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[Tpunoxenue 1

MeToabl MCCI€T0BAHMS COCTABA mopoa 1 MUHEpPaAJI0B

AHAJIMTUYECKUE HCCICOBaHUS TPOBOAWINCH B aKKPEIUTOBAHHBIX JIAOOPATOPHSIX
MHCTUTYTOB Poccuiickoll akameMuu HayK M 3apyOeKHBIX YHHBEPCUTCTOB M HWHCTUTYTOB.
Onucanusi METOIWK WCCIEAOBAHWN JaHBI JETalbHO B TNyOnuKamusax couckarens. Jlis
TEOXMMHYECKOT0 M3y4eHHUs o0pa3ipl 0a3aibTOB ObUIM OTOOpaHBI U3 HAMMEHEE W3MEHEHHBIX
0a3aJbTOBBIX TMOTOKOB M JacK. JlJisi MPOBEPKU TOCTOBEPHOCTH IMOJIYYCHHBIX aHATUTHYCCKHX
nanHbIx 29 snemenToB u3 rpynn REE, HFSE u LILE Gbin nqononnutensHO mpoaHaIn3upoBaHbl
B 9 oOpasiax Ha Macc-CIIEKTPOMETPe Ha HHAYKTUBHO cBsizaHHOH 1uiazme (ICM MS) na npubope

Element Finnigan. Jlan#bie mokasaiu cXoauMocTh B tipeaenax 2% [Cadonosa, 2005].

Ilopodoobpasyrowue okucvl u peoxkue 31emeHmsl

Bornbias yacTh aHaIMTUYECKUX HCCIICAOBAHUI MPOBOAMIACh B VIHCTHTYTE reoioruu u
muHepasiorun  CO PAH. TlopogooOpa3yromiye 5>JI€MEHThl aHAJU3UPOBAIUCH PEHTICHO-
¢nyopecueHTHBIM MeTo1oM (XRF — anmapar «Hayunpu6op») mo I'OCTy 41-08-212-82 Munreo
CCCP. Penxme 3emmn - REE, nexotopeie Bbicokozapsaasie (HFSE), kpymHOmoHHBIE
mutouneabie - LILE w mopomooOpasyromue (Na, Ca, Fe) snemeHTHl NmpoaHATU3UPOBAHBI
METO0M HelTpoHHO-akTuBaoHHoro aHanusa (INAA) ¢ ucnons3oBanreM Ge 1eTeKTOPOB JUIs
ramMma-nyueit u saepruu ot 30 1o 2000 KeV. OGnyuenne oOpas3ioB NpOBOIMWIOCH HA SIIEPHOM
peaktope TOMCKOr0 MOJHTEXHHYECKOTO YHHBEPCHTETA HHTErPalbHBIM moTokom 10%
HeHTpOHOB/cM2. 3aMephl ObUIM CIeNaHbl Ha TaMMa-CIIEKTPOMETpE B JIBA 3Tala C IEepHOIaMH
oxnaxxaenus B 1 Hegenmio u 3 mecsia. Conepoxanust Y, Zr, Nb, Ti, Rb, Sr, Pb, V, Mn, Ni, Cu, Zn
TaKke OBLIM OIpeesieHbl PEHTI€HO-(DIyOPECIEeHTHBIM METOJIOM C CHHXPOTPOHHOH paauanueit
(SR XRF) [Bobrov et al., 1998; Phedorin et al. 2000].

J5is IpOBEpKHU AOCTOBEPHOCTH IOJYYSHHBIX AHATUTHYECKUAX JaHHBIX 29 DIIEMEHTOB U3
rpynn REE, HFSE u LILE Obutn nonoiaHUTENbHO MpOaHAIM3UPOBaHbl B 9 o0pa3iax Ha macc-

CIIEKTPOMETpPE Ha MHAYKTUBHO cBsizaHHOU iasme (ICM MS) na npubope Element Finnigan.



bosbmias yacth aHanMTHYeCKMX HcchaenoBanuil mis nopoxa Kypaiickoro, KartyHckoro,
3acypsuHckoro 1 Yapckoro AK nposonunack B MucTuTyTe reosiorun u munepanoruu CO PAH.
Ha Oomee panHHMX »3Tamax MOpoAooOpasyrolue »JIIEMEHTHl aHAIM3HPOBAINCH PEHTTEHO-
¢dyopecuenTHbM MeToioM (XRF — anmapar «Hayunpu6op») mo 'OCTy 41-08-212-82 Munreo
CCCP [Bbycnos u ap., 2000; Cadonosa u ap., 2004, 2008].

Jlns 6onmee pannux pabor [BycnoB u ap., 2000; CadonoBa u ap., 2004] peakue 3emin
(REE), nexoropsie Beicoko3apsiaabie (HFSE) u kpynHononnsie autoduibabie (LILE) amemenTs
MPOAHAIU3UPOBAHBI METOJIOM HEUTPOHHO-akTUBaMOHHOTO ananu3a (INAA) ¢ ucnonas3oBanruem
Ge perexktopoB ansi ramma-mydedd u sHepruud oT 30 mo 2000 KeV. O6nydenue o06pasios
MPOBOJIWIIOCH Ha  SACPHOM  peakTope TOMCKOTO — TOJMTEXHHYECKOTO  YHUBEPCUTETA
MHTETpaJIbHBIM TOTOKOM 1017 HeliTpoHOB/CcM2. 3amepsl ObUIH CeTaHbl HA TaMMa-CIIEKTPOMETPE
B J[Ba 3Tama C mepuojaMu oxjaxiacHus B 1 nexeno u 3 mecsina. Coxepskanust Y, Zr, Nb, Ti, Rb,
Sr, Pb, V, Mn, Ni, Cu, Zn takxe ObLIM ONpEAEIeHbl PEHTIEHO-(IIYOPECIIEHTHBIM METOIOM C
cuaxpoTponnoit pammanmeii (SR XRF) [Bobrov et al., 1998; Phedorin et al. 2000].
AHaIMTHYECKUE TOTPEHIHOCTA IO OOJNBIIMHCTBY TJABHBIX M PEIKUX DIEMEHTOB OBUIM B
npenenax 5-10%.

[TepBble naHHBIC MO PEIKUM dJIeMeHTaM B oOpasuax 3acypbuHckoro AK [Bycnos u ap.,
2000; CadonoBa u ap., 2004] ObUTH MOTYyYEHBI C TOMOIIBI CHHXPOTPOHHOTO U3nydeHus XRF
(Ni, V, Rb, Sr, Y, Zr, Nb), atomuoro mornomenus (Ni, Ba, Rb, Sr) u uncrpymenraabaoro
ananu3a aktuarnuu HeitponoB - INAA (REE, Hf, Ta, Th, U, Rb, Ba, Cr) [Cadonora, 2005;
CennukoB u 1p., 2003; CadonoBa u ap., 2004]. Meron cunxporpoHHoro usnyuenuss XRF
omucan B [Phedorin et al., 2000]. ITo3anee penkue snementsl (REE, HFSE, LILE) B uwactu
obpasnoB Kypaiickoro, Karyrnckoro, 3acypsurckoro u Yapckoro AK [Cadonosa u ap., 2008,
2011; Safonova et al., 2011a, 2012] 6butH TpOAHATU3UPOBAHBI METOIOM MAaCC-CIIEKTPOMETPHH C
MHAYKTUBHO cBs3aHHOW mia3moit (ICP MS) B TokuiickoM MHCTHTYTE TEXHOJIOTHH Ha CTeKJax
(mpu6op ThermoElemental VG 244 PlasmaQuad 2 LA ICP MS) u B UHcTHTyTE Teonoruu u
munepaiorud CO PAH na nopomikax (mpudop Element Finnigan). Crekna Obuiv moydeHbI
CIUTaBJICHHEM IMOpOIKa Oa3anbTa ¢ TeTpabopaToM JUTHA B cooTHomeHuu 1:10 Ha ammapare
Rigoku. IMopomku oOpabaThiBaanch B COOTBETCTBUH ¢ mpoTokosnoMm J[xenHepa [Jenner et al.,
1990]. O6pa3ust pactBopsimuch B cmecu HF u HNO3 (2:1) B repmernyHO 3aKphIBaromieics

Te()IIOHOBOI TOCy/le B TeueHne 2-x aHed npu temmeparype ~100°C; mBaxkIsl pacTBOPSIIHCH B 6-



ta HopmansHOW HCI wu BeIcymmBamuch, pactBopsuiuch B 1-HopMmanshoii HCl u omsars
BhICyIIMBanuCch. [Iporeaypa MmoBTOpsUIach 1O TOJHOTO pacTBOpeHHs mopomika. [lociemHuii
pacTBOp BBICYIIMBAJICA B BO3JIyXe, TPUXKAbl cMmemuBaics ¢ 6-tu HopmainbHoH HCl u
BbICyIIMBaics, 3areM pactBopsuics B 2% HNOz. Bece xumuyeckue mpoueaypbl ¢ KUAKOCTIMH
MPOBOJIMIIMCH B «YUCTBHIX» JITA0OPATOPHBIX YCIOBHAX. [IJis OLIEHKHM TOYHOCTH/TIOTPEIIHOCTH
W3MEPEHUH HUCIONB30BAINCh MEXAyHapoaHeie crtangaptel BHVO-1, BCR-1 u JB-3.
Ananuruueckue omuoOku coctaBwim 2-7 otH. % ans REE u HFSE.

[TopomooOpa3yrolue OKUCIIbI U peaKue 31eMeHThl B mopoaax Tsub-11lans [Safonova et al.,
2016a] u Snonun [Safonova et al., 2015b] 6su1r mpoananmusupoBansl B Alex Stewart Assayers

(OMAC Laboratories; www.omaclabs.com) B Toayse, Wpnanaus (B Hacrosiee Bpems

noapazaenenne ALS Minerals; www.alsglobal.com), mocie mpo6ieHust 10 pasmepa <3 MM |

m3MmenpdeHusT 10 100 MKM C HCIIOJIB30BAaHMEM MEIBHUIBI JO 00pa3oBaHus mopomika. s
XUMHUYECKHUX MCCIEeI0OBaHUN OBLIO B3ATO NMPUOAM3UTENBHO 20 T TOMOT€HU3UPOBAHHOTO MOPOILKA
Kaxaoro oobpasua. s TOCTMKEHUS MAaKCHUMaJIbHOI'O PAacTBOPEHUS JUIsl BCEX aHAIU3UPYEMbIX
3JIEMEHTOB OBLJIM UCIIOJIB30BAHBI JIBA METOJIAa pacUIeIieHus: 1) cMemunBaHe MeTadopara JTUTHS
¢ mocnenytouuM pactsopenuemM HF ¢ ucnonb3zoBanuem 50% a30THOM KUCIOTHI; 2) paCTBOPEHUE
B mapckoi Bojke, rae 0,2 r oOpas3ua pacTBopsitoT B 4 Mia 66% napckoil Boaku B TedeHue 90
MuHYT mipu Temreparype 90 © C. Bropoit meton ocobeHHO 3(PpPeKTHBEH 11 BCeX OCHOBHBIX
MeTauioB U Oopa. [ToTepu npu npoKaMBaHUH ONPEAEISUIMCH TPABUMETPHUECKIMH METOJJAMHU; C
yKkazaHHOU Ttemrieparypoii BocmiameHenust 1000°C. AHanmTudeckas IMOTPEIIHOCTh Kak JUIs
OpO1000pa3yOLIMX OKUCIIOB, TAK U PEIKUX 3JIEMEHTOB, KaKk PaBUJIO, COCTaBIsu1a MeHee 5%.
Jlis pacyeToB M TOCTPOEHUS T'€OXMMUYECKMX AMarpaMM MOJY4YeHHbIE KOHIIEHTPAIUH
ObuT HOpMupoBaHbl Ha XOHAPUT (N) u npuMuTHBHYIO ManTHIO (PM) [Sun, McDonough, 1989]
TaK, 4To Hy/leBoe (pakuuoHupoBanue - 1 (Hampumep, npumutuBHas mantus Nb/Thpm = 1).
Cootromienust Zr/Zr * u EU/EU * pacCUMTHIBAIKCH MO OTHOIICHHIO K COCETHHM CTaOWIbHBIM
aJieMeHTaM, cienys Metony Teinopa m MakJlennana [Taylor, McLennan, 1985]. OGpa3ubt
Obutn mepecunTanbl 10 100%-bIX OE€3BOAHBIX JUIS B3aWMHbBIX cpaBHeHuit. Yucma Mg (Mg #)
PacCUMTHIBAIN Kak MonekynspHoe oTHomenne Mg/(Mg * Fe?) B npeamnonosxennu, 9to B IOpojie
10% Fe *3, Tak Kak 5TO COOTBETCTBYET YCIOBHSAM KPHCTAILTH3AIMU TIPH HU3KOM JABJIEHUHU IS

nerydecTH kuciaopoaa ~ FMQ-1.


http://www.omaclabs.com/
http://www.alsglobal.com/

Hzomonwi

Jns oopasioB Karyrnckoro u 3acypeunckoro AK [Cadonoa u np., 2011; Safonova et al.,
2011a] ananu3 wmzoromuoro cocraBa Sm, Nd, Sr u Rb mpoBomwim B MHcTUTyTE reoxuMun u
ananutudeckor xumuu uM. B.M. Bepnaackoro PAH (I'EOXW PAH) Ha macc-cnekrpomeTpe
TRITON (06p. 242/2 u 92-C-1) u B Tokuiickom uHctutryte TexHojoruii (TUT) nHa mynbpTH-
kosuiekTopHoM Macc-criekrpomerpe (MC ICP MS) na mpu6ope Nu Plasma 500 (o6p. Kat-34-07,
Kat-52-07, Kat-55-07). B TEOXU PAH konuenrpanuto Rb, Sr, Sm, Nd onpenensiu merogom
M30TONHOTO pa30aBieHus. PasnokeHue o0pas3ioB MPOBOJAMIM B THUTAHOBBIX aBTOKJIABaX C
¢ropornactoBeiMu BiianeimamMu B cmecu HF+HNO3 mpu temneparype 200°C B Teuenue 2
cyToK. JIo pasinoxkeHns kK oOpasiy 106aBIsM cMemanHklil Tpacep S Rb+84Sr. Brinenenue Rb, Sr
M BCEX PEIKMX 3eMelb IPOBOAMIM METOJIOM HOHOOOMEHHOH Xpomarorpaduu Ha
(TOPOILTACTOBBIX KOJOHKAX ¢ 3.5 mul cMosibl Dowex 50x8. B kauecTBe 2II0€HTa UCIOJIb30BAIH
2.3 H HCI. Boinenerare Nd u Sm npoBoauiu Ha kKojoHkax Eichrom Ln.Spec co cTymeH4arsiMm
amoupoanuem 0.5 H u 0.75 H HCI coorBercTBenHO. JlonroBpeMeHHass BOCIIPOU3BOIUMOCTh
M30TOITHOTO aHAJIM3a KOHTPOJIUPOBATIACh IO MEXAYHAPOAHBIM cTraHaaptamM SRM-987 mis Sr u
La Jolla mis Nd. ITomydeHHBIE HW30TOMHBIE OTHOILICHHS COCTABUIIH 87Sr/86Sr = 0.710256+18
(N=21) u *3Nd/***Nd=0.511843+11 (N=19). B TokuiickoM HHCTHTyTe TEXHONOTHH H30TOIBI SI
u Nd s o6pasnoB Katyrckoro AK u3Mepsutnch ¢ MCIOIb30BAHUEM CIICIIHATLHONW YCTAaHOBKH
Aridus (Cetac, Omaha, USA) mis yaydmeHust aeconbBatammu. OOpasibl pacTBOPSUINCH B
teyeHue cytok B cmecu kucnot (HF u HCIO4) B cootBercTBUM ¢ mpoleaypoil, onucaHHO# B
[Yokoyama et al., 1999]. Sr u REE oTaesuiuch OT 3J€MEHTOB MATPHIIbI C MOMOIIBIO CMOJT SI-
spec u TRU-spec cootBeTcTBeHHO, a 3aTeM Nd — ¢ momoinero cmosnbl Ln-spec [Pin et al., 1994;
Pin and Zalduegui, 1997]. Xumudeckoe pasaeiieHHe MPOBOIMIOCH IO CTAHIAPTHOW METOIUKE
HOHHOTO oOOMeHa. M3oromubie oTHomieHuss Sr u Nd ObUTM  CKOPPEKTHPOBAHBI ITyTEM
Hopmuposanus: 2Sr/%8Sr=0.1194 u **Nd/***Nd=0.7219. Ucnons3osamuck crangaptsl SRM 987
s St and JNdi-1 s Nd.

N3otonueie coctaBel Sf, Nd wm Pb  mas mopon Tsaub-lllams, Yapckoit 30HBI,
Urmypynaunckoro AK u akkperrionHsix komiuiekcoB Smonunu [Safonova et al., 2012, 2015b,
2016a, 2020], Obumm ompenenensl B Deutsches GeoForschungsZentrum (ITorcaam) c

UCIIOJIb30BAHUEM MHOTOKOJUIEKTOPHOTO Macc-criekTpomerpa Triton. OOpasisl i U30TOIMHOTO



aHajM3a pPacTBOPSUIM B KOHIEHTpupoBaHHOW HF B Teuenue uerhipex nueir npu 160°C Ha
ropstueii tmre. Jlagee oOpasubl ObUIM BBICYIIEHBI W Bbiaep:kanbl B 6N pactBope HCI wu
pasziesicHbl 10 Macce Ha JBe (pakilMu, OJHA I M30TOMHOro coctaBa St u Nd u omHa ams
uzotonHoro cocraBa Pb. Sr, Nd u PDb, oraencHue u oumieHue MpOBOAMIOCH C MOMOIIBIO
HoHOOOMeHHOM xpomatorpaduu. [Togpobuee cm. [Romer et al., 2005; Romer, Hahne, 2010]. Sr
u Nd ObuTH TpOAHAIM3UPOBAHBI C HCIOJH30BAHUEM JIUHAMUYECKOTO MHOTOKpPATHOTO cOopa,
Torja Kak Pb ObuT IpoaHaIM3UPOBAH C MCIIOJIB30BAHUEM CTATUYECKOIO0 MHOTOKPATHOTrO cOopa.
AHaAIMTHYECKUE MTOTPEITHOCTH U30TOMHBIX OTHOIIeHUH Sr u Nd Obutn Ha ypoBHe 2om. M30TO0MbBI

CBHUHIIA 00JIaJal0T BOCIIPOU3BOAMMOCTBIO Ha YpoBHE 20, T.€. Menee 0,1%.

MZ/lHepa]Zbl U pacniaeHsvle 6KJIHYEHUA

XuMudeckuil coctaB MOPGUPOBBIX BKPAIJICHHUKOB KIWHOMHPOKCEHA M PACILIaBHBIX
BiioueHud B mopoxax Kypaiickoro u Karynckoro AK Obl  mpoaHanu3upoBaH Ha
MUKpPO30H0BOM aHanu3zarope Camebax Micro mpu yckopsiromem Hamnpspkenun 20 kB, Toke
30112 40 HA ¥ TMaMeTpe MEKTPOHHOTO MmydKa 2 wm. PacriaBHbIe BKIIFOUEHHS UCCIIEIOBATIUCH B
BBICOKOTEMIIEPATYpHON TEpMOKamMepe C HMHEPTHOM Cpelod IO METOJIMKE, OINHUCAHHOW B
[CumonoB, 1993; Cobone, 1997; Sobolev, Danyushevsky, 1994]. ConepxaHusi peakux u
PEIKO3eMENIbHBIX JJIEMEHTOB B  PACIUIaBHBIX  BKIIIOYEHHUSX  OMNpENEJIeHbl Ha HOHHOM
mukpoananuzatope IMS-4f B Uuctutyre mukpoassnekrponuku PAH (r. SIpocnasib) mo MeToanke

[CoGomnes, 1996].



MpunnoxxkeHune 2

Monesble potorpadun obHaXKkeHuit®

(8 xpoHonozuueckom nopsokKe)

1. Accoumaums nopos cTpatTurpadmm oKeaHNYeCcKon NANTbI

A. Menarnyeckme KPEeMHMU, 4aCToO NEHTO4YHbIE, C paanonapmnammn

Ynumnby AK, CON wopbl, OB AnoHua

! Bonee petanbHyo MHGOPMaLMIO O reorpadUUecKoM NONONKEHUM, Fe0N0rMYECKOM No3nLMKM, BO3pacTe M cocTase
obpasoBaHuit COMM cm. B rnasax 2 u 3, Tabanuax 2-1, 2-2, 3-1 1 Ha pUCyHKax B COOTBETCTBYHOLLMX pasaenax.



b. Xemunnenarnyeckne oTA0XKeHUA - KPEMHUCTbIE apPIrUNINTbI, aNneBPOINTbI, CN1aHLbl

KpemHucmbie
KpemHuUCMble | chaHubl

ChaHubl

MwuHo-Tamba AK, COMM Tpmaca-topbl LnmaHTo AK, COI nosgHero Mena, HOB AnoHusa



B. OT/103KeHus rnybokoBoagHOro — TypbuanTsl (Ha GOTO), KOHFIOMEepPaTbI

.
L Ly

ey )

MuHo-Tamba AK, COIMM Tpmaca-topbl LnmaHTto AK, COIN no3aHero mena, OB AnoHuA



I. COMM oKeaHMYeCKUX NOAHATUI (OCTPOBa, CMMayHTbI, NnaTo) — 6a3anbTbl TNa OIB 1 OPB, nepeKkpbiTbie
KapbOHaTHOM WanKoi, CKNOHOBbIMU GaLUAMMU, OTNIONKEHUAMMU NOAHOMKbA CUMAYHTa

KaTtyHckuin AK, COM p. kembpusa MuHo-Tamba AK, COM nepmu

Kypaickuin AK, COMN BeHAa
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2. Xabaposckuit AK, danbHuit Boctok Poccum, ntoHb 2007 roga, nonesas sKCKypcua coBelwaHns namatu J1.M.
MapdeHosa, COMM Bo3pacTa KapboH-Nepmb-TpHac

o | RAE o A .
W D A
= - Li » «~ —
~

> & ' 3 4‘7 - ."" "

Touka HabaoaeHnn — r. XabapoBCK, OK00 MOCTa Yepes AMyp: A — TPUACOBbIEe KPEMHM C paanonapuamu; b —
naneo30lCKMe cnaHLa HaaBMHYTble Ha Me3030MCKue; B — KapboHaTHO-By/IKAHOreHHan Nopoaa

NPeAnoA0KUTENbHO CKIOHA OKeaHUYeckoro octposa; I, [ — 610ku 6a3anbta; E — 6a3anbT B KOHTAKTE C KPEMHAMM
1 KapboHaTamum.




3. 3acypbuHckuii AK, FopHbIi AnTtaii, nonb 2007 roaa, coBmecTHble paboTbl ¢ H.B. CeHHMKOoBbIM, 3aB. 1ab. 321,
MHIT CO PAH, COINl Bo3pacTa No3aHui Kembpuii — paHHWIA OpA0BUK

), TabyHkKa
CKNaA4aToCTb KPEMHUCTBIX OTNOMKEHWI; [, — u3smeHeHHble 6a3anbTbl; E — mnkporabbpo coctasa OIB.




4. KaTtyHckuin AK, FopHbIii AnTait, asryct 2007 roga, coBmecTHble paboTbl ¢ M.M. Bycnosbim (3aB. nab. 212, UTM
CO PAH), COMN Bo3pacTa BeHA-paHHNI KeMbpunit

YyacTku pabot: YepruHckuin (A-T), EguraHckuii (O-E). A-B — 6a3anbT B KOHTaKTe ¢ M3BecTHAKamu; [ — gaiikn MORB
B KPEMHUCTbIX OTNOXKEHUSAX; [ — CKNOHOBble daLmMmn oKeaHMYecKoro ocTpoBa; E — 6a3anbTbl OIB MmaHKepoKcKom
CBUTbI, NEPEKPbITbIE CKOHOBbIMM paunaMM (LLALIKYapCKas CBUTA) U U3BECTHAKAaMM (YernoLicKas cBuTa).




5. MuHo-Tamba AK, octpoB XoHcto, toro-3anagHas AnoHus, oktabpb 2007 roga, COBMeCTHble paboTbl ¢ a-pom C.
Hakae (Feonornueckan cnyx6a AnoHumn) n npood. C. Kogxuma (YHunsepcutet Mgy), COMN Bo3pacta KapboH-nepmb

yqaCTKM pa60T LUypyra (A-B), Heoxmramm,u,aHM (F E) A-b- 6a3aan B KOHTaKTE C KPeMHAMM (A) 7 BynKaHoreHHo—
KapbOoHaTHbIMM NOPOAaMM CKAOHOBbLIX daumii (B); B — noTok 6asanbtos Tmna OIB; I'-E — 6a3a/1bT B KOHTaKTe C
NepPMCKUMN N3BECTHAKAMMU.
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6. Yapckuit AK, BocTouHbIM KasaxcTaH, utonb 2008 roaa, coBMecTHble paboThbl € 4. r.-m. H. B.A. CUMOHOBbIM (rHC
nab. 212 UITM CO PAH), COIlN Bo3pacTa AeBOH-KapboH

rm3-Tobe (E). A— n3BecTHAKM c 6a3anbTamum B
ocHoBaHuu (B); B — 6a3anbT B KOHTaKTe C U3BeCcTHAKamM; B - aalikn aduposbix 6a3anbtos (), nepecekatolme

naarnoknas-nopdpuposble (BHU3Y) 1 onnsMH-nopdupoBsble (BBepXY) 6asanbTbl; [ — nunnoy-naea; E — 6asanbtol
Tvna OIB B KOHTaKTe ¢ KpemHAMM.

YyacTku pabot: HukonaesKa (A), lamba (B), Uropeska (B-A), *aH




7. Ynumby AK, octpos Kiocto, toro-3anagHas AnoHua, Hoabpb 2008 roga, coBMecTHble paboTbl ¢ A-pom T. MHoy3
(YHuBepcuteT Kymamoto) u npod. C. Kogkuma (YHusepcutet Mmey), COM Bo3pacTta Tpuac-topa

- 3 - -

-

MpaBbin 6opT p. Kymaraea, nosc CambocaH. A — nenarnyeckne KpemHu, b — 6asanbT B KOHTAKTe C U3BECTHSIKaMu, B
— 6a3a/1bT B KOHTAKTE C KpeMHAMM, [ — M3BECTHAK C OCTaTKaMM ABYCTBOPYATLIX MOJINOCKOB, [, — KapboHaTHO-
BY/IKAHOreHHas nopoga CKAoHoBbIX daumii, E — noTok 6asanbToBs Tvna OIB.




8. LnmaHTo AK, octpos LLIKKOKY, toro-3anagHas AnoHus, gekabpb 2010 roga - coBMeCTHble paboTsi ¢ npood.
CaHtowem (YHuBepcuteT Koun); anpenb 2017 - coBmecTHble paboTbl ¢ npod. L. Mapyama (TOKUACKUI MHCTUTYT
TexHonorui). COMN nosgHemenoBoro Bospacra

" o
g e B - e
A - yyacToK MlokoHamu, nenarnyeckmne KpeMHu. b - yyactok Teu, Typbugmntel. B — nunnoy-nasa, -E — 6a3anbt B
KOHTaKTe ¢ KpemHsamu (I, ) u necyaHmnkom (E).

o)




9. OdumonuTosbIr nosic Mukaby n COIM ropcKoro BospacTta, OCTPoB XOHCH0, LieHTpanbHaa AnoHus, ceHTsbpb 2014

roga, CoBmecTHble paboTbl ¢ npod. C. Kogkuma (YHusepcutet Moy)
999

v St AT

eed - \ w o B V) - . 2 o A . -
Pa3pes Toby. A — meTamop¢dun3oBaHHble 6a3anbTbl, b — yAbTpaocHOBHasA nopoaa, B — cepneHTUHU3
rabbpo, I — By/JIkaHOKNacTMYeckasa nopoaa, [, — nunnoy-nasa, E — necyaHumk.

a

T

o

MpoBaHHOE
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10. BycyaHra AK, octpoB KopoH, ®uannnuHsl, aHBapb 2016 roga, COlN Bo3pacTa topa - paHHUI men

AT & > " 3 = e ~

Mopoapl COM, t0XKHbIM KOPOH: KOHTAKT KPEMHEN U KPEMHUCTbIX aprunantos (A), nenarmyeckume Kpemuu (b6-T).
MenaHx BrKkaTaH, ceBepHbIt KOPOH — M3BECTHSIK C BYJIKAHWYECKUM cTekaom (), necyanuk (E).

19



11. UtmypyHAMHCKUI AK, LeHTpanbHbii KasaxcTaH, nonesble pabotbl 2017-2019 rr. HIY-UT'M CO PAH,
KONNEKTUBHbIE paboTbl ¢ yyacTvem coTpyaHukos MM CO PAH u HIY, COM opAoBMKCKOro Bo3pacTa

Yyactku Xopc-2 (A-A) n 04-1 (E). A — nunnoy-6asanet OIB TMNa, b eMHW, B, I — «xonogHbIn»
KOHTAKT 6a3anbTa C KPEMHUCTbIMU apruaanTamm, [l — Naykm KpemMHem U KPEMHUCTbIX aprMaanToB, obpasytowme
OYNNEKC-CTPYKTYpbl, E — rpayBaKKoBble NeCHaHMKN.




12. AKKpeumMoHHbIe KoMmnaeKcbl Kbi3bIIKYMOB, Y36eKnCcTaH, CeHTAOpb-0KTABpb 2017, coBMeCTHble paboTsi ¢ P.X.
MupkamanosbiMm 1 ®. K. Insaesbim (FTockomreonorum YsbekucraHa) n cotpyaHmkos UM CO PAH u HIY; COM
KeMbpo-0pA0BMKCKOro BO3pacTa

by -

notoku 6asanbtos OIB TMna; B, I — nenarnyeckme kpemuu; O—
TYpbnauTsl; E — cknagka TypbuaunTos, ropsbl Hypatay.




13. YnaH6aTopckuit AK, ceBepHan MoHroausa, nioHb 2018 roga, KonieKTUBHbIe PaboTbl C y4acTUEeM COTPYAHUKOB
MM CO PAH u HI'Y u UHcTuTyTa reonorum n naneoHtonorn MAH; COIN nosgHero cunypa — AeBoHa.

nenarvyeckume Kpemuu; [, E — typbuantol.
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14. Ow-TynbumHcknin AK, Anaickmin xpebeT, FOxKHbiM TaHb-LLaHb, Knprusus, asryct 2018 roga, KOANeKTUBHbIE
paboTbl ¢ yyactmem cotpygHukos UM CO PAH, HTY n CN6IY (npod. I'. C. Bucke)

v B ARER
: : ' ) ’ A - - . . - S - . . * .l& I - J .‘ Se
YuacTtku Ak-Bypa (A, B), Oxunucy (B, I'), KyHiop-Tiobe (4, E): A, b — nunnoy-6asanbTbl U NOTOKM 6a3anbToB; B, I —
nenarMyeckme KpemHu; [1 — KpeMHUCTble aneBponnThbl, E — Typbuauntsl
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XUMHUYECKUI COCTAaB HEOMPOTEPO30MCcKO-KeMOpuiickux 6a3zanbToB Tuna OB U3 akKpelMOHHBIX KOMILJIEKCOB

Casnckoro xpe0ta, TyBbl, 3a0aiikanbs, Monroiuu u Kuras

IIpunoxenne 3

Taomuua 3-111

AK Oxa Kyprymmnéa Arappar Tanny-Oua
obpasen 555/3" B-273 K-18 T97A23 Tp-3/2 TO7TO5 | T97T16 | T97T39 | T97T42 | T97T44 TK234 T1140 HS-314/2 | HS-315/2 | HS-316/2
SiO2 53.19 46.88 45.00 52.08 50.46 50.43 49.12 51.19 50.27 48.78 45.52 54.59 45.96 49.39 46.91
TiO2 2.30 3.10 2.45 2.90 2.02 2.50 1.88 1.76 1.76 1.96 2.80 2.08 3.99 2.17 4.07
Al0s 17.86 14.15 13.23 8.65 14.99 11.13 19.13 15.84 15.66 15.87 13.18 16.91 15.04 15.47 13.30
Fe203 10.62 13.66 14.44 10.11 12.85 10.08 11.00 11.90 12.04 12.44 17.66 10.17 16.32 10.16 16.68
MnO 0.18 0.20 0.18 0.26 0.20 0.16 0.18 0.17 0.19 0.22 0.25 0.17 0.23 0.20 0.22
MgO 5.94 4.54 9.26 11.67 5.49 6.06 5.17 5.75 6.11 7.71 6.04 3.70 3.99 6.20 4.78
CaO 6.57 8.63 9.17 10.94 9.88 15.22 6.28 8.13 8.24 6.43 8.28 6.47 8.77 1141 7.90
Na20 2.63 4.46 2.31 242 3.06 4.42 5.70 3.28 3.06 3.78 2.73 3.93 4.19 3.84 4.42
K20 0.49 0.38 0.02 0.87 0.80 0.24 0.80 1.03 1.30 1.22 0.18 0.51 0.95 0.93 1.30
P20s 0.23 0.48 0.26 0.37 0.25 0.29 0.52 0.75 0.73 0.77 0.37 0.34 0.54 0.23 0.41
T 3.93 3.82 3.60 4.34 0.59 0.52 1.93 2.99 2.77 3.09 4.44 3.87 3.91 3.02
cymMMa 100.4 100.1 103.9 100.1 101.1 100.3 101.7 102.4 102.0 100.5 100.1 100.3 99.3 100.0
Ni 53 104 71 32 57 79 52 38 37
Cr 182 122 136 58 140 165 130 437 191
\Y% 297 238 271 199 249 256 278 453 286
Rb 147 2.7 18 9.0 3.0 15.7 17.7 21.9 144 0.9 7.5
Sr 444 287 355 110 268 365 1024 704 652 635 262 271 347 577 590
Ba 266 110 23 336 747 75 345 356 379 611 88 220 683 146 133
Zr 133 278 162 199 159 147 143 146 144 151 148 141 331 143 244
Nb 13.7 24.0 220 29.0 13.9 23.0 114 135 13.3 129 8.7 11.6 41.5 14.6 329
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Ta 0.8 1.6 1.3 0.8 0.7 0.7 2.6 0.9 2.1
Hf 3.4 6.0 44 5.8 3.8 3.5 3.6 3.8 2.9 3.6 7.3 3.7 5.9
Y 19.0 68.0 30.0 23.0 321 21.0 24.2 31.9 348 36.5 33.2 31.0 39.6 18.1 27.8
Th 1.8 1.6 1.3 2.5 1.6 2.7 15 1.3 11 0.9 1.8 3.3 11 2.3
U 0.52 0.42 0.40 0.82 0.58 1.03 0.43 0.38 0.45 0.35 0.77 0.96 0.40 0.66
La 12.8 17.8 12.0 26.5 14.3 17.5 23.0 27.8 211 233 115 16.0 34.8 121 26.7
Ce 28.2 48.5 28.0 61.0 34.9 411 50.3 68.7 449 55.1 31.3 37.0 80.8 29.3 61.0
Pr 3.7 6.9 4.2 8.1 4.7 7.3 9.1 7.4 8.4 4.5 4.8 404 3.9 7.9
Nd 16.2 30.8 20.0 29.9 21.1 23.5 32.7 36.1 35.2 37.9 231 22.0 48.9 19.3 36.9
Sm 3.7 8.9 53 6.6 3.8 6.8 6.7 7.8 7.6 8.3 6.2 52 7.3 3.7 5.9
Eu 1.0 2.7 1.7 3.5 1.8 1.6 1.9 2.7 1.9 2.2 2.1 1.7 3.6 1.7 2.8
Gd 3.6 10.4 53 8.2 6.8 5.8 7.4 6.6 12.4 5.6 9.1
Tb 0.54 1.63 0.86 1.06 0.85 1.04 0.87 1.06 1.20 1.00 1.73 0.81 1.25
Dy 3.1 10.0 51 53 6.5 5.0 59 7.0 6.9 7.5 6.0 10.6 49 7.6
Ho 0.66 2.31 1.00 1.07 1.35 0.90 1.17 0.98 1.07 1.50 1.30 2.01 0.91 1.44
Er 17 6.2 2.6 2.8 3.8 2.6 25 3.2 2.7 3.0 4.2 3.2 54 2.6 3.9
Tm 0.3 0.9 0.4 0.5 0.5 0.6 0.5 0.7 0.3 0.5
Yb 15 5.6 21 24 3.3 1.6 2.6 3.0 2.8 3.3 3.5 3.0 4.6 2.0 3.2
Lu 0.23 0.85 0.32 0.50 0.17 0.36 0.46 0.37 0.42 0.50 0.40 0.68 0.30 0.47
Al203/TiO: 17.77 4.56 5.40 2.98 7.42 4.45 10.18 9.00 8.90 8.10 4.71 8.13 3.77 7.13 3.27
La/Smn 2.52 1.61 2.13 2.22 1.73 1.76
Gd/Ybn 2.75 1.68 2.84 1.77 2.02 1.61 1.63 2.19 2.23 2.36
La/Ybn 6.05 7.76 2.95 7.56 6.34 6.56 5.34 4.99 5.14 4.04 5.75
Zr/Hf 39.3 46.6 36.8 34.5 415 41.2 40.3 39.4 50.4 38.8 453 39.2 41.7
Nb/Ta 16.5 15.4 16.7 16.7 12.8 16.8 15.8 15.9 15.7
Y/Yb 12.58 12.25 14.29 9.5 9.7 12.8 9.4 10.6 124 110 9.5 10.3 8.6 8.9 8.8
Zr/Nb 9.7 11.6 7.4 6.9 11.4 6.4 125 10.8 10.8 11.7 17.0 122 8.0 9.8 7.4
TilZr 103.8 66.9 90.7 87.4 76.2 102.0 78.9 72.3 73.3 77.9 1135 88.5 72.3 91.0 100.1
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AK O3epHbiii Jxuna Bbasnxonrop Bauroaory
oOpasen EH1/1" EH1/2* EH7/3* EH7/4* | EH7/5* | EH7/4* | EH7/5* | EH7/10* 2 3 5 BHR-3 | BHR-4 M B_Y2H20 Lavad Lava5 Lava7
SiO2 49.46 48.03 54.20 49.35 51.18 49.35 51.18 48.42 50.60 | 52.20 | 52.60 | 49.02 46.66 50.36 45.23 47.56 48.66
TiO2 3.12 2.17 2.35 2.64 2.55 2.64 2.55 2.26 2.09 210 | 2.38 2.40 3.80 2.23 3.10 2.75 1.87
Al2O3 14.47 18.35 15.80 15.25 12.88 15.25 12.88 18.87 1410 | 1430 | 17.80 | 14.36 14.57 13.31 14.17 12.86 14.42
Fe20s 15.26 12.81 11.23 14.36 14.23 14.36 14.23 11.93 1398 | 14.34 | 10.56 | 12.56 14.66 11.71 14.76 14.15 16.20
MnO 0.25 0.16 0.18 0.19 0.19 0.19 0.19 0.17 170 | 0.18 | 0.25 0.18 0.16 0.18 0.25 0.18 0.24
MgO 4.37 3.78 3.30 4.32 4.40 4.32 4.40 3.89 420 | 3.38 | 1.88 5.17 5.93 7.07 341 6.02 5.44
CaO 6.63 9.35 5.63 6.93 8.68 6.93 8.68 8.62 8.10 | 7.00 | 4.24 8.78 3.98 7.95 12.70 9.52 9.77
Na2O 5.76 4.33 6.73 5.30 5.52 5.30 5.52 4.17 3.87 | 466 | 6.09 4.63 5.07 3.83 1.89 2.24 2.16
K20 0.15 0.75 0.08 131 0.07 131 0.07 1.23 053 | 0.32 1.04 0.54 1.47 0.09 0.19 1.24 0.43
P20s 0.52 0.27 0.49 0.34 0.31 0.34 0.31 0.44 0.26 | 0.20 | 0.98 0.33 0.29 0.35 0.42 0.26 0.17
T 254 | 237 | 275 2.79 0.50
cymma 102.0 | 101.1 | 100.6 98.0 96.6 99.9 100.6 99.7 98.5
Ni 6 33 11 15 15 15 15 13 44 48 8 33 32 58 50
Cr 5 64 9 11 16 11 16 15 48 48 80 68 69 109 73
\ 360 329 276 320 314 320 314 267 390 250 88 272 299 293 363
Rb 1.4 8.6 0.6 11.0 0.5 11.0 0.5 15.0 13.0 3.0 14.0 10.0 10.0 51 6.0 26.0 25.0
Sr 261 746 121 600 130 600 130 886 246 110 11 130 386 245 132
Ba 61 108 23 247 17 247 17 235 154 290 403 33 84 1120 165
Zr 201 125 181 139 128 139 128 134 150 150 370 199 275 171 47
Nb 11.6 7.5 9.2 7.6 8.0 7.6 8.0 7.3 17.0 10.0 | 100.0 27.0 48.0 17.8 420 17.0 14.0
Ta 0.8 0.5 0.6 0.6 0.6 0.6 0.6 0.5 111 5.07 1.2 2.3
Hf 4.9 3.0 45 3.4 3.4 3.4 3.4 3.2 5.4 1.2
Y 42 24 32 27 23 27 23 28.0 290 | 37.0 | 220 58.0 32.0 31.0 25.0
Th 1.2 0.7 1.2 0.7 0.8 0.7 0.8 0.8 5.2 14 4.7
U 0.58 0.29 0.54 0.43 0.47 0.43 0.47 0.34 0.5 0.8
La 16.4 105 13.5 10.1 115 10.1 115 11.0 134 16.2 | 271 21.0 38.0 13.8 31.9 15.2 13.5
Ce 42.0 26.0 36.0 28.5 29.1 28.5 29.1 321 296 | 36.7 | 60.6 43.0 69.0 345 67.8 353 271.7
Pr 5.9 3.6 4.8 3.8 3.7 3.8 3.7 4.0 4.9 8.8 4.9 3.6
Nd 28.4 16.9 23.0 18.2 16.7 18.2 16.7 18.6 17.2 22.6 8.4 24.2 36.4 215 17.4
Sm 7.4 45 59 4.8 4.2 4.8 4.2 4.8 4.7 5.6 8.8 5.9 6.8 7.1 8.6 5.9 4.4

26




Eu 2.5 15 1.9 1.7 1.4 1.7 14 1.6 15 1.8 2.8 2.1 2.1 2.3 2.8 2.1 14
Gd 7.9 4.8 6.5 55 4.6 55 4.6 53 4.3 6.0 9.8 8.9 8.6 6.6 5.0
Tb 131 0.80 1.04 0.90 0.76 0.90 0.76 0.96 0.63 | 0.92 1.43 1.6 11 1.0 1.0
Dy 7.8 4.5 59 52 4.3 52 43 52 10.0 6.6 6.0 52
Ho 1.62 0.92 1.25 0.99 0.85 0.99 0.85 0.98 2.2 1.6 15 1.2
Er 4.2 24 3.5 2.7 2.5 2.7 2.5 2.8 6.3 3.2 3.0 2.9
Tm 0.6 0.4 0.5 0.4 0.3 0.4 0.3 0.4 0.9 0.4 0.5 0.4
Yb 3.8 2.2 29 2.6 1.8 2.6 1.8 2.5 2.07 3.16 | 342 3.2 1.8 57 29 2.7 2.5
Lu 0.5 0.3 0.5 0.3 0.3 0.3 0.3 0.36 035 | 045 | 043 0.89 0.4 0.4 0.6
AlOs/TiO: 4.6 8.5 6.7 5.8 5.1 5.8 51 8.3 6.75 | 6.81 | 7.48 5.98 3.83 5.97 4.57 4.68 7.71
La/Smn 1.40 1.48 1.44 1.32 1.72 1.32 1.72 1.44 2.22 3.49
Gd/Ybn 1.68 181 1.83 1.72 2.09 1.72 2.09 1.72 1.77 3.05
La/Ybn 2.92 3.29 3.17 2.65 4.36 2.65 4.36 2.99 4.65 14.95
Zr/Hf 41.0 41.7 40.2 40.9 37.6 40.9 37.6 41.9 405
Nb/Ta 153 15.0 153 12.7 133 12.7 133 14.6 15.3 19.7 6.1
Y/Yb 11.05 11.16 11.15 10.55 12.92 10.55 12.92 11.34 1401 | 11.71 | 6.43 10.96 11.31 10.12
Zr/Nb 17.3 16.7 19.7 18.3 16.0 18.3 16.0 18.4 8.8 15.0 3.7 6.5 10.1 3.4
TilZr 93.1 104.2 77.9 114.0 119.5 114.0 119.5 101.2 83.6 | 84.0 | 386 67.2 67.6 96.5 238.7

Ucrounuku: Kuzmichev et al., 2005 (Oxka); Bosikosa u nip., 2009 (Kyprymuoa); Pfander et al., 2002 (Arapaar); Mourym u ap., 2011a,b (Tanny-Omna);
(Ozepwnsrit) SApmomntok u np., 2011 (mopomoo6pasyromue okucisl); Koau u ap., 2011 (peakue snemenTsl); ['opauenko u ap., 2007 (dxuna); Pa3anues,
1994; Jian et al., 2010 (Bassuxonrop); Yang et al., 1996 (Baur6aory). * - nepecuntaHo Ha Cyxoi octaTok. I'eorpadudyeckyro IpuBs3Ky cM. B Ta0. 2-1.
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Taomuma 3-211

XUMHUYECKUH COCTAaB OPJOBUK-IEBOHCKUX 0a3abToB TNA OB 13 aKKpenOHHBIX KOMILJIEKCOB
ceBepo-3anagHoro Kuras, Tamxkukucrana u MoHroimu

AK JapoyT Kapamaii Kana-Maiiin ®an-Kapaternn
obpa3ely 07KLX08 Kr-2 Kr-9 Kr-15 JZL04-5 | yQ-32 | ZHB0410 | 134 135 69 71
SiO2 50.07 47.32 49.28 51.12 52.56 47.26 52.99 4434 | 4450 | 45.90 | 44.70
TiO2 2.25 2.88 2.72 2.68 1.90 1.74 2.16 280 | 245 | 3.05 | 3.20
Al203 17.63 11.48 13.18 1231 15.83 1531 16.42 12.85 | 11.65 | 16.42 | 15.67
Fe203 7.66 15.081 13.039 12.278 9.70 13.39 10.26 13.52 | 11.52 | 12.16 | 12.64
MnO 0.10 0.19 0.21 0.11 0.16 0.16 0.12 0.15 | 0.14 | 0.11 | 0.18
MgO 8.86 5.78 3.31 4.78 421 7.47 3.19 842 | 7.14 | 542 | 4.65
CaO 2.16 11.22 11.69 9.26 6.53 10.30 7.42 755 | 7.28 | 3.26 | 6.25
Na20 4.69 2.89 3.48 3.18 4.02 3.25 3.52 250 | 250 | 585 | 4.07
K20 0.49 1.93 1.81 1.61 1.92 0.36 0.75 111 | 050 | 0.25 | 0.25
P20s 0.13 0.81 0.89 0.89 0.74 0.22 0.64 0.46 | 040 | 054 | 0.54
T 6.30 1.48 1.6 231 2.95 1.62 2.87 6.59 | 1223 | 725 | 7.80
cymMma 100.1 100.41 100.78 100.11 100.5 101.1 100.3 996 | 995 | 995 | 99.7
Ni 54 127.5 67.2 71.7 19 53 96 63 79 29 22
Cr 57 135.2 117.3 139.5 51 103 138 130 120 100 100
\% 197 164.3 134.2 91.8 83 100 210 50
Rb 7 73.6 62.1 92.8 19 25 36 14.0 | 19.0 | 40.0 | 30.0
Sr 164 355.3 545.3 445 597 358 608 359 296 355 377
Ba 129 937 791 856 622 578 601 436 456 114 72
Zr 202 218.7 223.3 202.5 353 249 252 300 252 311 358
Nb 37.3 36.9 413 33.3 17.1 17.7 111 470 | 36.0 | 54.0 | 56.0
Ta 2.6 4.2 3.5 2.5 11 0.9 0.7 2.6 2.0 3.0 31
Hf 5.2 5.6 6.9 4.9 7.3 6.0 55 7.1 6.6 7.4 8.3
Y 16.7 29.8 19.7 21.3 35.3 30.3 32.6 36.0 | 29.0 | 33.0 | 31.0
Th 41 16.3 221 16.8 2.6 2.5 21 5.0 3.0 6.0 7.0
U 0.9 11 11 0.8 3.0 3.0 15 1.7
La 113 443 41.6 40.5 36.6 41.2 23.9 416 | 411 | 398 | 535
Ce 26.7 66.5 85.3 73.5 76.9 79.2 50.6 932 | 80.2 | 648 | 97.2
Pr 3.7 8.3 9.5 8.2 10.0 10.0 7.0
Nd 14.9 37.2 39.2 334 41.9 40.6 30.0
Sm 3.5 6.8 7.3 6.6 8.5 8.1 7.0 10.9 8.6 8.0 8.7
Eu 1.2 2.8 2.3 2.2 2.7 2.1 2.2 25 1.8 2.7 2.9
Gd 35 8.7 8.9 7.8 8.3 6.6 6.9
Tb 0.6 13 14 0.9 13 11 11 1.0 0.8 1.3 1.6
Dy 3.4 4.9 53 5.2 7.3 5.9 6.6
Ho 0.7 1.2 1.2 1 15 1.2 14
Er 1.9 3.4 3.3 2.6 4.2 3.4 3.8
Tm 0.3 0.5 0.3 0.3 0.7 0.5 0.6
Yb 1.7 2.6 2.7 21 4.2 3.3 4.1 2.6 1.5 1.9 25
Lu 0.3 0.5 0.6 0.3 0.6 0.5 0.5
AlOs/TiO2 7.8 3.99 4.85 4.59 8.3 8.8 7.6 459 | 476 | 538 | 4.90
La/Smn 4.2 3.7 4
Gd/Ybn
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La/Ybn 12.2 111 13.8
Zr/Hf 39.2 48.1 418 45.6 423 | 382 | 420 | 431
Nb/Ta 145 16.0 20.8 15.0 18.1 | 180 | 18.0 | 181
Y/Yb 9.7 8.4 9.1 8.0 13.85 | 19.33 | 17.37 | 12.40
Zr/Nb 54 20.6 14.1 22.7 6.4 7.0 5.8 6.4
TilZr 66.8 323 42.0 515 56.0 | 58.3 | 58.8 | 53.6
AK Yaan-Batop CoJionkep
obpasen TG-2 TG-4 8 11 12 15 1019 | DW34 | DW37 | DW39 | DW41 | DW43
SiO2 45.30 48.23 | 4411 | 47.46 | 47.47 | 49.03 | 4438 | 49.98 46.73 45.07 47.80 48.19
TiO2 2.17 1.86 277 | 292 | 161 | 2.00 3.23 1.72 1.85 1.55 1.71 1.81
Al20s 15.10 11.35 | 16.30 | 13.70 | 16.98 | 17.07 | 13.17 15.90 15.29 18.26 18.98 15.48
Fe203 12.98 1199 | 12.22 | 1482 | 11.15 | 10.61 | 10.42 11.44 12.15 11.17 10.28 11.64
MnO 0.16 0.21 014 | 0.24 | 019 | 0.16 0.14 0.15 0.19 0.22 0.18 0.18
MgO 6.26 11.79 | 713 | 6.63 | 6.69 | 575 7.40 5.00 7.30 5.59 4.44 6.60
CaO 6.22 6.21 722 | 9.71 | 884 | 9.04 | 13.60 9.28 11.04 12.03 11.37 10.88
Na20 3.64 0.64 322 | 328 | 324 | 313 2.58 3.92 2.88 2.66 3.09 3.23
K20 1.53 3.19 223 | 026 | 140 | 161 1.84 0.73 0.60 0.72 0.55 0.53
P20s 0.51 0.32 039 | 037 | 045 | 045 0.45 0.23 0.26 0.27 0.25 0.23
nn 5.96 3.85 464 | 183 | 3.29 | 192 2.78 2.19 2.28 2.96 1.87 2.06
cymma 99.8 99.6 100.4 | 101.2 | 101.3 | 100.8 | 100.01 | 100.5 100.6 100.5 100.5 100.8
Ni 36 40 7 9 41 109 39 41 108
Cr 110 150 120 131 359 28 167 36 38 178
\Y 200 320 220 183 300 239 172 215 227 199
Rb 43.9 89.8 46.0 3.2 370 | 370 24.6 240 23.0 49.0 33.0 29.0
Sr 699 101 310 50 547 610 481 589 424 668 570 443
Ba 671 256 410 280 407 420 351 368 161 478 486 182
Zr 227 183 260 190 133 177 303 99 105 95 100 109
Nb 41.3 27.8 350 | 190 | 103 | 114 43.3 14.6 141 13.8 144 13.9
Ta 2.6 1.8 2.0 11 0.8 0.9 2.7 0.9 1.0 0.8 1.0 1.0
Hf 5.7 5.0 6.9 5.0 3.7 51 7.5 3.0 3.3 2.8 3.2 3.3
Y 26.1 21.4 33.0 | 28.0 | 29.0 | 131.0 | 29.0 26.2 26.2 242 255 26.1
Th 4.2 2.6 1.7 2.0 13 1.6 3.7 1.0 1.0 1.0 11 1.0
U 1.85 1.19 4.1 2.0 0.7 11 0.9 0.31 0.25 0.30 0.35 0.31
La 345 22.7 33.0 | 17.0 | 21.0 | 33.0 325 11.2 10.1 10.9 10.4 10.2
Ce 68.9 47.7 740 | 37.0 | 45.0 | 67.0 72.9 25.7 255 25.0 24.1 251
Pr 9.3 6.2 9.4 3.3 3.3 3.2 31 3.4
Nd 36.4 24.6 38.7 153 16.7 14.2 15.0 15.8
Sm 7.6 5.6 9.8 6.8 6.4 10.0 8.6 4.3 4.8 3.7 4.1 43
Eu 2.5 1.8 2.9 2.1 18 1.9 3.1 15 1.4 15 1.6 15
Gd 7.4 5.6 8.8 4.5 4.9 4.3 45 4.8
Tb 1.0 0.8 1.5 14 1.0 15 1.3 0.8 0.8 0.7 0.7 0.8
Dy 53 4.0 6.6 4.7 5.0 4.7 4.8 4.9
Ho 0.9 0.7 11 1.0 1.0 0.9 1.0 1.0
Er 2.1 1.7 2.9 29 2.8 2.7 2.9 2.7
Tm 0.3 0.2 0.4 0.4 0.4 0.4 0.4 0.4
Yb 1.6 13 3.0 2.8 2.7 2.9 21 2.3 2.2 2.3 2.5 2.3
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Lu 0.19 0.18 0.5 0.4 0.4 0.4 0.3 0.32 0.32 0.33 0.33 0.32
AlOs/TiO: 6.96 6.10 588 | 4.69 | 10.55 | 8.54 9.7 9.24 8.26 11.78 11.10 8.55
La/Smn 2.84 2.54 18 161 1.32 1.85 1.59 1.47
Gd/Ybn 3.76 3.55 14 1.60 1.77 1.49 1.48 1.71
La/Ybn 15.42 12.71 2.9 3.46 3.22 3.33 2.97 3.20
Zr/Hf 395 36.7 37.7 | 380 | 359 | 347 40.4 32.9 320 343 31.6 334
Nb/Ta 15.9 153 175 | 173 | 129 | 121 16.0 15.9 144 16.4 15.2 141
Y/Yb 16.5 16.9 11.0 | 100 | 10.7 | 452 13.8 115 11.8 10.4 10.3 11.6
ZrINb 55 6.6 7.4 100 | 129 | 155 7.0 6.7 7.4 6.9 6.9 7.8
TilZr 57.5 61.1 639 | 922 | 726 | 67.8 63.8 104.7 106.2 98.0 102.5 99.8

Hcrounuku: Zhang et al.,2011b (Japoyr AK); Yang et al., 2015b (Kapamaii AK); Zhang et al.,2009

(Kanamaitnu AK); Volkova, Budanov, 1999 (®an-Kaparerun AK); Safonova et al., 2009; I'yces,
[Teckos, 1996, Safonova, Santosh, 2014 (Ynau6aarapckuii AK); Miao et al., 2008. I'eorpaduueckyio
MPUBS3KY CM. B Tabu. 2-3.
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Taomuma 3-311

Xumnueckuit cocraB 6a3ansToB Tuna OB 13 akKpelMOHHBIX KOMILJIEKCOB poccHiickoro Jlanbpuero
Bocroka u 3anagnoit [Tanupuku

AK Xabap. CaMapKUHCKMIA [pudpexnsbiii (Tayxunckuii)
ofpasen Am-07-07| L216 | L237 | L147 | L151 FO5 | TH-1| TH-3| TH-7| TH-8 | TH-10{ TH-14 TH-20
SiOz 44.45 49.76 | 46.82 | 47.95 | 48.28 | 44.90 | 46.60 | 45.80 | 48.80 | 51.50 | 50.75 | 46.80 | 49.80
TiO2 3.78 399 | 376 | 277 | 3.27 | 237 2.95 2.92 2.60 1.85 277 | 2.86 242
AlzO3 14.90 16.53 | 16.93 | 14.78 | 14.12 | 15.36 | 14.76 | 14.76 | 18.00 | 16.21 | 13.65 | 17.00 | 18.35
Fe20s 14.84 1407 | 1541 | 12.33 | 13.01 | 14.33 | 13.36 | 11.22 | 10.07 | 12.32 | 10.32 | 9.54 7.70
MnO 0.28 011 | 011 | 0.17 | 0.20 | 0.19 0.24 0.21 0.13 0.08 0.10 | 0.24 0.11
MgO 5.02 385 | 259 | 793 | 655 | 511 6.09 8.26 4.10 3.72 568 | 5.50 4.54
CaO 4.30 187 | 260 | 471 | 6.90 | 12.14 | 8.22 | 10.22 | 4.20 2.50 6.62 | 7.00 8.00
Na2.0 0.53 293 | 288 | 282 | 274 | 3.33 3.82 3.09 3.10 5.02 430 | 3.10 4.15
K20 5.74 308 | 372 | 150 | 0.76 | 0.71 0.87 1.10 3.08 2.64 0.99 | 2.00 111
P20s 0.50 020 | 080 | 046 | 0.65 | 0.44 0.69 0.35 0.40 0.84 032 | 0.75 0.43
ILILIL. 5.57 313 | 418 | 480 | 385 | 1.27 1.10 1.06 4.60 1.90 3.88 | 4.20 2.72
Cymma 99.91 995 | 99.8 | 100.2 | 100.3 | 100.1 | 98.7 99.0 99.1 98.6 99.4 | 99.0 99.3
Ni 76 40 41 65 44 161 39 47 44 18 100 89 43
Cr 63 18 18 136 108 218 26 45 93 4 260 260 48
\ 322 343 290 205 248 173 96 144 200 75 140 200 180
Rb 19 602 | 584 | 273 | 106 | 158 55.0 | 107.0 | 55.0 19.0 88.0
Sr 330 102 117 211 203 655 559 589 483 519 667 477 596
Ba 177 275 201 203 149 133 164 164 430 556 1230 | 732 308
Zr 263 93 203 226 264 75 198 168 185 613 144 289 191
Nb 57.2 51.7 | 55.0 | 409 | 415 | 40.2 13.0 240 38.0 88.0 7.0 90.0 26.0
Ta 2.7 2.7 2.8 21 2.1 2.8
Hf 4.8 4.8 4.9 7.3 8.3 3.6
Y 295 415 | 26,6 | 36.1 | 425 | 209 44.0 52.0 22.0 72.0 29.0 | 49.0 410
Th 3.0 3.4 3.4 3.3 3.2 2.4
U 1.12 1.00 | .76 | 0.77 | 0.87 | 0.66
La 28.9 50.1 | 36.6 | 349 | 40.7 | 275 31.0 13.0 27.0 71.0 9.0 79.0 29.0
Ce 59.8 958 | 820 | 76.0 | 90.1 | 55.0 56.0 29.0 540 | 131.0 | 13.0 | 148.0 | 59.0
Pr 6.6 12.0 9.9 9.3 10.8 6.3
Nd 213 499 | 393 | 39.6 | 458 | 26.1 19.0 9.0 22.0 70.0 200 | 470 26.0
Sm 7.6 10.3 8.7 9.6 11.3 54
Eu 2.3 3.4 29 3.2 3.6 1.7
Gd 5.7 10.6 8.1 9.8 115 51
Tb 1.0 1.4 11 1.5 1.8 0.8
Dy 5.9 8.4 6.5 8.8 9.6 4.1
Ho 0.9 1.5 11 1.5 1.7 0.7
Er 2.3 3.8 2.7 4.0 4.3 2.1
Tm 0.4 0.5 0.4 0.6 0.6
Yb 1.9 3.6 2.6 3.5 3.7 15
Lu 0.29 045 | 031 | 041 | 046 | 0.22
Al203/TiO2 3.94 414 | 450 | 534 | 432 | 648 5.00 5.05 6.92 8.76 493 | 594 7.58
La/Smn 2.37 3.03 | 262 | 227 | 2.25
Gd/Ybn 242 240 | 252 | 226 | 2.49
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La/Ybn 10.66 9.88 | 9.92 | 7.02 7.73
Zr/Hf 54.7 196 | 418 | 310 | 318 20.8
Nb/Ta 20.9 194 | 19.7 19.6 20.1 14.6
Y/IYb 154 116 | 10.2 10.2 114 14.3
Zr/Nb 4.6 1.8 3.7 5.5 6.3 19 15.2 7.0 4.9 7.0 20.6 3.2 7.3
TilZr 91 256.8 | 1114 | 73.6 744 | 1908 | 894 | 1043 | 84.3 18.1 | 1154 | 594 76.0
AK K.-ManoMuHckuit HaiizaBa CmaruHckui Maanaiita
odopasenr | G12 | 11-03| 7-2 G18 | G19 | G21 | G22 | D722 | D723 | 8-12 | 2-14 9538 | 9959 | 8503
SiO2 43.80 | 47.06 | 48.17 | 46.70 | 46.80 | 48.28 | 50.41 | 47.70 | 48.00 | 44.60 | 48.80 | 51.9 | 53.8 | 48.0
TiO2 344 | 275 | 245 | 225 | 312 | 232 | 161 | 190 | 1.71 | 230 | 230 | 274 | 275 | 3.96
Al203 15.05 | 17.76 | 13.96 | 17.00 | 17.66 | 13.69 | 17.52 | 15.20 | 16.60 | 15.50 | 16.40 | 12.80 | 13.60 | 11.17
Fe.Os | 18.20 | 12.66 | 14.34 | 10.46 | 10.97 | 10.02 | 11.16 | 13.90 | 11.00 | 10.02 | 9.67 | 11.18 | 9.91 | 11.82
MnO 025 | 023 | 023 | 0.18 | 0.5 | 015 | 019 | 021 | 0.30 | 048 | 0.15 | 0.10 | 0.07 | 0.12
MgO 401 | 316 | 6.11 | 826 | 758 | 878 | 478 | 288 | 3.76 | 780 | 6.40 | 838 | 7.60 | 10.05
CaO 578 | 528 | 820 | 11.03 | 7.64 | 1046 | 10.15 | 751 | 811 | 9.40 | 6.60 | 8.25 | 8.49 | 10.08
Na20 495 | 400 | 339 | 284 | 327 | 250 | 483 | 484 | 332 | 290 | 3.00 | 235 | 294 | 176
K20 071 | 290 | 012 | 101 | 195 | 247 | 040 | 037 | 155 | 1.70 | 3.20 | 155 | 150 | 2.43
P20s 042 | 060 | 027 | 0.38 | 055 | 0.46 | 0.26 | 0.20 | 041 | 056 | 053 | 0.63 | 0.63 | 0.91
ILILIL. | 420 | 333 | 289 | 489 | 432 | 382 | 536 | 290 | 450 | 500 | 3.30 | 1.79 | 1.10 | 2.58
Cymma | 100.8 | 99.73 | 100.1 | 100.1 | 99.7 | 99.1 | 101.3 | 97.60 | 99.26 | 100.3 | 100.4 | 99.86 10;"2 10(?'3
Ni 64 7 76 185 139 165 253 304 98 90 71 237 366 284
Cr 41 3 141 262 206 252 642 453 306 358 333 325
\Y 322 131 386 210 226 197 268 250 189 153 144 203
Rb 8.7 37.8 2.8 106 | 224 | 494 6.3 5.8 29.9 37 60 23.0 | 22.0 | 440
Sr 232 783 296 796 | 1091 | 372 224 195 243 270 460 643 670 733
Ba 174 925 39 757 944 438 188 149 240 486 | 1018 | 347 358 561
zr 168 186 110 156 215 151 108 59 101 270 250 253 244 347
Nb 289 | 779 9.2 293 | 453 | 36.0 | 227 | 108 | 142 46 73 25 22 55
Ta 21 4.2 0.7 0.6 0.8 3 4
Hf 5.7 5.9 4.0 1.8 2.3
Y 315 | 259 | 320 | 260 | 29.0 | 210 | 250 | 155 | 36.2 39 30 240 | 27.0 | 28.0
Th 1.6 6.3 0.6 0.7 0.8 4 6 2.2 2.1 4.7
U 0.3 1.6 0.2 2 0.6 0.6 1.2
La 235 | 583 | 105 7.8 12.9 29 44 276 | 259 | 525
Ce 53.5 | 106.0 | 27.0 13.7 | 20.3 59 80 58.2 | 546 | 99.3
Pr 7.6 13.6 3.9 19 3.6 6 9 7.6 7.2 125
Nd 341 | 522 | 20.6 8.8 16.0 28 36 344 | 332 | 548
Sm 8.6 10.3 5.8 2.8 4.5 6 7 8.4 8.4 12.0
Eu 24 3.3 19 11 14 2 0 2.8 2.9 3.7
Gd 8.2 10.1 6.3 3.7 5.4 6 6 7.3 7.6 9.6
Tb 13 1.3 1.0 0.6 0.9 1 1 11 11 1.3
Dy 6.8 6.7 6.3 35 5.8 6 5 5.7 59 6.8
Ho 11 11 1.3 0.7 1.2 1 1 1.0 11 1.1
Er 3.3 2.6 3.3 1.7 34 4 3 24 2.6 2.7
m 0.2 0.5 1 0 0.3 0.3 0.3
Yb 2.0 2.3 2.7 14 3.1 4 2 1.7 1.8 1.8

32



Lu 02 | 03 | 04 0.18 | 0.42 1 0 02 | 02 | 0.2
AT'izgz’ 438 | 6.46 | 5.70 80 | 97 | 67 | 71

La/Smn 1.7 | 1.8 | 30 | 39

Gd/Ybn 21 | 14 | 14 | 21

La/Ybn 40 | 29 | 59 | 130

Zr/Hf | 294 | 316 | 274 332 | 437

Nb/Ta | 13.7 | 18.7 | 13.1 17.9 | 180 | 17.7 | 17.0

YiYb | 161 | 111 | 118 111 | 115 | 111 | 125

ZrINo | 58 | 24 | 120 | 53 | 47 | 42 | 48 | 55 | 71 | 59 | 34

Tilzr | 1229 | 88.7 | 1339 | 865 | 87.1 | 92.2 | 894 | 193.0 | 101.4 | 51.1 | 55.2 | 65.0 | 67.6 | 685

Hcrounuku: Safonova et al., 2009 (Xa6aposckuit AK); Cumanenko u ap., 2009 (Camapkunckuii AK);
Xanuyk u ap., 1989; Safonova et al., 2009 (KaBaneposckuii AK); ®unumnmos u ap., 2010
(Kucenescko-Manomunckuii AK); Ueda and Miyashita, 2005 (HaiizaBa AK); Safonova et al., 2009
(Cmarunckuit AK); Tejada et al., 1996 (Mamnaiita AK). ['eorpaduueckyto mpuBsizky cMm. B Tadm. 3-1.
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Cocras noponooﬁpasywmnx U PEAKUX IJIEMEHTOB BYJIKAHUYECCKUX IMOPOA U3 AKKPCINOHHBIX KOMIIJIEKCOB HACH ¥ SIlnoHun

Ipuio:xkenne 4 k I'naBe 4.

Taomuua 111

ConeprkaHue mopo1000pa3yronmx OK|CIoB (Mac. %) 1 peaKux 3j1eMeHTOB (I/T) B okeanndeckux 0asanprax u3 Kypaiickoro AK I'opaoro Anrast

1 2 3 4 5 6 7 8 10 11 12 13
odpa3zen 147 170 92-T-2 92-T-4 173 KR86 123 125 144 146 151 154
SiO; 49.18 48.51 49.16 48.69 51.75 49.59 51.15 50.84 48.94 47.25 49.63 46.27
TiO, 1.75 1.45 1.10 1.14 0.79 1.02 1.32 1.66 1.77 1.84 1.09 2.36
Al;,O3 13.10 13.44 15.07 15.50 13.90 15.15 13.47 14.83 13.49 13.67 15.80 12.90
Fe.03 12.85 14.38 12.12 12.12 11.56 11.91 8.04 7.51 11.73 12.91 11.34 14.96
MnO 0.24 0.24 0.14 0.15 0.21 0.22 0.16 0.17 0.21 0.23 0.20 0.25
MgO 6.94 5.92 5.78 6.09 7.65 5.27 7.87 5.43 7.23 7.26 6.24 6.96
CaO 8.67 6.37 9.97 9.44 6.64 9.09 8.71 7.34 9.30 10.00 7.76 6.82
Na.O 4.23 6.21 2.74 3.06 3.88 5.15 3.04 4.58 3.86 3.32 3.28 5.18
K20 0.36 0.21 0.10 0.10 0.76 0.03 1.34 0.71 0.35 0.29 0.37 0.49
P20s 0.18 0.10 0.12 0.11 0.05 0.10 0.17 0.45 0.18 0.18 0.08 0.23
ILILII. 2.37 3.07 4.15 3.92 2.73 4.57 6.10 2.44 2.74 3.83 3.35
Cymma 99.87 99.90 100.44 100.32 99.91 97.52 99.84 99.62 99.49 99.68 99.62 99.78
Mg# 51.93 45.16 48.82 50.12 56.96 46.97 66.19 59.12 55.21 52.93 52.39 48.20
Ni 71 9.1 20 20 96 7.4 51 41 38.9 21.7
Co 47 51 51 42 30 55 53 48 52
Cr 165 24.9 154 125 106 113 61
\Y 166 341 89 135 326 362 417
Rb 3.0 2.8 12.6 0.5 10.4 114 2.8 3.1 7.9 55
Sr 256 201 378.2 81.4 315.0 405.0 245.8 211 368 148
Ba 50 10 265 26.3 200 270 50 10 160 70
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Zr 58 73 52 43 96 69 157 157 177 137
Nb 2.0 1.0 14 0.4 9.9 3.0 4.7 4.0 4.2 5.1
Y 26.7 355 22 19 22.9 29.9 53 58 63 48.8
La 2.7 3.2 2.8 2.5 3.2 1.8 7.0 8.0 5.3 5.7 7.0 6.5
Ce 7.2 8.5 6.0 6.0 8.0 5.5 16.5 18.0 16.0 16.5 20.0 155
Nd 5.8 6.8 6.2 8.0 6.3 0.9 10.2 14.0 14.9 13.2 14.1 12.3
Sm 1.9 2.6 2.2 2.4 1.9 5.5 2.7 4.3 5.0 4.4 4.9 4.7
Eu 0.7 1.0 1.1 1.1 0.6 0.8 0.9 1.6 1.7 1.7 1.8 1.6
Gd 3.0 3.8 2.5 8.1 6.9

Tb 0.5 0.6 0.6 0.6 0.7 0.6 0.5 0.9 13 1.1 1.1 0.9
Yb 2.1 2.7 2.7 2.5 2.2 2.4 2.0 2.8 5.1 5.0 5.0 3.4
Lu 0.3 0.5 0.4 0.5 0.3 2.4 0.3 0.4 0.7 0.8 0.8 0.6
Hf 1.3 1.6 1.6 13 15 1.2 2 2.1 4 3.6 3.9 2.9
Ta 0.1 0.1 0.1 0.1 0.0 0.5 0.2 0.3 0.2 0.2 0.2
Th 0.5 0.2 0.2 0.1 0.3 0.8 0.5 0.5 0.3 0.2 0.3 0.3
U 0.3 0.1 0.2 0.3 0.2 0.2 0.2 0.3 0.1
Zr/Nb 30 72 39 121 10 23 33 39 42 27

La/Sm, 0.9 0.8 0.8 0.7 1.0 0.6 1.6 1.2 0.7 0.8 0.9 0.9
Gd/Ybn 1.0* 0.9* 0.9 1.1 0.2 1.0 1.2 1.5 1.1 0.9 1.0 1.3
La/Ybn 0.9 0.8 0.7 0.7 1.0 0.5 2.4 1.9 0.7 0.8 0.9 1.3

Nb/Lapm 0.7 0.3 0.4 0.6 1.4 0.4 0.8 0.7 0.6 0.7

Th/Lapm 1.5 0.4 0.9 3.5 0.6 0.5 0.5 0.4 0.3 0.4
Nb/Thpm 0.5 0.7 0.5 0.2 2.1 0.7 1.8 1.9 1.7 1.7

Eu/Eu* 1.0 1.0 1.3 1.2 0.8 1.1 1.0 1.0 3.2 1.0 1.0 1.0

Ti/Ti* 4.9 3.1 2.6 2.5 1.9 2.6 2.9 2.1 3.7 2.2 2.1 2.9
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14 15 16 17 18 19 20 21 22 23 24
o0pazen 155 157 161 165 169 KR82 KR83 KR87 KR90 C-80A-04 | 96-56-1

SiO; 52.36 47.28 47.53 47.29 48.89 49.22 48.69 50.76 49.73 48.45 50.15
TiO, 1.84 1.53 1.78 1.65 0.43 2.05 2.42 2.07 1.68 1.86 1.51
Al;Os 14.17 15.72 16.15 14.60 17.86 14.24 14.39 16.36 13.84 12.21 14.57
Fe>Os 11.24 10.93 12.33 13.57 8.82 13.39 14.53 11.61 11.81 11.73 13.76
MnO 0.17 0.21 0.21 0.21 0.18 0.21 0.24 0.21 0.45 0.18 0.26
MgO 4.59 7.07 7.25 6.69 6.23 6.05 4.91 4.35 6.04 7.73 3.89
CaO 6.32 8.11 5.24 6.95 8.06 8.79 7.47 8.07 8.30 10.97 5.44
Na.O 4.76 3.85 4.44 4.28 4.75 3.92 3.88 5.00 5.27 2.09 5.76
K20 0.70 0.74 0.44 0.44 0.90 0.21 1.45 0.45 0.12 0.30 0.71
P,Os 0.21 0.13 0.43 0.37 0.40 0.23 0.25 0.25 0.18 1.18 0.58
ILILII. 2.53 3.19 3.71 3.59 3.13 3.98 3.26
Cymma 98.89 98.75 99.51 99.63 99.65 98.31 98.24 99.12 97.43 100.68 99.89
Mg# 44.96 56.40 54.04 49.65 58.55 47.47 40.34 42.83 50.56 54.26 36.12
Ni 22.9 7.0 22.2 14.3 7.7 39.0 14.0 23.0 42.0 105.0
Co 38.0 38.0 39.0 40.0 24.0 62.0 48.0
Cr 29.2 33.9 38.9 41.7 47.5 226.3
\Y% 337.0 307.0 469.0 349.0 67.0
Rb 6.8 6.3 6.5 5.8 19.0 3.4 10.2 4.4 1.5 6.5 15.0
Sr 171.0 327.0 475.0 514.0 901.0 189.0 125.0 361.0 252.0 161.0 560.0
Ba 100.0 260.0 600.0 70.0 300.0 57.0 160.0 177.0 98.0 141.0 480.0
Zr 186.0 78.0 99.0 72.0 40.4 173.0 133.0 189.0 132.0 157.0 108.0
Nb 4.5 3.7 4.3 3.1 4.1 3.0 3.3 3.3 1.8 20.0 4.0
Y 61.0 35.2 38.2 32.6 16.0 37.0 50.0 48.0 42.0 42.5 40.0
La 5.9 7.5 8.0 7.2 20.0 6.1 5.4 6.6 4.5 13.0 11.0
Ce 18.5 18.6 20.6 16.6 42.0 19.1 16.2 20.4 13.8 31.0 25.0
Nd 17.9 10.3 15.6 114 19.9 3.3 2.7 3.5 2.4 14.0 16.0
Sm 5.9 3.6 4.2 3.6 4.1 17.4 14.6 18.4 12.8 4.8 5.2
Eu 1.8 1.8 1.9 1.8 1.3 2.0 1.8 2.0 15 14 2.0
Gd 8.0 6.5 3.1 6.1 5.4
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Tb 1.1 0.7 0.8 0.7 0.4 1.4 1.1 1.5 1.1 0.8 1.1
Yb 4.7 2.7 2.9 2.8 1.4 6.0 4.1 6.2 4.5 1.9 3.8
Lu 0.8 0.4 0.4 0.4 0.2 0.9 0.6 0.9 0.7 0.3 0.6
Hf 3.9 1.9 2.1 1.6 0.8 4.5 3.5 5.0 3.6 3.8 2.0
Ta 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.1 1.2 0.3
Th 0.3 0.5 0.5 0.4 0.9 0.3 0.3 0.5 0.7 1.1 0.9
U 0.0 0.2 0.3 0.1 0.0 0.4

Zr/Nb 41.0 21.0 23.0 24.0 10.0 58.0 40.0 58.0 74.0 8.0 27.0
La/Sm, 0.8 1.1 1.2 1.3 3.1 0.7 0.7 0.7 0.6 1.7 1.3
Gd/Ybn 1.02* 1.35* 1.30* 1.21* 1.9 1.0 1.2 1.0 1.1 1.1 1.31*
La/Ybn 0.9 1.9 1.9 1.7 9.7 0.7 0.9 0.7 0.7 1.7

Nb/Lapm 0.7 0.5 0.5 0.4 0.2 0.5 0.6 0.5 0.4 1.5 0.4
Th/Lapm 0.3 0.5 0.5 0.5 0.3 0.4 0.5 0.6 1.3 0.7 0.7
Nb/Thpm 2.2 1.0 1.0 0.9 0.6 1.2 1.3 0.8 0.3 2.2 0.5
Eu/Eu* 1.0 1.2 1.3 14 1.1 0.9 1.0 0.9 0.9 0.8 1.1
Ti/Ti* 2.2 2.2 2.5 2.6 0.7 1.9 2.8 1.8 2.0 2.2 1.6

Ipumeuanue: ornomenus: Ew/Eu* u Ti/Ti* paccuntsiBanuch nmo metoxay [ Taylor, McLennan, 1985] no HopmupoBanubiM Gd 11 SM; 3HAYCHUST OTHOILICHUI
Gd/YDbn co 3Be310uUKON pacCUMTHIBAIKCH 1O MOAeNbHOMY 3HaueHuto Gd*. Ti* - comepikaHue TUTaHA. SKCTPAIOIMPOBAHHOE HA MYJIbTH-KOMIOHEHTHBIX
CHEKTpaxX, HOPMUPOBAHHBIX 110 TPUMUTHBHON MaHTHU. AHAIM3UPOBAINCH BaJIOBbIE MPOOKI TOpoa. bazanbeTer: 1-6 — nennerupoBanHbie, 7-22 — IepexoaHbIe
23-24 — o0oraieHHbIE.
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Taonuua 211

Coaeprkanre mopoa000pa3yroIux OKKCIoB (Mac. %) U penkux 3eMeHToB (I/T) B 6a3anbTax MaHxepokckoit cButhl Karynckoro AK I'opaoro Anrast

1 2 3 4 5 6 7 8 9 10 11 12
o0pasen Kat-34-07 | Kat-38-07 | Kat-40-07| Kat-55-0771 Kat-45-07 | Kat-49-07 | Kat-50-07 | Kat-51-07 | Kat-52-07 | Kat-53-07 | Kat-54-07| 92-C-1
SiO, 48.90 45.78 47.37 48.47 47.78 43.79 49.23 47.10 47.43 44.96 44.56 52.32
TiO, 2.03 2.22 2.29 2.52 4.22 3.65 3.99 2.50 2.55 2.86 3.58 2.26
Al2Os 13.65 14.42 13.41 14.24 16.63 13.39 14.17 16.53 15.38 18.12 15.72 12.44
Fe>Os 12.57 14.73 13.04 12.69 12.54 14.38 11.56 14.04 14.61 11.86 14.10 1111
MnO 0.13 0.15 0.10 0.12 0.09 0.20 0.14 0.15 0.19 0.18 0.26 0.10
MgO 7.10 6.36 6.44 6.86 3.14 4.62 4.60 3.17 3.57 6.01 8.06 6.19
CaO 9.63 11.34 10.30 8.14 4.96 8.12 7.43 6.27 5.77 7.83 5.94 7.60
Na.O 0.34 0.12 0.10 0.32 1.62 2.15 2.49 1.95 2.08 1.38 2.01 5.04
K20 2.83 1.90 2.97 3.87 4.52 2.49 2.64 3.91 3.14 2.52 2.43 0.68
P20s 0.18 0.21 0.29 0.34 0.71 1.56 0.55 1.04 1.23 0.51 0.49 0.29
ILILIL 2.87 3.55 4.24 2.93 3.12 4.03 2.77 1.46 3.17 3.97 2.70 2.76
Cymma 100.2 100.6 100.6 100.5 99.3 98.6 99.7 98.6 99.1 100.0 99.8 100.8
Mg# 50.4 43.7 47.1 49.3 311 36.6 41.7 28.9 30.5 47.7 50.7 52.7
Co 44.0 45.0 40.0 41.0 32.0 28.0 36.0 30.0 21.0 38.0 60.0 63.0
Sc 26.0 31.0 28.0 26.0 20.0 20.0 25.0 18.0 20.0 25.0 29.0
Rb 3.0 0.8 1.1 7.4 49.7 35.9 67.2 37.0 43.0 60.7 73.6 7.0
Sr 386.0 455.0 511.0 428.0 637.0 591.0 607.0 859.0 581.0 604.0 694.0 120.0
Ba 52.0 29.0 44.0 112.0 669.0 873.0 741.0 906.0 711.0 704.0 834.0 144.0
Zr 155.0 167.0 222.0 157.0 463.0 251.0 372.0 419.0 509.0 215.0 273.0 154.0
Nb 10.3 14.2 17.9 16.7 89.0 68.6 571.7 109.1 91.3 53.1 49.6 20.0
Y 18.4 28.4 35.5 21.0 42.7 48.7 37.5 52.4 74.7 30.0 31.6 29.0
Cs 0.0 0.9 0.5 0.2 0.1 0.4 1.2 1.9 2.1
La 8.9 10.8 14.2 12.8 43.8 54.4 37.0 69.8 735 38.5 36.0 13.0
Ce 25.6 29.0 35.9 28.2 98.7 1154 83.4 139.0 158.2 82.7 79.1 29.0
Nd 15.6 15.7 20.2 17.2 49.3 58.3 43.2 65.4 79.1 38.4 44.0 20.0
Sm 3.9 5.7 6.4 4.7 11.9 145 10.9 14.7 17.4 8.2 9.9 5.4
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Eu 15 1.9 23 1.7 38 4.7 33 4.7 5.2 2.9 3.6 14
Gd 3.9 33 37 4.1 12,5 15.7 134 17.2 16.1 117 13.7 5.7
Th 0.6 1.0 1.2 0.7 17 19 15 2.0 27 1.2 1.3 0.8
Dy 35 5.7 6.6 4.7 8.3 9.4 7.9 10.1 13.8 5.8 6.8

Ho 0.8 0.9 1.1 0.9 14 16 12 16 2.2 0.9 0.9

Er 17 2.7 2.9 2.2 33 43 33 43 6.4 24 25

Tm 0.3 05 0.6 03 0.6 0.7 05 0.7 1.0 05 04

Yb 16 3.0 4.1 1.9 35 4.4 3.0 47 7.2 2.8 2.6 2.1
Lu 0.2 04 04 03 0.6 0.7 0.4 0.7 1.1 04 04 03
Hf 3.8 4.4 5.6 3.9 10.9 6.7 9.7 9.0 115 5.0 6.4 3.8
Ta 0.6 0.9 1.0 1.0 53 3.8 34 5.0 45 24 23 1.0
Th 0.6 1.0 1.3 0.9 3.9 3.9 4.0 55 5.7 3.7 2.8 1.0
U 0.6 0.0 0.2 05 0.9 0.9 1.0 14 1.3 0.7 1.0 04
Nb/Y 0.6 05 05 0.8 2.1 14 15 2.1 1.2 1.8 1.6 0.7
Ba/Rb 17.0 37.0 39.0 15.0 13.0 24.0 11.0 24.0 17.0 12.0 11.0 22.0
Zr/Nb 15.0 12.0 12.0 9.0 5.0 4.0 6.0 4.0 6.0 4.0 6.0 8.0
Al,04/TiO; 6.7 6.5 5.9 5.7 3.9 3.7 36 6.6 6.0 6.3 4.4 55
SriY 21.0 16.0 14.4 204 14.9 12.1 16.2 16.4 7.8 20.1 21.9 4.2
(La/Sm) , 14 1.2 1.4 2.0 2.3 24 2.1 3.0 27 3.0 23 1.0
(Gd/Yb), 2.0 1.6 14 1.8 2.9 25 36 3.0 1.8 34 4.2 2.2
(La/Yb), 3.8 2.5 24 47 8.5 8.4 8.3 10.0 6.9 9.4 9.3 34
(Nb/La)pm 13 1.3 1.2 15 2.0 1.2 15 15 1.2 1.3 1.3 15
(Th/La)om 0.7 0.8 0.7 0.7 0.7 0.6 0.9 0.6 0.6 0.8 0.6 0.7
(Nb/Th)pm 18 1.6 1.7 2.2 2.7 2.1 17 2.4 1.9 1.7 2.2 23

* - B 3TOM 00pa3ie ObUT MpOaHAIU3UPOBAH COCTaB KJIMHOMUPOKCEHOB. B Tabnuuax 2-411 npuBeneHbl JaHHBIE TOJIBKO AJIs HAauOoJIee MOJIHO

IMMPpOaHAIIN3UPOBAHHBIX o6pa3u0B. I[J'I}I qacTHu 06pa3u0B BCCX T'PYIIIT UMCIOTCA JAHHBIC 110 COACPIKAHUTIO TOJIBKO HOpO,ZLOO6p&3y1-OH_II/IX 9JICMCHTOB, a JJIsA

HECKOJIBKUX 00pa3IoB YCTh-CEMUHCKOW CBHUTHI - €Ille ¥ KOHIeHTpanuu peakux snementos (Nb, Y, Zr, Rb, Sr, Ba), monyuenusix metogom POA. Jlns
MOCTPOEHUS F€OXUMHUUECKUX auarpamm (puc. 4-10) ncnonb30Baauch Bce UMEIOIIMECS reoXuMuieckue qanubie. [IpuBenensl JaHHbIE ISl HOATPYIIT

00pa3IoB, 000TaIIeHHBIX HEKOTEPEHTHBIMH 3JIeMeHTaMu B MeHbIIeH (1-4) u 6osbiieit (5-12) crenenu.
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Tao6muma 311

Cogzeprxanue Hopogooopasyronmnx okucios (Mac.%) 1 peakux d1eMeHToB (I/T) B Oa3aisTax
p p pasy p

yIIyC-4epTrUHCKOM M 3CKOHTHHCKOM cBHT (2 rpynma) Karynckoro AK I'opHoro Anras
1 2 3 4 5 6 7
obGpaser E4091 | E4092 | E4104 | E4111 | 9-160 204 | 242/2
SiO2 4512 | 46.75 | 46.79 | 48.34 | 52.64 51.04 | 47.10
TiO, 0.72 0.78 0.9 1.03 1.52 1.4 1.00
Al;O3 13.78 | 15.15 | 14.85 | 13.27 16.78 14.6 15.60
Fe:03 11.23 | 11.89 | 11.26 | 12.11 11.89 12.07 | 11.40
MnO 0.21 0.24 0.24 0.18 0.14 0.251 0.17
MgO 9.93 9.46 9.3 8.22 2.93 4.92 5.02
CaO 1233 | 7.02 9.8 8.79 2.20 6.65 14.19
Na,O 2.04 2.53 2.56 2.58 6.35 7.07 1.85
K20 0.22 1.28 0.2 2.13 2.62 0.32 0.80
P,0s 0.14 0.16 0.15 0.21 0.66 0.155 0.11
ILILIL. 4.12 4.40 3.42 3.32 2.86 1.9 2.82
Cymma 99.8 99.7 99.5 | 100.2 100.6 | 100.38 | 100.1
Mg# 63.9 61.4 62.3 57.6 33.0 44.9 46.8
Co 53.0 51.0 44.0 45.0 46.0 36.0
Cr 219.0 | 210.0 | 307.0 | 207.0 115.0 158.0 | 295.0
Rb 0.3 9.3 1.1 25.2 12.4 13.0
Sr 120.0 | 364.0 | 33.0 | 274.0 183.0 140.0
Ba 100.0 | 740.0 | 290.0 | 740.0 | 430.0 198.0
Zr 38.0 64.0 66.0 55.0 60.0 69.0
Nb 2.0 2.6 2.2 1.7 2.4 1.0
Y 13.5 20.0 22.9 18.6 28.4 26.0
Sc 80.0 43.0 45.0 38.6 46.0 39.5 42.0
La 4.2 3.9 4.5 5.3 3.7 5.7 7.1
Ce 10.1 9.7 11.1 12.0 9.7 15.2 17.1
Nd 6.8 6.9 7.7 7.8 7.2 9.3 11.0
Sm 2.1 2.2 2.4 2.3 2.4 3.4 3.2
Eu 0.8 0.7 0.9 0.9 1.0 15 1.5
Gd 2.7 2.7 3.0 2.8 3.2 4.6 4.3
Th 0.5 0.5 0.5 0.5 0.6 0.8 0.7
Yb 1.6 1.7 2.1 1.7 0.6 2.7 2.1
Lu 0.2 0.3 0.3 0.3 0.4 0.4 0.3
Hf 14 1.3 15 1.6 14 2.1 3.3
Ta 0.2 0.2 0.2 0.2 0.1 0.1 0.7
Th 0.5 0.6 0.6 0.5 0.4 0.6 0.6
U 0.6 0.9 0.5 0.4 0.3 0.4
Nb/Y 0.2 0.1 0.1 0.1 0.1 0.0
Ba/Rb 333.0 | 80.0 | 2740 | 29.0 35.0 15.0
Zr/Nb 19.0 25.0 30.0 32.0 25.0 69.0
AlLO3/TIO; 19.1 194 16.5 12.9 11.0 104 15.6
(La/Sm)n 1.3 1.1 1.2 15 1.0 1.1 1.4
(Gd/Yb)n 1.4 1.3 1.2 1.3 1.7 1.4 1.6
(La/Yb)y 1.8 16 14 2.1 16 14 23
(Nb/La)pm 0.5 0.6 0.5 0.3 0.6 0.2
(Th/La)pm 1.0 1.2 1.1 0.8 0.9 0.7
(Nb/Th)pm 0.5 0.5 0.4 0.4 0.7 0.2

Ilpumeuanue: NOATpyNIBI: BEICOKOMarue3uaibHas (1-4) 1 HU3KoMaruesuanbHas (5-7).
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Taomuua 411

Coneprxanue mopo000pa3yonmx OKICIoB (Mac.%) 1 peIKuX 31eMEHTOB (T/T) B 0a3abTaX yCTh-CEMUHCKOM CBUTHI (3 rpymma)

Karynckoro AK I'opnoro Anras

1 2 3 4 5 6 7 8 9 10 11 12
odpazen T4006 T4014 T4017 T4044 | C-727K-04% C-73a-04*| T4035 T4042 Kat-56-07 | Kat-58-07 | Kat-60-07 | Kat-61-07

SiO; 49.88 48.12 47.48 46.82 49.93 47.55 49.9 45.03 46.57 46.45 54.19 48.43
TiO; 0.72 0.59 0.59 0.58 0.46 0.79 0.65 0.69 0.89 0.82 0.53 0.59
Al;O3 14.61 13.42 15.31 14.59 11.31 14.32 19.98 20.61 21.29 18.88 15.85 20.43
Fe20O3 9.89 12.27 10.26 10.34 11.18 12.68 9.12 11.22 11.20 10.26 8.50 9.16
MnO 0.19 0.18 0.18 0.22 0.18 0.21 0.17 0.2 0.19 0.17 0.15 0.15
MgO 8.29 9.78 8.75 8.33 9.33 6.57 5.31 5.3 4.96 541 4.27 4.20
CaO 8.39 8.44 9.28 9.65 12.04 10.49 7.01 9.51 6.00 10.97 8.06 8.66
Na.O 2.68 2.09 3.2 241 1.14 2.15 2.76 2.31 1.93 0.15 0.43 0.74
K20 1.09 0.59 0.94 2.63 1.24 2.86 1.43 0.84 3.13 241 4.34 4.13
P20s 0.21 0.22 0.1 0.20 0.13 0.19 0.23 0.16 0.28 0.23 0.19 0.10
ILILII. 3.76 4.32 4.96 4.00 2.77 3.29 3.16 4.18 4.00 4.68 4.06 3.69
Cymma 99.7 100.0 101.1 99.8 99.7 101.2 99.7 100.1 100.4 100.4 100.6 100.6
Mg# 62.6 61.5 63.0 61.7 60.0 48.3 53.8 48.6 44.4 48.7 47.5 45.2
Co 41 48 43 41 30 32 29 22 21 28
Cr 353 367 315 255 296 120 29 13
Rb 9.4 5.7 10.4 31.1 185 19.8 16.6 9.2 60.3 1.6 11.9 15.3
Sr 817 335 826 691 201 489 552 711 813 540 776 482
Ba 580 390 300 1230 100 800 350 260 593 23 146 265
Zr 42 38 29 37 18 41 62 40 71 102 115 127
Nb 2.1 1.3 0.9 2.0 1.0 2.3 4.3 1.8 2.1 1.9 2.4 2.3
Y 11.3 16.6 9.7 13.1 9.6 17.0 22.4 15.7 27.8 16.7 13.9 11.2
Cs 2.0 11 0.5 0.5 0.5 0.5 2.13 0.29 0.71 0.47
Sc 45.0 50.0 38.0 47.0 31.0 29.0 40.8 52.8 35.7 21.7
La 6.6 4.1 2.9 5.6 5.7 3.9 3.9 4.0 4.9 2.8
Ce 12.0 9.1 7.0 12.0 13.1 9.1 10.2 9.2 10.0 6.7
Nd 7.9 5.8 4.9 7.6 8.4 6.1 8.0 4.6 4.0 2.8
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Sm 2.4 16 L5 2.1 2.4 1.8 2.9 2.1 17 1.1
Eu 0.8 05 0.6 0.8 0.9 0.9 1.3 0.8 0.7 0.4
Gd 2.9 2.0 1.9 25 2.9 2.2 8.3 1.8 2.4 24
Tb 05 0.4 0.4 0.4 05 0.4 0.8 0.4 0.3 0.2
Dy 43 2.7 2.0 1.7
Ho 0.8 04 0.4 0.3
Er 2.3 1.3 1.0 0.9
Tm 04 0.2 0.2 0.2
Yb 1.8 14 14 14 18 15 36 1.4 13 0.9
Lu 03 0.2 0.2 0.2 0.3 0.2 05 03 03 0.2
Hf 1.4 0.9 0.9 11 1.2 0.8 1.9 1.6 2.4 2.2
Ta 0.2 0.2 0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.1
Th 0.7 0.6 05 0.6 0.6 0.4 0.3 0.3 0.4 0.4
U 0.7 0.7 0.4 0.6 0.6 04 0.3 0.4 0.3 0.8
Nb/Y 0.2 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.2
Ba/Rb 62.0 68.0 29.0 40.0 5.0 40.0 21.0 28.0 10.0 14.0 12.0 17.0
Zr/Nb 20.0 29.0 310 18.0 18.0 18.0 14.0 23.0 34.0 54.0 48.0 55.0
AlLOy/TiO, | 203 22.7 25.9 25.2 24.7 18.0 30.7 29.9 23.9 23.0 29.9 34.6
SrIY 723 20.2 85.6 52.8 21.0 28.8 246 453 29.2 324 55.9 42.9
(La/Sm) 1.7 16 1.2 17 15 1.4 0.9 1.2 18 16
(Gd/Yh)n 1.3 1.2 11 1.4 1.3 1.2 1.0 1.0 15 1.2
(La/Yb), 2.5 2.0 1.4 2.6 2.1 1.8 0.7 1.9 2.5 2.2
(Nb/La)pm 0.3 0.4 0.8 0.4 0.7 0.4 0.2 1.0 0.4 0.7
(Th/La)pm 0.3 0.6 11 0.8 0.9 0.8 0.9 1.2 0.6 1.6
(Nb/Th)pm 1.0 0.8 0.7 0.4 0.9 0.6 0.3 0.9 0.6 0.4

* - HJIsL OTUX O6p8.3].IOB OBLI IMpOaHAIIU3UPOBAH COCTAB KIIMHOIIUPOKCCHOB. HpuMeanue: MOATPYIIIIBI: BBICOKOMAIrHC3naJIbHAA (1'5) u

HHU3KOMarHe3uasibHas (6-12).
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Coneprxanue mopoo00pa3yonx oKIciIoB (Mac.%) 1 peakux 1eMeHToB (T/T) B 6a3anpTax 3acypsuHckoro AK I'opHoro Anras

Taomuna 511

1 2 3 4 5 6 7 8 9 10 11 12
O0pa3zen Zas-21-07 | Zas-22-07 | 97-120-1a 96-81 C-997 C-9912 I-2921 E-2921 96-83 C-007-3 | C-9914A | 97-120-3
SiO; 48.1 47.18 48.93 48.15 47.59 47.96 47.93 48.20 46.44 47.70 46.17 43.98
TiO> 1.95 1.42 1.32 1.96 1.47 1.54 1.56 1.99 2.04 2.14 2.08 4.05
Al,O3 14.3 14.4 13.7 13.8 14.45 15.7 13.7 16.1 144 17.2 14.3 16.6
Fe O3 13.8 13.0 9.7 14.2 12.68 116 13.9 121 12.4 9.5 14.0 14.7
MnO 0.19 0.18 0.20 0.26 0.22 0.26 0.21 0.20 0.22 0.21 0.25 0.27
MgO 7.12 7.93 8.35 6.99 8.50 7.02 7.45 6.79 8.57 5.74 7.48 4.05
CaO 8.87 11.49 9.66 10.9 8.80 8 9.77 8.08 8.20 7.92 8.56 7.24
Na,O 3.3 2.14 2.46 214 2.56 4.74 2.27 2.73 2.85 3.20 3.81 3.22
K20 0.23 0.51 0.41 0.13 0.48 0.69 0.24 0.76 0.92 0.59 0.15 0.22
P20s 0.19 0.13 0.18 0.16 0.15 0.21 0.16 0.27 0.20 0.43 0.24 0.48
I1. I1. I1. 2.35 1.99 5.06 2.70 2.79 3.02 2.77 2.77 3.44 4.87 2.75 5.02
Cymma 100.4 100.4 100.0 101.3 99.7 100.8 100.0 100.0 99.7 99.4 99.8 99.9
Mo# 51 55 63 50 57 55 52 53 58 55 52 36
Rb 6.0 12.1 10.0 4.0 6.0 3.0 3.0 18.0 13.0 12.0 11.0 11.0
Sr 202 237 97 230 191 134 144 338 490 747 422 321
Ba 60 61 138 30 66 80 120 382 500 150 386 200
Zr 154 128 84 112 104 157 85 124 160 220 104 239
Nb 7.0 4.3 1.0 5.0 5.1 9.5 5.0 21.0 19.0 31.9 30.4 35.0
Y 37.6 31.9 33.0 40.0 33.5 54.6 34.0 32.0 32.0 344 217.6 40.0
La 6.4 4.6 2.9 6.0 5.2 7.3 5.6 12.7 15.0 17.0 12.8 24.9
Ce 17.3 12.6 8.9 14.5 13.0 19.0 14.6 27.5 30.0 37.0 24.0 54.0
Nd 8.7 7.4 95 10.0 10.0 15.0 10.0 16.5 15.0 25.0 16.0 31.0
Sm 4.0 3.7 3.2 4.0 3.5 5.2 3.6 4.8 4.5 4.7 4.1 8.6
Eu 14 1.3 11 1.6 1.2 1.6 1.3 1.6 1.9 1.7 1.3 2.9
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Gd 2.8 2.6 4.1 6.0 4.0 6.6 46 5.1 46 3.6 4.3 8.4
Tb 0.8 0.8 0.7 11 0.8 1.2 0.8 0.9 0.9 0.7 0.7 1.4
Dy 5.0 5.4

Ho 1.1 1.1

Er 3.0 3.0

Tm 0.6 0.6 0.4

Yb 3.0 3.2 2.6 4.2 3.0 5.1 3.2 2.7 2.5 2.7 2.6 2.8
Lu 05 05 0.4 0.6 05 0.8 05 0.4 0.4 0.4 0.4 0.4
Hf 46 4.9 2.2 3.2 25 4.2 2.3 3.4 35 3.4 2.6 6.0
Ta 05 0.3 0.1 0.4 0.3 0.3 0.3 11 08 13 1.3 1.9
Th 05 0.4 0.3 0.3 0.4 05 0.4 14 0.4 16 15 25
Ba/Rb 9.9 5.0 138 75 11.0 26.7 40.0 21.2 385 125 35.1 18.2
La/Sm, 1.0 0.7 0.9 1.0 0.6 0.9 0.9 17 2.1 23 1.9 1.8
Gd/Yb, 1.3 1.0 12 12 1.3 1.1 1.0 16 15 1.1 1.3 2.4
La/Yb, 15 0.8 1.0 12 0.8 1.2 1.0 3.2 4.1 43 33 6.0
(EU/Eu™), 1.0 1.1 1.0 1.0 0.9 1.0 0.8 1.0 13 1.2 0.9 1.0
YREE 57.0 49.0 33.0 48.0 41.0 62.0 44.0 72.0 75.0 93.0 66.0 134.0
ALOSTIO,| 7.3 10.2 10.4 7.0 9.8 6.9 8.8 8.1 7.1 5.1 10.2 4.1
Tilzr 0.0 0.0 95.2 1228 0.0 0.0 1153 108.1 92.6 0.0 0.0

Zr/ND 22.0 29.9 84.0 22.4 20.6 16.5 17.0 5.9 8.4 6.9 34 6.8
Zr1Y 41 4.0 25 2.8 3.1 2.9 25 3.9 5.0 6.4 3.8 6.0
Y/NDb 5.4 75 33.0 8.0 6.6 5.7 6.8 15 1.7 1.1 0.9 1.1
Zr/Hf 33.4 26.0 38.2 35.0 41.6 37.4 37.0 36.5 45.7 64.7 40.0 39.8
Nb/Ta 153 16.8 143 135 17.4 27.9 19.2 18.8 23.8 24.5 23.2 18.7
ND/Lagm 1.1 0.9 0.8 0.9 1.0 0.9 13 16 1.2 18 2.3 14
Th/Lapm 0.6 0.7 0.4 0.6 0.8 0.6 0.6 0.9 0.9 1.9 0.9 0.8
ND/Thom 1.7 14 2.0 15 1.2 15 2.3 1.8 14 0.9 2.4 1.7
(Zr/Zr)* 0.7 0.8 0.8 1.0 1.0 0.8 0.8 1.0 0.7 07 1.1 1.0
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Ta6muma SI1. ITpomomkenue

13 14 15 16 17 18 19 20 21 22 23
O6pazen | 97-120-5 | 95-130 96-71 96-72 B-2921 V-2921 | Zas-23-07| Zas-24-07| Zas-25-07| Zas-30-07| Zas-31-07
SiO, 45.91 46.40 49.05 52.37 46.56 47.13 49.91 45.38 45.67 44.86 44.26
TiO2 2.79 2.39 2.73 2.71 3.19 2.71 2.72 2.93 3.15 2.53 3.84
Al2Os 15.3 18.8 14.1 14.7 19.5 17.8 17.7 174 16.5 16.6 154
Fe203 13.2 8.5 16.9 154 14.2 11.2 8.3 111 115 12.2 12.6
MnO 0.18 0.11 0.08 0.14 0.15 0.17 0.19 0.19 0.3 0.19 0.21
MgO 71.72 5.50 2.49 1.97 2.29 7.25 5.28 7.29 6.33 7.77 6.33
CaO 8.11 8.80 4.70 4.25 3.18 3.59 5.29 7.33 5.44 6.95 8.48
Na.O 2.50 2.85 4.89 3.15 2.14 3.28 5.9 3.05 5.1 3.93 3.26
K20 0.36 0.65 2.82 3.25 5.37 2.16 0.68 0.26 0.14 0.38 0.65
P2Os 0.38 0.61 0.72 0.75 0.57 0.47 0.52 0.54 0.56 0.49 0.85
ILI1. 1T 3.49 4.92 1.94 1.35 2.83 4.15 3.62 4.76 5.52 3.88 3.71
Cymma 99.9 99.4 100.4 100.0 99.9 99.9 100.1 100.2 100.2 99.8 99.6
Mg# 54 57 23 20 24 56 56 57 52 56 50
Rb 7.0 27.0 40.0 124.0 35.0 17.9 8.9 4.7 12.4 24.0
Sr 425 300 360 135 403 349 391 326 701 1033
Ba 209 320 550 557 905 446 81 68 572 637
Zr 191 330 565 259 222 479 299 325 328 426
Nb 27.0 54.0 65.0 59.0 50.0 53.3 45.6 57.5 72.4 92.6
Y 42.0 54.0 82.0 45.0 34.0 41.6 44.5 48.6 38.2 57.6
La 18.9 42.0 50.0 40.0 33.5 29.8 32.4 28.4 35.2 46.7 54.6
Ce 41.0 77.0 100.0 76.0 70.0 56.5 71.1 64.4 76.3 95.8 115.7
Nd 26.0 24.0 65.0 44.0 38.0 29.0 27.2 25.8 30.9 38.8 40.6
Sm 7.2 5.6 14.0 12.5 9.7 6.8 8.4 8.0 10.3 10.5 13.1
Eu 2.3 2.5 4.1 3.8 3.0 2.2 2.6 2.7 3.3 3.2 4.0
Gd 8.1 6.3 14.0 9.1 7.0 8.7 4.9 5.9 11.0 13.2
Tb 1.3 1.1 2.2 1.8 15 1.1 1.4 1.6 1.6 15 1.7
Dy 8.3 8.1 9.2 7.3 9.0
Ho 1.4 1.4 1.6 13 14
Er 4.5 4.5 4.4 3.2 4.5
Tm 0.8 0.7 0.8 0.6 1.0
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Yb 3.9 2.6 7.5 6.8 3.4 2.4 4.6 4.3 4.7 3.5 6.4
Lu 0.5 0.4 1.1 1.1 0.5 0.3 0.6 0.7 0.7 0.5 0.8
Hf 4.7 12.0 12.0 6.4 5.4 11.8 8.3 8.9 8.8 11.2
Ta 1.5 3.0 3.2 3.2 2.6 4.3 3.4 4.1 5.1 7.1
Th 1.6 3.7 4.3 4.5 3.5 4.0 3.5 4.6 5.5 7.5
Ba/Rb 29.9 11.9 13.8 4.5 25.9 24.9 9.2 145 46.2 26.6
La/Smy 1.6 4.7 2.2 2.0 2.2 2.7 2.2 1.8 2.1 2.8 2.6
Gd/Ybn 1.7 2.0 15 1.4 2.2 2.4 1.7 1.7 1.0 2.5 2.4
La/Ybn 3.3 11.0 4.5 4.0 6.7 8.6 4.4 4.8 5.1 9.1 8.5
(EU/Eu*)n 0.9 1.3 0.9 0.9 1.0 1.0 1.0 1.1 1.2 0.9 0.9
XREE 109 162 258 186 169 135 180 163 194 235 280
Al,O4/TiO, 5.5 7.8 5.1 5.4 6.1 6.6 6.5 5.9 5.2 6.6 4.0
TilZr 101 58.9 34.0 89.6 82.0 0.0 0.0 0.0 0.0 0.0
Zr/Nb 7.1 6.1 8.7 4.4 4.4 9.0 6.6 5.7 45 4.6
ZrlY 4.5 6.1 6.9 5.8 6.5 115 6.7 6.7 8.6 7.4
Y/Nb 1.6 1.0 1.3 0.8 0.7 0.8 1.0 0.8 0.5 0.6
Zr/Hf 40.6 27.5 47.1 40.5 411 40.5 35.8 36.7 37.2 38.1
Nb/Ta 17.9 18.0 20.3 18.7 18.9 12.4 13.2 13.9 14.1 13.1
Nb/Lapm 1.4 1.0 1.6 1.7 1.6 1.8 1.5 1.6 1.5 1.6
Th/Lapm 0.7 0.6 0.9 1.1 0.9 1.1 1.0 1.0 1.0 1.1
Nb/Thpm 2.0 1.7 1.8 1.6 1.7 1.6 15 15 1.6 1.5
(ZrlZr)* 1.0 1.3 0.6 1.0 0.9 0.4 0.7 0.8 0.9 0.8

Ipumeuanue: 1-7 — nennerupoBanubie 6a3anbTel (MORB-THma); 8-13 — mepexoansie 6a3ansThl; 14-23 — oboramiennbie 6a3anstel (OIB-THma).
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Taoimuna 611

Coneprxanue mopoaooopasyroIux oKKciaoB (Mac. %) u penkux 351eMeHTOB (I/T) B BYJIKAHHUECKHX M CYOBYJIKaHHUECKHX TTOPOIax

Nrmypynnunckoro AK cesepnoro Ilpubanxamss, Kazaxcran

1 2 3 4 5 6 7 8 9 10 11 12 13
y4acTok X1 X1 X1 X1 X1 X1 X2 X2 X2 X2 X X2 X2
obpazen | I1t-35-17| 1t-36-17 | 1t-76-17 | 1t-77-17 | 1t-78-17 | 1t-79-17 | 1t-80-17 | 1t-05-17 | 1t-13-17 | 1t-16-17 | 1t-22-17 | 1t-43-17 | 1t-44-17
SiO; 49.47 48.04 48.16 45.55 47.65 47.75 46.65 47.23 49.70 44.16 46.22 51.19 49.48
TiO> 1.62 1.39 1.83 1.43 1.90 2.36 1.58 2.08 2.74 4.29 3.26 2.20 2.04
Al;,O3 14.50 14.99 16.71 14.86 14.38 13.32 16.06 14.20 15.51 13.44 15.12 14.26 14.06
Fe>Os 11.49 10.08 14.89 12.57 12.43 14.10 11.19 12.00 12.12 16.65 14.46 11.36 10.12
MgO 7.20 8.34 4.00 9.38 6.94 6.97 7.71 6.74 3.07 5.58 3.09 6.97 5.41
CaO 10.66 7.87 6.12 8.82 11.03 9.32 9.21 9.94 5.38 7.49 5.52 6.33 10.11
MnO 0.20 0.16 0.14 0.18 0.19 0.22 0.17 0.25 0.15 0.17 0.10 0.15 0.15
Na.O 2.52 3.15 4.61 2.63 3.08 2.82 2.78 2.38 4.88 2.69 2.72 3.61 4.49
K20 0.08 1.40 0.64 0.37 0.13 0.71 1.37 1.80 0.83 2.04 5.10 1.20 0.33
P20s 0.15 0.12 0.22 0.12 0.17 0.22 0.13 0.22 1.16 0.41 0.83 0.27 0.25
LOI 2.51 4.62 247 3.25 2.71 2.77 2.85 2.96 4.74 2.47 3.68 2.83 4.00
Total 100.5 100.3 99.9 99.2 100.7 100.7 99.8 100.0 100.5 99.6 100.3 100.47 100.5
#Mg 61.3 57.4 64.1 62.8 63.4 67.9 58.2 62.8 61.0 71.2 65.7 61.4 59.0
Rb 0.6 27.4 10.7 55 1.7 12.6 19.0 20.2 6.1 19.2 571.7 144 29
Sr 327 245 254 277 308 262 262 483 224 432 184 121 162
Ba 40 210 104 45 21 74 111 772 689 562 773 182 44
Cs 0.1 0.7 0.4 0.3 0.3 0.2 0.2 0.1 0.2 0.5 0.5 0.2 <0.1
Y 30 38 40 37 38 64 28 30 49 26 45 37 35

47



Zr 108 97 118 102 113 184 97 143 545 196 420 151 148
Nb 4.4 2.1 5.6 4.6 6.0 9.4 4.4 12.3 73.3 42.1 62.3 10.4 114
La 5.8 3.8 7.2 4.9 6.6 9.7 4.6 12.4 60.1 351 54.4 10.0 8.5
Ce 15.8 111 18.4 13.7 16.9 26.7 12.4 29.1 125.3 69.0 109.1 25.0 21.9
Pr 2.6 2.0 2.8 2.3 2.8 4.4 2.0 4.2 17.2 8.5 14.5 3.7 3.5
Nd 13.1 10.9 13.7 12.6 13.7 22.1 9.7 19.1 69.7 335 58.3 18.3 16.3
Sm 3.7 3.8 4.7 3.9 4.3 7.1 3.4 4.8 14.2 6.9 12.2 5.2 4.9
Eu 1.4 1.2 1.7 15 1.7 2.3 1.2 1.7 4.8 2.2 3.2 1.8 1.6
Gd 4.7 5.2 5.7 5.4 5.7 9.4 4.3 5.5 13.6 6.7 114 6.1 5.5
Tb 0.9 0.9 1.0 0.9 1.0 1.6 0.8 0.9 1.9 0.9 1.7 1.0 1.0
Dy 5.5 6.5 6.7 6.1 6.8 10.6 4.8 5.6 10.4 5.4 8.9 6.8 6.6
Ho 11 1.3 1.5 1.3 1.4 2.2 1.0 1.2 1.9 1.0 1.7 1.3 1.3
Er 3.2 3.8 4.2 3.8 4.1 6.6 2.8 3.1 4.5 2.7 4.2 3.9 3.6
Tm 0.5 0.6 0.6 0.6 0.6 0.9 0.4 0.5 0.6 0.4 0.6 0.6 0.5
Yb 3.0 3.7 3.8 3.7 3.8 5.8 2.8 2.7 3.4 2.3 3.3 3.4 3.4
Lu 0.4 0.5 0.6 05 05 0.8 0.4 0.4 0.4 0.3 0.4 0.5 0.5
Hf 2.8 2.7 3.3 2.8 3.2 5.0 2.6 3.6 11.7 4.9 9.9 3.9 3.8
Ta 0.3 0.2 0.3 0.3 0.4 0.6 0.3 0.8 4.7 2.7 4.0 0.7 0.7
Th 0.3 0.2 0.4 0.4 0.5 0.8 0.4 11 10.5 3.7 9.3 0.8 0.9
U 0.2 0.2 0.2 0.2 0.2 0.3 0.1 0.6 1.9 1.0 1.8 0.4 0.8
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Ta6mmma 6I1. [Tponomkenne

14 15 16 17 18 19 20 21 22 23 24 25 26
y4acToK X2 X2 X2 X2 X2 X2 X2 X2 X2 X2 X2 O/1 o1
o0pa3zen 1t-60-17 | 1t-61-17 | 1t-62-17 | 1t-63-17 | 1t-64-17 | 1t-75-17 | H2-15/1 | N17008 | I1t-73-17 | 17081902 | UX-14 H2-14 | H2-16/1
SiO; 53.52 53.64 49.27 52.26 54.19 48.88 49.59 54.52 51.93 49.29 52.30 48.12 48.20
TiO; 2.90 2.25 2.92 2.87 2.55 2.66 2.45 2.57 0.95 1.57 0.17 0.40 0.25
Al;O3 14.26 14.21 14.76 14.12 15.16 15.80 17.37 13.48 1451 12.61 14.86 1541 17.54
Fe.03 11.40 10.08 12.60 12.08 10.01 13.61 10.08 11.30 12.57 13.87 9.43 7.43 5.72
MgO 3.67 4.19 3.85 4.02 4.33 5.44 1.83 4.27 4.99 6.84 7.15 8.40 8.10
CaO 6.80 7.40 8.40 7.11 3.94 3.39 5.02 4.90 8.42 8.87 10.62 16.90 16.23
MnO 0.13 0.14 0.17 0.12 0.13 0.20 0.38 0.12 0.21 0.23 0.16 0.16 0.12
Na.O 3.12 4.25 2.63 2.99 4.77 2.47 2.17 3.60 3.05 3.22 3.47 1.45 1.50
K20 1.47 0.77 2.61 2.13 0.89 2.51 6.85 0.86 2.62 1.19 0.11 0.10 0.38
P20s 0.67 0.38 0.76 0.76 0.52 0.40 0.88 0.68 0.22 0.13 0.03 0.02 0.01
LOI 2.28 2.93 1.99 2.14 3.16 4.05 3.75 3.62 0.82 1.72 1.82 1.84 1.89
Total 100.4 100.3 100.1 100.8 99.8 99.54 100.5 100.0 100.4 99.7 100.2 100.3 100.0
#Mg 61.5 58.5 63.1 63.1 56.9 63.3 53.7 62.6 63.4 68.8 55.9 49.1 39.5
Rb 24.8 10.4 59.7 37.2 11.9 36.7 95.0 12.6 22.3 10.9 0.8 0.6 24
Sr 275 309 337 295 131 194 121 217 556 626 122 266 364
Ba 407 194 617 479 119 258 428 161 417 457 28 20 22
Cs 0.1 0.1 0.3 0.2 0.2 1.0 0.4 0.1 0.1 0.2 0.1 0.1 0.1
Y 38 25 41 39 37 39 38 35 22 39 6 9 7
Zr 336 185 397 417 363 266 275 389 55 98 20 7 5
Nb 31.6 20.2 33.9 31.9 46.9 30.7 60.6 30.1 1.9 2.5 11 0.4 0.2
La 34.9 20.6 38.0 34.7 40.1 29.6 53.9 31.6 8.9 8.4 1.6 0.6 0.4
Ce 69.1 40.9 76.1 70.9 80.9 63.7 101.8 65.2 20.4 16.9 3.0 1.6 0.9
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Pr 9.2 5.6 10.1 9.4 10.8 8.2 11.8 8.7 3.1 2.4 0.4 0.3 0.2
Nd 40.5 24.4 43.7 39.5 41.9 32.6 43.7 37.6 14.3 114 1.5 1.8 1.1
Sm 9.6 5.6 10.4 10.9 9.1 7.9 9.4 9.3 3.4 3.8 0.4 0.8 0.6
Eu 3.1 2.0 3.3 3.1 2.7 2.4 3.3 2.9 11 1.5 0.2 0.4 0.3
Gd 9.5 5.8 10.6 9.9 8.8 7.8 8.7 9.4 3.8 5.0 0.5 1.2 0.8
Tb 1.4 0.8 1.5 14 1.3 1.2 1.3 14 0.6 0.9 0.1 0.2 0.2
Dy 7.8 5.0 8.3 7.9 7.6 7.2 7.3 7.0 3.8 6.4 0.7 1.6 1.0
Ho 1.3 0.9 1.5 1.4 1.3 1.4 1.4 1.3 0.8 1.5 0.2 0.3 0.2
Er 3.6 2.3 4.0 3.6 3.4 4.0 4.0 35 2.2 4.2 0.6 1.0 0.7
Tm 0.5 0.3 0.5 0.5 0.5 0.6 0.6 0.5 0.3 0.6 0.1 0.1 0.1
Yb 2.8 1.8 3.2 2.9 3.0 3.6 3.7 2.7 2.0 4.1 0.7 0.9 0.7
Lu 0.4 0.3 0.4 0.4 0.5 0.5 0.5 0.4 0.3 0.6 0.1 0.1 0.1
Hf 8.0 4.5 9.5 95 8.6 6.3 6.2 9.0 1.6 2.8 0.6 0.3 0.2
Ta 2.2 1.4 2.3 2.0 3.2 2.0 3.8 2.0 0.1 0.2 0.1 0.05 0.05
Th 4.3 2.7 4.9 4.5 7.3 3.4 6.4 4.5 1.2 0.4 0.3 0.1 0.1
U 0.8 0.4 0.9 0.8 1.3 1.0 1.6 13 0.5 05 0.2 0.1 0.0

Ipumeyanue: xonouusl: 1-8 — cpenne-Ti 6a3anbTel; 9-21 — Beicoko-T1 0a3anbThl; 22-23 — HU3KO- 11 0a3anbThl; 24-26 — OOHUHUTHI.
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CozeprxaHue IOpoJ000pasyIOIINX OKKCIOB (Mac. %) B BYJIKAHMYECKHX M CyOBYJIKAHHUYECKUX HOPOIax
Textypmacckoro AK nenrpansHoro Kasaxcrana

Taomuna 711

oGpazer SiO, \ TiO, | Al,O3 \ Fe203| MgO \ CaO | MnO | NaO \ K,0 \ P,Os | LOI \ Total | #Mg ‘AI203/Ti02
KapamypyHckas cBuTa
6blCOKOMuUumMaHucmsle
143 4837 | 260 | 1371 [ 1295 | 6.00 | 915 | 018 | 390 | 0.10 [ 027 | 237 | 99.05 | 48.1 5.3
145 50.73 | 230 | 16.20 | 11.15 | 1.27 | 7.07 | 014 | 520 | 1.60 | 090 | 320 | 99.54 | 186 7.0
168 4498 | 300 | 17.96 | 1370 | 472 | 510 | 016 | 450 | 1.40 | 051 | 3.69 | 99.03 | 40.8 6.0
672 51.81 | 3.00 | 16.74 | 1067 | 403 | 430 | 017 | 660 | 050 | 0.85 | 1.91 |[100.07 | 43.0 5.6
672 51.81 | 3.00 | 16.74 | 1067 | 403 | 430 | 017 | 6.60 | 050 | 035 | 1.91 | 9957 | 43.0 5.6
1050 4620 | 218 | 1614 | 1365 | 329 | 774 | 007 | 514 | 076 | 1.12 | 155 | 99.38 | 325 7.4
2279 4531 | 2.01 | 1416 | 1498 | 634 | 874 | 007 | 398 | 040 | 023 | 364 | 99.38 | 458 7.0
0654/4 4831 | 220 | 1592 | 1295 | 1.73 | 460 | 021 | 440 | 450 | 084 | 321 | 9856 | 211 7.2
0658/2 4926 | 240 | 1556 | 1372 | 216 | 460 | 017 | 390 | 470 | 030 | 324 | 99.70 | 23.9 6.5
0658/4 4831 | 220 | 1592 | 1295 | 1.73 | 460 | 021 | 440 | 450 | 084 | 321 | 9856 | 211 7.2
116/5 51.80 | 2.95 | 13.06 | 1146 | 539 | 6.08 | 015 | 500 | 085 | 0.60 | 3.21 | 99.87 | 485 4.4
170/34 49.00 | 228 | 1557 | 1238 | 425 | 826 | 017 | 528 | 025 | 022 | 230 | 99.41 | 407 6.8
170/34 B 5050 | 3.26 | 1490 | 11.84 | 374 | 736 | 016 | 6.00 | 020 | 044 | 182 | 9959 | 387 4.6
185/11 4640 | 224 | 1540 | 1174 | 610 | 1119 | 019 | 328 | 042 | 010 | 3.08 | 99.47 | 51.0 6.9
2279 B 4911 | 234 | 1340 | 1065 | 4.48 | 1060 | 0.02 | 588 | 0.10 | 0.38 | 3.43 [100.05| 457 5.7
633/10 4875 | 2.04 | 1634 | 993 | 401 | 658 | 005 | 570 | 0.88 | 0.46 | 299 |100.00 | 447 8.0
633/6 4668 | 1.88 | 18.11 | 1304 | 463 | 443 | 015 | 3.00 | 380 | 0.84 | 330 | 99.86 | 415 9.6
867/11 50.14 | 1.93 | 1752 | 1345 | 391 | 1.90 | 004 | 276 | 490 | 094 | 1.31 | 99.08 | 36.8 9.1
c-1 4659 | 2.80 | 15.04 | 1301 | 532 | 7.77 | 019 | 400 | 050 | 0.33 | 4.88 | 99.72 | 450 5.4
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T-25/5 53.10 | 1.70 | 15.04 | 10.95 | 3.80 6.59 0.10 6.26 0.20 0.32 1.36 | 99.10 | 41.0 8.8
T-72/2 42.93 1.87 1521 | 9.42 3.67 11.31 0.17 4.10 2.44 0.55 250 | 98.84 | 438 8.1
T-73/9 48.43 | 2.38 13.82 | 19.13 | 4.66 2.80 0.42 2.67 2.58 0.27 281 | 99.30 | 32.8 5.8
T-88/2 53.67 | 272 17.39 | 8.62 1.57 2.86 0.57 3.43 6.58 0.69 149 | 99.70 | 26.7 6.4
TK-1007/1 5251 | 2.03 15.69 | 11.50 | 3.57 4.79 0.10 4.40 2.92 0.70 98.21 | 38.3 7.7
TK-10091 50.24 | 214 | 1288 | 15.06 | 5.93 7.05 0.19 4.45 0.25 0.23 9842 | 441 6.0
TK-1010 4753 | 2.16 17.24 | 11.24 | 5.38 9.77 0.17 3.52 1.03 0.26 98.30 | 48.9 8.0
TK-1011 45.76 | 261 16.55 | 12.30 | 6.84 8.95 0.17 3.55 0.46 0.33 9752 | 52.7 6.3
TK-1050-77 46.20 | 2.18 16.14 | 13.08 | 3.29 7.74 0.07 5.14 0.76 1.12 95.72 | 335 7.4
TK-433/4-1 46.38 | 3.16 1571 | 13.19 | 5.86 7.87 0.16 2.69 0.48 0.43 9593 | 470 5.0
TK-488/5 4754 | 1.97 1472 | 11.08 | 8.92 6.85 0.16 3.29 1.43 0.27 96.23 | 61.7 7.5
TK-534/2 4581 | 3.25 15.13 | 11.81 | 6.06 6.69 0.17 2.11 4.35 0.52 95.90 | 50.6 4.7
TK-534/3 51.93 | 2.68 15.17 | 10.00 | 4.05 5.77 0.13 5.60 1.53 0.70 97.56 | 4438 5.7
TK-534/4 4788 | 3.30 | 15.15 | 1141 | 5.75 7.34 0.30 4.13 1.18 0.44 96.88 | 50.2 4.6
TK-534/5 4792 | 2.29 14.04 | 11.96 | 6.59 9.58 0.17 3.72 0.62 0.26 97.15 | 524 6.1
TK-537/1 4731 | 3.07 12.43 | 12.34 | 4.26 10.25 0.14 4.01 0.95 0.37 95.13 | 4038 4.0
TK-539/1 4393 | 2.63 14.49 | 16.87 | 2.97 8.58 0.18 4.25 1.05 0.40 9535 | 26.0 9.5
TK-540/2 50.90 | 240 | 1529 | 11.11 | 4.57 5.32 0.16 4.53 2.32 0.54 97.14 | 451 6.4
TK-62/6 47.27 | 3.18 13.97 | 11.76 | 4.05 9.78 0.15 3.87 0.55 0.38 94.96 | 4038 4.4
TK-653/6 46.88 1.88 18.11 | 12.38 | 4.63 4.43 0.15 3.00 3.80 0.84 96.10 | 4238 9.6
TK-71/1A 4439 | 240 | 1441 | 1217 | 3.42 9.08 0.12 2.42 5.30 0.31 94.02 | 36.0 6.0
TK-710 4951 | 3.14 | 1481 | 1418 | 5.06 2.40 0.16 4.29 0.45 1.35 95.35 | 416 4.7
TK-713 51.36 1.96 16.16 | 13.28 | 2.16 2.34 0.09 2.40 7.87 0.28 97.90 | 245 8.2
TK-713/8 51.91 1.88 1593 | 13.01 | 2.39 1.97 0.09 3.00 7.59 0.27 98.04 | 26.9 8.5
TK-714/1 51.34 | 2.53 14.66 | 11.63 | 4.04 6.15 0.19 5.13 1.43 0.64 97.74 | 410 5.8
TK-714/1 51.72 | 2.46 14.62 | 12.13 | 4.27 6.26 0.20 4.27 1.13 0.68 97.74 | 413 5.9
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TK-714/2 4469 | 2.86 14.13 | 18.47 | 2.97 6.83 0.14 5.31 0.77 0.30 96.47 | 243 4.9
TK-717 55.47 | 217 16.46 | 9.87 0.90 2.96 0.05 5.39 4.90 0.94 99.11 154 7.6
TK-723 45.98 1.86 14.26 | 16.40 | 1.34 6.83 0.08 4.88 3.31 0.50 9544 | 140 7.7
TK-741 4920 | 224 | 16.24 | 1316 | 292 3.17 0.08 3.14 6.14 0.56 96.85 | 30.7 7.3
TK-747/1A 46.41 | 3.37 13.40 | 1498 | 5.13 8.53 0.34 3.66 0.86 0.33 97.01 | 40.6 4.0
TK-748/11 46.34 | 3.75 15.20 | 14.56 | 2.65 6.73 0.18 4.55 1.13 0.70 95.79 | 26.7 4.1
TK-750/1 49.05 | 2.35 15.14 | 1419 | 2.70 9.11 0.13 4.40 0.13 0.39 9759 | 27.6 6.4
TK-750/2 48.11 | 215 1474 | 12.33 | 4.20 1151 0.17 2.96 0.34 0.19 96.70 | 405 6.9
TK-750/3 4550 | 2.80 | 14.01 | 1404 | 6.34 10.27 0.21 3.01 0.32 0.25 96.75 | 475 5.0
TK-767 55.76 | 2.62 16.71 | 8.09 1.72 3.59 0.05 7.38 1.55 0.93 98.40 | 2938 6.4
TK-768A 4942 | 214 | 1438 | 11.86 | 7.13 7.34 0.16 3.77 0.42 0.22 96.84 | 54.6 6.7
TK-786/1 5220 | 214 | 1573 | 7.68 2.35 7.70 0.09 6.81 0.16 0.44 95.30 | 38.0 7.4
TK-82/1 51.09 | 2.73 12.75 | 13.89 | 2.99 6.84 0.27 4.70 0.72 1.04 97.02 | 30.1 4.7
TK-991/4 54.08 | 2.82 13.76 | 14.93 | 2.60 4.13 0.09 2.95 3.25 0.32 98.93 | 2538 4.9
TK-991/5 46.93 | 2.20 | 1526 | 1231 | 5.90 7.16 0.17 2.40 2.92 0.67 9592 | 489 6.9
TK-K-14-84 51.96 | 2.00 | 17.16 | 10.55 | 4.06 4.00 0.10 4.88 1.52 0.11 96.34 | 435 8.6
TK-K-19-84 5133 | 2.34 | 16.69 | 10.82 | 4.06 3.96 0.10 6.08 1.22 0.52 97.12 | 429 7.1
TK-T-73/9-77 48.43 | 2.38 13.82 | 18.46 | 4.66 2.80 0.42 2.67 2.58 0.27 96.49 | 335 5.8
TK-T-882 53.67 | 2.72 17.39 | 8.8 1.57 2.86 0.57 3.43 6.58 0.69 97.66 | 27.7 6.4
cpedHemumanucmole
673 51.18 150 | 13.72 | 1218 | 5.79 7.40 0.22 4.90 0.10 0.16 2.60 | 99.30 | 48.7 9.1
682 50.79 130 | 1592 | 9.27 0.55 7.40 0.28 4.90 0.40 0.12 287 | 93.15 10.6 12.2
1124 50.53 1.55 14.89 | 17.96 | 2.06 4.44 0.10 4.76 1.54 1.06 1.29 |100.25 | 18.7 9.6
159/1 47.69 1.35 1452 | 13.37 | 7.62 11.38 0.10 2.80 0.34 0.21 2.03 | 100.50 | 53.3 10.8
865/3 43.29 1.74 | 1634 | 13.76 | 4.11 7.15 0.16 4.30 1.70 1.00 428 | 99.73 | 374 9.4
TK-1007/2 56.00 | 1.62 17.05 | 8.67 2.58 3.80 0.13 5.71 2.56 0.68 98.80 | 37.3 10.5

53



TK-1030-77 49.32 1.79 1471 | 12.28 | 5.87 6.92 0.18 5.10 0.80 0.30 97.27 | 489 8.2
TK-1124-77 50.53 1.55 14.89 | 17.83 | 2.06 4.44 0.10 4.76 1.54 1.06 98.76 18.8 9.6
TK-433/3-2 47.85 150 | 13.67 | 14.04 | 7.08 10.31 0.22 2.54 0.10 0.08 97.39 | 50.2 9.1
TK-433/5-3 4584 | 1.57 16.58 | 11.78 | 4.75 9.82 0.15 3.85 0.69 0.14 95.17 | 446 10.6
TK-759 56.61 1.52 16.52 | 10.78 | 1.72 1.90 0.05 7.69 1.12 0.33 98.24 | 242 10.9
TK-T-25/5-77 53.10 | 1.70 | 15.04 | 10.63 | 3.80 6.59 0.10 6.26 0.20 0.32 97.74 | 417 8.8
HUBKOMUMAaHUcmule
886 53.74 | 1.19 1752 | 11.87 | 247 2.48 0.05 2.76 6.00 0.69 0.64 | 99.62 | 294 14.7
669 49.32 110 | 1848 | 851 6.33 7.20 0.24 3.80 1.50 0.12 322 | 99.28 | 59.8 16.8
671 48.48 1.30 | 1464 | 1081 | 7.05 8.70 0.29 3.40 1.30 0.13 265 | 98.14 | 56.6 11.3
251 50.05 | 090 | 17.14 | 11.07 | 4.69 8.47 0.18 4.30 0.40 0.13 261 | 99.33 | 459 19.0
623/1 52.06 120 | 1447 | 12.04 | 6.30 3.55 0.18 3.46 3.58 0.24 3.55 | 99.92 | 511 12.1
T-9 57.27 | 0.87 1754 | 7.32 2.89 1.84 0.11 6.48 2.08 0.14 3.01 | 99.80 | 441 20.2
T-10 56.27 | 0.85 1744 | 7.25 3.04 2.27 0.11 6.48 2.08 0.16 328 | 99.83 | 456 20.5
TK-534/1 43.85 130 | 1254 | 1462 | 8.43 15.53 0.22 0.90 0.08 0.09 9756 | 53.6 9.6
TK-K-8A-84 49.32 1.05 15.13 | 7.90 6.03 10.09 0.11 5.20 0.20 0.08 95.11 | 604 144
TK-K-8-84 49.70 | 1.00 | 15.76 | 10.28 | 6.07 10.93 0.10 4.76 0.20 0.10 98.90 | 54.1 15.8
TK-K-15-84 49.88 1.13 1591 | 10.57 | 5.77 7.72 0.11 3.10 3.04 0.12 97.35 | 52.2 14.1
249 49.70 | 0.70 | 16.48 | 10.27 | 6.40 5.78 0.16 4.40 1.60 0.14 3.84 | 9898 | 555 235
250 5890 | 0.70 | 1516 | 9.62 5.62 8.00 0.16 4.40 1.30 0.11 194 |10528 | 539 21.7
2565 59.20 | 0.66 1550 | 8.01 3.68 3.20 0.13 4.48 1.42 0.23 3.18 | 99.58 | 479 23.5
T-11 49.85 | 0.65 16.32 | 1148 | 551 6.64 0.15 5.76 0.60 0.11 3.01 |100.43 | 49.0 25.1
TK-750/4 51.74 | 0.76 15.09 | 8.28 6.86 10.10 0.14 2.15 2.33 0.38 97.83 | 624 19.9
TK-768 5342 | 0.76 18.02 | 6.77 6.42 4.20 0.14 4.27 2.52 0.19 96.71 | 655 23.7
669/3 47.78 110 | 18.85 | 9.03 4.46 7.42 0.21 5.20 0.60 0.21 454 | 99.06 | 49.7 17.1

Bazap6aiickasi cBuTa
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éblCOKOmMumaHucnivle

TK-785/6 46.67 1.99 1456 | 16.97 | 457 7.54 0.16 4.36 0.05 0.19 97.06 | 35.0 7.3
TK-740/1 46.49 1.96 18.23 | 10.65 | 4.84 8.00 0.13 4.66 0.22 0.21 9539 | 476 9.3
TK-785/5 49.08 | 2.05 1438 | 14.38 | 6.67 7.94 0.21 3.85 0.18 0.16 98.90 | 48.1 7.0
1228 4334 | 210 | 16.66 | 10.39 | 5.45 8.44 0.11 4.50 0.44 0.57 445 | 99.75 | 51.2 7.9
TK-785/2B 49.28 | 2.23 16.86 | 12.15 | 4.24 5.61 0.32 4.82 1.67 0.22 97.40 | 411 7.6
TK-785/3B 4733 | 241 16.42 | 16.23 | 3.43 5.55 0.17 5.44 0.05 0.27 97.30 | 29.7 6.8
TK-108/1 50.84 | 3.36 12.25 | 16.60 | 241 8.55 0.17 2.93 0.05 0.45 9761 | 225 3.6
cpedHemumanucmole
796 50.79 1.30 | 1592 | 9.27 6.55 7.40 0.28 4.90 0.40 0.12 287 | 99.15 | 58.6 12.2
TK-96/1 50.80 | 1.35 1458 | 9.01 6.19 9.99 0.15 4.00 0.33 0.17 96.57 | 579 10.8
TK-785/1b 48.15 1.36 14.82 | 10.33 | 6.37 10.36 0.17 4.09 0.14 0.14 95.93 | 55.2 10.9
TK-1269 47.03 1.45 15.06 | 10.18 | 6.97 11.55 0.16 3.56 0.16 0.27 96.39 | 57.8 10.4
1276 51.18 150 | 13.72 | 12.18 | 5.79 7.40 0.22 4.90 0.10 0.16 2.6 99.30 | 48.7 9.1
TK-97/1 49.88 1.45 12.76 | 9.59 4.54 12.73 0.12 4.00 0.05 0.19 9531 | 486 8.8
HU3KOMUmManucmole
T-10/3 4484 | 1.69 15.04 | 7.48 4.58 12.70 0.34 4.61 0.44 0.20 3.03 | 9996 | 551 8.9
T-57/2 53.80 | 0.55 1599 | 9.29 291 8.70 0.08 6.76 0.14 0.14 093 | 99.11 | 385 29.1
796/1 57.28 | 0.64 | 16.05 | 8.64 4.21 5.72 0.17 3.60 1.08 0.11 223 | 99.82 | 493 25.1
TK-737/1M 52.49 | 0.63 1525 | 9.37 5.75 8.47 0.17 4.70 0.22 0.08 97.13 | 551 24.2
TK-1273 47.74 | 0.63 14.89 | 7.79 7.64 12.48 0.18 3.54 0.12 0.15 95.16 | 66.2 23.6
1275 47.16 | 0.68 13.19 | 9.835 | 8.12 11.01 0.15 2.6 2 0.07 3.34 |100.49 | 62.3 194
1011 a 48.54 | 0.68 17.10 | 10.90 | 4.42 8.18 0.10 4.10 1.66 0.25 3.06 | 99.97 | 4438 25.1
1279 4726 | 0.71 15.75 | 8.75 5.66 0.88 0.11 4.60 0.88 0.06 251 | 99.98 | 56.4 22.2
1279 4726 | 0.71 15.75 | 8.752 | 5.66 0.88 0.11 4.6 0.88 0.06 251 | 99.98 | 56.4 22.2
1008 46.51 | 0.72 16.11 | 10.67 | 4.84 10.96 0.19 3.07 0.90 0.27 292 | 99.80 | 47.6 22.4
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TK-100/1 54.92 1.69 13.01 | 1093 | 3.22 7.07 0.12 5.09 0.05 0.09 96.19 | 37.1 7.7
760 4294 | 1.93 1555 | 11.12 | 8.33 11.16 0.13 2.92 0.44 0.24 332 | 99.77 | 60.0 8.1
TK-705/B 51.00 | 0.71 13.75 | 12.74 | 5.25 8.48 0.20 3.17 0.56 0.14 96.00 | 45.2 19.4
TK-736/6B 51.03 | 0.72 14.46 | 1293 | 4.98 8.03 0.21 3.91 0.42 0.16 96.85 | 435 20.1
TK-705/1 51.74 | 0.72 14.22 | 11.40 | 3.26 12.04 0.15 2.98 0.02 0.17 96.70 | 36.4 19.8
TK-740/5 53.02 | 0.74 | 15.72 | 9.60 4.29 9.51 0.18 4.88 0.08 0.11 98.13 | 47.2 21.2
TK-705 5153 | 0.74 | 13.75 | 1252 | 5.29 8.64 0.18 3.51 0.57 0.22 96.95 | 4538 18.6
TK-736/6 5045 | 0.74 | 14.89 | 1257 | 4.65 7.92 0.19 4.69 0.45 0.15 96.70 | 425 20.1
TK-1266a-77 5293 | 0.75 13.47 | 9.08 7.20 9.70 0.17 4.04 0.12 0.15 9761 | 613 18.0
796 5295 | 0.78 15.75 | 10.75 | 4.63 8.01 0.16 4.70 0.66 0.04 15 99.69 | 46.3 20.2
796 5255 | 0.78 15.75 | 10.754 | 4.63 8.01 0.16 4.7 0.66 0.04 15 99.31 | 46.3 20.2
TK-796-77 52.95 | 0.78 15.75 | 10.18 | 4.63 8.01 0.16 4.70 0.66 0.04 97.86 | 47.6 20.2
TK-735/8 53.70 | 0.77 1477 | 8.18 5.15 7.68 0.14 5.34 0.08 0.12 95.93 | 55.7 19.2
TK-1270 4795 | 0.77 15.57 | 8.99 9.15 9.58 0.17 3.50 0.10 0.11 95.89 | 671 20.2
TK-740/2 5340 | 0.80 | 1510 | 9.72 4.17 9.57 0.19 4.69 0.11 0.12 97.87 | 46.2 18.9
TK-735/9 56.78 | 0.80 | 13.34 | 7.94 4.76 9.79 0.14 3.54 0.27 0.07 9743 | 545 16.7
TK-545/1 57.61 | 0.81 15.14 | 10.30 | 4.30 3.74 0.17 4.82 0.50 0.15 9754 | 455 18.7
TK-519/4 50.67 | 0.82 1544 | 9.74 7.06 8.98 0.15 3.08 1.29 0.11 97.34 | 59.2 18.8
TK-736/3B 50.89 | 0.82 14.60 | 13.90 | 5.43 6.05 0.22 3.95 1.10 0.14 97.10 | 439 17.8
TK-508/1 50.16 | 0.83 16.19 | 9.46 6.97 10.38 0.15 2.74 1.08 0.09 98.05 | 59.6 195
TK-728/2 4991 | 0.83 13.96 | 9.16 6.46 12.81 0.15 3.26 0.42 0.08 97.04 | 585 16.8
TK-738/2B 50.13 | 0.83 14.05 | 9.49 6.49 12.72 0.16 2.65 0.40 0.08 97.00 | 57.8 16.9
1276 4498 | 0.87 16.67 | 8.52 2.26 11.74 0.12 5.52 1.40 0.12 1.49 | 99.57 | 34.7 19.2
1276 4498 | 0.87 16.67 | 8519 | 2.26 11.74 0.12 5.52 1.4 0.12 1.49 | 99.57 | 34.7 19.2
762 50.34 | 090 | 16.54 | 11.34 | 5.97 7.30 0.12 4.34 0.32 0.04 285 | 99.84 | 51.3 18.4
TK-735/5T 50.45 | 0.88 17.08 | 11.28 | 2.95 7.00 0.14 5.49 0.25 0.35 95.87 | 34.3 194
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TK-736/5 5441 | 090 | 15.80 | 1255 | 2.48 431 0.20 6.44 0.44 0.31 97.84 | 28.3 17.6
TK-739/1 53.87 | 090 | 15.65 | 11.53 | 4.45 4.80 0.19 5.18 0.58 0.14 97.29 | 436 17.4
T-100/7 56.72 | 0.93 15.28 | 8.17 3.80 4.30 0.15 5.28 0.14 0.18 3.1 99.02 | 48.2 16.4
104/14 58.84 | 094 | 17.80 | 7.02 2.24 2.07 0.12 6.96 0.76 0.47 294 | 99.81 | 39.0 18.9
TK-736/3 49.60 | 0.92 14.39 | 1438 | 5.25 6.21 0.21 4.40 1.29 0.12 96.77 | 42.2 15.6
TK-570/4 5123 | 094 | 16.06 | 1043 | 6.40 9.48 0.17 2.83 1.18 0.13 98.85 | 55.1 17.1
TK-735/7T 5755 | 094 | 1296 | 9.27 5.84 6.16 0.18 5.18 0.20 0.08 98.36 | 55.8 13.8
TK-737/2 5437 | 094 | 14389 | 9.27 4.78 8.49 0.16 4.82 0.19 0.12 98.03 | 50.8 15.8
TK-740/3 48.75 | 094 | 17.36 | 13,50 | 3.46 7.04 0.31 5.20 0.59 0.12 97.27 | 33.9 185
TK-740/4 51.39 | 0.95 16.26 | 11.19 | 341 9.08 0.21 5.32 0.13 0.10 98.04 | 37.9 171
TK-737/4 53.37 | 0.95 1447 | 9.59 5.53 7.58 0.16 5.05 0.51 0.10 9731 | 53.6 15.2
TK-700/1 51.99 | 0.95 15.11 | 15.08 | 3.03 3.97 0.23 6.04 0.41 0.28 97.09 | 28.7 15.9
TK-737/5 54.05 | 0.96 14.22 | 10.35 | 5.82 7.46 0.17 4.17 0.44 0.11 97.75 | 529 14.8
T-100/42 49.14 | 1.01 15.69 | 10.76 | 6.28 8.64 0.17 481 0.22 0.09 3.22 | 99.80 | 53.9 155
TK-522/6 50.08 1.03 1496 | 10.37 | 7.08 10.79 0.17 2.46 1.00 0.10 98.04 | 57.7 145
T-100/50 48.28 1.05 16.55 | 8.72 5.54 9.71 0.20 491 0.74 0.09 246 | 99.29 | 56.0 15.8
TK-573/1 51.55 1.02 16.18 | 10.29 | 4.53 7.58 0.12 4.63 0.30 0.12 96.32 | 46.8 15.9
T-100/16 49.27 1.06 16.48 | 9.23 6.90 8.87 0.17 4.05 0.31 0.11 3.53 | 99.29 | 59.9 155
TK-736/T 50.27 1.05 16.95 | 15.12 | 3.01 3.04 0.18 6.21 0.46 0.10 96.39 | 285 16.1
669 49.32 110 | 1848 | 851 6.33 7.20 0.24 3.80 1.50 0.12 322 | 99.28 | 59.8 16.8
TK-700A 56.26 1.09 17.38 | 11.11 | 2.26 1.62 0.09 7.56 0.82 0.09 98.28 | 28.9 15.9
1275 47.78 110 | 18.85 | 9.03 4.46 7.42 0.21 5.20 0.60 0.21 454 | 99.06 | 49.7 171
TK-739/2 50.38 111 15.27 | 10.53 | 6.90 8.59 0.18 3.40 1.18 0.10 97.64 | 56.7 13.8
TK-738/3 51.38 1.10 | 1419 | 9.72 5.56 8.23 0.16 4.62 0.89 0.10 95.95 | 534 12.9
TK-571 51.36 1.12 15.60 | 10.52 | 554 6.94 0.13 4.89 0.25 0.12 96.47 | 513 13.9
TK-68/4 49.73 1.12 16.33 | 10.58 | 3.40 8.07 0.11 5.21 1.09 0.32 9596 | 391 14.6
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TK-738/4 5150 | 1.15 | 1548 | 10,55 | 6.52 7.56 0.15 3.74 0.58 0.11 97.34 | 553 13.5
TK-507/2 4881 | 1.15 | 1532 | 11.78 | 4.56 8.55 0.16 5.51 0.58 0.14 96.56 | 43.6 13.3
TK-700b 56.09 | 117 | 16.80 | 12.26 | 1.48 1.76 0.07 7.48 0.82 0.15 98.08 | 194 14.4
TK-700 5392 | 128 | 17.09 | 1401 | 1.90 1.87 0.09 7.39 1.06 0.10 98.71 | 213 13.4
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Taobmuma 8I1

ConeprkaHue peAKHX 3JeMeHTOB (I/T) B BYJIKAHUYECKUX U CyOBYJIKAHUYIECKUX MOPOIAX

Textypmacckoro AK nenrpansHoro Kasaxcrana

Kapamypynckas cButa Bbazap0aiickas cura.
Tek1303 | Tek1321 | Tek1322/1 | Tek1322/2 | Tek1312 | Tek1308 | Tek1312
V 228 261 301 163 156 297 256.0
Ni 8.20 117.00 70.5 18.3 39.30 26.50 73.20
Cr 8.00 120.00 48.4 15 39.70 17.20 50.1
Rb 21.00 12 18.8 6.3 19.00 1.2 14.50
Sr 293 294 198 198 467 377 332.0
Ba 588 317 112 109 120 17 71.00
Y 42 29 28 64 21 27 28.10
Zr 327 173 183 373 52 69 79.0
Nb 55.7 16.7 21.7 44.7 1.2 1.8 1.9
La 37.4 13.0 18.2 34.1 3.3 7.3 2.9
Ce 88.7 33.5 43.8 82.6 8.8 17 9.30
Nd 44.7 20.9 24.9 46.1 6.7 12 8.40
Sm 9.7 5.2 5.7 10.5 2.1 3.2 2.80
Eu 3.10 1.70 1.80 3.00 0.81 1.0 11
Gd 9.7 5.8 6.1 12.0 3.0 4.0 4.20
Tb 1.40 0.89 0.94 1.90 0.50 0.66 0.70
Dy 7.8 5.0 5.3 11.0 34 4.1 4.60
Ho 1.50 0.99 1.00 2.30 0.75 0.9 0.99
Er 4.0 2.7 2.9 6.5 2.1 2.7 3.00
Tm 0.53 0.36 0.38 0.88 0.31 0.39 0.43
Yb 3.3 2.3 2.5 5.8 2.1 2.7 2.90
Lu 0.47 0.34 0.36 0.89 0.30 0.42 0.42
Hf 7.5 4.2 4.6 9.1 15 2.0 2.2
Ta 3.28 1.05 1.64 2.48 0.07 0.11 0.13
Th 4.10 1.10 2.00 3.80 0.44 1.10 0.36
) 1.10 0.38 0.36 1.10 0.39 1.10 0.63
Pb 2.90 1.00 1.7 2.2 11 15 0.79
Zr/INb 5.9 104 6.6 8.3 43.3 38.5 41.6
TilZr 57.1 72.5 74.4 35.9 91.2 68.4 83.5
La/Smy 24 1.6 2.0 2.0 1.0 14 0.7
Gd/Ybn 24 2.0 2.0 1.7 1.2 1.2 1.2
Eu/Eu* 1.0 0.9 0.9 0.8 1.0 0.9 1.0
ZrlZr* 1.0 1.1 1.0 1.0 0.9 0.8 11
Hf/Hf* 1.0 1.0 1.0 1.0 1.0 1.0 11
Ti/Ti* 0.8 0.9 0.9 0.5 0.7 0.5 0.8
Nb/Lapm 1.4 1.2 15 1.3 0.4 0.2 0.6
Nb/Thpm 1.6 1.8 1.7 14 0.3 0.2 0.6

Ipumeuanue: La/Sm, u Nb/Lapm 1 1pyrue aneMeHTsl HOpMUPOBAHBI HA XOHAPUT U NPUMHUTHUBHYIO MaHTHUIO
COOTBETCTBEHHO.
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Tao6muua 911

CozeprkaHue NopoI000pasyroIX OKKCIOB (Mac. %) ¥ peaKHuX 3JieMeHTOB (I/T) B BYJIKaHUYECKUX M CYOBYJIKAaHUYECKHX MTOPOJAX
At6anm-Koxkmraansckoro AK roxxnoro Tsaup-11lans, Kupruszus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
oopasen, | C 742 | C76- [ C-77- [ C-82a- | C-85a- | C-85b- | C-85v- | C-85d- [ C-85g- | TN- | TN- | TN- | TN- [ TN- [TN-63- | TN-64- | TN-65-
06 06 06 06 06 06 06 06 06 | 51-09 | 52-09 | 58-09 | 61-09 | 62-09 | 09 09 09
Si0, 464 | 496 | 474 | 473 | 464 | 441 | 441 | 436 | 452 | 442 | 413 | 501 | 494 | 491 | 464 | 466 | 467
TiO, 146 | 110 | 166 | 095 | 195 | 318 | 317 | 167 | 168 | 208 | 206 | 235 | 140 | 342 | 352 | 283 | 3.39
Al,03 135 | 142 | 130 | 154 | 143 | 131 | 130 | 137 | 140 | 135 | 133 | 129 | 165 | 133 | 126 | 136 | 121
Fe20s 146 | 129 | 156 9.5 127 | 173 | 181 | 122 | 121 | 105 | 139 | 140 8.9 135 | 157 | 139 | 148
MgO 604 | 719 | 628 | 687 | 729 | 482 | 471 | 844 | 897 | 987 | 111 | 317 | 49 | 594 5.4 6.02 | 6.09
CaO 852 | 988 | 951 | 962 | 1095 | 809 | 812 | 1145 | 119 | 807 | 807 | 546 | 495 | 642 | 801 | 687 | 7.64
MnO 020 | 019 | 022 | 013 | 021 | 026 | 026 | 017 | 017 0.2 023 | 018 | 014 | 017 0.2 018 | 027
Na:O 383 | 309 | 256 | 423 | 294 | 293 | 297 | 242 | 241 | 404 | 253 | 3.38 2.9 425 | 284 | 341 | 311
K20 025 | 043 | 026 | 055 | 081 | 1.14 1.2 032 | 024 | 038 | 042 | 238 | 558 0.4 174 | 167 1.6
P20s 0.16 0.1 018 | 0.07 0.2 033 | 035 | 015 | 018 | 042 0.4 0.72 1.6 035 | 043 | 034 04
ILILTL | 350 | 188 | 236 | 407 | 279 | 321 | 309 | 389 | 397 | 539 | 483 | 201 | 384 | 299 | 272 2.4 2.81
Cymma | 985 | 1005 | 99.0 | 987 | 1005 | 985 | 991 | 97.9 | 1008 | 982 | 981 | 969 | 999 | 998 | 996 | 978 | 997
Mg# 45 53 45 59 54 36 34 58 60 66 62 31 53 47 41 46 45
Ni 55 54 53 146 82 19 21 150 155 210 399 1 12 72 39 76 52
Cr 110 70 70 460 280 10 <10 510 560 450 850 <10 40 60 40 110 80
v 365 371 448 265 339 462 461 287 317 245 264 143 237 363 350 308 373
Rb 0.4 3.9 1.8 9.1 276 | 397 39 43 5.4 25 3.2 627 | 123 8 555 | 285 31
Sr 94 111 118 112 218 | 1020 | 988 419 465 204 309 346 704 148 705 763 430
Ba 116 63 31 38 393 960 | 1015 86 85 115 596 | 2690 | 2270 | 162 601 946 947
Zr 92 65 92 42 186 246 260 154 153 182 192 440 442 260 286 226 220
Nb 48 36 5.2 06 134 | 226 | 222 | 101 | 116 23 253 | 439 | 307 | 262 | 312 | 219 | 259
Y 372 | 308 | 425 | 247 | 259 | 407 | 398 | 223 | 236 | 191 | 215 | 504 26 318 | 328 | 254 | 287
La 5.3 48 49 1.8 118 | 176 | 182 9.7 10 211 | 219 | 399 | 581 | 194 | 261 | 183 21
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Ce 12.5 12.1 131 4.5 27 40.5 41.5 21.8 224 451 46.9 90.4 123 45.7 59 43.1 47.6
Nd 10.9 9 10.9 4.7 18 27.6 26.8 15.1 14.2 24.8 26.2 53.2 58.5 30.8 34.4 27.5 29
Pr 1.9 1.6 1.9 0.8 3.5 53 5.6 3.1 3.1 5.8 6.1 11.4 14.7 6.3 7.9 5.6 6.9
Sm 3.6 2.4 3.4 2.5 51 7.2 7.1 4.0 4.2 4.9 5.1 11.6 10.9 7.1 9.0 6.3 7.2
Eu 1.0 1.0 1.2 0.8 1.5 2.9 2.3 1.3 1.5 1.7 1.8 3.8 2.5 2.4 3.0 1.9 2.4
Gd 54 3.8 5.5 3.3 4.6 8.2 8.8 4.3 4.5 53 5.7 11.8 8.0 8.0 8.7 6.9 7.5
Th 1.0 0.7 11 0.6 0.7 1.3 13 0.7 0.7 0.7 0.8 1.8 1.0 1.2 13 0.9 1.1
Dy 6.1 51 7.3 4.2 4.8 7.5 8.2 4.5 4.6 4.6 4.7 9.9 5.4 6.8 7.1 5.6 6.2
Ho 14 11 15 1.0 1.0 1.5 15 0.9 0.8 0.8 0.8 1.8 1.1 1.3 13 0.9 1.1
Er 4.2 3.4 45 2.7 2.6 4.4 4.2 2.3 2.6 2.1 2.3 4.7 2.7 3.3 3.4 2.7 2.8
m 0.6 0.5 0.7 0.3 0.4 0.6 0.6 0.3 0.3 0.3 0.3 0.6 0.4 0.5 0.5 0.4 0.3
Yb 4.2 3.7 4.9 2.6 2.4 4.2 3.1 2.0 2.5 15 1.8 4.2 2.4 2.5 3.0 1.8 2.1
Lu 0.6 0.5 0.7 0.4 0.4 0.5 0.5 0.3 0.3 0.2 0.2 0.5 0.4 0.4 0.4 0.3 0.3
Hf 2.7 1.8 2.6 1.8 4.5 6.4 6.4 45 4.3 4.9 4.6 10.9 124 7.3 7.8 6.3 5.8
Ta 0.2 0.2 0.3 0.2 0.8 1.0 0.8 0.2 0.6 0.2 0.2 2.2 1.4 1.4 1.7 1.6 15
Th 0.5 0.6 0.5 0.1 11 1.7 2.0 1.0 1.0 3.0 2.9 4.1 12.9 2.0 2.8 1.8 2.0
U 0.3 0.2 0.2 0.1 0.3 0.5 0.5 0.2 0.2 0.7 0.6 1.2 3.0 0.7 0.8 0.6 0.6
Zr/Nb 19.2 18.1 17.7 70.0 13.9 10.9 11.7 15.2 13.2 7.9 7.6 10.0 14.4 9.9 9.2 10.3 8.5
Nb/Y 0.1 0.1 0.1 0.0 0.5 0.6 0.6 0.5 0.5 1.2 1.2 0.9 1.2 0.8 1.0 0.9 0.9
TilZr 95 102 108 136 63 78 73 65 66 69 64 32 19 79 74 75 92
Eu/Eu* 0.7 1.0 0.9 0.8 0.9 1.2 0.9 1.0 1.1 1.0 1.0 1.0 0.8 1.0 1.0 0.9 1.0
La/Smn 0.9 13 0.9 05 1.5 1.5 1.6 15 1.5 2.7 2.7 2.2 3.4 1.7 1.8 1.8 1.8
Gd/Ybn 1.0 0.8 0.9 1.0 1.6 1.6 2.3 1.7 15 2.9 2.5 2.3 2.7 2.6 2.3 3.0 2.9
La/Ybn 0.9 0.9 0.7 05 3.4 2.9 3.9 3.3 2.7 9.6 8.0 6.5 16.5 5.2 5.8 6.8 6.8
Nb/Lapm 0.9 0.7 1.0 0.3 11 1.2 1.2 1.0 11 11 11 11 0.5 1.3 1.2 1.2 1.2
Th/Lapm 0.8 1.0 0.8 0.4 0.8 0.8 0.9 0.9 0.8 1.1 11 0.8 1.8 0.8 0.9 0.8 0.8
Nb/Thpm 11 0.7 1.3 0.8 1.4 1.6 1.3 1.2 15 0.9 1.0 1.3 0.3 1.6 1.3 1.4 1.6
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Ta6mmma 91I1. [Iponomwkenne

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
odopazeny | TN-70-09 | TN-71-09| TN-72-09 | TN-73-09 | TN-78-09 | TN-80-09| TN-82-09| O-115-1 | O-115-2 | O-118-3 | O-118-7 | O-118-9 | 194-1 | 554-21 207205
SiO2 48.2 44 47.9 475 44.5 42.8 58.1 49.3 45.1 50.4 48.3 50.9 51.9 41.9 44.0
TiO: 3.18 3.33 3.27 3.51 4.05 4.63 1.02 3.16 2.44 2.05 2.32 2.42 2.29 1.86 2.08
Al2O3 13.8 13.1 12.9 14.0 15.0 12.8 15.0 124 14.6 15.1 14.9 14.8 11.8 14.4 16.3
Fe20s 14.8 14.9 15.2 14.6 13.6 16.6 8.5 16.0 11.5 12.6 13.6 13.0 12.8 13.4 12.4
MgO 6.16 6.74 6.29 6.01 5.95 6.44 3.84 4.59 7.55 6.66 6.83 4.89 6.61 9.11 7.14
CaO 4.71 6.82 6.17 4.68 4.87 6.14 491 7.02 9.08 2 2.52 3.07 5.92 8.31 9.59
MnO 0.2 0.29 0.22 0.28 0.19 0.26 0.12 0.23 0.17 0.07 0.08 0.07 0.17 0.17 0.15
Na.O 3.5 2.75 3.11 3.4 3.66 3.21 5.38 3.07 3.31 3.16 2.81 3.23 4.28 3.29 2.94
K20 2.19 1.56 1.32 191 2.14 2.46 0.54 1.65 1.58 2.4 2.98 2.84 0.39 0.66 0.61
P20s 0.37 0.39 0.4 0.45 0.49 0.91 0.15 0.51 0.26 0.26 0.29 0.31 0.34 0.34 0.32
II. I1. 1. 3.75 4.82 3.42 4.16 4.05 1.92 2.66 2.74 2.46 4.7 4.21 2.78 4.03 3.93 4.28
Cymma 100.8 98.6 100.2 100.5 98.5 98.1 100.2 100.7 98.1 99.3 98.8 98.3 100.5 97.3 99.8
Mo# 45.4 47.6 45.3 45.2 46.8 43.7 475 36.5 56.8 515 50.1 42.9 50.9 57.6 535
Ni 43 39 44 42 59 13 9 24 129 45 53 48 10 274 144
Cr 40 20 20 10 100 10 <10 10 200 80 80 100 10 380 240
\% 377 371 352 364 436 346 282 380 318 211 219 230 303 215 252
Rb 38.7 26.8 21.6 414 24.6 67.2 6.7 43.6 29.2 37.2 445 42 3.8 54 9.1
Sr 467 644 516 484 308 458 145 404 498 177 204 727 175 560 428
Ba 388 375 263 302 301 714 96 432 471 312 314 395 159 427 311
Zr 255 264 271 298 339 232 139 300 193 310 310 352 162 167 145
Nb 19.2 30.2 28.2 33.2 25.4 30.9 2.2 31.4 21.9 37.8 31.9 27.8 32.7 41.0 29.2
Y 30.5 30.8 29.3 32.0 440 40.8 22.6 395 24.7 43.0 38.6 325 31.0 20.5 22.9
La 15.9 241 24.0 26.4 23.5 26.6 8.3 29.1 17.3 27.8 26.8 28.1 21.7 28.3 22.2
Ce 39.6 55.2 53.9 59.6 57.5 60.2 19.2 66.8 40.8 59.8 57.2 55.2 46.6 55.8 44.8
Nd 28.1 335 324 37.7 39.0 40.9 12.8 38.0 22.6 36.8 36.7 34.6 24.4 26.5 23.7
Pr 5.7 7.4 7.0 8.0 7.9 8.1 2.6 8.7 5.0 8.7 8.6 7.9 55 6.0 53
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Sm 7.2 8.5 7.3 8.0 9.9 9.8 3.6 8.5 6.2 10.2 9.2 8.0 5.8 5.3 4.9
Eu 2.2 2.4 2.0 2.6 25 3.6 1.0 2.6 2.1 2.0 2.3 2.4 1.7 2.3 1.7
Gd 7.6 8.3 7.7 8.8 10.2 10.1 4.3 9.6 5.3 10.2 9.6 8.5 5.8 5.2 5.6
Th 1.2 1.3 11 1.4 1.6 1.6 0.6 1.3 0.9 1.5 1.5 1.2 0.9 0.8 0.8
Dy 6.3 6.8 6.4 6.8 9.3 8.6 4.0 7.7 5.0 8.8 8.9 7.3 52 4.5 4.5
Ho 1.2 1.3 11 1.2 1.6 1.6 0.9 1.5 0.9 1.4 1.6 1.3 11 0.7 0.9
Er 3.2 3.7 3.3 3.7 4.6 4.0 2.6 4.2 24 4.3 4.2 3.3 2.8 1.9 25
Tm 0.4 0.5 0.4 0.4 0.7 0.5 0.4 0.6 0.4 0.5 0.5 0.5 0.4 0.3 0.3
Yb 2.5 2.8 2.2 2.7 3.6 3.1 2.6 3.3 1.9 3.6 3.2 2.8 2.8 1.6 2.2
Lu 0.4 0.4 0.3 0.4 0.5 0.4 0.4 0.5 0.3 0.5 0.5 0.4 0.4 0.2 0.3
Hf 7.6 7.3 7.1 9.0 9.7 6.5 4.0 7.7 4.8 9.5 9.2 8.5 4.1 3.7 3.6
Ta 1.3 0.5 11 1.6 0.7 0.3 0.3 2.1 0.4 2.9 1.9 1.8 1.7 0.5 0.8
Th 1.6 2.5 2.7 3.1 2.2 1.9 1.2 3.9 1.7 11.9 8.2 4.8 2.9 3.5 3.0
U 0.5 0.7 0.6 0.8 0.6 0.4 0.7 0.8 0.5 2.7 2.0 1.4 0.9 0.9 0.6
Zr/Nb 13.3 8.7 9.6 9.0 13.3 7.5 63.2 9.6 8.8 8.2 9.7 12.7 5.0 4.1 5.0
Nb/Y 0.6 1.0 1.0 1.0 0.6 0.8 0.1 0.8 0.9 0.9 0.8 0.9 11 2.0 1.3
TilZr 75 76 72 71 72 120 44 63 76 40 45 41 85 67 86
Eu/Eu* 0.9 0.8 0.8 0.9 0.8 11 0.8 0.9 11 0.6 0.7 0.9 0.9 1.3 1.0
La/Smn 1.4 1.8 2.1 2.1 15 1.7 1.5 2.1 1.8 1.7 1.8 2.2 24 3.3 2.8
Gd/Ybn 2.5 24 29 2.6 2.3 2.7 1.4 2.3 2.2 2.3 2.4 2.5 1.7 2.6 2.1
La/Ybn 4.4 59 7.4 6.6 4.4 5.9 2.2 5.9 6.0 5.3 5.6 6.8 53 11.7 6.8
Nb/Lapm 1.2 1.2 1.1 1.2 1.0 11 0.3 1.0 1.2 13 11 1.0 15 14 13
Th/Lapm 0.8 0.8 0.9 0.9 0.8 0.6 1.2 11 0.8 3.4 2.5 1.3 11 1.0 11
Nb/Thpm 1.4 1.4 1.3 1.3 14 2.0 0.2 1.0 1.6 0.4 0.5 0.8 13 14 1.2

Ilpumeuanue: Touku oto0pa: komaouku: Capeioynak. 1-4; Tampabar. 5-9; Maiinucaii. 10-11; Kernma. 12-17; Kaitnap. 18-29; Vukens. 30-32.
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ConeprkaHue mopo1000pa3yronmx okucios (Mac. %) u peakux sneMeHToB (r/T) B 6a3anbTax Yapckoro AK

Tabmuma 1011

1 2 3 4 5 6 7 8 9 10 11
Oopa3sen C-12b-08 95-94 Ch-54-08 | Ch-08-09 | C-21b-09 | 97-106 | Ch-15-09 | Ch-20-08 | C-199-08 | C-25b-09 | Ch-23-09
SiO, 45.3 48.5 48.9 50.7 50.0 46.2 50.2 45.6 45.0 48.2 45.9
TiO2 1.27 1.61 1.76 1.81 1.85 2.16 2.07 2.89 2.47 2.42 2.84
Al;,O3 15.8 12.8 16.8 13.6 14.4 12.4 12.9 12.9 14.7 13.6 14.0
Fe203 13.0 11.5 12.7 12.6 13.8 13.6 12.6 17.0 14.9 14.9 18.2
MgO 7.71 6.48 5.4 7.3 7.53 5.62 5.38 6.24 6.7 6.49 5.17
CaO 9.07 12.4 6.29 7.34 4.38 10.95 9.93 10.25 8.62 80.8 4.88
MnO 0.17 0.21 0.26 0.19 0.13 0.2 0.19 0.24 0.18 0.21 0.27
Na,O 4.46 2.68 3.17 3.26 4.20 3.4 2.20 1.98 3.06 2.68 3.34
K20 0.01 0.10 0.36 0.08 0.07 1.2 0.07 0.41 0.01 1.80 1.63
P2Os 0.06 0.13 0.2 0.16 0.18 0.21 0.20 0.35 0.25 0.22 0.28
I1. I1. 1. 3.08 3.58 4.02 3.67 4.17 4.75 4.80 1.96 3.97 2.13 4.19
Cymma 99.9 99.7 99.9 100.7 100.7 100.6 100.5 99.9 99.8 100.7 100.7
Mo# 54 56 46 54 52 48 46 42 47 46 36
Rb 1.0 1.2 7.6 2 14 2.0 15 5.0 0.9 33.7 28.5
Sr 99 120 77 94 68 30 131 141 77 72 46
Ba 13.4 68 78 37 31 24 62 55 114 142
Zr 65 92 127 121 137 150 177 207 126 194 204
Nb 2.0 2.0 1.8 3.4 4.7 3.5 3.1 3.6 5.6 4.3 5.1
Y 23 32 28 37 42 41.2 44 52 50 54 65
La 3.8 4.2 5.3 3.6 3.0 4.7 4.3 5.8 6.7 5.1 4.9
Ce 8.3 12 11.3 9.9 9.5 14.3 13.1 15.2 151 14.9 16.2
Nd 8.1 10 115 9.8 9.8 13.0 12.9 17.6 16.6 141 16.2
Sm 2.9 3.2 4.4 35 3.6 5.2 4.4 6.5 5.7 4.9 5.6
Eu 1.3 1.5 1.6 1.1 1.1 1.8 1.5 2.3 2 15 1.7
Gd 4.7 5.5 5.4 4.6 4.9 7.2 5.5 7.9 7.6 6.6 7.7
Tb 0.6 0.7 0.8 0.9 0.9 1.3 1.0 1.3 1.3 1.2 14
Dy 4.1 5.8 5.9 6.2 6.7 9.3 9.4 7.8 9.2
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Ho 0.8 1.2 1.2 1.3 1.5 2.2 2 1.7 2.0
Er 2.5 3.7 3.5 3.8 4.2 6.4 6.1 4.9 5.9
Tm 0.4 0.6 0.6 0.6 0.7 0.9 0.9 0.8 1.0
Yb 2.8 3.8 3.7 3.9 3.7 5.2 4.2 6.2 6.4 4.7 5.9
Lu 0.4 0.6 0.5 0.5 0.6 0.8 0.6 0.9 0.9 0.7 0.8
Hf 2.2 2.5 3.5 3.3 3.4 3.7 4.7 6 3.7 4.9 5.2
Ta 0.2 0.2 0.1 0.3 0.3 0.2 0.2 0.3 0.5 0.2 0.3
Th 0.2 0.4 0.7 0.3 0.3 0.3 0.3 0.4 0.4 0.3 0.9
U 0.2 0.6 0.1 0.2 0.1 0.2 0.5 0.1 0.4
Pb 2.1 0.8 0.3 0.7 0.6 1.5 1.1 0.4 1.9
Ba/Rb 13.4 56.7 10.3 18.5 21.3 0.0 16.4 12.4 63.2 3.4 5.0
La/Smp 0.8 0.8 0.8 0.6 0.5 0.6 0.6 0.6 0.7 0.7 0.6
Gd/Ybn 1.4 1.2 1.2 1.0 11 1.1 1.1 1.0 1.0 1.1 1.1
La/Ybn 0.9 0.7 1.0 0.6 0.5 0.6 0.7 0.6 0.7 0.7 0.6
(EU/Eu*)n 11 11 1.0 0.8 0.8 0.9 0.8 0.8 0.8 1.0 0.9
Nb/Lapm 0.5 0.5 0.3 0.9 15 0.7 0.7 0.6 0.8 0.8 1.0
Th/Lapm 0.4 7.7 1.1 0.7 0.9 0.5 0.5 0.5 0.5 0.5 1.5
Nb/Thpm 1.4 0.1 0.3 1.3 1.7 1.4 1.5 1.2 1.8 1.5 0.6
(TuTi)* 0.8 0.9 0.9 1.1 1.1 1.1 1.1 1.1 1.0 1.0 0.9
(ZrlZr)* 0.9 1.1 1.3 1.5 1.6 1.3 1.6 1.4 0.9 1.6 1.5
Zr/Hf 32.7 46 69.0 35.6 28.8 42.9 57.1 57.5 22.5 44.7 40.0
Zr/Nb 29.5 36.8 36.3 36.7 40.6 40.5 37.7 34.5 34.1 39.6 39.5
Nb/Ta 9.5 11.1 15.3 12.1 17.6 15.9 141 10.9 124 17.9 18.8
AlLO3/TIO; 12.4 7.9 9.5 7.5 7.8 5.7 6.2 4.4 5.9 5.6 4.9
CaO/Al;O3 0.6 1.0 0.4 0.5 0.3 0.9 0.8 0.8 0.6 0.6 0.3
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Ta6muma 10I1. IIpogomxkenue

12 13 14 15 16 17 18 19 20 21
obpazen | Ch-28-09 | 97-116 | 97-117 | 97-118 | 97-119-3 | C-29d-09 | C-29b-09 | C-26g-09 | 97-102 | 97-101
Sio; 47.4 493 49.7 482 50.4 46.3 483 525 52.8 45.1
TiO; 2.57 2.43 2.39 2.45 2.67 2.90 2.17 3.83 2.61 2.06
Al,O; 135 13.2 11.7 12.6 157 15.8 18.6 15.6 16.4 16.2
Fe.Os 14.3 15.0 14.8 15.2 9.9 12.3 11.0 136 121 131
MgO 6.53 6.70 7.33 6.66 2.54 4.83 4.59 2.63 2.28 5.95
Ca0 10.21 6.80 8.90 9.09 9..36 10.16 7.50 3.62 4.55 9.56
MnO 0.20 0.21 0.20 0.19 0.17 0.20 0.14 0.17 0.20 0.18
Na;O 3.02 3.05 2.51 2.05 3.33 3.75 3.22 3.52 4.60 2.23
K20 0.37 0.37 0.31 121 1.40 0.7 2.03 173 0.68 0.15
P.Os 0.23 0.25 0.21 0.22 0.36 0.34 0.27 0.70 0.84 0.41
.10 1. 2.47 2.75 1.96 2.21 4.23 3.25 2.78 2.54 4.02 5.16
Cymma 100.9 | 100.0 1000 | 100.1 100.0 | 1006 1006 | 1004 101.0 100.0
Mg# 48 50 53 50 36 44 46 35 30 51
Rb 7.7 8.0 6.0 24.0 12.0 16.2 46.1 223 10.0 3.0
sr 170 75 43 147 403 392 441 170 680 554
Ba 42 200 200 200 259 88 226 370 368 184
zZr 183 131 127 132 218 190 152 306 238 132
Nb 4.0 35 3.2 2.7 8.7 19.3 15.4 43 35 16.6
Y 57 472 44.4 48.8 437 25 19.0 39 39.1 202
La 4.7 5.2 4.5 5.7 138 127 103 29 32 215
Ce 14.6 18 13 18 35 29 23 61 70 45
Nd 14.3 17 15 17 27 18.3 14.6 39 41 24
Sm 4.7 6.3 5.6 6 8.2 4.8 3.8 9.1 10 5.7
Eu 16 1.9 15 1.9 2.6 16 13 3.4 3.1 17
Gd 7.1 8.6 7.7 8.3 9.3 4.9 4.1 9.9 10.1 5
Tb 1.2 1.4 14 15 16 0.8 0.6 13 16 0.8
Dy 8.0 4.3 3.3 6.8

Ho 17 0.8 0.6 1.2

Er 5.0 2.1 16 3.1
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m 0.8 0.3 0.2 0.4

Yb 4.8 6.0 5.6 6 5.1 1.7 1.2 2.4 3.8 1.9
Lu 0.7 0.9 0.8 0.9 0.7 0.2 0.2 0.3 0.5 0.3
Hf 4.6 4.7 4.1 4.2 5.9 4.3 3.6 7.1 5.9 3.3
Ta 0.2 0.2 0.3 0.2 0.7 1.2 1.0 2.7 2.2 1.0
Th 0.8 0.5 0.5 0.4 0.8 1.3 1.0 3.4 2.8 2.1
U 0.2 0.3 0.1 0.9 0.5 1.0 15 0.8
Pb 0.7 15 2.0 0.5 3.0 14 0.7 6.4

Ba/Rb 5.4 25.0 33.3 8.3 21.6 5.4 4.9 16.6 36.8 61.3
La/Smp 0.6 0.5 0.5 0.6 1.1 1.7 1.7 2.0 2.0 2.4
Gd/Ybn 1.2 1.2 1.1 1.1 1.5 2.4 2.7 3.3 2.1 2.1
La/Ybn 0.7 0.6 0.5 0.6 1.8 5.0 5.7 8.1 5.7 7.5
(EU/EU*), 0.9 0.8 0.7 0.8 0.9 1.0 1.0 1.1 0.9 1.0
Nb/Lapm 0.8 0.6 0.7 0.5 0.6 15 1.4 14 1.1 0.7
Th/Lapm 1.3 0.8 0.9 0.6 0.5 0.8 0.8 0.9 0.7 0.8
Nb/Thpm 0.6 0.8 0.8 0.8 1.3 1.8 1.8 1.5 15 0.9
(Ti/Ti)* 0.9 0.8 0.9 0.8 0.8 1.5 1.3 1.0 0.6 0.9
(ZrlzZn)* 1.6 0.9 1.0 0.9 1.0 1.4 1.4 1.1 0.8 0.7
Zr/Hf 46.2 37.4 39.7 48.9 25.1 9.8 9.9 7.2 6.8 8.0
Zr/Nb 39.9 27.9 31.0 314 36.9 44.3 41.7 43.4 40.3 40.0
Nb/Ta 18.7 23.3 12.3 18.0 13.4 16.0 14.9 15.9 15.8 175
AlLO3/TiO; 5.3 5.4 4.9 5.2 5.9 5.5 8.6 4.1 10.2 7.8
CaO/Al,O3 0.7 0.5 0.7 0.7 0.6 0.6 0.4 0.2 0.1 0.6

Ipumeuanue: xonounsl 1-5 — nerteruposannbie 6aszanstel (MORB-THmna); 6-15 — nepexoausie 6aszanstel (OPB-Tumna); 16-21 — oboramieHHbie 6a3aibThl

(OIB-tuma).
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Tabmuma 1111

CozeprxaHue opoJ000pasyIOIIMX OKKCIOB (Mac., %) U peIKuX 3JeMeHTOB (I/T) B BYJIKAHHYECKUX ITOPOAaX aKKPEIIMOHHBIX KOMIUIEKCOB AKHOLIH.
Muno-Tamb6a, Ynunby u Llllumanto. Anoxus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
o6pasen AK- | AK- | AK- | TM- | T™M- | TM- | TM- | M-86- | M-91- | Sm- | Sm- | Sm- | SH- | SH- | SH- | SH- | SH-
114-08 | 121-08| 122-08 | 65-07 | 67-07 | 69-07 | 71-07 | 07 07 | 125-08 | 126-08 | 129-08 | 02-10 | 03-10 | 05-10 | 07-10 | 10-10
Si0, 478 | 517 | 463 | 454 | 475 | 488 | 478 | 469 | 448 | 386 | 417 | 424 | 436 | 438 | 544 | 573 | 480
TiO, 194 | 223 | 212 | 339 | 333 | 189 | 214 | 229 | 186 | 178 | 201 | 262 | 1.86 | 223 | 078 | 065 | 1.30
Al,03 1395 | 1588 | 17.8 | 1640 | 16.85 | 16.15 | 14.70 | 1455 | 1245 | 12.10 | 14.35 | 1425 | 17.25 | 17.00 | 1510 | 18.00 | 14.10
Fe20s 129 | 102 | 163 | 166 | 146 | 110 | 147 | 137 14 111 | 117 | 121 | 89 93 | 106 | 73 | 1065
MgO 536 | 481 | 386 | 34 | 263 | 784 | 31 | 820 | 724 | 739 | 1025 | 599 | 976 | 940 | 335 | 341 | 637
CaO 643 | 581 | 264 | 341 | 448 | 748 | 457 | 609 | 947 | 136 | 979 | 986 | 753 | 792 | 304 | 184 | 12.75
MnO 008 | 012 | 015 | 015 | 019 | 015 | 012 | 012 | 012 | 013 | 017 | 012 | 025 | 024 | 012 | 008 | 018
Na.O 431 | 458 | 453 | 461 | 467 | 319 | 166 | 252 | 222 | 290 | 247 | 248 | 307 | 330 | 598 | 7.93 | 3.00
K20 062 | 102 | 291 | 158 | 190 | 088 | 461 | 020 | 102 | 132 | 157 | 334 | 113 | 057 | 018 | 020 | 0.8
P20s 021 | 054 | 059 | 063 | 062 | 018 | 036 | 030 | 021 | 025 | 031 | 033 | 033 | 037 | 030 | 025 | 0.09
I 1T . 714 | 343 | 324 | 365 | 315 | 307 | 390 | 428 | 377 | 1035 | 523 | 671 | 569 | 473 | 516 | 388 | 1.39
Cymma 100.7 | 1003 | 1004 | 99.2 | 999 | 1006 | 977 | 991 | 972 | 995 | 996 | 1001 | 994 | 988 | 99.0 | 1008 | 98.0
Mg# 46 49 32 29 26 59 30 55 51 57 64 50 69 67 39 49 54
Ni 256 20 | 216 | 117 | 111 55 52 42 35 212 | 211 85 118 96 3 12 38
Cr 660 30 | 360 | 450 | 330 | 160 40 100 60 536 | 480 | 230 | 230 | 210 10 60 820
v 303 112 | 216 | 381 | 362 | 314 | 217 | 405 | 312 | 319 | 285 | 355 | 259 | 202 | 342 | 248 | 329
Rb 18 18 46 32 37 22 70 6 22 24 30 82 13 8 5 6 6
Sr 277 322 | 484 | 161 | 161 | 299 96 193 | 145 | 205 | 281 | 334 | 286 | 303 | 242 | 238 | 149
Ba 111 172 | 457 | 157 | 160 | 101 | 219 | 146 69 438 | 475 | 847 | 222 | 308 | 201 99 33
Zr 174 377 | 258 | 279 | 312 | 136 | 180 | 194 | 169 | 182 | 197 | 180 | 157 | 179 64 41 51
Nb 140 | 392 | 220 | 420 | 479 | 82 | 159 | 127 | 98 | 227 | 250 | 256 | 159 | 188 | 4.2 15 3.1
Y 200 | 339 | 400 | 310 | 325 | 236 | 360 | 374 | 308 | 175 | 260 | 236 | 293 | 337 | 203 | 149 | 250
La 109 | 363 | 243 | 288 | 330 | 63 | 135 | 98 8.7 84 | 192 | 163 | 124 | 152 | 103 | 57 3.1
Ce 265 | 748 | 465 | 623 | 684 | 154 | 271 | 248 | 199 | 206 | 402 | 378 | 289 | 352 | 210 | 127 | 64
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Nd 17.9 40.1 34.1 36.8 39.2 12.2 19.6 18.7 15.4 14.4 22.9 23.9 194 22.0 16.0 10.8 6.0
Pr 3.5 9.0 6.8 8.2 8.6 2.4 3.9 3.5 2.9 3.1 5.0 4.8 3.9 4.5 2.9 1.8 1.0
Sm 3.6 9.4 7.4 8.1 8.9 3.6 5.2 53 4.6 3.6 5.5 5.5 4.9 5.5 4.0 3.0 2.3
Eu 1.4 2.7 2.6 2.8 2.9 1.2 1.8 2.0 1.7 1.2 1.9 1.9 1.8 2.0 11 0.9 1.0
Gd 5.0 8.6 7.9 8.2 7.5 4.5 5.7 6.2 55 4.0 5.8 5.8 5.9 6.7 3.8 2.9 3.4
Tb 0.8 1.2 13 1.2 1.3 0.7 11 11 11 0.6 0.9 0.9 0.9 11 0.6 0.5 0.7
Dy 3.7 6.4 6.2 6.0 6.8 4.4 6.9 7.0 5.7 3.8 5.2 4.7 5.8 5.7 3.5 2.9 4.1
Ho 0.9 1.3 1.3 11 1.1 0.8 1.2 1.4 11 0.7 1.0 0.9 11 1.2 0.7 0.7 0.9
Er 25 3.4 3.6 3.2 3.4 2.3 3.7 3.9 3.3 2.0 3.0 2.6 3.4 35 2.2 1.8 2.4
m 0.4 0.5 0.4 0.4 0.4 0.3 0.5 0.5 0.4 0.3 0.3 0.3 0.5 0.4 0.3 0.3 0.4
Yb 1.9 2.9 2.8 2.8 2.6 2.1 3.0 3.4 2.7 1.8 2.4 1.9 2.9 3.0 2.5 2.0 2.6
Lu 0.2 0.4 0.4 0.3 0.4 0.3 0.4 0.5 0.3 0.2 0.3 0.3 0.4 0.5 0.3 0.3 0.3
Hf 4.0 8.3 6.4 7.0 7.8 3.2 44 55 45 4.3 4.8 4.7 3.9 4.4 2.1 1.5 1.3
Ta 0.9 2.2 14 25 2.9 0.7 1.6 0.9 0.5 15 0.9 1.6 11 1.2 0.4 0.3 0.3
Th 11 4.4 2.3 3.0 3.3 0.6 1.2 0.9 0.8 1.3 2.4 1.6 1.3 1.4 2.0 0.9 0.2
U 0.4 11 0.4 0.5 0.7 0.3 0.5 0.3 0.7 0.4 0.6 0.4 0.4 0.4 0.8 0.5 0.1
FeO*/MgO| 2.2 1.9 3.8 4.4 5.0 1.3 4.3 1.5 1.7 1.4 1.0 1.8 0.8 0.9 2.8 1.9 15
XLREE 62 170 119 144 158 40 69 62 52 50 93 88 70 83 54 340 19
Zr/Hf 43.5 45.4 40.3 39.9 40.0 42.5 40.9 35.3 37.6 42.5 41.0 38.3 40.3 40.7 30.5 27.3 39.2
Nb/Ta 15.6 17.8 15.6 17.0 16.5 11.7 9.9 14.1 19.6 15.3 27.8 16.0 145 15.7 10.5 5.0 10.3
Y/YDb 10.4 11.7 14.3 11.1 12.4 111 11.9 11.0 11.3 9.7 10.8 12.3 10.0 11.2 8.3 7.3 9.8
Zr/Nb 12.4 9.6 11.8 6.6 6.5 16.6 11.3 15.3 17.2 8.0 7.9 7.0 9.9 9.5 15.2 27.3 16.5
TilZr 66.9 354 49.3 72.9 64.0 83.4 71.3 70.8 66.0 71.7 62.8 95.0 711 74.7 73.1 95.1 152.9
Eu/Eu* 1.0 0.9 1.0 11 11 0.9 1.0 1.1 1.0 0.9 1.0 1.0 0.8 0.9 1.1 1.0 1.0
La/Smn 1.6 2.4 2.1 2.3 2.3 11 1.6 1.2 1.2 15 2.2 1.9 1.6 1.2 0.9 1.6 1.7
Gd/Ybn 1.9 2.4 2.3 24 2.3 1.7 15 1.5 1.6 1.8 1.9 24 1.3 1.2 1.1 1.6 1.8
La/Ybn 3.9 8.5 55 7.0 8.5 2.0 3.0 1.9 2.2 3.2 54 5.7 2.8 1.9 0.8 29 3.4
Nb/Lapm 1.2 1.0 0.9 1.4 1.4 1.3 11 1.2 11 1.3 1.3 15 0.4 0.3 1.0 1.2 1.2
Th/Lapm 0.8 1.0 0.8 0.8 0.8 0.8 0.7 0.8 0.7 0.6 1.0 0.8 1.6 13 2.1 0.9 0.8
Nb/Thpm 1.6 11 1.1 1.7 1.8 15 15 1.6 15 2.0 1.2 1.9 0.3 0.2 0.5 1.4 1.6

Ipumeuanue: o6pa3ibl U3 CIEAYIONUX AKKPEIIMOHHBIX KOMITUIEKCOB: 1-3 - Akuorn; 4-9 - Muno-Tam6a; 10-12 - UnunOy; 13-17 - lumanTo
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[Ipunoxenue 5

®dororpaduu nMGOB ByTKAHUISCKUX MOPOA U3 aKKpeHOHHBIX KoMmIuiekcoB LIACIT u SAmonun

-e) 6a3anbThbl

AK, FopHbIit AnTain: apuposble (a-B) u nopdupossbie (r
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2. KaTyHckui AK, FTopHbiit AnTali: apuposble (a)  nopouposble (6, r-e) 6a3anbTbl, gonepuT (B)

Wy V.
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‘ . 3 Y
o s
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3. 3acypbuHcKuit AK, TopHbIii Antan (meTabasanbThbl)

“Zay22-07 i

)




4. At6awwmn-Kokwaanbckuim AK, 1oxKkHbi TAHb-LLaHb

nopouposbiit 6asansT, A, E— aduposbiit 6a3ansT.




5. YnaH6atopckuin AK, ceBepHass MoHronumsa

) e

~

Mopduposblie 6a3anbTbl M aHAe3nba3anbTbl (A-T, E), cnunntupmpoBaHHbIi 6a3anbt (4). Hbl — porosas o6maHnKa,
Ti-Au — TuTaH-aBruT, Ol — onnMBKUH, CpX — KIMHONMUPOKCEH.
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6. Yapckuit AK, BocTouHbIN KasaxcTaH

2 - 8 400 ymn 29
A, T, L — 6a3ansbT, b - noneput, B — metabasansT, E — onnBrMHOBLIN nopduput




7. AKKpeumoHHble KomnieKcbl Aknolum (A, B) n MuHo-Tamba (B-E), AnoHua

A, b —aduposbiit 6a3anbT; B, [ — ponepur; 4, E - metabasanbt




8. AKKpeLMOoHHble KomnaeKcbl Ynumby (o-8 Kiocto; A, b), LnmaHTo (o-8 LLIMKOKY), AnoHKUA

SH-02-10

A, b — nopduposbliii 6asanbt; B, I — goneput; [ - nopdurposbiit aHaesnbasansT; E - apmpoBsbiit aHae3nbasanoT.




9. OdonuToBbI Nnosic Mukaby, o-8 XoHcto, ANoHKA

Wb021d]

Mb0914

Mo1114 m Mb0114Y

MupoKceH u onnemH nopduposblie 6asansTsl (A, B, [, E), meTtabaszansT () u BynkaHoknacTtuT (B).




[Tpunoxxenue 6

Tabauua 6-1I1

Coaep:xanue nopoao00pa3yommx OKUCJI0B (Mac.%) 1 peAkHux 3jeMeHTOB (r/T) B 0a3aiabTax Ky3Henkoro 0acceiiHa U Apyrux 00/1acTsix
3anmaauoii u Bocrounoit Cuoupmu [Byciaos u ap., 2010]

o6p SiO; [TiO; |Al,O; |[Fe0O3 [MgO [CaO |NaO | K;O| P,Os| MnO | .| cymm | Mg# | Eu/Eu*| Ba | Nb | Rb | Sr Y Zr | La| Ce | Nd| Sm|Eu| Gd | Dy| Er | Yb| Lu |Nb/Zr| Ti/Zr

S10.1 (53,22 |1,79 (14,34 |12,27 (3,82 |7,96 3,88 |0,89 |0,53 | 0,24 | 1,32 |100,3 (39,7 | 0,9 |607,2| 155 | 28,9 [519,0| 48,3 |240,9(33,3| 74,4 (398| 79 |21| 71 (65|38 |42|04| 0,06 | 444

S4.1 |54,29 |1,76 (14,63 (12,27 |3,78 (7,48 (3,74 |1,71 ({053 | 0,24 | 1,13 [101,6 |39,5| 09 |6523| 14,2 | 47,9 |537,8| 49,2 |2455|33,0| 76,4 |40,4| 8,1 (22| 70 (6,739 (42|04 | 0,06 | 43,0

S15.2 (54,30 |1,82 (14,75 (12,29 | 4,04 | 7,56 [4,12 |097 (054 | 0,25 |1,19 [101,8 |410| 09 |711,2| 16,0 | 23,3 |528,6| 48,8 |244,9|33,0| 742|39,1| 80 (22| 7,1 {6,7|39|4,0]| 04| 0,07 | 445

Y;_/SB 48,32 (1,25 |15,33 (12,87 | 6,66 |10,13 2,92 |0,55 |0,16 | 0,20 | 2,74 |101,1 |52,3 | 0,86 375 | 53 | 106 | 353 | 32,1 | 918 |13,0| 20,0 |120| 34 (11| 45(50(32(33[05| 0,06 | 81,6
Y;/SB 51,66 | 1,28 (15,30 (11,36 | 5,46 |6,66 |[3,19 |2,01 (0,48 | 0,18 | 3,29 [1009 |50,4 | 0,85 |1236| 88 |359| 768 | 39,9 |171,1|258]| 56,2 |335| 7,4 (20| 64 (62|39(3,7|06| 0,05 | 44,8
Y;/SB 49,44 11,26 (15,47 (11,93 |6,41 |6,23 [3,99 |1,77 {0,33 | 0,17 | 3,80 {1008 |53,2 | 090 |1174| 93 |27,8 | 878 | 39,3 |159,1|22,3| 51,6 |252| 63 18| 58 |6,2|33(36]|06| 0,06 | 47,6

Sv 52,58 |1,71 (15,67 (10,91 |6,34 |7,79 3,37 |1,22 |{0,26 | 0,15 |m. n. | H.n |56,6 | 098 | 440 |16,41|29,65| 377 | 20,6 | 200 |23,1| 50,2 | 255| 5,7 | 1,8| 54 [ 49|26|04| 24| 0,08 | 51,3

Iv 50,63 [2,75 |15,21 (13,85 [3,93 | 6,94 |3,47 |2,07 |093 [ 021 |m. a |mw. m |387 | 083 | 945 (33,28|43,24| 429 | 27,2 | 351 |49,0|108,6|54,0|11,1|3,0/10,3|{88|4,6(0,7[43| 0,09 | 47,1

Nd 52,03 {0,99 |15,99 (10,40 | 6,48 |10,41|2,32 |1,11|0,12 (0,16 |m. a |®.m |582 | 084 | 467 | 9,68 |31,06| 275 (49,18 125 |16,5| 356 |17,3| 39 11| 40 [4,0({ 24|04 23| 0,08 | 47,6

Ipumeuanue: S10.1, S4.1 u 15.2 — Kysueukuii 6acceitn; WSB-1, WSB-2 u WSB-3 — 3anaauas Cubups (Sy — cbiBepMUHCKast CB.), IV (MBakMHCKasI CB.) U
Nd (magexauHckas cB.) — Boctounas Cubups, cpeanue 3Hadenus mo [Reichow et al., 2005]; H. 1., HeT TaHHBIX;
Mg# = (MgO/40)/(FeO/72+Mg0/40)*100; FeO = 0.85 Fe>03. EU/Eu* paccuutsiBanucs mo [Taylor, McLennan, 1985].
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Tabmuma 6-211

Coaep:xanue nopoaoo0pa3ymmx OKUcJI0B (Mac.%) U peKHX 3JIeMEHTOB (I/T) BO BHYyTPUKOHTHHEHTAJIbHBIX BYJIKAHUYECKHUX MOPOAAX
Tsaub-Ilane-/zkyHrapckoro peruona [Simonov et al., 2015]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
C-152d-|C-155a-| C-159b- |- N C-8v- | COv-| C-9e- | C3v-| C-3d-|C-22e- |C-22z- | C-6h- | C-21g- |C-21a-| C-20a- | C-20b-
Obpazen |~ 5 05 05 po7b-06[-579-06] C-8b-09) ~ g 09 09 09 09 07 07 10 07g 07 07 07
SiO» 4407 | 4422 |8.89 4759 | 4820 | 44.12 | 4428 | 4514 | 4477 | 4845 | 4822 |54.12 | 5482 | 47.87 | 4657 | 47.36 | 50.17 | 48.70
Tio, 252 | 259 |218 218 | 214 |235 |238 |228 |228 |228 |220 |232 |232 |168 |176 |169 |1.28 1.10
AlL,O; 12.64 | 1257 | 1583 1350 | 1320 | 1445 | 1435 | 14.00 | 13.70 | 15.75 | 15.75 | 14.85 | 14.78 | 16.83 | 15.17 | 1529 | 17.61 | 17.75
Fe,Os 12.65 | 1284 |11.76 12.00 | 11.65 |10.82 |10.83 | 11.42 |11.26 |11.51 | 11.34 | 923 |897 |1168 |1120 | 1117 | 11.69 | 12.02
MgO 10.82 | 10.15 | 3.16 678 |6.91 |945 |969 |967 |1040 |364 |473 |484 |482 |528 |683 |687 |497 5.93
MnO 018 |018 |0.08 012 |o012 |017 |o016 |017 |o017 |016 |013 |010 |009 |018 |013 |012 |017 0.17
CaO 951 | 987 |8.77 707 |706 |929 938 [1013 |1052 | 868 |921 |656 |640 |539 |924 |903 |836 9.29
Na;O 418 | 419 330 422 395 |419 |417 |357 [346 [309 |289 |432 [413 [473 |330 |333 |3.09 2.84
K20 093 | 089 |1.09 149 [145 [129 |[127 |18 [200 |213 [200 [1202 [130 [330 |117 |140 |133 1.03
P,0s 078 |080 044 043 |042 |064 |066 |065 |062 |050 |047 |049 |049 |074 |060 |058 |O047 0.37
LOI 120 |125 |4.93 463 |503 |412 |340 |253 |210 |363 |337 |207 |178 |181 |38 |28 |079 0.82
Total 99.48 | 99.55 | 100.42 | 100.01 | 100.13 | 100.89 | 100.57 | 101.36 | 101.28 | 99.82 | 100.31 | 99.92 | 99.90 | 99.48 | 99.83 | 99.65 | 99.93 | 100.02
Mg# 631 |613 |350 531 |543 |636 |642 |629 |649 |387 |455 |512 |51.8 |475 |549 |552 |46.0 49.7
Rb 21 17 13 26 24 244 | 304 |396 |261 |256 |31.0 |137 |347 |706 |201 |228 |493 33.2
Sr 778 955 | 882 |625 |589 |579 602
Y 254 | 272 |201 224 | 204 |265 |277 |250 |225 |202 |233 |19 21 275 | 276 |27.3 | 246 22.3
zr 292|309 | 178 198 | 187 | 235 253 | 293 | 224 | 260 |211 |230 |=218 |238 |201 203 |57 63
Nb 771 | 808 | 36.0 390 |383 |615 |856 |744 |533 |277 |304 |33 30 69.4 |103 | 102 |62 53
Cs 174 | 147 |013 075 |077 |78 12 16 1.0 0.2 05 08 04 |25 08 09 |19 2.9
Ba 281 | 314 | 238 1010 | 956 | 2668 | 642 |557 |528 |383 |457 | 420 |391 | 704 |617 | 408 | 404 265
La 435 | 448 |189 285 | 266 |337 |433 |411 |327 |203 |221 |215 |215 |415 |352 |357 |197 15.0
Ce 874 |89.8 |39.1 576 |541 |649 |805 |764 |624 |428 |463 |47.8 |459 |715 |847 |859 |443 32.9
Nd 397 | 412 | 223 26.0 | 245 |295 |355 |342 |291 |21.8 |236 |325 |303 |306 |452 |453 | 256 181
Sm 77 8.3 4.8 5.7 5.2 6.8 71 7.2 6.9 55 6.0 76 80 |53 85 82 |54 43
Eu 2.9 2.9 2.0 17 15 23 2.4 2.4 2.1 18 18 2.4 25 |16 25 21 |16 11
Gd 73 76 4.8 55 5.4 5.9 7.0 6.8 6.0 5.1 55 6.3 72 |53 7.0 70 |49 4.0

80




Th 1.1 1.2 0.8 0.8 0.7 0.9 1.0 0.9 0.9 0.7 0.8 0.8 0.9 0.7 1.0 0.9 0.7 0.5
Dy 5.2 54 3.9 4.4 4.0 4.7 5.5 5.0 4.7 4.1 4.5 4.4 4.4 4.0 5.0 5.1 4.4 3.6
Ho 0.8 0.9 0.6 0.9 0.7 0.9 1.1 1.0 0.8 0.8 0.8 0.7 0.8 0.9 1.0 0.9 1.0 0.8
Er 2.0 2.1 1.6 2.1 2.2 2.2 2.7 2.3 2.0 1.9 2.0 1.4 1.7 2.6 2.6 2.6 2.4 2.3
™ 0.3 0.2 0.2 0.3 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.4 0.4 0.4 0.4 0.3
Yb 1.6 1.7 1.5 1.6 1.7 2.0 2.2 1.7 1.6 1.6 1.7 1.2 1.3 2.3 2.2 2.6 2.6 2.0
Lu 0.3 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3
Hf 5.7 5.8 3.9 4.7 4.3 4.9 4.8 5.7 51 6.2 4.7 5.2 5.2 6.0 4.4 4.6 1.5 1.5
Ta 2.3 2.2 3.9 5.0 4.2 3.4 2.3 24 1.7 1.7 4.6 0.6 0.7 0.4 0.3
Th 5.3 51 2.7 3.1 2.7 4.8 6.1 55 4.9 3.4 3.5 2.5 2.6 5.9 3.9 4.1 3.3 2.2
U 1.3 1.6 1.3 1.4 3.8 2.1 0.6 0.6 1.7 0.7 0.9 0.9 0.5
Nb/Lapm | 1.7 1.7 1.8 1.3 1.4 1.8 1.9 1.7 1.6 1.3 1.3 15 1.3 1.6 0.3 0.3 0.3 0.3
Nb/Thom | 1.0 1.1 0.8 1.1 1.2 0.8 0.8 0.9 0.8 0.7 0.8 1.0 1.0 0.8 1.1 1.0 0.7 0.8
1'5_‘:6('2)3/ 5.0 4.9 7.3 6.2 6.2 6.1 6.0 6.1 6.0 6.9 7.2 6.4 6.4 10.0 8.6 9.0 13.8 16.1
La/Smy | 3.6 3.4 2.5 3.2 3.2 3.1 3.8 3.6 3.0 2.3 2.3 1.8 1.7 5.0 2.6 2.7 2.3 2.2
Gd/Yby | 3.8 3.7 2.7 2.7 2.7 2.4 2.6 3.2 2.9 2.6 2.6 4.2 4.4 1.8 2.6 2.2 1.6 1.7
La/Ybn 18.7 18.1 8.6 11.8 10.9 11.3 13.3 16.4 13.4 8.5 8.8 12.0 10.9 12.0 11.0 9.2 5.2 5.2
Zr/Nb 3.8 3.8 4.9 5.1 4.9 3.8 3.0 3.9 4.2 9.4 6.9 7.0 7.4 3.4 19.6 200 | 9.1 12.0
REE ot 225 234 121 158 148 181 217 204 172 127 139 146 145 195 223 224 138 108

Kononku: 1-11 — no3aHemenoBsie-naneorieHoBbie 0a3anbtel (I'pynnal: Yukynyk, Topaiiryp, Tamkymyp, Kopron, Kaparoron u Cynyrepek), 12-13 -
paHHEeIOpcKuUe ByinkaHndeckue nopos (['pymma 2: Anakons), 14 — panHenepMckue Bykanndeckue moposl (I'pymnna 3: Anteiemens); 15-18 —

o3 1HeKapOOHOBbIE Bynkanndeckue mopoasl (I'pymnna 4; Koiosin u Kyprycaii).
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Tabmuma 6-311

Coaep:xanue nopoa0oodpa3yommMxX OKUCJI0B (Mac.%) ¥ peAKHX 3JIeMEHTOB (I/T) KailHO30MCKMX BYJKAHHUYECKUX MOPOJ
Boabmoro Xunrana u ueHrpajibHoiit Mounrojun [Meng et al., 2018]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | 17

D07 | Do7- D07- | DO7- | DOT- HO7- | HO7- | HoOT- ARSO | ARS00 | ARS
oopasen. | oy | OOF | pozos | OO | PO | POl Horaa | P o | M | Ho727 | Ho729 | HO7-32 | HO7-33 | AR 000 | AR
SiOs 477'0 4956 | 46.65 | 47.14 | 4853 | 48.80 | 51.96 | 52.52 | 53.20 | 53.19 | 5048 | 5014 | 51.82 | 49.63 | 47.94 | 5027 | 49.69
Tios 247 | 228 | 233 | 244 | 226 | 229 | 242 | 235 | 282 | 281 | 230 | 230 | 233 | 260 | 231 | 205 | 181
AlO3 13;'1 1263 | 1233 | 12.09 | 12.28 | 1221 | 1404 | 13.98 | 14.35 | 1433 | 1333 | 1327 | 1386 | 13.42 | 1271 | 12.96 | 12.24
Fe:0s 1%'7 1071 | 1096 | 10.60 | 1051 | 1087 | 906 | 897 | 863 | 853 | 965 | 969 | 901 | 983 | 1261 | 1211 | 11.59
MgO 769 | 961 | 918 | 7.86 | 966 | 940 | 592 | 608 | 425 | 424 | 754 | 762 | 708 | 743 | 943 | 875 | 11.29
Ca0 915 | 804 | 893 | 905 | 817 | 829 | 630 | 630 | 546 | 544 | 739 | 760 | 670 | 715 | 902 | 9.06 | 864
MnO | 014 | 013 | 014 | 013 | 013 | 013 | 011 | 011 | 010 | 010 | 013 | 013 | 042 | 012 | 016 | 015 | 016
Na2O | 410 | 336 | 407 | 409 | 342 | 340 | 373 | 355 | 386 | 395 | 369 | 370 | 345 | 352 | 319 | 319 | 2.97
K20 427 | 287 | 411 | 425 | 312 | 336 | 505 | 483 | 643 | 607 | 444 | 436 | 447 | 471 | 179 | 139 | 151
P.0s 096 | 065 | 095 | 096 | 080 | 076 | 093 | 091 | 1.09 | 1.10 | 095 | 099 | 090 | 099 | 055 | 037 | 036
Moo | 006 | 004 | 024 | 037 | 098 | 033 | 037 | 028 | 001 | 013 | 000 | 010 | 016 | 055 | 038 | -036 | -028
cymma 9%9 9988 | 99.88 | 99.88 | 99.86 | 99.84 | 99.89 | 99.87 | 99.90 | 99.89 | 99.90 | 99.90 | 99.90 | 99.96 |100.09 | 99.94 | 99.98
Mg 538 6422 | 6262 | 59.73 | 64.77 | 63.36 | 56.65 | 57.55 | 49.62 | 49.85 | 6098 | 6113 | 6111 | 6019 | 59.93 | 59.10 | 66.08
Ni 125 | 245 | 188 | 133 | 245 | 221 | 101 | 111 | 598 | 586 | 168 169 163 148 | 243 | 208 | 343
Cr 237 | 402 | 309 | 260 | 422 | 419 | 215 | 247 | 149 | 138 | 334 310 270 225 | 368 | 317 | 478
v 231 | 195 | 199 | 231 | 169 | 185 | 146 | 148 | 137 | 135 | 160 155 152 163 | 254 | 235 | 239
Rb 105 | 596 | 927 | 102 | 698 | 659 | 975 | 976 | 120 | 120 | 868 | 824 106 957 | 446 | 327 | 364
Sr 125 1152 | 1545 | 1670 | 1327 | 1259 | 1326 | 1296 | 1618 | 1588 | 1550 | 1563 | 1408 | 1361 | 548 | 406 | 355
Ba 286 1249 | 2096 | 2137 | 1511 | 1457 | 1771 | 1749 | 2149 | 2155 | 1797 | 1765 | 1773 | 1863 | 494 | 372 | 375
Zr 583 | 459 | 536 | 596 | 467 | 452 | 826 | 867 | 1183 | 1170 | 785 753 798 787

82



Nb 90.9 | 56.3 86.1 91.3 60.0 | 58.2 57.4 59.3 772 | 76.7 63.0 61.3 56.1 65.4 66.0 44.7 38.9
Y 240 | 211 23.3 24.0 21.2 20.5 20.8 21.6 23.7 | 234 25.4 25.3 23.6 23.2 26.0 24.6 22.2
La 70.5 | 50.0 71.9 79.2 56.2 | 57.0 80.8 82.8 103 105 94.9 97.3 79.2 84.4 36.8 25.1 23.7
Ce 124 91.7 126 136 102 101 147 150 185 188 171 174 143 151 68.7 44.0 43.9
Nd 58.3 | 45.0 58.6 61.4 49.7 | 485 66.2 68.0 81.0 | 795 76.5 775 64.7 66.7 34.7 24.0 235
Pr 145 | 11.0 14.6 15.6 12.2 12.0 17.0 17.5 214 | 21.7 20.0 20.2 17.2 17.3 8.54 5.46 5.45
Sm 106 | 8.81 10.7 11.0 9.50 | 9.10 11.0 11.3 13.3 12.9 12.8 12.9 11.2 10.9 7.17 5.36 512
Eu 3.37 | 280 3.36 3.51 296 | 2.82 3.27 3.34 3.88 | 3.78 3.80 3.81 3.39 3.31 2.31 1.71 1.60
Gd 881 | 7.33 8.81 9.08 779 | 7.45 8.70 9.00 10.3 10.0 10.3 10.3 9.10 8.96 6.56 5.44 5.03
Tb 122 | 1.05 1.24 1.26 1.10 1.05 1.15 1.19 1.35 1.31 1.37 1.39 1.22 1.20 1.20 0.99 0.90
Dy 6.01 | 522 6.03 6.02 539 | 517 541 5.66 6.28 | 6.19 6.59 6.64 5.74 5.84 6.29 5.17 451
Ho 093 | 084 0.92 0.95 0.84 | 0.82 0.82 0.85 0.95 | 0.93 1.01 1.02 0.88 0.89 0.92 0.83 0.81
Er 238 | 212 2.30 2.42 213 | 2.08 211 2.20 237 | 235 2.60 2.60 241 2.34 2.40 2.18 2.09
m 0.28 | 0.26 0.27 0.27 025 | 0.25 0.24 0.25 0.27 | 0.26 0.30 0.30 0.29 0.27 0.33 0.31 0.32
Yb 158 | 1.40 1.47 1.55 1.39 1.39 1.32 1.39 1.47 1.40 1.63 1.65 1.65 1.53 1.67 1.75 1.84
Lu 020 | 0.19 0.19 0.20 0.19 | 0.18 0.17 0.18 0.18 | 0.18 0.22 0.22 0.23 0.21 0.25 0.26 0.25
Hf 115 | 954 10.5 12.1 9.52 | 9.26 17.7 18.4 249 | 248 16.7 15.9 17.2 17.0

Ta 478 | 3.14 441 4.84 3.16 | 3.06 3.09 3.18 4.04 | 4.04 3.27 3.15 3.23 3.65 441 3.00 2.59
Th 8.01 | 484 7.45 6.41 542 | 5.14 6.92 7.34 8.97 | 8.85 7.57 7.32 6.56 7.47 4.39 3.34 3.64
U 181 111 1.07 0.84 1.25 1.23 1.48 1.55 2.01 1.98 1.65 1.54 1.46 1.54 1.15 0.89 0.91
>REE 303 228 306 328 252 249 345 354 431 434 403 410 340 355 178 123 119
La/Ybn 544 | 43.6 59.7 62.3 49.3 | 50.0 74.7 72.7 855 | 915 71.0 71.9 58.6 67.3 26.9 17.5 15.7
Gd/Ybn | 462 | 4.34 4.97 4.86 464 | 4.44 5.46 5.37 581 | 592 5.24 5.17 4.57 4.85 3.26 2.58 2.27
Nb/Lapm | 1.24 | 1.08 1.15 1.11 1.03 | 0.98 0.68 0.69 0.72 | 0.70 0.64 0.61 0.68 0.75 1.73 1.72 1.58
Nb/Thpm | 1.35 | 1.39 1.38 1.70 1.32 1.35 0.99 0.96 1.03 1.03 0.99 1.00 1.02 1.04 1.79 1.60 1.27
Ba/Th 257 258 281 333 279 283 256 238 240 244 237 241 270 249 113 111 103
Ba/La 29.2 | 25.0 29.2 27.0 269 | 256 21.9 21.1 209 | 20.5 18.9 18.1 224 221 13.4 14.8 15.8
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Ta6mmma 6-3I1 (mpomomkeHue)

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
obpasen ARS00 | ARS007 | ARS00 | ARS00 | ARSO1 | DXAL | DXAL | DXAL | M0O7— | MO7— | M0O7— | MO7— | MO7— |[MO07—1|MO07— | MO7— | M0O7—

6 8 9 0 0505 | 0507 | 0508 01 03 06 07 11 2 13 15 20
SiO 48.83 49.67 | 50.49 | 48.96 | 50.78 | 48.36 | 47.72 | 43.23 | 48.83 52.47 48.73 47.87 47.91 48.89 | 47.70 | 47.71 | 48.57
TiO2 1.97 2.22 199 | 2.07 193 | 2.07 | 213 | 3.48 2.89 2.12 2.15 2.32 2.25 2.16 2.27 2.28 2.19
Al2Os 12.62 13.14 | 13.08 | 12.35 | 13.31 | 12,57 | 12.23 | 11.48 | 12.92 14.95 14.50 14.53 14.67 14.43 1436 | 14.48 | 15.46
Fe203 11.69 11.78 | 11.96 | 11.58 | 11.89 | 12.02 | 12.22 | 13.28 | 1151 10.02 11.21 11.09 11.02 11.19 11.16 | 11.17 | 10.89
MgO 11.21 8.88 8.81 | 11.15 | 8.04 | 10.33 | 11.09 | 10.23 7.89 6.41 8.25 7.95 7.40 8.34 8.69 8.43 5.73
CaO 8.77 9.21 905 | 884 | 871 | 926 | 951 | 1121 8.03 7.25 6.89 6.20 6.25 6.76 6.27 6.27 6.17
MnO 0.15 0.15 0.15 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 0.13 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Na.O 2.83 3.21 317 | 311 | 346 | 312 | 297 | 3.50 3.42 3.94 4.06 4.45 4.73 3.99 4.28 4.35 5.16
K20 1.39 1.70 1.34 | 1.63 1.80 | 141 | 154 1.89 3.21 2.14 3.23 431 4.34 3.25 4.06 4.06 4.43
P20s 0.44 0.46 037 | 046 | 042 | 0.46 | 0.45 1.05 0.93 0.48 0.73 1.04 1.15 0.74 0.96 0.99 1.17
... 0.18 -0.38 | -0.34 | -0.32 | -0.62 | -0.24 | -0.14 | 0.08 0.15 0.01 0.01 0.00 0.03 0.01 0.01 0.03 0.00
cymMMa 100.08 | 100.04 |100.07 | 99.99 | 99.88 | 99.52 | 99.88 | 99.59 | 99.91 99.91 99.90 99.90 99.89 99.90 | 99.90 | 99.91 | 99.91
Mg# 65.73 60.12 | 59.57 | 65.82 | 57.49 | 63.22 | 64.48 | 60.64 | 57.82 56.13 59.55 58.91 57.32 59.85 | 60.90 | 60.15 | 51.28
Ni 351 184 205 342 188 290 288 114 141 104 176 197 180 204 231 213 100
Cr 485 304 302 439 261 390 435 239 261 206 260 277 267 294 335 315 154
\Y 238 239 238 238 215 232 239 246 194 156 161 138 130 165 139 137 117
Rb 27.3 35.3 291 | 326 | 399 | 286 | 314 | 323 45.2 27.7 42.6 50.9 50.3 451 475 47.0 55.2
Sr 418 438 352 442 425 469 441 912 975 615 901 1198 1300 934 1137 1125 1321
Ba 430 432 354 442 412 406 428 512 764 465 588 692 651 605 638 631 606
Zr 457 348 571 700 751 572 682 674 840
Nb 43.6 48.3 405 | 48.0 | 493 | 458 | 47.1 | 68.1 69.0 35.7 54.1 69.3 75.1 55.1 66.8 66.1 80.5
Y 21.3 22.6 216 | 215 253 | 232 | 23.0 | 26.3 22.3 22.3 22.3 22.9 244 22.6 220 22.0 24.1
La 26.0 27.1 224 | 277 | 304 | 274 | 268 | 419 41.1 26.5 46.3 68.2 77 45.8 63.9 63.4 79.2
Ce 47.5 493 40.2 | 50.3 | 545 | 496 | 489 | 855 83.7 515 85.9 122 138 85.8 115 114 141
Nd 25.7 26.9 219 | 271 286 | 276 | 273 | 521 49.8 28.0 41.9 56.9 63.8 42.3 53.1 53.4 64.0
Pr 5.87 6.11 494 | 6.19 6.68 | 6.05 | 6.13 11.6 11.0 6.54 10.2 14.1 16.1 10.3 13.4 13.4 16.3
Sm 5.55 6.06 493 | 589 6.12 | 6.22 | 581 10.3 9.64 6.35 8.11 10.3 11.4 8.16 9.70 9.74 11.5
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Eu 1.74 1.93 164 | 1.85 194 | 206 | 1.82 | 3.37 2.85 2.08 2.55 3.22 3.56 2.63 3.06 3.08 3.57
Gd 5.24 5.48 516 | 5.46 6.03 | 595 | 573 | 8.56 7.65 5.89 6.94 8.53 9.39 7.06 8.04 8.09 9.47
Th 0.88 1.00 091 | 0.96 110 | 1.03 | 0.97 1.36 1.13 0.96 1.04 1.20 1.33 1.06 1.15 1.14 1.29
Dy 4.76 4.98 471 | 469 | 542 | 527 | 506 | 6.58 5.40 5.15 5.30 5.84 6.35 5.40 5.51 5.58 6.28
Ho 0.80 0.82 081 | 083 | 096 | 0.86 | 0.89 | 0.99 0.84 0.88 0.88 0.90 0.95 0.88 0.86 0.86 0.94
Er 2.04 2.17 216 | 204 | 247 | 217 | 232 | 257 2.13 2.30 2.24 2.21 2.33 2.33 2.16 2.18 2.31
Tm 0.28 0.31 026 | 027 | 034 | 029 | 030 | 0.31 0.25 0.31 0.28 0.26 0.27 0.29 0.24 0.25 0.25
Yb 1.69 1.69 1.68 1.72 1.93 177 | 181 1.82 1.46 1.73 1.62 1.39 1.41 1.62 1.40 1.39 1.38
Lu 0.25 0.23 024 | 023 | 027 | 026 | 025 | 0.25 0.21 0.25 0.22 0.19 0.18 0.23 0.18 0.18 0.18
Hf 9.76 8.97 11.6 14.0 14.8 12.0 13.4 135 16.4
Ta 2.97 3.21 269 | 3.14 | 343 | 3.02 | 3.16 | 4.62 4.10 2.25 3.37 4.22 4.57 3.43 4.03 4.03 4.83
Th 3.50 3.55 323 | 372 | 438 | 354 | 3.46 | 4.58 3.29 297 4.64 581 6.41 4.82 5.57 557 6.97
U 0.97 0.95 084 | 1.01 144 | 091 | 091 1.38 0.82 0.30 1.34 1.61 1.74 1.40 1.47 1.55 1.83
>REE 128 134 112 135 147 137 134 227 217 138 213 295 333 214 278 277 338
La/Ybn 18.8 19.6 16.3 19.6 19.2 189 | 181 | 281 34.3 18.7 34.9 59.9 67.2 345 55.7 55.6 70.0
Gd/Ybn 2.57 2.69 2.55 | 2.63 259 | 279 | 262 | 3.90 4.34 2.82 3.55 5.09 5.52 3.61 4.76 4.82 5.69
Nb/Lapm 1.62 1.72 1.74 | 1.67 1.56 161 | 1.69 1.57 1.62 1.30 1.13 0.98 0.93 1.16 1.01 1.00 0.98
Nb/Thpm 1.49 1.62 1.49 1.54 134 | 154 | 162 1.77 2.50 1.43 1.39 1.42 1.40 1.36 1.43 1.41 1.38
Ba/Th 123 122 110 119 94.1 115 124 112 232 157 127 119 102 126 115 113 86.9
Ba/La 16.5 15.9 15.8 16.0 13.6 148 | 16.0 12.2 18.6 17.5 12.7 10.1 8.38 13.2 9.98 9.95 7.65

Kononku: 1-14 — Hyomun-Kenyo; 15-25 — Apxan-Yaiixe; 26 — LlenTpansubliii Xanrait; 27-34 — nepudepuiinslii XaHraii.
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