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B pabote npeAcTaBneHbl faHHbIE MO COAEPXKaHWIO NETPOreHHbIX U PeAKMX 3N1EMEHTOB B MeTa-
TeppureHHbIX nopogax Ap3bloeinckoro n [epbuHckoro 6710K0B, BXOAALWMX B CTPYKTYPY HeonpoTe-
PO30MCKOr0 akKpeLMOoHHOro nosica Hro-3anagHoro obpamneHns CoMpCKoro KpaToHa, 1 pesynbrarbl
PEKOHCTPYKLMW UX UCTOYHMKOB CHOCA W YC/TIOBMIN 0CAAKOHAKOMIEHUA. H3KNe 3Ha4eHWst OTHOLLIEHWI
SiO,/Al,Q, (3,2-5,2) u Bbicokne Na,0/Al,O, (> 0,2) cBMAETENbCTBYIOT O HE3PENIOM XapaKTepe Teppu-
reHHoro marepuvasna. o NeTporeoXMMmMYeCKOMy COCTaBy UCC/eL0BaHHbIE MOPOLbI COOTBETCTBYHOT Mpe-
MMYLLLECTBEHHO rpayBakkKam Cyb64yKLMOHHbIX 06CTaHOBOK. NoBbIeHHOe cogepxaHne CaO B meTaocaj-
Kax [epbuHckoro 6/10Ka yKasblBaeT Ha MpyMMecb KapboHaTHOro mMarepuasna. OCHOBHbIM UCTOYHMKOM
nUTaHuA 4Na ocagkoB Ap3blbeiickoro n [ep6buHCcKoro 6/10KoB MO 6bITb MarmaTuyeckme nopogbl
OCTPOBHBIX flyT C BbICOKMMM cofiepxaHuamu (Fe,0,* + MgO), Sr, Sc, Co. Ha ocHoBaHWM 0CO6EHHOC-
Teld cocTaBa npegnonaraeTca Takxke BKa4 matepvana, 06pasoBaHHOIo Npu aposum 6onee 3pesbix, reo-
XUMNYECKU AnpepeHLIMpoBaHHbIX NMOPOA C NoBbILLeHHbIMM K O/Na,O, JTIP33, Th, Rb, nogobHbIM rpa-
HUTOMAAM 1N MeTaMOPQUUECKMM KoMMiekcaM pyHaaMeHTa ComMpCKoro KpatoHa. [laHHble no 1u3oTor-
HoMy cocTaBy Nd NoATBepXAatoT yyacTue APEeBHEr0 KpaToOHUYeCKOro matepuana B X 06pa3oBaHuu.

KntoueBble cnoBa: MeTaTeppureHHble 0cafku, 1oro-3anagHoe obpamneHne CM6MpCcKoro KpaTo-
Ha, Ap3bl6eiickuin 610K, JepObuHcKuin 610K, COCTaB MCTOUYHUKOB CHOCA, YCNOBUA OCaLKOHAKOMNIEHNS.

GEOCHEMISTRY OF METATERRIGENOUS ROCKS FROM THE ARZYBEY
AND DERBINA BLOCKS OF NEOPROTEROZOIC ACCRETIONARY BELT
AT THE SOUTH-WESTERN FRAME OF THE SIBERIAN CRATON:
RECONSTRUCTION OF THE SOURCE AREAS AND SEDIMENT CONDITIONS

N.V. Dmitrieva, O.M. Turkina, A.D. Nozhkin
Institute of Geology, Siberian Branch of RAS

The major and trace element in metaterrigenous rocks of the Arzybey and Derbina blocks of
Neoproterozoic accretionary belt at the south-western frame of the Siberian craton and the results of
their sediment conditions and source area reconstructions are presented in the paper. Low SiO,/AlQO,
(3,2-5,2) and high Na,0/Al,O, (> 0,2) ratios indicate an immature character of terrigenous sediments.
Major and trace element compositions of the rocks are close to those of subduction-related graywackes.
An increased CaO in Derbina metasediments points to input of carbonate material. The Arzybey and
Derbina sediments could have been derived from island arc magmatic rocks enriched in Fe, Mg, Sr,
Sc, Co. The geochemical data suggest participation of LREE, LILE, Th and Rb enriched material
possibly from more mature, geochemically differentiated rocks similar to granitic and metamorphic ones
from Siberian craton basement. Nd isotopic data confirm the contribution of ancient cratonic material
to sedimentation.

Key words: metaterrigenous rocks, southwestern frame of the Siberian craton, Arzybey block,
Derbina block, sediment source-area composition, conditions of sedimentation.
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FEOXMWYECKUWE OCOBEHHOCTW METATEPPUTEHHbBLIX MOPO[,

BBegeHune

FeoxnMmyeckme 0CO6EHHOCTU TeppUreH-
HbIX 0Ca/IKOB LUMPOKO UCNOMb3YIOTCA NS PEKOH-
CTPYKLMK cocTaBa Nopog o0bnacteit CHoca, yco-
BUIA 06pa30BaHNsA 0CafKOB M ONpeAeneHus reo-
ANHaMUYecKor npupoabl 6accenHoB cefuMeH-
Tauuu [Cullers et al., 1975; McLennan et al.,
1980; Bhatia, Crook, 1986; Feng, Kerrich, 1990;
McLennan, Taylor, 1991; Macnos u gp., 2004].
[Ns BbIACHEHWS NPUPOLbI METaMopP(30BaHHbIX
0CafloYHbIX MOpoL LOoKemMbpua aHanu3 pacrpe-
JeNeHNs B HAX NEeTPOreHHbIX U PefKnUX 3neMeH-
TOB npuobpeTaeT 0coboe 3Ha4YeHUe, NOCKONbKY
B pe3ynibTaTte MeTaMopgm3ma ocafKu yTpaimsa-
0T CBOM NepPBUYHbIE NIUTONONMYECKMNE XapaKTe-
puctukn [Munbkesud, MbickoBa, 1998; Meic-
KoBa ¥ Ap., 2003]. Takoi noaxon MCNo/b30BaH
aBTopamu npu M3yyeHUW reHesuca metaoca-
[O4YHbIX NOPOZ AOKEMOPUINCKNX TeppeiHOB, BXO-
JALWMX B CTPYKTYPY HEOMNOTEPO30MCKOr0 akKpe-
LIMOHHO-KON/TM3NOHHOI O nosica, 06pamMsftoLLero
C toro-3anaga Cubupckuii kpatoH. CTpyKTyp-
HbIMW 3/IeMeHTaMKn 3TOro nosica senatoTcs Mca-
KOBCKMi1, MpeanBUHCKMIA, KaHCcKnin, Ap3blbei-
CKUIA 1 [ep6buHckunin 6noku (TeppeliHbl), 06paso-
BaHHble JOKEMOPUACKMMI METaBY/IKAHOT €HHbIMM
N UHTPY3MBHLIMW KOMM/IEKCAMN OKeaHUYeCcKoro
1N OCTPOBOAY>XHOIO NMPOVCXOXAEHNSA U accouun-
PyHOLLMMU MeTaocafouHbIMK Tonwamm (puc. 1,
Bpeska 1, 2) [HoxkuH, TypkuHa, 2002; HOXKMH
n gp., 2005]. B HacTosLLee BpeMs aKTVBHO 06-
CYXX[AKTCA BOMPOChI CTPOEHUA, COCTaBa U BO3-
pacTa MopoA 3TVX 6/I0KOB B CBA3W C peLleHreM
6onee obuieli NpobaemMbl (HOPMUPOBAHUSA KOPbI
CunbUpcKoro KpaToHa 1 ero 6avxaliLLero cknaj-
yatoro obpamneHuns [PymsaHues n gp., 1998;
Vernikovsky et al., 2003; HoxkuH n ap., 2004;
TypkuHa, HoxxkuH, 2004a, u ap.]. iccnegoBaHus
Moc/iefHMX NIET NO3BOMIN/IM BbICKa3aTb Mpeano-
NOXeHWe 0 ToM, YTo Ap3blbeinckuii n Oep6uH-
CKM1 6110KM MMetoT 06LLme YepTbl B MOC/eA0Ba-
TeNIbHOCTW (POPMUPOBAHUA KOPbI, BK/KOYAOLLel
06pa3oBaHNe Me30-HeomnpoTepo30MCKNX 0CTPO-
BOAY>KHbIX KOMM/EKCOB W MOC/eAytoLLee oca-
KoHakonneHue [TypkuHa, HoxkuH, 2004a]. B
3TOW CBA3W aKTya/bHbIM SB/ISETCA CPaBHUTENb-
HbI/i aHa/IM3 NETPOreOXMMUYECKNX XapaKTepuc-
TUK MeTaTeppureHHbIX nopos Ap3blbeiickoro v
[epbrHcKoro 6/10K0B C Lie/blo OMnpesesneHuns co-
cTaBa UCTOYHWMKOB CHOCA W YCMOBWUI OCalKOHa-
KOMJ/IeHNA, pe3ynbrataM KOTOPOro nocsslieHa
faHHas pabora.
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Meonornyeckaa nosnyms

Ap3bl6enCcKnin 610K pacrnonoxeH B 6acceli-
Hax pek MaHa, bon. Ap3sblbeid, Man. Ap3bi6ei,
Kpon (puc. 1a). Bgonb ero ceBepo-BOCTOYHO OK-
paviHbl MeTaMopryecKre TONLWY C KOHIoMepa-
TaMun B OCHOBAHMUW HECOT/TaCHO MepeKpbITbl BEHA-
KEMOPUIACKUMMN OTNIOXKEHUAMWU MaHCKOro nporu-
6a. KOro-3anagHas rpaHuua ¢ JepbuHckum 6n10-
KOM — TeKTOHM4eckas. 3anagHas U BOCTOYHas
rpaHuULLbl TaKXXe UMEOT TEKTOHUYECKUMIA XapaKTep.
B cTpoeHun cTpatnuLmMpoBaHHOIo paspesa Bbl-
fendoT ase Tonwy [TypkuHa, 2002; TypkuHa v
ap., 2004]. HuxHsAs — MeTaBynKaHoreHHast, 6onee
pacnpocTpaHeHHas, npeAcTas/ieHa npeobnasato-
MMM MOMIEBOLLINATOBLIMU aM(MBoNnTamu, am-
(h1M60oNoBLIMA 1 BUOTUT-aMPUO0IOBLIMM THeNca-
MW U MOAYMHEHHBIMW BUOTUTOBLIMU THECaMu.
MpOTONUTBI TO/LLM, COTMTACHO FrEOXUMUYECKMM pe-
KOHCTPYKLMAM, COOTBETCTBYHOT OCTPOBOAYXXHbIM
TONEeNTOBbIM 6a3a/ibTaM U 13BECTKOBO-LLEI0YHbIM
BY/IKaHUTam 6a3anbT-aHAe3MTOBOro paga [PymsaH-
ues, 2001; TypkuHa n ap., 2004]. BepxHsasa MeTa-
0Cafo4Has T/, NpeacTas/eHHas 6UOTUTOBLIMU
“ aM(hnMboN-6MOTUTOBLIMU FHECaMK, C PeaKUMM
npocnosmMM amuB0onNTOB, CNFOANCTBIX CAHLEB U
MpamMopoB, 06HaXKaeTca B 6acceitHe p. Kpon v B
cpefHeM TeveHun p. Man. Ap3bibein (pyd. bepe-
30BbIli), 3aneras B SAePHbIX YaCTAX Y3KUX CUH-
KMNHaNbHBIX CKNafoK. Kpome Toro, ee TeKTOHU-
YEeCKMN OrpaHUYeHHbIN BbIXOL, C MOHOK/IMHAIbHBIM
3aseraHvMeM 1 NageHnem Ha Kro-3anag, KapTmpy-
€TCA N0 CeBepo-BOCTOUYHOMY Kpato IblObl (HUXK-
Hee TeyeHve p. Man. Ap3bl6eid, pyy. OCUHOBbINR).
370, NO cyTH fena, TEKTOHNYECKas NnacTuHa, Cno-
YKeHHas 6UOTUT-aM(hn6010BLIMU 1 BUOTUTOBLIMU
rHeicamm 1 HafBMHYTas Ha NOPOLbl HUKHER ToN-
Wy 1 nnarnorpaHMTouabl bonblueap3blbeiickoro
maccuea. HTpy3mBHble 06pa3oBaHus, NPopbIBa-
tOLLME HUKHIOK MeTaMopuyeckyto Tonwy Ap-
3blbeiickoro 6/10ka, nNpeAcTaBneHbl rabépongamu
(AprblmpKekckuid, CnogaHckuii n psag 6onee men-
KUX MaccuBoB), nnarvorpaHutTomgamu bonblue-
ap3blbeiickoro 1 Kysalickoro MaccuBoB.

PaccmaTpuBaeMble rHeliCbl BepXHEN ToNLWw
MMEIOT OTYET/IBO MOJI0CHaTYIO TeKCTypy. CTPyK-
Typa Mopoz MeNKo3epHUCTas nenuaorpaHobnacTo-
Bas, MHOr4a HeoAHOpoAHas ¢ 060C0o6NeHNAMM
KPYMHbIX 3epeH nnarnoknasa. OCHOBY MUHepasb-
HOr0 COCTaBa rHelicoB COCTaBANT Maarnoknas
(30-60 %), keapu, (20-40 %), GUOTUT U/nnn amgm-
60n (5-25 %), nHorga NpUCYTCTBYET rpaHar, 13
aKLeCCOPHbIX MWHEPasioB O4eHb XapaKTepHbIMU
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Puc. 1. CxemaTnyeckme reoiornyeckme kapTol Ap3bloeiickoro (a) u [ep6uHckoro (6 — ceBepo-3anafHas, B — FOro-BOCTOHHas YacTu) 6/OKOB.

; 3-5 — meTarep-

, KyBalicKas cepus

1 — ocagouHble 0TNOXKeHUS BeHAA-KeMbpus (MaHCKMil Npornb); 2 — 0CagovHO-BYIKaHOTeHHbIE 06pa3oBaHNst BEPXHEro NpoTepo3os
PUreHHO-KapOoHaTHbIA KOMMEKC BEPXHEro NPOTep030s, casHcKas cepus (LepObuHCKMiA 6noK): 3 — cnaHLbl rpagmTcoaepallime CNOANCTO-KBapLEBbIE, BUOTUT- 1 amdurbon-

: 4 — Mpamopbl rpatuTCoAepXKalLie, NPOCION CNAHLIEB U KBAPLUMUTOB, Aep6UH-

cKasi CBWTa; 5 — cnaHLpbl 1 THeliCbl MMPOKCEHOBbIE, BUOTUTOBbIE, BUOTUT-aM(1B0/OBbIE U BUOTUT-aM(PMBON-KabLWUTOBbIE, MPOCNOWN MPaMOPOB, CAAUCTLIX U TPaPUTUCTbIX

, )KaliMWHCKasi CBUTa

NNarvoKNa3oBble, MPamMOPU30BaHHbIe U3BECTHSIKW, FPaPUTUCTbIE KBAPLTI

FEOXMWYECKUWE OCOBEHHOCTW METATEPPUTEHHbBLIX MOPO[,

(veTa-

-rHencoBbIN

), 7 — ammbonunTo

i
— Na1Ie030MCKNE TPaHNTbI U CUEHUTBI KYyTYPUMHCKOIO KOMI/IeKCa

(meTarpayBaKKoBbl

/iCOBbIN

KBapLUMTOB, aNbIrKepcKas CBUTA; 6-9 — BepXHEMNpPOTepOo30icKme KOMMNeKebl Ap3blGeiickoro 6noka; 6 — rHe

: 11 — nnacToBble, XW/NbHblE

i; 9 — rabbpomngHblii; 10

— TOH/INT-TPOHALEMUTOBLIN

[aunT-aHae3nT-6a3abToBbIN); 8

6MHCKOro Komnnekca; 12 — BeHACKMEe rpaHnTbl LLIMPOKOMOrCcKoro maccuea; 13 — reofiormyeckune rpaHm-

Tela U UHTPY3MBHbIE MacCUBbl PaHHENANe030MCKIX TPaHUTOUIOB fep

Ubl: a) pa3nomsbl, 6) npoune.

Ha Bpe3kax (Uudpbl B KPY>KKax): NMO0XKEHNE HEONPOTEPO30MCKOro akKKpPeLMOHHOMo nosica B obpamneHun Cnbrupcekoro KpatoHa (1) 1 CTPYKTYpHble 3/1eMeHTbI A0KeM6-

, K = KaHckuiA, B — BMPHOCUHCKMIA 610K,

McKui

, A — Ap3bloe

i

BocTouHoro CasiHa C KOHTypamu KapT, NokKasaHHbIX Ha puc. 1a,6,8 (2). [ — AepbuHcku

pYst CeBepO-3ana/Hoii YacTu

AB/IAKOTCA TYPMa/IVH U OKPYI/IO/ (hOPMbI LIUPKOH,
Kak rpaBu/io, PacrofiOKEHHbIA MeXAy 3epHamu
nopogo06pasyoLLmMX MUHePasIoB.

[epbuHCKunin 610K pacnonaraeTcs B LEHT-
pasibHoi YacTn BoctouHoro CasiHa, NpoTarneasich
B CeBepo-3anajHoM Harnpas/neHnW Ha paccTosiHue
okono 500 KM oT BepxoBbeB p. Vs fo p. EHucein.
MeTaTeppureHHoO-kapboHaTHbIe TO/LLM UMELOT Ce-
Bepo-3anafHoe uan cy6LIMPOTHOE NPOCTMPaHMe,
cobpaHbl B NINHENHbIE KPYTble CKNagKu, 06bIYHO
OMNPOKMHYTble Ha CeBep-CeBepO-BOCTOK MOf Yyrna-
mu 50-80°. Ha ceBepe 610K orpaHuyeH 30HOM
MaBHoro pasnoma BoctoyHoro CasHa, a Ha tore
— OM3BIOHKTMBAMWU HAfBUIOBOrO TUMA C NajeHu-
€M Ha or-toro-BocTok [bepsuH, 1967; [okem6-
puii..., 1964]. MeTaocafouHblii KoMniekc Aep-
OUHCKOTO 6/10Ka OTHOCUTCS K CasiHCKOM cepuu
nokembpus [HoxkkuH 1 gp., 2003], B cocTase Ko-
TOPOWA BbIAENSETCA TPU CBUTbI (CHU3Y BBEPX):
anbirgpKepckas, fepouHcKas v xaiMmHckas. Me-
Tamopgunyeckmne TOMLLM OTYETANBO CNOUCTLIE U
MMEIOT SBHO NepBUYHO 0CafouHyt0 npupogy. Ha
ceBepo-3anafe paccMatpuBaemMoil CTPYKTYpbl, B
npegenax MaHckoro 6enoropbs (puc. 16), anbirg-
>Kepckas cBuTa NnpeAcTas/ieHa PUTMUYHBIM Yepe-
[0BaHVeM pa3Ho06pasHbIX cnaHues (amprbos1o-
BbIX, aM(hnBON-NUPOKCEHOBLIX, NMUPOKCEH-aM(pu-
60N-KanbUMUTOBbIX, rpaHaT-KabLMT-ampuo0oo-
BbIX) U FHeicoB (6MOTUT-amM(n60M10BbIX, OUOTUTO-
BbIX, FpaHaT-6MOTUTOBLIX, BUOTUT-NMUPOKCEH-aM-
(p1m60onoBbLIX, aMPUOOMOBbLIX, CMHOAUCTLIX), & TakK-
Xe aM(m6010BbIX MPaMOPOB ¥ KaibLu(punpos,
CNOANCTBIX U FPatUTUCTbIX KBAPLMTOB. B HOro-Bo-
CTOYHOIA YacTn [epbuHckoro 6noka (palioH p. Yaa)
(puc. 1B) aTa cBuUTa cnoXKeHa 6MOTUT-ampr6010-
BbIMW, BUOTUT-NNUPOKCEH-aM(MBONOBLIMW NJiaru-
orHeicamu (65 %), amn60n1-6MOTUTOBLIMU, Fpa-
HaT-6MOTUTOBLIMU (ECUNIMMAHWT) THelicamy 1
cnaHuyamu (30 %), cogepXxalymm npocnion rpagu-
TUCTbIX MPamMOPOB W CMIOANCTBIX MeTaTeppureH-
HbIX KBapUMTOB. [lepbuHCKas cB/Ta Ha BCEM Npo-
TSXKEHUN CTPYKTYPbI CIOXEHA 4OMUHMPYHOLLUMM
6enbiMy 1 CBETNO-CepbIMM TpatnTcogepXKaLMm
CpeaHe-KpYMHOKPUCTaINIMYECKUMU KaslbLUTOBbI-
MW MpamMopamMu, rpagmTUCTbIMU U FpaduUTUCTO-
CNIOANCTBIMU KBapLUMTaMy 1 MOAYMHEHHBIMUA UM
npocnosmMmn 6UOTUT-aMPUO0IOBbLIX 1 BUOTUTOBbIX
naarnorHeiicoB 1 KanbLugupos. B Bepxax paspe-
3a cpefgn MeTaocafouHbIX rnopog (pavioH p. Yaa)
OTMeYeHbl CTpaTU(ULMPOBaHHbIe Tena naarno-
Knasz-amgun60n0BbIX KpuctaniocnaHues (MeTaba-
31ToB). Ha ceBepe (palioH MaHCkoro 6enoropbs)
1 Ha tore (palioH p. Yaa) MpaMopbl COr/IacHO ne-
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PEKPbITbI OTNOXEHUAMU YKAWUMUHCKOW CBUTbl,
NpesCcTaB/eHHOW nepecnavBaHNEM rpaUTUCTbIX
FHecoB, CNaHLeB, KBapLMTOB, MPaMOPU30BaHHbIX
N3BECTHAKOB U KasbUn1pos. MeTamopdmam TonLLy,
OTBeYaeT aNnAoT-amPrub0IMTOBOIN U ampnb0mn-
TOBOM (haLmsaM, CTeneHb ero noBbILLIAETCH B HOro-
3anaiHom HarnpasneHun [JokeMopwia. .., 1964].

[na cpaBHWUTENIbHOrO aHaNIn3a MeTaocajou-
HbIX TO/L, [ep6rHCKOro n Ap3bl6elickoro 6/10k0B
OblNIY MCNO/Mb30BaHbl NOPOAbI U3 YETbIPEX apea-
noB (y4acTkoB): B Ap3blbeiickom 6/10ke — Kposb-
ckoro (bacceliH p. Kpon, cpegHee TedeHve p. Marn.
Ap3blbeid, pyd. bepe3osblii) 1 OCMHOBCKOrO (paii-
OH HWXKHero TedeHus p. Man. Ap3bl6eid, pydy. Ocu-
HOBbIi); B [lep6UHCKOM (anbIrfiKepcKas cBuTa) —
MaHckoro (paitoH MaHckoro 6esoropbsi, ceBepo-
3anafHas 4acTb 610ka) (puc. 16) U YauHCKOro
(6acceiiH BepXHero TedeHns p. Yaa, toro-BoCTou-
Hast YyacTb 6510ka) (pwc. 1B).

MeToabl nccneaoBaHNi

AHann3 nopog, Ha NeTporeHHble U peakue
3NeMeHTbI BbIMOMHEH B AHA/IMTUYECKOM LIEHTpe
OUTTuM CO PAH. MeTporeHHble 3/1eMeHTbI on-
pefeneHbl PeHTreHo-(IK0PeCLEHTHBIM METOAOM
(aHanutuk A. 4. Kupees); U, Th, K — ramma-cnek-
TpOMeTpuYecknum metogom (aHanntuku A.C. Cre-
nvH, H.W. YepHakosa); Rb, Ba, Sr, Cr, Ni, Co, V
— aTOMHO0-abCopOLUMOHHBLIM METOAOM (aHA/IUTUK
M. MenbryHosa), Rb, Sr, Cr, Ni, V — peHTre-
HO-(hNtoopecLeHTHbIM (Npobbl 6acceiiHa p. Yaa,
[epbuHckunin 6nok); Zr, Nb, Y — peHTreHo-¢ntoo-
pecueHTHbIM (aHanmTrkn M.C. MenbryHos, HO.T1.
KonmoropoB). HCTpyMeHTaIbHbIA HEATPOHHO-
aKTVUBaLMOHHbIA aHannM3 UCNoMb30BaH Mpu on-
pegeneHnn Ta, Hf, Sc, P33 n Co (aHannTunkm
B.A. bo6pos, C.T. LLlecTenb, B.C. MapxomeHKo).

[ns Sm-Nd n3otonHoro aHanm3sa 6bim 0TO-
6paHbl 7 Hanboee NpeacTaBUTENIbHbIX 06pa3LoB
13 obonx 6n0koB. OnpeseneHns N30TOMHbIX CO-
ctaBoB Sm ¥ Nd BbINO/IHEHbI B [€0/10rMYeckom
MHCTUTYTe Ko/ibCKOro HayyHoro ueHtpa PAH
(r. Anatutbl, aHannTuK A.A. leneHnubiH). Meto-
Anka Sm-Nd vnccnegoBaHuin feTanbHO OnvcaHa B
paboTte [basHoBa, 2004]. Mpwu pacyeTte eNd 1 mo-
JenbHbIX Bo3pacToB T(DM) mncnonb3osaHbl CO-
BpeMeHHble 3HayeHns ans CHUR (ogHOpPOAHbIN
XOHLPUTOBLIA pesepsyap) — Nd/*Nd =
0,512638, ’Sm/**Nd = 0,1967 no [Jacobsen,
Wasserburg, 1984] n DM (zennetupoBaHHas MaH-
T™a) — *Nd/**Nd = 0,513151, **'Sm/**Nd =
0,2136 no [Goldstein, Jacobsen, 1988].
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MeTporeoxMMmnUecKasi XxapakTepucTnka
MeTaocalouHbIX NMopoa

lMeTporeHHble 3nemMeHThI. NpeacTasu-
TeNbHble XMMUYECKMEe COCTaBbl U3YUYeHHbIX Me-
Taocafo4HbIX MOPOA NpuBeAeHb! B Tabsn. 1. B ue-
NIOM MOPOAbI XapaKTepusyTca WUPOKUM Ana-
NasoHOM KOHLeHTpaumin SiO, (54-69 %) n CaO
(2,3-8,8 %) 1 BbICOKMM CYMMApHbIM COAEPXKaHU-
em Fe,0,* + MgO (5,7-14 %). Ans mMeTaocajikoB
060MX 6NOKOB XapakTepHbl HU3Kne SiO/AlO,
(3,2-5,4) 1 noHmxkeHHble K,O/Na,O oTHOCKTENb-
HO PAAS (nocTapxelCKuidi TMUHUCTBIA cnaHew,
[Teitnop, Mak-/leHHaH, 1988]). Mpuyem meTaTep-
PUreHHbIM MOPoAaM YIMHCKOro apeasa npucyLLm
Hanbosee BbICOKME 3HaUEHWS K,O/Na,O (0,6-1,8),
OTHOCWUTE/IbHO MeTanopog U3 Apyrux y4yacTkoB
(0,1-1,0). ConepxkaHue TiO, HXe B MeTanopoaax
Ap3bl6eiickoro 6noka (0,3-0,9 %), ocobeHHo Ocu-
HoBsckoro apeana (0,3-0,5 %), no cpaBHeHUIO C Me-
Taocagkamu depbuHckoro 6noka (0,6-1,03 %).

MepBUYHasa cucTeMaTka Nopos NposeaeHa
Ha OCHOBaHUW K/lacCU(UKaLMOHHON AnarpaMmbl
A.H. Heenosa [Heenos, 1980] (puc. 2a). Ans kpu-
CTa/I/IMYECKUX CNAaHLEB U MHENCOB YCTaHOB/EHbI
3HaumMTeNbHble Bapuaumn napametpa b (Fe* + Fe®
+ Mn + Ca + Mg (art. Kon.)). 310 CcBA3aHO Kak C
M3MeHeHneM 06LLeli MenaHOKpPaToBOCTU MOPOL,
TakK ¥ C pas/IMyHbIM COLEPXaHWEM B MCXOLHbIX
ocafikax kapboHaTHoro marepuana. Makcvumans-
Hble cofepXaHusa CaO u 3HadeHMs napameTpa
«b» TMNnYHLI ana metanopog Oep6buHckoro 610-
Ka, YTO OYEBMAHO OTPAXKaeT MOBbILLIEHHYHO Kap-
6oHaTHOCTb 0cafkoB. Ha guarpamme (puc. 2a)
BbICOKOKa/IbLieBble aMPr600BbIe U NUPOKCEH-
amn60/10Bble cnaHubl U rHeicol (CaO = 7-
17,6 %) nonagatoT B Nons KapboHaTHbLIX afieB-
PONNTOB, a/leBPUTOBbLIX KapbOHATONUTOB, TOrAa
KaK Hu3Kokasbumesble (CaO = 2,9-6,0 %) 6umo-
TUT-aM(punb0/10Bble THENCbl — FPayBaKKOBbIX U
KapboHaTHbIX aneBponuToB. Cyas No codepxa-
Huto CaO, KapbOHATHOCTb MOPOA aslbIrAXKEPCKOM
cBUTbI [lepbuHCKOro 6710Ka 3aMETHO MOHMXKAET-
CA B HOro-BOCTOYHOM Hanpas/eHun. KoppekTHas
OLeHKa [0 KapboHaTHOro mMatepuana 3atpya-
HeHa, MOCKO/IbKY OCHOBHas YacTb Ka/ibLus cocpe-
[0TOYeHa B MeTaMOp(MUeCKMX MUHEpPanbHbIX
(hazax — am(pmbosne 1 NUPOKCeHe, a cofep>KaHue
KanbLUWTa B KPUCTaIMYECKNX CNaHLax faxe C
BbICOKUMYW KOHLeHTpauusmm CaO cocTasnseT
nepBble MPOLEHTbI, O YeM CBUAETE/NLCTBYHOT B
LIe/IOM HEBbICOKME BENIMYMHBI NOTEPb NPY NPOKa-
nneaHum (Tabn. 1).
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MapameTp a = Al/Si (aT. kon.) — rMHO3e-
MUCTbIA MOAYNb — OTPaXKaeT A4Ba MexaHu3Ma Xu-
MUYECKON AuddepeHumaLmmn BeLlecTsa: NHTEH-
CMBHOCTb XUMMWYECKOIO BbIBETPUBAHWUA U TPaHy-
NOMETPUYECKYHO AnddepeHLmaLmio TeppureHHo-
ro matepuana. B uenom cnaHubl 1 rHeiicsl Ap3bl-
Geickoro n [epbrHCKoro 610KOB AEMOHCTPUPY-
tOT CNabyto NETPOXUMMYECKYHO AnddepeHLmaLmto
Mo napameTpy «a» W pacrnosiaralTcs npenmyLle-
CTBEHHO B M0Jie afeBpPoONNTOB (puc. 2a). Vicknio-
YeHneM ABNAIOTCA OGMOTUTOBbLIE THENCHI YUH-
CKOro yyacTtka [lepbuHckoro 6/10ka, KOTopble B
CBAI31 C BbICOKOM IMIMHO3eMMCTOCTbIO (ALO, = 16-
17,6 %) cmeLleHbl B M0/e aneBponenToB 1 ne-
nuTtoB (puc. 2a). OHK >Xe XapakTepusyroTcs Mno-
BbiLLEHHbIM codepxxaHnem K, O (1,8-3,7 %) no
CPaBHEHWIO C OCTa/IbHbIMY FHEecaMy 1 craHLa-
mu (K,O0 = 0,2-2,9 %). Bbicokas BennunHa Ha-
Tpuesoro moayns (Na,0/Al,O, > 0,2) [FOgoBuy,
1981], oTpaxkatoLlero cTeneHb BbIHOCA HATPUSA B
MpoLecce XUMMUYECKOrO BbIBETPUBAHUSA, TaK Xe
KaK ¥ NosioXKeHne (hMrypaTmBHbIX TOYEK Ha K/iac-
cudukaymoHHon anarpamme ®. MeTTMaKOHA
[MeTTnmkoH 1 ap., 1976] (puc. 26) cemaeTens-
CTBYIOT O TOM, YTO BCE paccmaTpuBaemble Nnopo-
b, 32 UCK/THOYEHVEM FHENCOB Y/IUHCKOro apeana,
COOTBETCTBYIOT rpayBakKaMm.

PefKo3eme/ibHble U pefKue 3M1eMeHTbl.
BOMbLUMHCTBO M3YyYeHHbIX 06pasLoB XapakTepu-
3yloTCA CNabo PpaKLMOHNPOBaHHBIMM CNEKTPaMU
pacnipesenenusa P33, HOPMUPOBAHHbLIMM MO XOH-
opuTy [Boynton, 1984], ¢ HEBLICOKMM OTHOLLIEHN-
eM Jlerkux faHTaHougoB K TskenoiM (La/Yb)n =
3-6) 1 0TYeT/IMBOIN eBponMeBoit aHomanvein (Eu/
Eu* = 0,6-0,9). Hanbonee oboralleHbl Nerkumm
P33 rHeiicbl Kposibekoro yyactka Ap3bl6eincko-
ro 6/10Kka 1 rHeicbl YAMHCKOro yyactka JepouH-
CKOro 6/10Ka, 419 KOTOPbIX YCTaHOB/EHbI MaKCK-
MasibHble oTHOLLeHKMs (La/Yb)n (5,9 n 8,9, coot-
BETCTBEHHO). M0 CpaBHEHWIO CO CpesHMM MocTap-
XencKnmM rnmHncTeiM cnaduem (PAAS) Bce pac-
CMOTpPEHHble NMopoAbl 06eHeHbI ierkumm P33, a
ClaHLbl 1 THEeCbl YAMHCKOro apeana oborateHbl
Tkensimu P33 (puc. 3).

[vana3oHbl cofepXXaHus peaKux aneMeH-
TOB B MeTaoCaf04HbIX Nopofax nokasaHbl Ha
cnangep-guarpammax (puvc. 3). Ans nopog Ap3bl-
GeiicKoro 6/10Ka XapakTepHbl MOBbILLIEHHbIE COfep-
XaHus Sc (12-26 r/T), Sr (208-680 r/T), Nb (3,8-
10 r/T) n pe3ko MOHMXeHHble — Zr (64-184 1/T),
Th (1,4-8,4 r/1), Rb (15-69 r/T) oTHOCUTENBLHO
PAAS. MHeiicbl KponbCKoro apeana oTamM4yaloTcs
OT rHeiicoB OCMHOBCKOrO 60/1ee BbICOKUM CoAep-
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XaHvem Th (1,8-8,4 n 1,4-2,5 /T COOTBETCTBEH-
HO), Zr (68-184 n 64-74 r/1), NP33 (La = 10-29
n 8,6-11,6 r/1), Nb (7,2-10 1 3,8-5,9) 1 NOHMXKEH-
HbimMu Sr (208-351 1 228-680 r/T), Sc (12-24 n 21-
26 r/T) (puc. 3).

MeTaocafo4Hble NOPOAbI aNbIrAKepCKoi
cBUTbI JepOuHckoro 6/10Ka B CpaBHEHWUN CO Cpej-
HUM NOCTapXeiCKNM FMHUCTBIM CaHLEM Cy-
LecTBeHHO 06efHeHbl Rb (3-111 r/1), Th (2,4-7,7
r/T), n B MeHbllen cTeneHn Zr (99-279 r/1) u
NP33 (La = 7,5-45 r/1), n, HanpoTmB, oborallle-
Hbl Sr (181-527 r/T), Cr (93-360 r/T), Ni (50-138
r/T), Co (15-62 r/T), Sc (14-46 r/T) — aneMeHTaMm
reOXVIMUYECKW CBA3aHHBIMU C NOPOAAMM OCHOBHO-
ro coctasa. CogepXaHuns pagroakTUBHBIX 3/1eMeH-
ToB (U, Th n K) B MeTaocago4HbIX Nnopogax Bos-
pacTaroT B HanpaeneHUn C ceBepo-3anaga (MaH-
CKoe 6e/10ropbe) Ha Horo-BocTok (p. Yaa) (Tabn. 2).
B 3TOM )e HanpaBfieHnV YBeMYMBAKOTCA KOH-
ueHTpauun JIP33, Rb 1 gpyrmx HekorepeHTHbIX
3/1eMEHTOB, XapaKTePHbIX A4/19 KUC/bIX MarmMatu-
yeckumx nopog (puc. 3).

O6CyXaeHve pe3y/ibTaToB

YCcTaHOB/1IEHHbIE 0COBEHHOCTU COCTaBa Me-
TaTeppureHHbIX Nopog Ap3bl6einckoro n JepouH-
CKOro 6/10KOB CBUAETENbCTBYHOT O HECOMHEHHOM
NX CXOACTBE, YTO OTPaXKaeT, BEPOSTHO, OOLLHOCTb
MCTOYHUKOB CHOCA W YC/IOBUI CeAMMEHTAaLMUMN.
FeoxrMmyeckne 0CO6EHHOCTM MeTaocaf04HbIX
nopoj, CBUAETENLCTBYIOT O HEBbLICOKOW CTEMNeHU
nx 3penocTu. KonnyecTBeHHO CTeneHb 3pesiocTu
0CafKoB MOXHO OLEHWUTbL NMpy NOMOLUM MHAEKCa
Xxumuyeckoro BbiBeTpusaHus (CIA = [ALO,/
(ALO,+ CaO + Na,O + K,0)] x 100) [Nesbitt,
Yong, 1982, 1984]. NprMeHeHWe 3TOro napamer-
pa B [JaHHOM C/lydyae OrpaHU4YeHO TONbKO MOpOo-
Jamn ¢ HU3KMMK KoHUeHTpauusmm CaO (meHee
5 %), Ana KoTopbix 3HaueHus CIA BapbupyroT OT
46 [0 56, YTO CYLLECTBEHHO HVXE 3HAYEHWIA ANns
IMUHUCTBIX cnaHues (70-75), no [Teinop, Mak-
JNeHHaH, 1988]. OTHoweHwe SiO,/AlO, uyBcTBU-
Te/IbHO K NPOLeccam pPeuuKiMpoBaHns U BbIBET-
PUBaHMA 0CaAIKOB M MOXET ObITb MCMO/b30BAHO
4na onpefeneHns nx 3penocTy He3aBuUCUMo OT
cofepXXaHusa KapboHaTHOro marepuana. Yem Losb-
LLle TeppUreHHbI MaTepuan NnoasepraeTcs nepe-
HOCY W YeMm fasiblle oTnaraetcs OT UCTOYHMKA
CHOCa, TeM 60/bLUE BblpaXXeHa B 0CafKax TeHAeH-
LMs K 060raLLeHnio KBapLeM Mo CPaBHEHWIO C M0-
NeBbIMU LUNaTaMK1, MaMuecKUMm MUHepasamm 1
NUTUTOBbLIMK 3epHamu [KaszaHckuia, 1983; Roser,
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MpeAcTaBUTENbHbIE aHANN3bl METATEPPUTEHHbIX

Bok Ap3bI6eiicKnin
Apean Kponbckuii OCVHOBCKMA
Mopopa MnarmorHeiicol GMOTUTOBbLIE (+rpaHaT) MnarmorHeiicsl 6MOTUT-aM(PKOOOBbIE
I}'f(?He-HT Ne | 33-92 | 150-89 | 75-90 | 12-92 | 87-90 | 17-92 | 25-92 | 230-90 | 83-97 | 154-90
SO, 61,87 65,1 69,27 69,5 62,52 | 6592 | 63,71 | 64,21 | 67,37 | 68,39
TiO, 0,87 0,73 0,44 0,45 0,86 0,7 0,31 0,46 0,26 0,38
Al,O5 1448 | 14,40 | 14,04 | 14,86 | 1530 | 1293 | 12,71 | 14,23 | 1250 | 13,20
Fe,Oz* 7,69 6,32 5,62 4,24 7,60 8,22 7,23 7,73 5,61 5,81
MnO 0,17 0,13 0,25 0,13 0,20 0,12 0,14 0,17 0,11 0,10
MgO 344 2,37 2,12 1,45 2,89 3,57 4,74 4,43 3,19 2,75
CaO 6,24 4,63 2,44 2,30 4,59 3,28 5,31 5,06 3,84 2,32
N&aO 2,83 3,06 291 391 3,07 2,66 2,18 2,89 3,49 2,83
K0 0,89 2,37 1,71 2,07 1,90 0,99 1,14 1,08 1,99 2,95
P,0s 0,13 0,15 0,13 0,10 0,22 0,16 0,15 0,14 0,08 0,16
n.n.n. 1,16 1,09 1,15 1,10 1,20 0,94 1,80 0,60 0,86 1,58
U 0,6 0,7 0,9 14 1,0 0,8 0,3 0,2 0,2 0,2
Th 31 45 55 8,4 2,5 1,8 1,4 24 2,5 1,8
Rb 25 69 44 53 47 27 15 20 31 53
Ba 412 591 547 650 547 330 400 748 606 1225
Sr 320 230 208 286 260 351 566 680 228 376
Cr 110 216 5 58 82 243 120 75 81 44
Ni 55 33 4 20 7 75 10 36 18 9
Co 23 7 3 8 17 20 22 22 16 7
vV 133 71 33 20 113 160 150 162 88 83
La 14,2 16 24.4 29 15,3 10 8,6 9,2 11,6 89
Ce 29 34,5 45 52 30 22 16,3 18 23 18
Nd 16 18 20,5 25 17 16 8,7 9,7 13 8,0
Sm 4,2 4,2 5,3 5,8 4,1 31 2,18 2,4 3,0 2,0
Eu 13 1,2 1,3 1,16 1,2 1,0 0,59 0,72 0,6 0,61
Gd 5,8 3,7 4,6 5,8 4,0 - 2,2 2,6 2,6 -
Tb 0,99 0,6 0,86 1,0 0,83 0,6 0,36 0,43 0,39 0,32
Yb 31 2,3 39 3,3 3,7 1,85 0,95 11 1,32 1,04
Lu 0,44 0,36 0,56 0,48 0,54 0,24 0,14 0,16 0,18 0,15
Cymma P33 | 75,0 80,9 106,4 | 1235 76,7 54,8 40,0 44,3 55,7 39,0
Zr - 159 152 184 148 68 64 - 74 74
Hf 3,5 3.8 41 5,3 4,0 2,0 18 1,2 2,2 1,9
Ta 0,5 04 0,45 0,5 0,47 0,23 0,2 0,2 0,25 0,17
Nb - 9 74 10 7,8 7,2 - - 59 3.8
Y - 22 36 28 33 18 8,1 - 8 8,6
Sc 22 - 17 12,1 24 22 25,6 25 20,8 21
CIA - 48 56 54 50 54 - - 46 53
a 0,28 0,26 0,24 0,25 0,29 0,23 0,24 0,26 0,22 0,23
b 0,30 0,22 0,17 0,13 0,25 0,26 0,31 0,30 0,22 0,19
Eu/Eu* 0,79 0,93 0,81 0,61 0,91 - 0,82 0,88 0,66 -
(La/Yb)n 31 4,6 4,2 59 2,8 3,6 6,1 5,6 59 5,8
Th/Co 0,1 0,6 1,8 1,05 0,1 0,09 0,06 0,1 0,2 0,3
ThiSc 0,1 - 0,3 0,7 0,1 0,08 0,05 0,1 0,1 0,08
La/Co 0,6 2,3 8,1 3,6 0,9 0,5 04 04 0,7 1,3
La/Sc 0,6 - 1,4 24 0,6 0,4 0,3 04 0,6 0,4
NaO/Al,O; | 0,20 0,21 0,21 0,26 0,20 0,21 0,17 0,20 0,28 0,21
K,O/Na,O 0,3 0,8 0,6 0,5 0,6 0,4 0,5 04 0,6 1,0
SiO,/AILO5 4,3 45 4,9 4,7 4,1 51 5,0 4,5 54 5,2
Fe,Oz*+MgO| 11,1 8,7 7,7 5,7 10,5 11,8 11,9 12,2 8,8 8,6

MpumedaHne. OkcuAbl, Mac. %; peakue anemeHTsl, /T, Fe,0,* — obujee xeneso; CIA = [AL,O,/
Kon.); b = (Fe**+Fe**+Mn+Mg+Ca)/1000 (aT. kon.).
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Tabnuua 1
nopog Ap3blbeiickoro 1 JepbuHckoro 6/10K0B
JepbuHckuii
Y UHCKWi MaHcKunit
MnarvorHericsl 61UOTUT- o CnaHey, am- MnarvorHevicsl 6GUOTUT-
"Heicbl GUOTUTOBbIE o
amgu6010BbIe (hnmbonoBbLIN amurb0on0Bble (xrpaHar)

92-86 | 84-86 | 71-86 | 102-86 | 88-86 | 96-86 | 85-86 | 83-86| 48-92 5271 | 22424 |148-91| 4406 | 22335

60,50 | 61,48 | 61,80 | 61,95 | 55,62 | 57,8 | 60,10 | 60,13 | 54,30 |60,63|65,58|63,83|66,36 | 62,39
09 | 079|078 | 081|103 | 086 | 0,78 | 0,77 0,58 098 | 0,78 | 0,88 | 0,79 | 0,93
15,20 | 14,39 | 14,65 | 13,26 | 17,58 | 17,30 | 16,15 | 16,65 12,10 13,45| 12,38 | 13,53 | 13,12 | 14,80
803 | 678|761 | 712 | 8,78 | 804 | 7,81 | 7,67 5,42 791 | 664 | 7,14 | 6,75 | 7,43
008 | 0,12 | 0,10 | 0,21 | 0,08 | 0,17 | 0,08 | 0,10 0,17 0,24 | 0,14 | 0,14 | 0,10 | 0,05
382 | 361 | 3,71 | 349 | 541 | 4,28 | 4,47 | 3,80 2,79 4,26 | 351 | 3,70 | 3,66 | 3,72
596 | 8,78 | 6,13 | 800 | 3,95 | 404 | 548 | 5,63 17,70 7,67 | 578 | 576 | 3,20 | 2,89
128 | 168 | 210 | 1,82 | 295 | 258 | 2,22 | 1,69 1,36 321 | 315 | 3,30 | 2,58 | 4,16
233|109 (152|161 | 372|333 | 231 | 1,80 0,17 0,24 | 0,58 | 0,77 | 2,02 | 2,00
015|019 (020 | 0,27 | 0,21 | 0,18 | 0,19 | 0,22 0,11 0,18 | 0,13 | 0,13 | 0,13 | 0,13
2151101 143|064 | 065|204 | 1,67 | 1,22 4,96 1,19 | 1,35 | 0,84 | 1,17 | 1,22

36 | 27 | 31 19 21 | 29 | 22 | 22 1,0 18 (11| 06 | 10 | 11
68 | 68 | 73 6,4 73170 | 72 | 77 3,2 50 | 39 | 37 | 33 | 24
100 | 44 58 61 111 | 98 89 76 3 3 18 17 39 56
500 - 460 | 550 | 473 - 437 | 400 60 120 | 190 | 250 | 370 | 260
322 | 370 | 285 | 247 | 257 | 181 | 308 | 265 527 400 | 262 | 291 | 204 | 309
280 | 136 | 275 | 142 | 174 | 290 | 360 | 186 93 200 | 142 | 185 | 162 | 172
138 | 87 | 125 | 101 | 122 | 88 | 132 | 99 50 60 53 94 75 75
30 62 21 32 28 29 32 28 15 22 19 20 20 25
74 81 67 48 85 45 82 76 100 180 | 100 | 137 | 110 | 110

30 75 21 34 32 27 28 45 14,7 129 | 10,7 | 179 | 119 | 12
64 19 41 68 55 60 54 72 29,7 359 | 30 33 25 25
30 | 118 20 | 335 | 275| 30 26 38 13,4 186 | 13 | 184 | 14 | 135

70 | 32 | 51 7,7 58 | 63 | 60 | 87 35 48 | 35 | 44 | 35 | 35
141 11 (119 | 16 12 | 16 | 14 | 15 0,8 13 10 | 13 10 | 09
73 | 38 - 7,8 - 6,4 6 6,8 31 45 | 47 | 40 | 4.2 4

11| 07 | 08 13 10| 11 ( 10 | 11 04 o7 |07 | 07| 07 | 06
35 | 30 | 30 3,8 27 | 34| 34 | 34 18 27 | 20 | 28 | 24 | 17

05| 04 | 04 0,5 04 | 05| 05| 05 0,2 03|03 | 04| 03| 03
1448 | 50,5 | 92,5 | 158,2 | 125,6 | 136,3 | 126,2 | 176,9 82,9 61,2 | 77,3 | 575 | 58,8 | 64,6

128 | 279 | 116 | 109 | 122 | 118 | 109 | 99 99 162 - 140 | 128 | 127
55 | 15 | 37 54 39 | 53 4 35 2,8 49 | 34 | 41 | 36 | 35
12 | 02 | 06 1 05| 08| 06 | 07 0,3 03|03 | 04| 04| 04
96 | 75 | 86 9,3 98 |119| 79 | 86 8,8 9 - 74 | 67 7
27 | 254 | 27 | 264 | 264 | 265 | 264 | 27,7 18 27 20 26 22 18
18 46 19 | 192 | 18 19 25 20 14 22 18 24 19 22
48 53 54 52 51

03 028|028 025 |037|03]032] 033 0,26 026 | 0,22 | 0,25 | 0,23 | 0,28
031,034,031 033 |032]| 029|031 | 0,30 0,48 035 (028 | 029 [ 0,24 | 0,24
069 | 094 | - 0,61 - 0,77 | 0,71 | 0,59 0,73 081|075 | 094 | 0,79 | 0,73

58 | 17 | 47 6,0 80 | 53 | 55 | 89 54 32 | 36 | 43 | 33 | 48

02 | 01| 03 0,2 03| 02| 02| 03 0,2 02| 02| 02| 02 009

04 | 01 | 04 0,3 04 | 04 | 03 | 04 0,2 02|02 (015| 02 | 01

10| 01 | 1,0 1,0 11 )1 09 | 09 | 16 0,98 06 | 06 | 09 | 06 | 05

171 02 | 11 1,8 18 | 14 | 11 | 22 1,05 06 | 06 | 07 | 06 | 05
008|012 014 | 014 | 0,17 | 0,15 | 0,14 | 0,11 0,11 024 (025|024 | 020 | 0,28

18 | 06 | 07 09 13 | 13 | 10 | 11 0,5 0102 | 02] 08 | 05
39 | 43 | 42 4,6 32 | 33 | 37 | 36 4,5 45 | 53 | 47 | 50 | 42
11,8 1104 | 11,3 ] 106 | 142 ]| 123 | 123 | 115 8,2 1221101 ] 10,8 | 104 | 111

(AlLO,+Ca0+Na,0+K,0)] x 100 (B mon. %) [Nesbitt, Yong, 1984]; Eu/Eu* = Eu,/[Sm x Gd ]** a = Al/Si (ar.
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Puc. 2. KnaccugmkaumnoHHble gnarpammbl: (a) A.H. Heenosa u (6) log(Na,0/K,0) - log(SiO,/
ALQ,) ®. MeTTIKOHa ANA MeTaTeppUreHHbIX Nopog Ap3bl6ernckoro 1 [ep6uHCKoro 6/710KoB.

Apeansbl: 1 — Kponbckuii, 2 — OCUHOBCKMIA, 3 — YANHCKWIA, 4 — MaHCKuiA. MMeTpoXMMUYecKme xapakTepu-
CTVKM BbIP@XEHbI B aTOMHbIX KonmuecTBax: a = Al/Si; b = Fe** + Fe* + Mn + Ca + Mg. Linthpbl Ha gnarpamme —
nons 0CafouHbIX Nopog;: | — KBapLeBble NecHaHWKW, YsTpacuamumThl; Il — 0/IMrOMUKTOBbIE NECHAHWKK, CUANLM-
Tol; I11 — apKo30BbIe, rpayBakKoBble MecHaHuKK; IV — aneBponnTbl NOAMMMKTOBLIE (a), rpayBakkoBble (6), kap6o-

HaTHble (B), aneBpuTOBble KapboHaTonuThl (r); V — anesponennTbl; VI — neauTsbl.
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Co C N & S Zr La Th Rb Nb Co C N & S Zr La Th Rb Nb
1000 1000
= =
S 100 S 100
= =
S 5
X X
3 3
S g
S 10 S 10
= = E= Masuckuii apean
[T} OcusoBckuii apean [T Ymuuckuii apean
- PAAS - = PAAS
— 1 T
YbLu La Ce Nd Sm Eu Gd Th YbLu

LlaCe Nd Sm EuGdTb |
Puc. 3. MynbTuanemeHTHble gnarpaMmmMbl U pacrnpegeneHne P33, HOPMUPOBaHHbIE MO XOHAPUTY

[Boynton, 1984], ana meTateppureHHbIX nopoa Ap3bi6eiickoro 1 [eporuHcKoro 6110KoB.
ﬂ,ﬂﬂ CpaBHEHNA NMPUBEAEHDbI CMEKTPbI pacnpeaeneHna peaknx n peako3emMesibHbIX 3/IEMEHTOB ANA NocTap-

XECcKoro rmuHncToro cnaHua (PAAS).
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Tabnuua 2

CogaepxaHue pafnoaKTVBHbIX 31EMEHTOB B MeTaTeppureHHbIX NopoAax
Ap3blbeiickoro 1 AepbuHckoro 6,10KoB

Mobona N U, rit Th, r/t K, % -
PoA (X £AX) (X £AX) (X £AX) ThU (x:£Ax)
Ap3blbelicknii 610K
Kponbckuii apean
MnarvorHeiicsl 6MOTUTOBbIE 19 0,8+0,1 5,0+0,8 1,7+0,2 7,121
MnarnorHeiicbl rpaHaT-6MOTUTOBbIE 5 0,9+0,1 3,7+1,6 1,740,5 43+1,6
OCMHOBCKWii apean
MyiarviorHevich GuoTwT- 10 04+01 | 2104 | 15:04 7,3+21
amgu6010BbIe
[Jep6uHckunin 610k
Y AVHCKMIA apean
fnaruorweics! buotnt- 14 2,6+0,5 6,2£0,9 1,30,2 2,807
am(n6010BbIe
["HeVicbl BMOTUTOBbIE 5 2,8+0,6 5,8+1,9 2,7+0,2 2,3+0,9
MaHcKuin apean
CnaHupl amr60n0Bble, MUPOKCEH- 12 17402 31406 0,3+0,06 1,9+0,5
amgu6010BbIe
MnaruorHeicsbl amr6010BbIe, 19 1,3+0,2 3.9+0,5 0,8+0.2 3,2+0,6
61OTUT-amM(Pn600BbIE
MnaruorHeiickl rpaHaT-ammoo- 8 0,840,2 27+0,9 1,040,2 37411
61OTUTOBbIE, FPaHaT-6MOTUTOBbIE

Korsch, 1986; Roser et al., 1996;]. CpenHue Be-
nnumHbl Si0,/ALO, Ans MarmaTuyeckux nopog
BapbupytoT OT ~ 3,0 (6a3mTbl) Ao ~ 5,0 (kucnble
nopogbl) [Roser et al., 1996]. PaccmaTtpmBaemble
HaMKn MeTaTeppuUreHHble Nopogsl Ap3bl6eicKoro u
[epbuHckoro 6/10KOB XapaKTepusyrtoTcs 3Haye-
Husmmn SiO,/AlLO, = 3,2-5,2, COOTBETCTBY LMY
MarMaTuyeckumM rnopogam, YTo roBOPUT O He3Ha-
YMTENIbHOM (PPaKLMOHPOBaHWUN MaTepuana B Nnpo-
Liecce TPaHCNOPTUPOBKM 1 Cn1iabom ero npeobpa-
30BaHMM B NPOLIECCe BbIBETPMBAHMS.

lMoCKoNbKy TeppuUreHHas KOMMOHEHTa oca-
[O0YHbIX MPOTOIMTOB M3YYeHHBIX MeTaMopduyec-
KUX NOPOZ He npetepnena guddepeHumaumn un
CYLLECTBEHHbIX XMMUYECKMUX M3MEHEHWIA, COCTaB
0Ca/iKoB OMpeAensncs, rasHbIM 06pa3oM, Xapak-
TEPOM U COOTHOLLEHNEM KPUCTAIIMYECKMX NMOPOL
nuTaroLLeid NposnHUMK. Beicokne MgO + Fe,O,*
(6-14 %) 1 NOHWXEHHbIe OTHOCUTENBHO NocTap-
xeWickoro rmHucToro cnaHua (PAAS) K,0/Na,0
(0,1-1,8) ykasblBatOT Ha 3HaUMTE/NbHYIO [O/HO MO-
poA OCHOBHOTO cocTaBa B 06/1acTu cHoca. Mo co-
AepxaHuto MgO + Fe,0,* n TiO, meTaocaakm
COOTBETCTBYIOT rpayBakkam KOHTUHEHTa/IbHbIX U
OKeaHMYeCKMX OCTPOBHbIX Ayr (Tabsn. 3) [Bhatia,
1983]. Mo peaKoaneMeHTHOMY COCTaBy paccmar-
puBaeMble Nopogbl 060X 6/10KOB Takxke 6/IM3KK
rpayBakkam Cy64yKUMOHHbIX 06CTaHOBOK [Bha-
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tia, Crook, 1986]: rHeiicbl OCMHOBCKOro apeana
Ap3blbeiickoro 6/10ka — rpayBakkaMm OKeaHuYec-
KX OCTPOBHbIX Ayr, TOrf4a Kak mopofbl OCTaslb-
HbIX YYaCTKOB MO KOHLEHTpaUMsam paga aneMeH-
T0B (Rb, La, Zr) npubnmxaroTca K rpayBakkam
KOHTVMHEHTa/IbHbIX OCTPOBHbLIX Ayr (puc. 4). 310
3aK/N0YeHne MOLTBEPXKAAETCA MONOXKEHNEM (K-
rypaTuBHbLIX TOYEK META0CaL04HbIX MOPOL, Ha ANC-
KPUMUHALNOHHBIX guarpammax M.P. Bxatus
[Bhatia, Crook, 1986] (puc. 5).

HanbosbLuee 3HaYeHne 419 pacLungpoBKy
cocTaBa Nnopog B 061acTy apo3un umetot P33, Th,
Hf, Co, SC namM nx OTHOLUEHUS, MOCKO/bKY KOH-
LIeHTpaLmMn 3TUX 3/IEMEHTOB B KUC/IbIX Y OCHOB-
HbIX MopoAax CywecTBeHHO pasnuyatotcs [Cul-
lers et al., 1975; Feng, Kerrich, 1990; McLennan
et al., 1980; McLennan, Taylor, 1991]. CpaBHeHue
cpefHuX 3HaveHmin Th/Co, Th/Sc, La/Co, La/Sc,
EU/Eu* nsyueHHbIX rHeiicoB ¢ PAAS 1 ocagkamu,
CPOPMUPOBAHHBLIMU 33 CYET TPaHUTOWUAOB U MO-
pog ocHoBHoro cocrtasa [Cullers, 2000] nokasbl-
BaeT, uTo oTHoLWeHms Th/Co, Th/Sc B uccneposaH-
HbIX MeTaocagKax 6/M3Ky K OTHOLLEHUAM B 0Caj-
Kax, 06pa30BaHHbIX MPU 3p031KN MOPOL OCHOBHO-
ro cocrasa, a BenmunHbl La/Co, La/Sc n Eu/Eu*
npegnonaratoT BKNaf TEPPUTEHHOr0 marepuana,
06pa3oBaHHOro 3a CYeT rpaHUTOMAoB (Tabn. 4).
NHamkaTopHble oTHoweHus La/Sc, La/Co, Th/Sc,
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Tabnmua 3

leoxMmUYecKUiA COCTaB Pas/IMyHbIX TUMOB MOPOS, UCMOMb3yeMbIX /1 MOAEIMPOBAHUA
N NOCTPOeHus rpatnkoB (OKCuabl, Mac. %, pefKue 3femMeHTbl, I/T)

KOMMOHeHT ToHanuT Toge“TOB""" FpaHuT PAAS OIA CIA
a3a/ibT

S0, 67,35 49,76 703 62,4 58,83 70,69
Tio, 0,30 1,40 0,56 0,99 1,06 0,64
Al,Os 16,17 14,86 12,86 18,78 17,11 14,04
Fe,05* 3,48 12,98 5,24 7.18 8,01 4,78
MnO 0,08 0,22 0,05 0,11 0,15 0,1
MgO 1,25 5,84 0,81 219 3,65 1,97
Ca0 4,36 9,38 1,56 1,29 5,83 268
Na,O 4,50 3,07 238 1,19 4,10 312
K,O 1,12 071 5,70 3,68 1,60 1,89
P,0x 0,14 0,17 0,12 0,16 0,26 0,16
U 07 02 16 31 1,09 253
Th 13 04 39,0 14,6 23 111
Rb 15 9 369 160 18 67
Ba 657 257 550 650 370 444
Sr 1025 372 75 200 637 250
Cr 245 95 14 110 37 51
Ni 10 32 5 55 11 13
Co 6 38 5 23 18 12
v 49 345 - 150 131 89
La 73 4,0 92 38,2 8.7 244
Ce 14 11,3 180 796 22 50,5
Nd 8,25 83 72 33,9 11 208
Sm 18 28 12 56 - -
Eu 06 1,08 1,0 11 - -
Gd 1,76 39 13 47 - -
Th 0.2 0,68 19 077 - -
Yb 07 271 5.2 28 - -
Lu 0.1 0,46 07 043 - -
Zr 49 82 338 210 %6 229
Hf 21 22 10 5 21 63
Ta 0,2 0.1 11 - - -
Nb 29 29 25 1,9 2 85
Y 7 22 77 27 195 24,2
s 58 40 3 16 195 148
K,O/N2,0 0,2 0.2 2.4 31 0.4 0,6
Fe,05*+MgO 48 18,8 6,1 9.4 11,7 6,7

MpvMeyaHve. TOHANUT — CpefHWIn TOHANUT Bosblueap3blOeiickoro Maccuea, TONEUT — CPeAHUIA Toneu-
TOBbI MeTabasanbT Ap3blOGeinckoro 6/10Kka, rpaHUT — TMNUYHBIA Na-K rpaHut BuptocuHckoro 6noka (Ne 17-00),
PAAS — nocTtapxenckuii IMnHNCTBIN cnaHey, [Teinop, Mak-/leHHaH, 1988], OIA — rpayBakki OKeaHW4ecKumx oc-
TpoBHbIX Ayr, CIA — rpayBakKy KOHTUHEHTa/IbHbIX OCTPOBHbIX Ayr [Bhatia, 1983; Bhatia, Crook, 1986]. Fe,0,*

— obLLee >Keneso.

Th/Co 3aMeTHO pa3nnyaroTcs B NMOpoAax pas/ny-
HbIX YYaCTKOB. 3TW OTHOLLEHMWS YBE/IMUMNBAKOTCA
B MeTaocagkax Ap3blbeiickoro 6noka ot OCMHOB-
cKoro apeana Kk Kponsckomy. B [lepbuHckom 6s10-
Ke 3TV OTHOLUEHWA Bblle B MeTaocafKax Y[uH-
CKOro apeasia OTHOCUTENbHO MOPOof, Pa3BUTbLIX B
palioHe MaHcKoro 6enoropbs. PoCT 3HayeHui
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La/Sc, La/Co, Th/Sc, Th/Co o4eBNaHO CBA3aH C
[06aB/eHNeM TeppuUreHHOro Martepuana, 06paso-
BaHHOIO NPW 3p03nM MarmaTuyecKmx 1 MeTamop-
(hMYeCcKMX Nopog KNCOro CocTasa, 060ralleHHbIX
HEKOrepeHTHLIMWN PeSKUMU 3NleMEHTaMW.
MonoxeHne Touek Ha anarpamme Co/Th —
La/Sc (puc. 6) cBMAETENLCTBYET O TOM, UTO 60/b-
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10

nopoga/OlA

0,1 T T T T T T T T

LUMHCTBO paccMaTpyBaeMbiX MeTaoCafKOB MOr-
No chopMmUpoBaTLCS NPY CMELLEHNUN TePPUTEHHO-
ro marepuana, 06pa3oBaHHOIO 3a CYET OCHOBHbIX
(TOoNenToBbIX 6a3anbToOB) U KUC/bIX (TOHA/IMTOB)
MarmMaTuyecKmx nopog, 06HaXKeHHbIX B Ap3bl6eit-
CKOM 6/10Ke, HO B (hopmmpoBaHMK THeilcos Lep-
OGMHCKOro 1 YacTu nopog Ap3blbeiickoro (Kponb-
CKuIA apeas) 6/10KOB HECOMHEHHO MPUHUMaIN Yya-
CTue 6osiee reoXMMMYECKM 3perible, 060rallieHHble
La u Th nopogpl, Hanpumep LpeBHME MeTaMop-
(PMYECKME KOMMEKChl Y TPaHUTOUAbI (yHAAMEH-
Ta KpaeBon 30HbI CMOMPCKOro KpaToHa.

PaHee Ha ocHoBaHWM SM-Nd M30TOMHbLIX
[aHHbIX ¥ NO pALY 0CO6EHHOCTEN cocTaBa rpaHu-
TOMJ0B U TEPPUreHHbIX MeTaocafkoB [TypKuUHa,
1997; TypkuHa, HoxkuH, 2004a] 6b1/10 nokasaHo,
4TO KpUCTanIMyeckoe ocHoBaHWe [epbuHCKoro
6710Kka MOXeT ObITb MPeLCTaBfEHO MOPOLHBIMMI
accouuaumaMm, aHaorMyHbIMK pas3BuTbIM B Ap-
3bl6elickoM 6/10Ke. PaHHenaneo3oMcKme rpaHnUTo-
nabl, UHTPYAMPYIOLLME MEeTaoCafouHble OT/IOXe-
HWs JepbuHckoro 6/10ka No cocTaBy COOTBETCT-
BYIOT |-TWMY rpaHUTOB, W, CNefoBaTe/IbHO, MX (hop-
MMPOBaHWe NPOVUCXOAWIIO 3a CHET M/1aB/IeHNs Me-
TamarmaTuyeckux nopog, craratrowmx Kpucran-
NINYECKOEe OCHOBaHWE CTPATU(MLMPOBAHHBIX TO/LL,.
Mo pe3ynbTaTam NeTpPosioro-reoXnMmMYecKoro Mo-
JenvposaHus [TypkuHa, 1997] o6pa3oBaHue aTuX
HaTPO-Ka/IMeBbIX FPaHNTOB MOI/O 6bIThb CBA3AHO C
rnias/ieHneM TOHA/IMTOBOIO UCTOYHMKA, 6IM3KOr0

Puc. 5. lono)keHne cocTaBoB MeTaTeppu-
reHHbIX ocafkoB Ap3blbelickoro n [epbuHcko-
ro 6/10KOB Ha AUCKPUMUHALMOHHON Auarpamme
M.P. bxatus [Bhatia, 1983].

YcnoBHble 0603Ha4eHns cM. puc. 2. Mons Ha
anarpamme: A — OKeaHN4yecKune OCTpPOBHbLIE Oyrn, B -
KOHTUHEHTa/IbHbIE OCTPOBHbLIE AYTU.
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Puc. 4. MynbTn3feMeHTHbIe CMNEKTPLI Ans
MeTaTeppureHHbIX Nopog, (CpesHue 3HaveHns) Ap-
3bl6eiickoro 1 [epbuHckoro 6710K0B U rpayBakK
KOHTMHeHTa/IbHbIX 0cTPOBHbLIX ayr (CIA) [Bhatia,
Crook, 1986].

YcnoBHble 0603HaYeHUst cM. puc. 2. Hopmupo-
BaHO NO COCTaBy rpayBakKK OKEaHNYECKNX OCTPOBHbIX
ayr (OlA) ) [Bhatia, Crook, 1986].

Mo peLKo3eMeHTHOMY COCTaBy NnaruorHelicam u
ToHa/MTam Ap3bl6eiickoro 6/10ka, 4TO NOLTBEPXK-
[AaeTca 1 JaHHbIMKU N0 M30TOMHOMY cocTtasy. Oc-
TPOBOAY>KHbIE TOHA/INTLI Y TPOHALEMUTBI U MOCT-
TEKTOHWUYECKMe rpaHnTbI Ap3bl6eiickoro 61oka Xa-
paKTepu3ytoTcs Mofie/lbHbIM Bo3pacTom T, (DM)
= 974-1130 MnH. neT [TypkunHa n gp., 2004]. Ans
rpaHUTOMA0B [epOuHCKOro 6/10Ka yCTaHOB/EH AM-
ana3oH Nd Mofe/bHbIX BO3pacTOB MpenmyLLe-
CTBEHHO B MHTepBasie 930-1060 MnH. neT [TypKu-
Ha, HoXXKKWH, 2004a]. Takm 06pa3om, U30TOMHbIE
[aHHble CBUAETENbCTBYHOT 06 aHasiorMm oCTpoBo-
[Y>XHOTr0 KoMnnekca Ap3bl6eincKoro u nopog Kpu-
cTannuyeckoro yHaameHTta [dep6buHckoro 6s10-
KOB, (DOPMMPOBaHME KOTOPbIX O4EBUAHO ObIIO
CBA3aHO C Me30-HeonpoTePO30MCKMUM 3Tarom Ko-
po06pasyHoLLMX COOLITUIA.

[JaHHble No n3oTonHomy cocTtaBy Nd fatoT
BaXKHYIO [JOMO/IHUTE/bHYHO MH(DOPMALMIO O Xapak-
Tepe NCTOYHUKa CHOCa Npy 06pa3oBaHUK MeTarpa-
yBakK. [lnsa MeTaocagkoB Ap3sbibeiickoro n ep-
GMHCKOro 6/10KOB YCTaHOB/IEH MOAE/bHbIV BO3pacT
T,,(DM) B ananasoHe 1022-2009 MnH. neT n eNd
oT —4,9 po +7,6 Ha T = 1000 mnH. net (Tabn. 5).
OCTpPOBOAYXHbII TOHAUT-TPOHALEMUTOBBIV KOM-
nnekc Ap3blbelickoro 6/10ka xapakTepusyercs
T,4(DM) —1130-1090 MnH. neT ¢ eNd +6,7...+6,8
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Tabnuua 4

JnemMeHTHble OTHOLLEHNS B MeTaocafouHbIX nopogax Ap3sblbelickoro n [epbuxckoro 610kos, PAAS
1 NpeaenbHble OTHOLLEHWS B 0CafKax, 06pa30BaHHbIX NP paspyLLeHUM rpaHUTOB U 6a3MTOB

MpefaenbHble OTHOLLIEHWS
N o 3M1EMEHTOB B 0CafiKax
Ap3blbeinckuin 610K [JepbuHckuii 610K [Cullers, 2000], 06pa30BaH- oAAS
HbIX, 3@ CYET pa3pyLIEHNS
Kponbckuit | OCMHOBCKWIA| Y ANHCKWIA MaHcKwuit
rpaHnToB 6a3uToB
apearn apearn apearn apean
Th/Co 0,09-1,8 0,06-0,3 0,1-0,3 0,09-0,2 0,3-7,5 0,04-1,4 0,6
Th/Sc 0,08-0,7 0,05-0,1 0,1-0,4 0,1-0,2 0,6-18 0,05-0,4 0,9
La/Co 0,5-8,1 0,4-1,3 0,1-1,6 0,5-0,98 1,4-22 0,1-0,4 1,6
La/Sc 0,4-2,4 0,3-0,6 0,2-2,2 0,5-1,05 0,7-27,7 0,4-1,1 2,4
EWwEU* 0,6-0,9 0,6-0,8 0,6-0,9 0,7-0,9 0,3-0,8 0,7-1,0 0,7

Ha T = 1000 mnH. net [TypkuHa n ap., 2004].
OyeBMAHO, YTO MeTaoCcagKu C BeNMYUHAMMN MO-
JenbHoro Bospacta 1022-2009 M/H. NIeT He MOTYT
ObITb NMOMYYeHbI TOMILKO 3a CHET 3PO3UMN Me30-Heo-
MPOTEPO30IACKOI OCTPOBOAY>KHOW KOpbl Ap3bl6eii-

cKoro v thyHgameHTa Jep6uHckoro 610koB. JaH-
Hbl€ M0 NU30TOMHOMY COCTaBy MeTaoCafKoB MOryT
ObITb MHTEPMPETMPOBaHbI Kak pe3ynbTaT CMeLLe-
HWS [eTPUTOBOrO MaTepuana, 06pa3oBaHHONoO B
pesynbTaTe 3p03un OCTPOBOAYXKHbIX MarmaTmyec-

Tabnmua 5
Sm-Nd “30TOMNHbIE faHHble 4718 MeTaTeppPUreHHbIX U MarMaTu4yecknx nopog,
Ap3blbeiickoro, [1epbUHCKOro 1 BMpoCMHCKOro 610K0B

o [Jons
Mopoaa, Sm, | N, | aarg g | e geNg e | TnaBM) - g KPaTOHHOIO
HOMep Mpoo6bI ppm | ppm M/H. NeT| M/H. NeT MaTepuanat

Ap3bl6ecknin 610K, OCMHOBCKMIA apean
(nzz?g;';e“c 1,96 | 899 | 0131973 |0512442+10| 1000 | 1322 | +45 2%
MaparHeiic o
(230-90) 191 | 9,65 0,119663 0,512521+24| 1000 1022 +7,6 0%
Ap3bl6eiicknin 610K, Kponbckunii apean
MaparHeic " o
(12-92) 4,80 | 25,05 0,115900 0,511858+12| 1000 2009 -49 16 %
(nlf;?grz';e“c 304 | 1301 | 0141350 | 0,512480+20| 1000 | 1413 | +4,0 3%
[ep6byHCKMn 610K, Y AMHCKWIA apean
Maparkeic 07 | 26,64 | 0114984 | 0,511922+20| 1000 | 1893 3 13 %
(83-86) 5 ! ) 511922+ 35 6
(“7*11?32;6“0 493 | 2349 | 0126999 |0512272+22| 1000 | 1543 | +18 5%
[epbuHckunii 6nok, MaHcKuiA apean
(nlzgefg'*lg“c 435 | 2004 | 0131257 |05124324¢19| 1000 | 1329 | +44 2%
BuptocnHCKuin 610K

"paHut +
(17-00) 12,52 | 71,74 0,105480 0,511321+4 1000 2565 -14 -

Mpumeyanmns. T° — BO3pacT, NpUHATBLIN Ana pacdeta eNd. 1 — napameTpbl, NpUHATBLIE 4151 OLEGHKN 40U
KpaTOHHOr0 Marepwana no MoAenu 6MHapHOrO CMELLEHNS, YKa3aHbl B TeKCTe. TOUHOCTb ONPeAeNieHNst KOHLIEHT-
paumin Sm 1 Nd coctasuna 0,2 % (2c), M30TOMHbLIX OTHOLLEHWI *7Sm/**Nd +0,2 % (2c5), TOUHOCTbL onpegene-
Hust 13Nd/**“Nd (20) ykasaHa B Tabn. 5. 3a nepuog u3mepeHuii cpeaHune 3HadeHna “Nd/*“Nd no ctaHgapTam
coctasunu: La Jolla (N=11) 0,511833%6 (20), Jindil (N=44) 0,512072+2 (20).
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Puc. 6. Ouarpamma Co/Th — La/Sc, fieMoH-
CTpupyloLLlaa Mofesnb ABYXKOMMOHEHTHOIO CMe-
LUEeHWSs, AN MeTaTeppuUreHHbIX nopog Ap3bloei-
CKoro n [lepbuHckoro 6/10K0B.

YcnoBHble 0603HaYeHUs CM. puUc. 2. TOHaIUT —
CpeaHWin ToHanuT bonblueap3blbelickoro Maccuea, To-
NEnT — CPefHMIA TONENTOBbLIA MeTabasanbT Ap3blbelic-
Koro 6noka, rpaHut — Na-K rpaHuT BUpHOCUHCKOTO
6noka (Ne 17-00).

KNX accoumaumii, NogobHbIX pasBuUTbIM B Ap3bl-
Geiickom 6/10Ke, 1 60/1ee APEBHENO KPaTOHUYECKO-
ro Marepuana, NpeAcTaB/ieHHOro rpaHUToMAamMm 1
MeTaMOpP(MUECKMMMN KOMMIEKCamMmy (PyHameHTa
Cunbupckoro KpatoHa. B KauecTse NoTeHLMa bHO-
ro UCTOYHMKA CHOCA TeppUreHHOro marepuana
MOTYT BblTb PacCMOTPEHbI MeTamopguyeckue
rpPaHUTONAHbIE KOMMNNEKChI BUPOCUHCKOro 6/10Ka,
KOTOpble XapaKTepu3yoTcs AMana3oHoM MOLeSb-
HbIX Bo3pacToB T, ,(DM) — 2565-2535 M/H. neT
eNd -13,5...-14 Ha T = 1000 mnH. net [TypKu-
Ha, HOXXKMH, 20046]. UT06bI KONMYECTBEHHO OLe-
HUTb y4YacTVe KpaTOHWYecKoro marepmana B op-
MMPOBaHUN MeTaoCaKoB, B Ka4eCTBe OJHOro 13
KOHEYHbIX Y/IeHOB CMELLEHMS WUCMO/b30BaH M30-
TOMHbIA cocTaB Nd meTarpayBakk KposibCKoro
apeania Ap3bl6eiickoro 610ka, 06nafatowmx Ham-
6onee BbICOKMMM BenmumHamm eNd 1 MUHUMASTb-
HbIM MoZe/bHbIM Bo3pacToM (06p. 230-90), no
CBOMM W30TOMHO-TeOXMMUYECKMM MNapameTpam
3TU MeTaocafku MakCUMasibHO 6/13KM K OCTpPO-
BOAY>KHbIM TOHa/IMTam Ap3blbeiickoro 6noka. Ans
BTOPOr0 Y/leHa CMELLUeHUs, XapaKTepu3ytoLlero
KpaTOHUYeCcKuii Matepuan, NPUHATLI M30TOMHO-
reoxvMuyeckue napameTpbl TnuyHoro Na-K rpa-
HuTa buptocnHckoro 6noka (Tabn. 5). Pesynbrarsl
pacyeTa no Mogenu GUHapHOro CMeLLeHNs, onu-
CblBaeMOVi ypaBHeHMeM?!, MOKa3blBatOT, YTO OCaf-
KN YanHCKoro (epOuHckuin 6510K) 1 Kponbcko-
ro (Ap3blbeicknii 6N10K) apeasoB CoAepXXar Mak-
cuMasbHyo npumecs (3-16 %) matepuana, obpa-
30BaHHOr0 MpW 3p03UN ApPeBHell KOHTUHEHTASlb-
HOM KOpbl. Y4acTue KpaTOHWYecKkoro Marepvana
B (DOPMMPOBaHUM MeTaoCafKoB YAUHCKOro M
KponbCckoro apeasioB NoATBEPXAETCA MOBbILLEH-
HbIMW KOHLeHTpauuamMm B HuX Th n JIP33.

X = [(e,, £)NAJ/[e, (Nd.-Nd )}—(e,Nd —¢.Nd )], rae &

mx- ~a

100
} Toneut
80
;
_ 60
E \
o
o N
404 %
«“\
20 -} Ky
A
o Ab%.  TOHAMT
A ‘;&?"5@0@ o rpaHuT
0 1 A 4 1 * 1
0,1 1 10 100

La/Sc

OLeHUTb NPOMOPLMI0 OCHOBHbIX Y KUCTbIX
nopog, B TOM 4YMC/ie U PaHHENpPOTepPO30MACKNX
Na-K rpaHuToB, B 06/1aCTU CHOCA MOXXHO MO KOH-
LIeHTpaLMAM OTHOCUTENIbHO HedpaKLOHMPYHO-
WMX B OCALOYHOM MpPOLecce 3/1EMEHTOB, TaKMX
Kak Co, Th, La, Sc. CocTaB nopog, — BO3MOXHbIX
MCTOYHMKOB CHOCa A1 MeTarpayBakk Ap3bloei-
CcKoro n lep6buHckoro 6/10KoB, NpuBeseH B Tabn. 3,
a pe3ynbTaTbl KONMYECTBEHHOW OLEHKU CYyMMU-
poBaHbI B Tabn. 6. MpoBeAeHHbI aHaIM3 MoKasbl-
BaeT, YTO B COCTaBe MeTaocagkoB Ap3bl6encKoro
6710Ka [0N15 NPOLYKTOB PaspyLLEHNS KUC/bIX NO-
pos (NpevMyLLEeCTBEHHO NJIarMorpaHUTHOro Co-
cTtasa) focturaet 70 %, B TO BpeMSA Kak B rpay-
Bakkax [epOuHckoro 6/10Kka yBeimumnBaeTcs Aos
pa3MbIBaBLUUXCA B 061aCTV NUTAHWUS OCHOBHBIX
nopog (4o 55 %), 4To cornacyeTcs ¢ NOBbILLEH-
HbiM cofepxaHvem Cr n Ni B MeTaocajkax.

3aKJ/1ro4eHne

ViMeroLumecs B HalleM pacnops>KeHUn reo-
nornyeckme, reoxmmmyeckme m Sm-Nd msoton-
Hble [aHHble MO3BOMAIOT CAeNaThb clefyoLline
BbIBOAb!:

1. O HeBbICOKOW CTerneHu 3penocT MeTa-
0CafiouHbIX nopog, Ap3blibeickoro n [ep6buHcko-
ro 6/10K0B CBUAETENIbCTBYHOT UX METPOXMMUYEC-
Kne 0COBEHHOCTU: HN3KME 3HAYEHNSA UHAEKCA XU-
Muyeckoro BbiBeTpuBaHus CIA (46-56), Bennuu-
Hbl SiO,/ALO, oTHoweHwus (3,2-5,2), COOTBETCT-

g, M g, — 3HadeHns eNd anq pesynbTupytoLLeid cmecu (ve-

mx’

TaoCa/KoB), KPaToOHNYECKOr0 1 OCTPOBOYXHOIO KOMMOHEHTOB CO0TBETCTBEHHO, Nd_1 Nd, — cogepxxaHue Nd B kpaToHuuec-
KOM 11 OCTPOBO/Y>KHOM KOMMOHEHTaX, X — [0/ KDaTOHNMYECKOr0 KOMMOHEHTA.
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FEOXMWYECKUWE OCOBEHHOCTW METATEPPUTEHHbBLIX MOPO[,

BYtOLLME MarmaTuyecknuM nopogam, u BbICOKME
3HaueHns Na,O/ALO, (> 0,2). Mo cogepxkaHnio
NaBHbIX, PELKUX W PeAKO3eMEbHbIX 3/1eMEHTOB
MeTaTeppureHHble 0CagKu 060MX 610KOB COOTBET-
CTBYHOT rpayBakkam Cy64yKLMOHHbIX 06CTaHOBOK.

2. Hanbonee BeposSTHbIM UCTOYHUKOM CHO-
ca Ana paccMaTpuBaeMbIX MeTaocajkoB MOI/K
ObITb MarMaTuyeckme NOpoAbl OCTPOBHbIX Ayr C
BbICOKMMY coaepaHuamu (Fe,0,* + MgO), Sr,
Sc, Co ¢ fobaBneHneM matepuana, 06pa3oBaHHO-
ro npwv 3po3um 6onee 3penbIx, FreOXUMUYECKU AUd-
(hepeHLMPOBaHHbIX MOPO/, C NOBbILLEHHbLIM COAep-
XaHvem K,O, IP33, Th, Rb, xapakTepHbiM ans
rpaHUTONA0B N METaMOP(UUECKMX KOMI/IEKCOB
(hyHaameHTa CMOMPCKOro KpaToHa.

3. YcTaHoBMeHHbIA N0 Sm-Nd M30TOMHbIM
[aHHbIM [Mana3oH MOAE/NbHbIX BO3pPacTOB Heo-
ammMa metaocaakoe T, (DM) = 1022-2009 MAH.
NeT, NOATBEPXKAAET yyacTue [peBHEro KpaTtoHu-
4eckoro matepuasna B Ux obpasosaHuu. [lons Kpa-
TOHMYECKOro MaTepuana MakcumanbHa (40 16 %)
B MeTaocafKax YAMHCKOro (Aep6uHckuii 6110K) 1
Kponbckoro (Ap3blbeiicknii 6110K) apeanos, no-
POLbl KOTOPbIX OTHOCKTE/IbHO 06orateHbl Th
NP32.

4. PacyeT COOTHOLUEHWNA Pas/INYHbIX Mar-
MaTU4eCcKMX Nnopog B 0671aCTN 3p03UK MO KOHLEH-
Tpauymmn Co, Th, La, Sc nokasbIBaeT, 4TO B COCTa-
Be MeTaocaaKoB Ap3bl6einckoro 6,10ka Jons npo-
[YKTOB pa3pyLUeHUs KMCbIX nopog (NpenmyLue-
CTBEHHO M/armorpaHUTHOro CocTasa) COCTaBNsAeT
65-70 %, TOrga Kak B rpayBakkax Jep6uHCKoro
6n10Ka yBenuumnBaeTcs BKNag AeTPUTOBOro Ma-
Tepwana, 06pa3oBaBLUErocs npv 3po3ny OCHOB-
HbIX MOPOA (45-55 %).

5. Mo neTporeoXnMmMYeCKUM 1 U30TOMHbLIM
[aHHbIM YCTaHOB/IEHO CXOACTBO COCTaBa, YC/o-
BUIA 06pa30BaHNsA M MUCTOYHMKOB CHOCA A1 Me-
TaoCaf04HbIX OTNOXeHUIA Ap3blbeiickoro n fep-
OuHCKoro 6noka. PopmrpoBaHVe MeTaoCcajkoB
3a CYeT 3p03MK MOPOL, Me30-HeonpPOTePO30MCKMX
OCTPOBHbIX Ay W KpaeBol 30HbI CMbUPCKOro
KpaToHa BepPOATHO NPOUCXOANIIO B Pa3feNstoLLem
NX OKpamHHOM GacceliHe. Takum obpa3om, Ap-
3bl6elicKuiA 1 [epOuHCKMIA 6NOKM MMELOT o6Lme
4epTbl B NOC/NeA0BaTe/IbHOCTM (HOPMUPOBAHMS
KOpbI, BK/IKOYatoLLeii 06pa3oBaH/e Me30-Heomnpo-
TEPO30/CKOM MarmaTuyeckmx accoumaumnin oc-
TPOBOLY>KHOIO TUMa 1 MOCNeayroLLee 0cafKoHa-
KOneHue.

PaboTa BbINoNHeHa NpU HaHCOBOI
nogaep>kke POOU (npoekT 04-05-64301).
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