckopsromeMm HanpsskeHuu 15 kB, Toxe
25 HA, choxycupoBaHHOM (auameTp 1-2 MKM) 30H7IE. B kauecTBe 00pa3lOB CpaBHEHHUS HCIIOIb30BAHBI:
anpouT (Na), SiO, (Si); agynsp (K); CaSiO; (Ca); x(POy) (x - P3D).

B cBs3u ¢ BO3MOXXHO# 9acCTHYHON MEpPeMEHOW BAJICHTHOCTH WUTTpUsS U P3D miis OleHKH KOJIMYecT-
BEHHOTO COJIEpXaHMs DJIEMEHTOB B MHUHEpalle HarJIAJHO ONEPHUPOBATH ATOMHBIMH KOJWYECTBAMU WITH
¢dopmynbHBIMU K03 dunmentamu (OK). B xumuueckoM cocraBe rarapuHura (Tadiviia) pacCYMTaHHBIC

— 4) ——
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O®K utTtpus Bcerna 6omnpme cymmbl OK peaxux 3emens. [Ipubmmkenne k paBeHcTBY @K yKazaHHBIX
AJIEMEHTOB 3aUKCHPOBAHO JINIIL B 00pasre Nel95 m3 anmsOuTH3npoBaHHOM MOPOIE, cooTHomeHne OK
1:2 ormedeHo s obpasia u3 8§ pyaHoro Tema M 1:3 — U3 MerMaTOMIHOHN KUIBl. AHOMAaJIbHO BBICOKOE
colepkaHue WTTpUsS HaOmomaercss B oOpasiie W3 MuHepanbHOW «kammy. Cymma DK wurrpus u
P33 mpubmmkaercs k 1,5; T.e. k cymme @K Hatpus u kanpuus. TexHomoram, paHee U3y4aBIINM CHCTEMY
Na — Ca - Y, U3BECTHO CYIIECTBOBAaHHE COCTABOB, B KOTOPBIX UTTPUI MPUCYTCTBYET B U30BITOUHOM KOJIH-
YeCTBE M0 CPABHEHUIO C HATPUEM U KaJIbIIEM, BEPOSTHO, B IBYXBAJICHTHOM COCTOSIHUH.

B cocraBe MmHEpana MOCTOSHHO MPHUCYTCTBYIOT TNPEUMYIIECTBEHHO YETHBIE PEIKO3eMeNbHbIE
AJIEMEHTHI: IEPUH, HEOIUM, CaMapui, TaIOIMHUN, TUCTIPO3HU, S)pOuil U NTTEePOUiL; N3 HEUSTHBIX KE JaIle
BCTPEUAIOTCS Mpa3eouM, TepOnii ¥ TOIbMUMA, a IaHTaH, eBPOMUH, TyIUH U JIOTEIHA — CIOPAJHYECKU B
MUHEpase U3 Pa3HbIX MECT MECTOPOXKICHHSL.

B cocraBe rarapunuTa 3aMKCHPOBAHBI KUCIOPOJ U KPEMHHUH, YTO OOBSICHUMO MOCTOSIHHO TPHUCYT-
CTBYIOLIUMH MHKPOCKOTIMYECKUMH KBaplEBBIMU MPOCEUYKAMHU IO TPEUIMHKAaM Karakiasa. M3penka B xu-
MHUYECKOM COCTaBe OTMEYAETCS TOIBKO KHCIIOPOI, KOTOPHI, BO3MOXKHO, 3aMemaeT (PTop B BHAE THIPOK-
CHUJIHOM TPYTIIIHI.

CocTaB ¢ JOCTaTOYHBIM COJEPKAHUEM HATpHUsl M KaJbLHs MPHOIMKACTCA K HACATbHOMY (HOpMYIb-
HOMY COCTaBy rarapiHHUTA TOJBKO B aIbOMTH3MPOBaHHOM mopoae (00p. Nel195), kotopast nepeckiieHa 1ie-
JIOYHBIMH ¥ MIETIOYHO3EMETHHBIMH MIEMEHTAMH B BUAY WX HAHOOIBIIEH MONBIKHOCTH B TOJIOBE KOJIOHKH
MOCTMarMaTH4ecKoi JesITenbHOCTH. B 0CTanbHBIX jke MecTax MECTOPOXKICHHS B MErMaTOMIHBIX Telax B
COCTaBe MHUHEpala OTMEYaeTcsl HeXBaTKa HaTpus, a HauMEHbIEe COJep)KaHHe yKa3aHHBIX DJIEMEHTOB
HaOmomaeTcs B oopasite Nel25 raraprHrTa N3 MHHEPATHLHOW TOHKO3EPHUCTOM «KAIT): CpeaHee 3HAUCHNE
OK xampmms 3xechk 0,77; Hatpust — 0,59. ToHko3epHHCTas «Kaiia» MPEACTaBISIET OO0, B OCHOBHOM,
MHUKpOpa3MepHble 3epHa (ropunos: ¢uroonepura, UTTpoGIOOpHUTa, (QIIOOPUTA M HEAUATHOCTUPYEMOM
¢asbl, comepkarieit kuciopon u P3D; cunukara TaneHuTa; GTOpCUIMKATa POyIaHANUTA; (PTOPTUTAHOCH-
JIUKATOB: UPTUCUTA U €T0 Pa3HOBUIHOCTEH; hocdaToB: amarnTa, MOHAITUTA, KCCHOTHMA; HIO0ATOB: MHPO-
xJopa, ¢epcmura, depryconnta u gropkapOonaros: O6actaesuta-(Ce) u O6actHesurta-(Y). Iepecrimen-
HOCTh UTTpueM u P30 M HemocTaTok IIEJIOYHBIX M IIENIOYHO3EMENbHBIX JJIEMEHTOB CKa3bIBaeTCs Ha
COCTaBe raraprHNATa B (hopMe aHOMAJTLHOTO M30BITKA UTTPHUS M, B MEHbIIIEeH crernenn, P33D. BerHoc nerko-
TOABIIKHBIX MICTOYHBIX U OCAXKACHHUE LIETOYHO3EMEIBHBIX 3JEMEHTOB B BHIE (IIOOPHTA, HTTPOQIIIO-
opura, ¢moouepuTa, OacTHE3UTa U JIp. MUHEPAJIOB MPUBOAUT K HAKOIJICHUIO THKEIBIX MUHEPaTbHBIX
o0Opa3oBaHUH.

Jiist cpaBHUTENBHOTO aHaii3a ObUT 0TOOpaH rarapuHuT (00p. Ne366), BcTpedueHHbIH B BHIXOAAX TET-
MaTOMIHBIX IIETOYHBIX IPAaHUTOB 3auIHCKOro Ajaray. 34ech KpUCTaUIbl MUHEpalla pacTyT B CBOOOIHOM
MPOCTPAHCTBE MHAPOII COBMECTHO C KBapIIEBHIMHU U ITOJICBOIITATOBBIMU (MUKPOKJIMH) KPUCTAJUIMKAMA U
MIPENICTaBIIAIOT COOOH MECTUTPAHHBIE KOPOTKHUE TIPU3MBI (pa3MepoM 10 2 MM) B KOMOWHAIINN C OTHOM WK
JIBYMs OumnupamMuaaMu ¥ muHakouaoM. CBOOOAHOE MPOCTPAHCTBO 3aMOTHEHO TOHKOYEHTYHYaToOW THAPO-
cironucToi Maccoi. [Ipo3payHOCTh KpHCTAIUIOB rarapuHUTa O0YCIIOBIEHA OTCYTCTBHEM OOJBIIOTO KOJH-
YeCTBAa MHUKPOBKIIOYEHUH B OTJIIMYHE OT TarapuHuTa U3 BepXHEICITHMHCKOTO MECTOPOKIACHHUA. XUMHUYeC-
KM COCTaB MHUHepana u3 3awnuiickoro Ajaray (tabnmuia) ONHM30K K COCTaBaM rarapuHuTa M3 IerMa-
TOUJIHBIX TeJI BepXHE3CIMUHCKOTO MECTOPOXKIEHUS U OTIMYAETCS JHIIb MEHBIINM KOIMYECTBOM JIETKHX
P33. B MoHOKpHCcTamsHOM 00pa3ile HaOIIONAIOTCs 30HBI C Pa3IMYHBIM collep:kaHueM UTTpus u P30 (pu-
cyHok 4). Tspkenple y4acTKH TPH HW3YYEHWW BBIABISAIOT OoJiee HH3KOE COMAEPIKAaHWUE HTTPHS H, COOT-
BETCTBEHHO, MOBbILEHHbIE — P30 (Tabmuna, ananu3 28 (cpegHee mo 3 TOYKaM) B OTIMYHME OT JIETKUX
(anamu3 29) (cpemnee 1o 3 TOUKaM).

Touka MuHEpanu3auy B 3aMNIMACKOM Anaray, rae ObUT BCTpEYeH rarapiHfT, MPHypodeHa K ociad-
JICHHOM 30HE, KOTOpas, HECMOTpPsS Ha JOCTaTOYHO TIyOMHHBIN Cpe3, MPOSIBIIIACH MOSBIEHUEM MHOIO-
YHUCIEHHBIX MENKUX IyCTOT-MHApOJOK M Oojiee KPYMHBIX IUIMP HerMarougHoro tuma. [Ipomnecc muHe-
pasioo0pa3oBaHUsl OTHECEH HaMU K PaHHEH CTaauy HAKOIUICHWS W AudQepeHnranuy JerKo MOoABIKHBIX
KOMIIOHEHTOB, TaKuX Kak (rop, xjop, mozxe P33, Nb, Ti, Sn, Zr, Gf, Th, U u ap.

ABTOpBI BBIPaYKAIOT OJIATOAAPHOCTh COTPYAHUKAM oOTnena MuHepajgorun Myszes EcrectBeHHOMN
Ucropuu Ixxony Cnparty u cexkropa muHepanorud UI'H um. K. Y. Carnaesa Jlesuny B. JI., Kotenbuu-
koBy I1. E. 3a nmpoBeieHNE JIEKTPOHHO30HIOBBIX UCCIIEIOBAHUI.




Uzeecmuss Hayuonanvnot akademuu nayk Pecnyonuxu Kazaxcman

Toomim

PucyHnok 4 — 30HaIbHOE 3¢PHO rarapuHMUTA B AMOKCHIHOM CMOJIe (YepHOE):
TsDKeJas Pa3HOBUIHOCTh MUHEpasia (CBETIO-cepoe), Jerkas (TEMHO-Cepoe).
Muxposritouenus 6actaesura-(Ce) (6enoe). BEI-compo

Figure 4 — Zone grain of gagarinite in epoxy resin (black):
a heavy variety of mineral (light gray), light (dark gray).
Microinclusions of bastnesite-(Ce) (white). BEI-compo

Paboma nposeoena no epanmy 0302/I'D4 «Coz0anue 6a3vl OaHHBIX RO YHUKALLHBIM, PEOKUM U HEOOCHAMOYHO
UBYUEHHBIM MUHEPANaM MeCmOopOodcOeHull 61a2opooHblx U pedKkux snemenmos Kasaxcmama Ons KOMNLEKCHO20
0CB0€HUSL MUHEPATLHO20 ChIPbSLY NPU DUHAHCOBOL NOOOepIIcKe Komumema Hayku Munucmepcmea obpazoganus u
nayxu Pecnyonuxu Kazaxcmany.
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1K. U. CotbaeB aTeiHAars! I 'eonorus FRUTBIMAAPE] HHCTUTYTHI, AnMaTsl, KasakcTas,
2>KapaTbIHLICTaHy Tapuxu Mypasxaiibl, Jlonmon, Benmukooputanus

7KOFAPTBI ECIIE KEHOPHBI TATAPUHUTTIH XUMUAJIBIK KYPAMBIHBIH BAPUALIUACHI,
MHWHEPAJI TY3IJIYI MEH METACOMATHUTTIK BAFAHAJIA OPHAJIACY KOPCETKIIII

Annoranusi. [arapuaut muaepansiablH (NaCa(Y,REE)Fs) ¢usnkanbik jkoHe ONTHKANBIK cHIIaTTaMachl Oepij-
reH. JKoraprbl Ecnie cupek MeTainabl KeHOPHHBIH 9P TYpJIi HYKTEIEpiHEH, COJl CUSIKTHI Liie Anataybl ayKbIMbIHIAFbI
e3re Jie MUHepaJJaHy HYKTEICPiHEeH ajbIHFaH FarapuHAT MUHEPaNbIHBIH (OapibiFbl 28 TangaMa) XUMUSIIBIK KYpaMbl
HaKTBUIAHFaH. [arapuHUT KypaMBIHAAFBl HTTPUH MEH ©3T€ JIe CHPEKKEp DIIEMEHTTEPIiH BAJICHTTUIITI a3dbI-KOITi
e3repin Typy MYMKIHZITT eCKepiTill oJapAblH CAaHIBIK MOJIIepiH Oaranay MaKcaTBIHAA SJIEMEHTTEPAIH (HOpMyIIaIbIK
KO3 UIEeHT] mainanansUIFal. ['arapuHAT KypaMbIHIA TYPAKTHl TYpAe KeOiHece mepuil, HEOqM, caMapuil CUSKTHI-
XKYIT CAaHIBI CHPEKKEp JIEMEHTTEp YIIbIpacapl, ajl TaK CaHIbl JEMEHTTEpACH IPa3e0anuM, TepOuii, roIbMuil T.C.C.
Ke3jecei. Op Typil aliMakrapAaH ajblHFaH FarapuHUT KYpamblHIAFbl UTTPUiAIH (GopMynanbik Ko3()(UIIEHTIHIH
CHPEK JKep 3JEeMEHTTEepi XHMBIHTBIFBIHBIH (DOPMyJIanblK Kod(QUIEHTIHe KaThlHACH TaJKbUIaHFaH. MuHepaigbH
XMMUSUTBIK KYPaMbIHBIH BapHalMsIaphl HETi31HAe OHBIH METacOMATO3/1bIK OaraHa/iarbl ©31H/IK OPHBI aHBIKTAIIbI.

Tyiiin ce3mep: rarapuHuT, anbOUTUT, UTTPUH, CHUPEKKEP DIEMEHTTEP, METACOMATO3/BIK YIEPIiC, XUMHSIIBIK
Kypam, 3JIEKTPOH/IbI 30HATHIK MUKpPOTAJIIAY.
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