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OCHOBOIN /191 HACTOALLEr0 MUCCef0BaHNA MNOCAYXUW CNeKTPbl P33, NonyyYeHHble ANs 3AYKTOB
1 NPOAYKTOB METacoMaTU4eCKMUX KOMIOHOK, BO3HUKLUMX MpY Nponuanutusaummn rabépo, 4onepuTos,
aHAe3nToB, anbouTUTU3aUMKN [YaopaTnHa, 1996] amm6011MTOB, 3MCUTU3ALMN THENCOB (LLENOYHbIe
npoLeccol) 1 6epe3nTn3aLn-NMCTBEHUTU3ALMN CEPNIEHTUHN3NPOBAaHHBIX rapLoyprTos, NPONUINTYU-
3MpPOBaHHbIX rabbpo, J0MepuTOB, aHAE3NTOB, & TaKXKe rPaHNTOB U FPaHUT-NOPMUPOB (KUCIOTHBIE MPO-
Lieccbl). YKasaHHble MpoLecchl NPOTEKaNN Mpu pasninyHbiX PTX-napameTpax; BANAHWE KaXA0ro 13
nocnefHMX Ha TpaHchopmaLuio cnekTpos P33 npu hopM1MpoBaHUM 30H METACOMATMYECKNX KOMIOHOK
oueHeHo B paboTe. OCHOBHbIE MOMYyYeHHbIE Pe3yNbTaTbl CBOAATCA K criefytollemy. Mpy nponnuantusa-
ummn (obpaszoBaHue aNMAOT-aM(hMOONUTOBOM (haLmKn) HaKanMBatoTCA TsKenble P33, nerkme He3Hauu-
TeNIbHO BbIHOCATCA, a NOBefeHNe CPeaHNX BIM3KO K MHEPTHOMY. DNCUTU3ALMUA THEACOBUAHBIX aM(n-
6011TOB pa3BMBaiacb B YCMIOBUAX He3HAYUTEIbHOrO BbIHOCA NaHTaHOMA0B. ANbOUTUTU3ALNA aMdu-
6011TOB NpOTEKana Mo CNeayroLLeil CXeMe: BO BHELLHEN 30He KOMOHKM (anbOUTU3MPOBaHHbIN nnarun-
oKna3 + 5 06. % kBapua) P33 BbIHOCUNNCD, & BO BHYTPeHHel (anbbut + o 30-50 06. % kBapua) ner-
Kue 1 cpegHue P33 HakaninBasuch, a TsXKenble BBIHOCUNNCH. [ns «be3pyaHbIX» KOMIOHOK 6epe3nTu-
3aUMM-NNCTBEHUTM3ALMN BCEX YKA3aHHbIX NMOPOJ, XapaKTepeH BbIHOC /1AHTAHOMAO0B. B «pyaHbIX» KO-
NNOHKax B KMC/IOTHYO CTaAMI0 CTaAuio pasBmuTua rmapoTepMasibHoro npotecca P33 BbIHOCKMUCH, & B
NO34HELLEeN0YHYI0 NMPOUCXOAUN CYLLECTBEHHDBIV MPUBHOC THXE/bIX TAHTAHOWAOB. YPOBEHb KOHLIEHT-
pauuy P33 B MeTacomaTuTax onpesenseTcs rnasHbIM 06pa3oM CofepXaHneM UX B MeTacoMaTuTU3m-
pytoLLmxcs nopogax. Marmatutam, choOpMMPOBaHHLIM B OLHON W TOW XKe reofuHaMnYecKoin 06CTaHOBKe,
CBOMCTBEHHA NpAMast NONOXKNTE/bHAA KOPPEeNsLmMsa Mexay cogepxaHuamm SiO, n cymmoit P33. Takas
e Koppensaums, Ho Mexxay cogepxkaHuamm K n nerkux P33 ycTaHoB/eHa [19 BCEX KOIOHOK Gepesu-
TU3aLUN-TMCTBEHUTI3ALMM MOPOL.

B uenom pacnipesienerve P33 B n3yYeHHbIX METacOMaTUUYECKUX KO/TOHKaxX ABNAETCA UHTErpasib-
HbIM, OMpefenseTca coctaBaMun (ironaa, sgyktos, pH n T B cucteme. OTMeYeHa TEHAEHUMA K POCTY
XCe/XY B MeTacoMarutax no mepe yBenuyeHus rnyouHHOCTM UX (opMUPOBaHNS.

Mo ypOBHIO KOHLUeHTpauum P33 B meTacomatutax 6epesuT-1nMcTBeHMTOBOW opMaLMn MOXKHO
CyAuTb 06 34yKTax MeTacoMaTUTOB (4/1 MarmMaTuTOB MOXHO OMPefeNunTb UX K1acc), a no xapaktepy
TpaHcgopmMaLmm cnekTpos P33 npu MeTacomaTo3e MOXHO NOAPa3Le/INTb KOMIOHKM Ha iBa TUna — «pya-
HbIW» N «Oe3pyaHbIN».

KntoueBble CnoBa: peakosemenbHble anemeHThl (P33), pacnpeaeneHne anemMeHToB, TpaHcdop-
Mauums pacnpefeneHus, ancuTnsauns, anbomTuTnsaumus, 6epeanTunsauma-amcTBeHN TU3aums, NpUBHOC-
BbIHOC BELLECTBA, 3AYKT, NPOAYKT (MeTacoMaTUYeCKuin), KUICNOTHOC T b-LLEeN04YHOCTb CUCTEMbI MU-
Hepanoo6paszoBaHusi, P33-komnnekcbl B rmapoTepmax.
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RARE-EARTH ELEMENTS IN COLUMNS OF PROPILITIZATION,
ALBITITIZATION, EISITIZATION, BEREZITIZATION-LISTVENITIZATION
OF DIFFERENTSIALIC ROCKS: EVOLUTION OF DISTRIBUTION,
CAUSES AND PRACTICAL IMPORTANCE

V.N. Sazonov*, O.V. Vikent’eva**, V.N. Ogorodnikov*, Yu.A. Polenov***, A.Ya. Velikanov*
*Institute Geology and Geochemistry, Urals Branch of RAS
**|nstitute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry of RAS
***Urals State Mining University

The aim of the article is to show a transformation of REE distribution in serpentinous alpinotipe
harzburgites, propilitized island arc gabbro, dolerites, andesites, riftogene amphibolites, early collision
granites and granitoid-porphyry dykes under action fluids caused propilization (T = 550°C, P = 3 kbar,
pH = 8-9, fluid have Na-specialization), albititization (T = 450°C, P = 1-0,6 kbar, pH > 7, fluid have
Na-specialization), eisitization (T = 450°C, P = 1,0-0,6 kbar, pH = 8-10, fluid nave Na and CO,-
specialization), beresitization-listyenitization (T = 395-280°C, P = 2,0-0,6 kbar, pH = 4-6, fluid have
K, Na (rare) and CO,- specialization). For comparison REE contents of educts have been ranged on
the basis of the chondrite [Evensen et al., 1978]. But REE of metasomatites have been ranged on the
basis of the educts. Results of our investigations are the next. Under propilitization (formation of epidote-
actinolite mineral facies) heavy REE added but light REE carried out. During eisitization REE carried
out, but under albititization these elements in outward zone carried out and in inner zone — light and
middle REE added, but heavy — carried out. Beresitization-listvenitization aureoles formatted in different
rocks are integral [Ca3oHoB, 1984].

In acidic environments REE carry out, especially heavy ones. But in alkaline environments heavy
REE added. REE contain level in metsomatites beresite-listvenite formation and in their minerals cause
of a level contain them in educts. The sum of REE contain in magmatites of the same environment
cause contain SiO, in them.

Key words: rare-earth elements (REE), distribution of an element, transformation of distribution,
propilitization, albititization,beresitization-listvenitization, carryin and carry out of an element, educt,
product (metasomatit), acidity-alkalinity of mineral-forming systems, REE-complexes in hydrothermas.

O6Lwme ceeaeHNs

UT006bI BbISSCHUTL BAnAHUe T, P, pH dntou-
[a, a TaKxKe cocTasa (KPeMHEKMC/TOTHOCTU-LLIENIOY-
HOCTW) BMeLLatoLLMX Mopog Ha noeegeHne P33 B
rmapoTepMasibHOM NpoLecce, Hamu OblIN U3yye-
Hbl METAacOMaTUYeCcKune KOMOHKM, 06pa3oBasLLmne-
CS B CaMbIX PasiMyHbIX N0 XMMUYECKOMY COCTa-
BY (OT KMCMbIX [0 YNbTPAOCHOBHLIX) NPU pa3su-
TUWN B HUX CleAytoLWmnX ruapoTepmasibHo-MeTaco-
MaTU4eCKMX NPOLECCOB: NPOMUANTM3ALINN, SACK-
TM3aumm, anbbutmTusauun, epesnTusalmmn-nm-
CTBEHUTM3AUMN. 15 BbINONHEHNS 0603HAYEHHbIX
YCMOBWIA HaM NPULLNOCH BbIGpaTh A/1s CCNeaoBa-
HMUA BOCEMb OMOPHbLIX METacoOMaTUYeCKMX KOJo-
HOK 13 4 00bEKTOB, TPU U3 KOTOPbLIX Pacrosioxke-
Hbl Ha CpegHem 1 KOXxHOM Ypare (cm. puc. 1, 2),

a YeTBepTbIN — Ha MNonspHoM Ypane. B kaxaoii us
KO/IOHOK M3y4yasinCb: MeTacomMaTuyeckas 30Haslb-
HOCTb, MUHEpa/IbHbIe MapareHe3ncbl 1 cocTaBbl
MVHepasioB, XMMU3M MeTacoMaTMyeCKMX npoLec-
COB, (PU3NKO-XMMUYECKIME MapameTpbl (hOPMMPO-
BaHMA. Takum 06pa3om co3fasasach 6asa ans uc-
crefosaHus cnektpos P33 B agyktax. C Lenbio
COMOCTaB/IeHMA nocegHNx no P33, a Takxe Mu-
HepasioB, COLEPXKaHWs NIaHTaHOWAO0B Obl HOPMU-
poBaHbI Mo xoHapuTy [Evensen et al., 1978]. Ans
nccnefoBaHNA TpaHcopMauuy cnektpos P33
30YKTOB B NPOLECCe Pa3BUTKSA MO HUM MeTacoma-
TUTOB COAEPXKaHWsA N1aHTaHOUL0B HOPMMPOBA/IUCH
MO WUCXOAHLIM NMOpPoAam.

AHanusbl Ha P33 npob 34yKTOB BbIMO/HE-
Hbl B VIHCTWUTYTe reosiormm n reoXummmn MeToga-
mu ISP-MS (aHanuTtukn KO.J1. PoHKuH, O.I1. Jle-
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nmuxmHa, O.FO. onosa) 1 3MUCCMOHHOMO CMEKT-
pasibHOro aHanu3a c NpeaBapuUTeNbHLIM XUMUYeC-
Kum oboratieHnem (aHanutukm KO.T. Jliobumue-
Ba u .. XXurynesa) (Tabn. 1). AHanu3bl Ha flaH-
TaHouAbl NPo6 MWUHepanoB BbiMosHeHbl B ITEM
PAH metogom ISP-MS (aHanutuk M.C. lopbaye-
Ba) (Tabn. 2).

XapaKTepucTUKa 06bEKTOB MUCCeA0BaHWIA

OHW feTaNlbHO OXapaKTepu3oBaHbl B pabo-
Tax [Ca3oHoB, 1975; 3onoToopyaeHeHwe ..., 1997;

Puc. 1. PacnonoxeHne 06bLEKTOB UCCNENO-
BaHMA (1-3) Ha reogmHamunyeckoii cxeme Ceep-
Horo, CpegHero v HOxHoro Ypana (3a/MCTBOBa-
HO 13 paboTbl [Ca30HOB U Ap., 2005]).

1 — tparmeHTbl pudeiicknx aenpeccuii n go-
Maneo30iCcKoro ocHoBaHUs BocTouHo-EBponeiickoii
nnatopmbl; 2 — BeHA-paHHeNae030Mckue puhToBble
CTPYKTYPbI 1 accoLuupytoLLimMe MarMaTuyeckue KoMmr-
NneKcbl; 3 — opuonuTel; 4 — ynbTpabasnuT-6a3nToBbIE
MaccuBbl M1aTMHOHOCHOTO Mofica; 5 — OCTPOBOAYXHbIE
accoumaumy TarnnbCKoil 1 MarHUTOropcKoin MerasoH;
6 — BY/IKQHO-M/IYTOHWYECKME accoumaummn Taruibeko-
TaBAUHCKOTO Nosica; 7 — TO Xe Ypano-To6oMbeKoro
nosica; 8 — ocafloyHble fenpeccun 06omx Moscos; 9 —
TEKTOHU3MPOBaHHble DParMeHTbl KOHTUHEHTaNbHOM
Kopbl; 10 — TO )Ke OKeaHW4ecKoW Kopbl; 11 — oporeH-
Hble FPaHUTHbIE KOMMMEKCbI; 12 — Lwenb(oBble U CKNO-
HOBble 06pa30BaHMA MaCcCMBHON OKpanHbl; 13 — menko-
BOAHble 06pa30BaHNs 6acceiHOB (hopnaHaa N BHYTPeH-
HMX; 14 — 0cafloYHbIn YeX0n CoYneHeHns TarnibCcKoi
1 MarHutoropckoii merasoH; 15 — 10 ke BocTouHo-
EBponelickoii n 3anagHo-Cubupckoin nnatgopm; 16 —
[MaBHbIA YpanbCKUIA KOMMIM3UOHHBINA WoB; 17 — reo-
Nornyeckme rpaHuLpl; 18 — TEKTOHUYECKM ociabneH-
Hbl€ 30Hbl, BMELLAIOLLME «MOI0A0E» 3HAOreHHOE 30/10-
TOe opyaeHeHwue; 19 — 06beKTbl UccneoBaHus: 1 — be-
Pe30BCKOe MECTOPOXKAEHME (CM. puC. 2), 2 — MECTOPOX-
JeHve MypTbIKTbI, 3 — 3KCNAyaTaLMOHHbIA Kapbep Mno
XWne rpaHynmpoBaHHoro keapua Ne 175 (Cnogopya-
HUK, yhanelickuil MeTaMophUYeCKnii KOMIMEKC).

MecTopoxzaeHus ..., 2001, n gp.]. B cBA3m ¢ 3Tm
30€eCb MPUBOAATCA NLWb Te CBELEHUS, KOTopble
HEOOXOAMMbI /151 peLLeHNs NOCTaBNeHHOM 3afauun.
O6bekT No 1. BkntouaeT bepesoBckoe,
LUynbruHckoe, BocTouHO-IbILUMUHCKOE 30/10TO-
pyLHble MecTopoxzgeHus (puc. 1, 2). MNepsoe 13
HWUX B OCHOBHOM KOHTpPOAMpYeTCcs Kposneii LLap-
TaLLCKOro rpaHNTHOrO Maccuea, a BTOPOe U Tpe-
Tbe — CyOLUMPOTHOI 30HOI pasnoma.
Bepe3oBCckoe MeCTOPO>KAEHNE — KPYTHbIiA
06BEKT 30/10TOCYNb(UAHO-KBAPLIEBOW (hopmaLmm,
NPeACTaB/ieHHbIA 30/I0TOHOCHLIMW KBapLEBbIMU
XWnamu AByx TUMOB: NeCTHUYHbIMU (MMEHOT CyO-
LUMPOTHYIO OPUEHTUPOBKY, IOKA/IN3YIOTCA B Aail-
Kax rpaHUTOMA-MopQrpOB, NMEKOLLMX NPerMyLLe-
CTBEHHO CyOMepuAavoHasibHOe MPOCTUPaHME U
KpyTOe, [0 BepTMKaIbHOro, BOCTOYHOE MajeHune)
M KPacUYHbIMU (UIMEKOT Ty Xe OPUEHTUPOBKY, pas-
BMBAKOTCA /MO0 B CBA3N C AaiikaMun — 3TO BbIXO-
JALMe 13 NOCNeAHUX NeCTHUYHBIE XWUNbl, MO0
BHE CBA3M C JailiKamyi 1 KOHTPOAMpYHoLMecs 30-
Hamu pa3nomoB [bopogaeBckuid, bopoaaeBckas,
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Puc. 2. Cxema reonoruyec-
KOro CTPOoeHUs 06beKTa 1ccneaoBsa-
HUsA Ne 1 (cm. puc. 1) (Komnunsaums
13 pabotbl [BukeHTbeBa, 2000]).

1 — okeaHuyeckue (cMm. [3ono-
ToopyaeHeHue ..., 1997]) anorapu6yp-
TMTOBbIE CEPMEHTUHUTBI; 2 — OCTPOBO-
JyXHble (MPerMyLLEeCTBEHHO) BY/Ka-
HUTbI 6a3abTOBOrO COCTaBa; 3 — Ano-
pvTbl; 4 — rpaHnTbl; 5 — MecTopoXae-
HWA — coCTaBnsoLL e 06bEKTa Ucche-
fosaHusa Ne 1.
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1947]. Mo coBpeMeHHbIM NpefcTaBneHuam [Mec-
TOpOXAEHNS. .., 2001], MECTOPOXKAEHWE CIOXEHO
YeTbIPbMS KOMMEeKCaMu Nnopos: OKeaHWYeCKMUM
(BKNKOYAET CMPESVHIOBBIE Y CEPrIEHTUHU3NPOBAH-
Hble rapubypruTsl, rabépo, NPUMUTUBHbIE BbICO-
KOTUTaHUCTbIE LONEPUTLI, PeXke TYPHUTBI U Kpem-
HUCTble ocaaku, O, ,, BospacT AaH no M.C. Pano-
nopty [3onoTtoopyaeHeHwue ..., 1997, c. 24]), ocT-
POBOLYXHbIM (NpPeACTaB/ieH rMaBHbIM 06pa3oM
TONEMTOBbIMM ByNKaHUTamu, O,-S,, UCTOUHMK Aa-
TVUPOBAHWA TOT XKe) U [1BYMA KONIM3NOHHbIMU (C,
1 P). MpoayKTbl paHHeli konnnum (rpaHuTs! LLap-
TALLCKOrO MaccuBsa, CM. puC. 2) UMEKOT N30XPOH-
HbIli Rb-Sr-Bo3pacT 328+18 MH. net [LUTeitH-
6epr v gp., 1989]. No3gHeKONTM3NOHHBIMU ABNS-
OTCA HEKOTOpPbIe Aaiiky Bepe30BCKOro MeCTopoX-
[EHUSA 1 COMPSXKEHHbIE C HAMW MeTacoMaTuTbI Ge-
pe3nT-MCTBEHUTOBOM (hopMaLym [Ca3oHoB, 1975].

MpviBefeHHbIE AaHHbIE MO reoanHamuyec-
Kum o6cTaHoBKaM (hopmupoBaHus nopog bepe-
30BCKOIO MECTOPOXAEHUS B Lie/IOM KOPpenvpy-
tOTCA C TAKOBbIMU, MOMYYEHHBLIMU NMPU U3YYEHNN
3TOro BOMpoca NPUMEHUTE/NILHO K OCHOBHbIM Mar-
mMaTuTam C MCMONb30BaHWEM TPEYrofibHOW fua-
rpamMmbl ¢ koopanHatam MnOx10 — P,O,x10 —
TiO, (puc. 3). MicxoaHble AaHHbIe A1 NOCTPOEHNA
3TOI Anarpammbl npmeeaeHsl B paboTe [Ca3oHOB,
1975, c. 142-146]. Tak, TO4KN XMMUYECKOro Co-
cTaBa Ha 3Toi gmarpamme (pwuc. 3., Touku 3, 4)
pacronaratoTcs B Mo/e TONIEUTOB OCTPOBHBIX Ay
N KOHTUHETA/IbHBIX PUXTOB, a TOYKM COCTaBOB 0-
neputoB (puc. 3, Touku 8, 9) — B MONSAX COCTaBOB
OKeaHM4yeckux ocTpoBoB 1 6asansToB COX. U3
Bepe30BCKOro MECTOPOXKAEHNSA N3YYeHbl KOIOHKM
NACTBEHUTU3ALMN CEPrIEHTUHM3NPOBAHHbIX rapLi-

OypruTos, rabbpo, f,0NepnToB, a TakxKe Gepes3nTu-
3aumny fanku rpaHuT-nopgrpos. Kpome Toro, nsy-
YeHa Ko/loHKa 6epe3nTusaumm rpaHMToB LLlapTatu-
CKOro maccuviea (npmesska Ko/loHku — LLapTatu-
CKWI TPaHUTHbINA Kapbep, pacnofioXeH HXKHee
03. LLapraw, cMm. puc. 2).

LLynbruHckoe mecTopo>KaeHune. Pacnono-
>KeHO B 17 KM K 3anagy oT Bepe3oBCcKoro mMecto-
poxaeHNs. OHO KOHTPONMPYETCA LUMPOTHOW 30-
HOI pa3fioMa, B npejenax KOTOpoW BblAeneHo 6
30H NINCTBEHUTM3ALMN [ONIEPUTOB (CEBEPHAA YacTb
MECTOPOX/eHNs) 1 1 30Ha NINCTBEHUTM3aUMMN rab-
6po. MpOoTHKEHHOCTb 30H NIMCTBEHUTU3ALMMN [OC-
Turaet 1,8 kKM npu cpegHeit mowHocTy 0,8 kM [30-
notoopygeHeHue..., 1997, c. 97]. Hamn Ha aTom
MECTOPOXKAEHUN U3yYeHbl MeTaCOMaTUYeCcKue Ko-
NOHKW NINCTBEHUTM3ALUN [ONIEPUTOB U rab6po.
Pe3ynbTaTbl NpefAcTaBneHbl B paboTax [Ca3oHOB,
1975, 1984]. N3 HKX cnepyeT, 4To MarmMaTuTel be-
Pe30BCKOro v LLYyNbrMHCKOro MecTopoXAeHuWi
67IM3KN UK faxe UAEHTUYHBI. 3TO MOATBEPXAa-
eTCA W COMOCTaB/eHNEM AaHHbIX, NMPUBEAEHHbIX
Ha puc. 3 (cp. Toukm 2 1 9).

BOCTO4HO-TbILLMUHCKOE MECTOPOXKEHME.
PacnonoxkeHo B 8 KM K 3anagy ot LLynbrmHckoro
MEeCTOPOXJEHUS, B TOI e 30He pasnomMa (puc. 3).
K nocnegHei npuypoyeHo pycso p. MblwmMbl, 4TO
OTYET/IMBO BMAHO Ha puc. 3. MecTopoxjeHue
NpeacTaB/ieHO Cepuein KBapLeBbIX »Xu (NpoTa-
>KeHHOCTb 70-120 M, mowHocTb Ao 30-50 cm).
YKvinbl 3aneratoT B IMCTBEHWTAX, KOTOPbIE CHava-
Na CMEHATCA Ta/lbK-KapboHaTHbIMY nMopojamu, a
3aTem CeprneHTUHUTaMK (aHTUrOPUTOBbIE UX pas-
HOCTW N0 Mepe YAaneHns OT XN CMEHSAKTCA XpU-
30TU/IOBbIMM). 3A€eCb M3yYeHa KO/IOHKA /INCTBe-
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MpumevaHmne. CogepXaHua okenaos B npo6ax A(1, 2) paccumtaHsl Mo AaHHbIM, Nony4veHHbIM Ha CPM-18 (UI'T ¥YpO PAH, aHanutuku I".C. HeyrnokoeBsa, B.I1. Bnacos,

H.T. Fop6yHoBa); aHanm3bl Ha P33 aTrx npob v Npo6 B(1-3) BbINOAHEHbLI B TOM Xe UHCTUTYTe MeTofoM ISP-MS (aHanuTtuku FO.J1. PoHkuH, O.M. JlenuxuHa, O.+O. MNonosa);
NeTporeHHble KOMNOHeHTHI B Mpobax B(1) — 3(2) 3anmcTBOBaHbI 13 paboT: aHamsbl b(1, 2) [Sazonov, Smirnov, 2000, Ca3oHoB, 1975]; aHanu3bl B(1-3) [Ca3oHoB, 1975]; aH.
(1-4) [baxtuHa, 1985]; aHanu3bl [(1-3), E(1-3), 3(1, 2) [Ca3oHoB, 1975]; P33 B npobax I(1-4), A(1-3), E(1-3) onpepeneHbl B T YpO PAH mMeTOfOM 3MUCCUOHHOTO
CMEKTPasIbHOr0 aHasm3a ¢ NpeABapuTe/ibHbIM XUMUYECKUM oborateHnemM (aHanutuku FO.M. Siobumuesa, . XXurynesa); P33 B npobax 3(1-3) onpeseneHbl MeTogom ISP-

MS B UITEM PAH (aHanuTuk M.C. lop6auesa).

P33 B KOJ/IOHKAX MPOMUINTU3ALUN, ANTbBUTUTUIALNU

HUTM3aLUN CEPNEHTUHN3NPOBAHHBIX rapL6ypruTos.

O6bekT Ne 2. 30/10TOMNONMMETA/IINYECKOE Me-
cTopoxaeHne MypTbiKTbl (KOXHbIN Ypan, balukop-
TOCTaH, CM. puc. 1). MecTopoXaeHue aeTalbHO 0Xa-
pakTepu3oBaHo B pabotax [baxTuHa, 1985; MecTo-
poXaeHwus..., 2001, n gp.]. OHO npeAcTaBneHbl MOLLL-
HbiMK (OT MepBbIX feunmeTpos Ao 30-60 M) 30HaMm
pasBUTUSA 30/10TONONIMMETANIMYECKON MUHepanu3a-
umn CB npoctupaHna ¢ KpyTbIM nageHnem Ha C3.
3TW 30HbI KOHTPONMPYIOTCA Pas/ioMamMu, B KOTOPbIX
WHTEHCWBHO NMPOsB/EeHbI Ap0o6/eHne, paccnaHLeBaHue
1 MIHTEHCWUBHAA r'MApPOTePMasibHO-MeTacoMaTMyecKas
nepepaboTKa NOPO/, BbIPaXXEHHAA B UX NPOMNUINTK-
3auuun 1 nucTeeHuTM3auun [baxtuHa, 1985]. Ha me-
CTOPOXKAEHUW Pa3BUTbl OCTPOBOAYXHbIE KOMYeaaHo-
HOCHbIE BY/IKAHUTbI W, KPOME TOT0, CYOBY/IKAHUTbI aH-
[Ee31TOBOr0 M aHAe3nT-AauuToBoro coctasos (D,), ¢
KOTOPbIMW MPOCTPAHCTBEHHO W FEHETUYECKMN CBA3a-
Ha 30/10TONOIMMETaINYECKaA MUHepanin3aums [Me-
cTopoXxaeHus..., 2001]. AHAE3UTbI Ha TPeYyrosibHOM

-rnopdup

M rpaHnuT

[V

(B(1)) v 6epesut no Hemy (b(2)); Bepe3oBcku

(B(1)) n ero 6epe3anTn3MpoBaHHble pasHoCcTU: B(2) — 6epesnT, B(3) — CyLeCTBEHHO CEPULMTOBLIA 6epe3nT; AHAE3NT 3e/IEHOKAMEHHO M3MeHeHHbIN ([7(1)) n ero 6epe3nTunan-

=
% Anarpamme (puc. 3) nonafakoT B Mose U3BeCTKOBO-
S LLeNoYHbIX 6a3abTOB OCTPOBHbLIX YT W KOHTUHE-
s TaNbHbIX pUPTOB. N3 MecTopoxaeHUs MypTbIKTbI
S “3yyeHa KOMOHKa 6epe3nTu3aLm-n1cTBEHNTM3ALNN
% (v 6onee paHHel NpoNUAMTU3aLMN) aHAE3UTOB.

5] O6bekT Ne 3. Kapbep o oTpaboTke »xusbl No
_5_ 175 rpaHynupoBaHHOro Keapua. PacrosioxeH B npe-
~ Aenax yganeickoro rHeiicoBo-amprb0I1TOBOro KoM-
i nnekca (CpegHuin Ypan).

Hamu B npegenax 3Toro KOMriekca cHavana B
OTBas1aX, 3aTeM B KOPEHHOM 3a/IeraHnn B Kapbepax no
Xunam rpaHynmpoeaHHoro keapua Ne 101 n 175 BblI-
AB/IEHbl METacoOMaTU4eCKM N3MEHEHHbIe ampnoonn-
Tbl, FTHelCbl 6UOTUT-am(hn60N0oBbIE, BUOTUT-3NNAOT-
amnb0o/10BbIe, U NNArvorpaHnTbI, KOTOPbIE MO COCTa-
BY TUMOMOPMHBLIX MUHEPasioB BO BTOPOM Kapbepe
(kBapL, anbOUT 1 MarHe3nabHO-XXeNne3ncTblii Kapbo-
HaT), MAEHTUMULMPOBA/IUCL HAMK C 3AcMTamu, a B
nepBoM Kapbepe (KBapL, CEPULMUT MYCKOBMTOBOIO
TVNa, LONOMUT-aHKEPUT) — C Bepesutamu.

Yhanelickuii rHeincoBo-am(noO0oINTOBbI KOM-
MNeKc — 370 C/NOXHOe reTeporeHHoe 06pa3oBaHue,
chopMMpOBaHHOE Ha [pPeBHE KOHTUHEHTa/IbHOM
KOpe 3a CYeT HEeOLHOKPATHOW aKTUBM3aLMN TEKTOHM-
YECKUX, METAMOPMUYECKMX N MarMaTtuyeckmnx npo-
LleccoB — OT pudpes 4O BPEMEHU NPOSABNEHUS MO3-
AHen (koHel, — 240-220 M/H. NIET) KOMU3UK. Diicu-
Tbl N 6epe3UTbI MPOCTPAHCTBEHHO U FreHETUYECKN CBS-
3aHbl C PaHHEKO/I/IM3NOHHBIMW M1arnorpaHnTamm
[Ca3oHoB 1 ap., 2006].

VACTbI OTYET/IMBO PaCcCeKatTCs HOPMasIbHbIMM
Ka/IMeBbIMA MYCKOBUTU3NPOBAHHBIMU FpaHUTaMW,
BO3PAacCT KOTOPbIX 245 M/H. neT, onpegeneH K-Ar-

, N ero SI‘/’ICI/ITI/I3I/IDOBaHHaFI pa3HOCTb

tubonut (A(L))

1%

ncosnaHbIN am

Helt

nponuanTuanposaHHoe ((1)) n AmcTeeHnTsI Mo Hemy: [,(2) — cepnunToBbIiA, [(3) — naparoHMTOBbINA; JonepuT NponnaMTM3npoBaHHbIl (E(1)) 1 ero NIMCTBEHUTMU3NPOBaHHbIE
pasHocTu: E(2) — thauus ¢ anboutom, E(3) — nncTBeHUT; Xpru3oTnnoBblid cepneHTUHNT (3(1)) u nncTBeHMTbI MO Hemy: cepblii (KB+K6) (3(2)) v 3eneHblin (KB+kB+dy) (3(3)).

POBaHHbIe-TMCTBEHNTU3NPOBaHHbIE pasHOCTL: M(2) — (hauusa meTacomaTuTa ¢ XIopuToM, I(3) — 6epe3nT-nncTBeHuT, (4) — MMHEPANIM30BaHHbIN 6epe3nT-NMCTBEHUT; Mab6po
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B.H. CasoHos, O.B. BukeHTbeBa, B.H. OropogHukos, HO.A. ToneHos, A.A. BenvkaHoB

CopepxaHue P33 (r/T) B MvHepanax U3 METaCOMaTUTOB U UX UCXOLHbLIX MOPOS,

HEKOTOpbIX palioHOB Ypana

Tabnumua 2

napareHegmc PepnkosemesibHble 3/1eMEHTHI

MwuHepan

MUHEpa/I0B La| ce| pr| Nd| sm| Eu| &d| Tb| Dy| Ho| Er| Tm| Yb| Lu
KonoHka nMcTBeHnTU3aUun cepneHTUHNTOB (BOCTOYHO-MbILLMUHCKOE MECTOPO>KAEHNE)
Xpuzotun | Xp+Mt 0,7/ 1,2(0,22| 1,1|0,33|0,13|0,41|0,07(0,48|0,09|0,27|0,04|0,25|0,04
AHTUrOpUT | AHT+MT 0,4 08| 01| 04/0,12|0,03|0,11(0,02|0,12|0,03|0,08|0,01|0,08 |0,01
TanbK Ta+K6 0,4| 0,8(0,05|0,13|0,02|0.06|0,04|0,01(0,04|0,01|0,03|0,01|0,04]0,01
BpeliHepnT | AHT+Ta+K6 04| 08| 01| 04/0,16|0,03|0,12|0,02(0,17(0,03|0,12|0,02|0,18| 0,04
To xe Ta+K6 10| 1,7(0,19| 0,7/0,15|0,05|0,14|0,02|0,16|0,03| 0,1|0,01|0,16|0,02
-i- KB+K6 08| 1,9/0,27| 1,1|{0,25|0,07| 0,2(0,03|0,18|0,04|0,13|0,02|0,14|0,02
Ke+Ko6+dy 0,5/ 09(0,15| 0,6/0,15|0,04|0,16|0,02(0,15|0,04|0,11(0,02|0,17| 0,0
Pykent 0,4| 0,8/0,08| 0,3]0,09|0,03 0 0 0 0| O 0 0 0
KonoHka nucTBeHnTU3auum rab6po (LUynbrmHcKoe MecTOpOXKA€EHME)
Amdumbon |Mn+Am+3n+Xn| 18| 4,6(0,83| 4,5|/2,05|0,65|3,22|0,58(4,19|0,93|2,79| 0,4]|2,66|0,35
Kanbuyt | To xe 10| 2,1(0,32| 1,4| 0,5|0,37|0,77|0,14|0,95| 0,2|0,65|0,09|0,64|0,09
AHkeput | Ke+Ce+A6+Xn| 09| 2,6(0,39| 2,0|0,67|0,22|0,57|0,08(0,47|0,09|0,23|0,03|0,27 | 0,04
To Xe +K6 0,1 3,2(0,45| 2,2|0,74]|0,26|0,63|0,09(0,53|0,09|0,29|0,04|0,27 | 0,05
Xnoput To xe 11| 3,6/052| 2,6(0,64|0,19|0,44|0,05|0,32|0,06|0,15|0,02|0,16 | 0,03
Ankeput | KB+Ce+K06 0,1 1,6/0,17| 0,6| 0,2|0,11]|0,24|0,06(0,37(0,08|0,17|0,04|0,28| 0,04
BpeitHepnT | To Xe 0,2| 1,7(0,15| 0,5/0,14|0,07|0,15|0,03| 0,3|0,08|0,31|0,06|0,68|0,11
Pykeut Ke+K6+dy 09| 210,23 0,8/0,17|0,03|0,19|0,03|0,25|0,08|0,25|0,05|0,34|0,06
AHkeput | TO Xxe 08| 1,7/0,23| 0,7|0,22|0,18|0,28|0,05|0,35|0,09|0,28|0,05| 0,29 | 0,05
KonoHka nucTBeHnTU3auuy 1onepuTos (LUynbrvHCKoe MecTOpPOXKAEHME)
Awgubon |Mn+Aw+3n+Xnf 0,8| 3,7|0,63| 3,2|1,27(0,26(1,77|0,37|2,45|0,59|1,66|0,24(1,62|0,17
3nupot To xe 52| 13(2,44|11,4|3,98|2,01| 6,0/1,01(6,78| 1,5|4,14|0,57|3,94|0,47
Xnoput - 12| 45|0,62| 2,9(0,79|0,25|0,87|0,12|0,72|0,12|0,33|0,05|0,30 | 0,04
Kanbuut -i- 11| 41|0,57| 2,7/0,88|0,21|1,23|0,24|1,69(0,39|1,23|0,18|1,27|0,17
Xnoput Ke+Ce+A6+Xn| 3,1| 94| 1,7 9,3|3,57|1,32(5,09/0,96|6,83| 1,5(4,35|0,63|3,76|0,44
AHkepuT | +K6 1,4 29| 06| 2,6(0,95|0,42|1,25(0,23| 1,5|0,34(1,13|0,18| 1,3|0,22
Xnoput - 14| 38| 06| 2,7/0,84|0,26|0,79|0,11|0,65|0,12|0,38|0,05|0,31| 0,05
AHKeput - 12| 12| 2,0(11,3{451|1,47|4,86|0,81|4,47|0,77|2,14| 0,3|2,14|0,32
Cepuvumt  |KB+Ce+AG+K6 | 2,7| 79| 1,3| 6,6/1,63|0,27| 1,0/0,12|0,64(0,12|0,35|0,04(0,03|0,05
To xe To xe 25| 18] 2,9|13,7|3,48/0,53|1,89(0,20|0,12|0,17|0,53|0,08| 0,53 |0,07
Kanbuut - 24| 69| 12| 6,5(2,01|0,53|1,51(0,21|1,06|0,21|0,66|0,11|1,03|0,15
Cepuumnt | Ke+Ce+K6 57| 16| 2,7|13,3|3,39|0,69|1,88(0,17|0,81|0,13|0,37|0,05| 0,36 | 0,05
AHKepuT | TO Xe 26| 84|154| 8,3|2,65|0,82| 2,4/0,29(1,62|0,29|0,76(0,11|0,77|0,11
KonoHka aiicuTu3aumum rHeicoBuaHbIX amhbonTos
(yhaneiickuii MeTamopduueckuin komnneke, CnlofopyaHuk, >kuna Ne 175)

Awvgunbon |Am+Mn+bu+3dn| 11| 24| 25| 6,5/1,98(0,98(3,35/0,74| 6,0/1,85|7,15(1,53(11,5|2,65
Mnarvokna3| To xe 3,0/ 6,0/0,85(3,48|1,03{0,19|1,37/0,41{1,68(0,43|1,89|0,46|2,50(0,31
3nupot - 670| 111| 121| 440| 100|33,3| 101|15,9|76,0(13,3|33,1| 4,2|(17,9| 3,1
Buotut - 10| 22| 2,1 9,1| 2,7|0,31| 2,9|0,61|3,88|0,96|3,17(0,523,80|0,61
Myckosut | KB+A6+K6 14| 30| 4,2|18,1| 5,3|0,17| 6,3/0,57|6,30|1,39|4,12|0,523,20|0,48
AnbouTt To xe 85| 16| 1,8| 7,2|1,91|0,76|2,31|0,40(2,55|0,62|1,92|0,27|1,55]|0,32
To xe - 6,7 22| 2,3| 87| 22| 04| 3,1(0,33| 3,1|0,67|2,31|0,38| 2,1|0,39
Xnoput -i- 3,3 9,7/1,39| 6,0|1,64|0,23|2,40| 0,4|2,85|0,76|2,38|0,40|2,56 | 0,48
Kanbunt - 10( 38| 06| 2,6( 08| 0,2]1,21{0,22|1,50{0,32| 1,0/0,16| 1,2|0,16
AHKepuT - 05| 29(043| 2,1| 0,7|0,24| 0,6/0,09(0,50|0,09|0,28|0,04|0,28 0,05

MpumeyaHue. MpUHATBI cnegyrolime 0603HaYeHUs MUHEPaoB:
NMAOT, XN — XNopuT, A6 — anbbut, AHT — aHTUIOPUT, Xp — Xp130TWA, MT — MarHeTut, bu — 6uoTuT, Ta — TasbK,
K6 — kap6oHar, KB — kBapL, ®y — dykeut, Ce — cepuuuT.
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P33 B KOJ/IOHKAX MPOMUINTU3ALUN, ANTbBUTUTUIALNU

Puc. 3. Auarpamma B koopamHatax MnOx
10 - P,0,x10 - TiO, ana rab6po, f01epnToB (13
ob6bekTa nccnegosaHmsa Ne 1) n aHAe3nToB (U3
MecTopoXaeHns MypTbIKThbI).

1 - rab66po; 2 — fonepuTsl; 3 — aHAE3UTbI; LKG-
pbl BHYTPY guarpammMbl — MeCTOpoXKaeHus: 1 — Mblww-
MWHCKO-K/oueBckoe, 2, 5-7 — LUynbruHckoe, 3, 4, 8,
9 — bepe3osckoe, 10 — Jlbicoropckoe (pacnonoXeHo B
18 km K FOKOB 0T Bepe30BCKOro MectopoXaeHus). Mo-
na (no [Mullen, 1983]): TOO — TonenTbl OKeaHUYec-
Knx ocTpoBoB; BCOX — 6a3anbThl CPefUHHO-OKeaHU-
yeckux xpe6ToB; TOL — TONEUTbl OCTPOBHbLIX AYT;
LLIEOO — wienoyHble 6a3anbTbl OKEAHUUYECKMX OCTPO-
BoB; MLLIBOA 1 KP — 13BeCTKOBO-LLENOYHbIE 6a3asib-
Tbl OCTPOBHbBIX AYT U KOHTUHEHTa/IbHbIX PUTOB.

metogom B I YpO PAH (aHanutuk A.N. Cre-
MaHoB). ATV MeTacoMaTUTbl, KPOME [pyrnx rnopog,
«MOPAXKAKT» U NNAarvorpaHnTbl, BO3PacT KOTOPbIX
rno uTepaTypHbIM AaHHbIM 316-320 MAH. neT. Mo
Gepe3nTam (kapbep Mo KeapLeBoid xune Ne 101)
AaHHbIX o4eHb Mano. Ceilyac MOXHO CKasaTb
TO/IbKO, YTO OHW Pa3BUTbI NO CYLLECTBEHHO 6V1O-
TUTOBbLIM FHelcaM OKO/I0 CEKYLLMX KBapLEeBbIX U
KapboHaT-KBapLeBbIX NPOXMU/IKOB C TYPMa/IVHOM.
B npefenbHO M3MEHEHHbIX Pa3HOCTAX NMOPoS, Ha-
6nofaetcs cepuumnTusauma anbbuta. 4ns pelde-
HWS NOCTaB/IEHHOW HaMW 334 Mo 3TOMY 06bEK-
TY Mbl UCMO/b30BA/IN JaHHbIE TO/IbKO MO KOJIOHKE
aMCUTU3aLMN THENCOBOBUAHBLIX amM(hnbOINTOB.
MoayepkHeM, 4TO AACUTLI NOLPa3Ae/eHsbl
Ha ABe NPUHLMNWaNbHO pasHble rpynnbl (Temre-
patypHble (haumn) [CasoHos, 1998]: 1) obpaszoBas-
lwnecs npu Temnepatype 220-280°C 13 «ancutun-
3UPYIOLLMX» TUAPOTEPM, KOHTPOMPYEMble 30Ha-
MU CMATUS Y CMeLMasn3npoBaHHble Ha YpaHOoBYHO
[OmenbsHeHko, 1978] muHepanusauuio; 2) pas-
BMBLLMECS MPW OTHOCUTE/IbHO BbICOKON Temmnepa-
Type (425-150°C) n HWM3KOM, MpubavxaroLemcs
K rugpoctatnyeckomy (0,1-0,25 kbap) fasneHuu,
KOTOPOe Npu 3aKpbITUK (MOTHOM WX YaCTUYHOM)
CUCTEMbI MOXET nofgHumMarbes fo 0,75 kbap, u3
«TYMOEUTU3NPYIOLLMX» pacTBOPOB, KOHTPOMpPYe-
Mble WHTPY3UAMU FPaHUTOULOB KOMINIU3MOHHOM
reogvHamuyeckoi 06¢TaHoOBKM [OKoNopyaHbIe. . .,
1990]. SiicuTbl BTOPOK Fpynnbl ABASKOTCA 6onee
BbICOKOTEMMNEPATYPHLIMW MeTacomaTuTamu no
CpaBHEHWIO C Gepe3nTaMu-TMCTBEHUTaMMU, YTO
MoKasaHo reofiormyeckmmn HabnrogeHusmmn [Ca-
30HO0B, 1998; MecTopoxaeHus..., 2001], a Takxke
3KCMepMMeHTaMu Mo 3BOMOLUN MUHEPATIbHBIX

TiO, %

VILLBOZUKP

MnO x 10

napareHe3ncoB B CUCTeMe, OTKPbLITOW [/ Kans
B CBA3M C U3MeHeHMeM B Heid napameTpos T 1 CO,
[OkonopygHele..., 1990, c. 158].

O6bekT Ne 4. KonoHka anboutmtusauun
amumbonnToB. PacnonoxeH Ha MNonspHom Yparne,
B npefenax LieHTpanbHO-YPanbCKoro nogHATUA,
XapakTtepusyeTcs no marepuanam pabotbl [Yaopa-
TUHa, 1996]. AnbbuTnTU3auma (NpegmeT Hamx
MHTEPECOB Ha 3TOM 06bEKTE) Hanbosiee NHTEHCUB-
HO 1 NOJIHO MPOSiIBNIEHA B XapbeiCKOM U HAPTUH-
CKOM MeTaMOp(UYECKUX KOMMIeKcax. YCTaHOB-
NEHO pasBuTHe anbbUTMTOB B 06pPa30BaHMAX aM-
(hnb6onmToBOM (aM(hn60UTHLI), INNAO0T-aMPUEONK-
TOBOM Y 3e/1IeHOCNaHLEBONA (B aNMAOT-aKTUHOMNT-
XJIOPUTOBBIX, X/TIOPUT-CEPULNTOBBIX CNaHLax) da-
LA, B €BS3K € TeM, YTO anbOMTUTU3ALIMS Ha3BaH-
HbIX NMOPOJ, NMPOUCXOAWT MO OAHOW U TOM e CXe-
me [YnopatuHa, 1996], Kotopas 6yaeT paccMoTpe-
Ha HUXKe, Mbl XapaKTepusyem paccMaTpuBaeMblil
MpOoLLeCC Ha MpUMepe KOOHKWN anbbuTuTn3aLmum
amgn6onnTos. BospacT amnconutos PR,. Bpe-
MS XKe pasBUTMA anbbuTM3aLmMmn B 3TUX MOPOLax
He onpegeneHo. OHO MOI/I0 BbITb U JOKEMOPUIA-
ckum [OmenbsHeHKo, 1978], 1 0pLOBUKCKAM, U
AaXe NO3[HEKONN3NOHHBIM Ans pernoHa (P.)
[YpopatuHa, 1996].

XapaKTepucTuKa onopHbIX
MeTacoMaTUYeCKMX KO/IOHOK 1 3BOJIOLNA
crnekTpoB P33 B HUX

B OMopHbIX MeTacoMaTU4ecKmMx KOMoHKax
OTHOCUTENbHO pacnpegeneHna P33 B X UCXoa-
HbIX Mopojax MOXHO cKa3aTb cregytollee. Bo-
rnepBbIX, HapacTaHWe KPeMHEKNC/IOTHOCTU NOpos,
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MPUBOAUT K YBE/IMYeHUIO B HUX Bcex P33 (puc.
1, Tabn. 1). Bo-BTOPbIX, €CNN UCKIHOUNTL rabopo,
AN19 KOTOPOro XapakTepHa 3HauMTesIbHas rosno-
XWTeNbHasa eBponueBas aHOManus, TO XapakTep
pacnpegeneHns P33 B apyrnx nopogax nogo6-
HbIW: JOBO/MIbHO MN/IABHOE YMEHbLLUEHME COfepKa-
HWIA NaHTaHOMJOB OT UX NIerKMX pasHoCTel K Ta-
XenbIM. B TpeTbux, 6051ee BbICOKOE COLepXKaHue
P33 B ythanencknx ampunbonuTax no cpaBHeHMIo
C NONAPHOYPa/ILCKMMM 0OBACHSAETCA, BUAMMO TEM,
4TO B Npeenax nnoLaan pa3suTUs NepebIxX Npu-
CYTCTBYIOT P33-cofepxalwme kapboHaTuThl, a
BTOPbIX — HET.

KonoHka aiicyTn3aLmm rHeimcoBuaHbIX am-
mbonnToB. Yhaneickme snicuTbl (MMEHHO OHWU
NpeACTaBNAT MeTacoMaTUTbl KONMOHKW 3CUTK-
3auMn rHemcoBuAHbIX am(ub0oInTOB) CBA3AHbI
FEHEeTUYECKN C KONIM3UOHHBIMU FpaHUTOUaaMm
(316 mnH. net, K-Ar MeTof), U OHW He MOOXe
HOPMas/ibHbIX MO34HEKON/IN3NOHHbBIX FPaHUTOB
(240 mnH. net, K-Ar MeToA), KOTOpbIMU pacceka-
totcs [Ca3oHoB v fp, 2006].

Yhaneinckne aicuTbl COCTOAT M3 KBapua,
anLbuta 1 KapboHata (NpeacTasneH 3 asamm —
KaNbLWUTOM, AONOMUT-aHKEPUTOM). Kpome 3Tux
MVHEPasoB, B HUX OTMeYatoTCs cepuunTt (2M,),
XNopUT (Kak Npasunio CopyaHbIi, pa3BmBatoLLnii-
CAl COBMECTHO C MUPUTOM).

Bo BHYTpeHHel 30He KONIOHKU 3ACUTU3aLMI
anbOUT 3aMeLLiaeT CepuumnT 1, Kpome Toro, Kap6o-
HaTbl. OTMETUM, YTO CKBO3HbIMW MUHepanamu
KO/MOHKM 3CUTU3ALMN SBNAKOTCS KBapL, anatut 1
pyTWUN. B aiicutax yCcTaHOBMEHbI MUPUT U MarHe-
™T (< 1 06. %).

Copep>KaHue NeTporeHHbIX KOMMOHEHTOB U
P33 B rHeicoBMAHbIX aM(pnbonmnTax, a Takxe B
NX 3ACUTU3NPOBAHHBLIX Pa3HOCTAX NPUBELEH B
Tabn. 1. AHaNn3 faHHbIX NO3BONSET NPUITU K Bbl-
BOZY, YTO MeTacoMaTuyeckoe npeobpazoBaHme

Puc. 4. Cnaingep-guarpaMmmel pacrpegene-
H1A P33 B 3fyKTax U3yyeHHbIX MeTacoMaTuyec-
KNX KOJTOHOK.

HopmupoBaHme NpoBeAeHO Mo XoHApuUTY [Even-
sen et al., 1978], ncxofHsle faHHble cM. B Tabn. 1. Ko-
JIOHKW NpUHaAIexar 06beKTam MUccnefoBaHmii; 1 — 06b-
eKkT No 3; 2, 3, 5-7 — 06bekT No 1; 4 — 06beKT No 2; 8 —
00bekT No 4.

1-8 — UCXOAHbIE 41 METacoMaTWTOB MOPOAbI:
1 — rHeiicoBugHble amnbonTbl, 2 — Aalika rpaHuT-
nopgupos, 3 — rpaHnT, 4 — CyOBYIKAHUYECKMNIA aHae-
31T, 5 — [LONepuT NPONUANTU3MPOBaHHBIN, 6 — rabopo
MPONWINTU3NPOBAHHOE, 7 — XPU30TU/OBLIA CEPMEHTY-
HUT, 8 — aM(nboNnT.

rHeNCcoBMAHbLIX aM(PUOONUTOB NPOUCXOAUT B YCNO-
BUAX MHEPTHOrO MOBeLEeHWs HaTpus B CUCTEME,
npueHoce TiO,, Fe, CaO, MgO, P,0, OcobeHHo-
CTbI0 XUMU3Ma fABMIAETCA HE3HaYUTENbHbIA Npu-
BHOC K, 06ycnoBMBLUMIA 06pa3oBaHue B ancuTax
HeGO/bLLOro KonuyecTsa MyckosuTa 2M, . Mocre-
[HWIA B 3TUX MeTacoMaTuTax pacnpefeneH «nat-
Hamm». FpUYeM B OAHUX «MSATHAX» 3TOT MUHepan
OTYETNNBO 3amellaeTcs anbbuTom, a B Apyrnx
Takoe 3aMeLleHne He 04eBUAHO.

B pa6ote [Ca3oHO0B 1 ap., 2006] nokasaHo,
4TO MO COAEPXKAHUIO MaBHbLIX MHEPTHBIX KOMMO-
HeHTOB (SiO,, Al,O, u MgO) ydaneiickve ancu-
Tbl 6IM3KN K TaKOBbIM [pYruX panoHoB, a Takxe
K GepesuTam No KMC/bIM NOPOAAM.

W3 Tabn. 1 cnefyert, YTO YPOBHW CofepKa-
HWiA P33 B alicUTax 1 UX 3ayKTax OTYETANBO KOp-
pecrnoHAMpyoTcs. 3 aToro Mbl fefiaeM BbIBOS,
4TO KOHLUeHTpauus P33 B yKazaHHbIX MeTacoma-
TUTax OnpefenseTca rnaBHbIM 06pa3oM TakoBOW
B MX UCXOAHbIX MOPOJaXx.

3ameTum, 4TO Mpu 3NCMTU3aLUN THENCO-
BUAHbLIX ammbomMToB cymma P33 B HUX YMEHb-
waetcs (c 358 go 317 r/1). U3 puc. 4A BUAHO, UTO
NaHTaHoUAbl NpY 3MCUTU3ALNUN THENCOBUAHbIX
amnb0IMTOB BbIHOCATCA. PacCMOTpPEeHHbIN Npo-
Liecc passusanca npu T = 450°C B ycnosusx Lue-
NOYHON cpegpbl.

MwuHepasibl KONIOHOK 3cMTM3aumMm Nopog,
OCHOBHOI0-KM1C/I0r0 COCTaBa Mo CTENEHN KOHLEH-
Tpauum B HUX P33 (B r/T) pacrnonaratotcs B Crie-
Ayowuin pag: anugot (63), aHkepuT (4-510, xso-
put (10-52), cepuumnT-MycKoBuT (23-49), amtnbon
(30), kanbuut (16-24), 6peitHepuT (3-5), anbbuT
(8), kBapy, (2-4).

KonoHka anbbuTuTusaumm amgruoonmTos.
AnbOUTUTM3ALMSA, HECOMHEHHO, LLEN0YHOW npo-

116



P33 B KOJ/IOHKAX MPOMUINTU3ALUN, ANTbBUTUTUIALNU

uecc [OmenbsaHeHko, 1978, c. 128], pa3BuBaio-
LWmniics npu Temnepatype okono 450-550°C. Mpwu
ero pasBuTuM B amgubonutax obpasyroTca fse
30HbI: NepBas — CyLLECTBEHHO a/ibbUTOBas C KBap-
Lem, 1 BTOpas — KeapL-ansbutosas. Mpu pas3su-
TUW NEepBO 30Hbl BBIHOCATCS BCe /IaHTaHOULbI
(cm. puc. 5XK, Kpusas 2). BTopas 30Ha 06pasy-
eTCA B MeHee LLIE/IOYHbIX YCN0BUAX, HO MpW COono-
cTaBMMOl Temnepatype. O6 3TOM CBUAETENbCT-
BYeT Hebo/blUas MOLHOCTb (OT NepBbIX MUNIN-
MeTpOoB A0 1 M) Ten anbobuTuToB. B 3TNX ycnosu-
AX MPOUCXOAMT HakonneHue nerkmx P33, nose-
[EeHNe CpefHUX UX pa3HOCTei 6/IM3KO K MHEepT-
HOMY, a [/19 TSXKe/bIX XapakTepeH BbIHOC. B Le-
NOM Xe anbouTUTU3aLns aMprno0IMTOB NPUBOANT
K CYLLECTBEHHOMY BbIHOCY M3 HUX CymMMbl P33
[YnopatuHa, 1996].

MwuHepanbl pacCMaTpyBaeMOi KONOHKM Mo
CTENeHn KOHLEHTpauymn B HAX NaHTaHOWO0B MOX-
HO npeacTaBuTb B BUAe psaga (no [YaoopatuHa,
1996], B r/T): amgmbon (108,0), anbbut (86,0),
MyckoBuT (78,1), xnoput (35,6), nnarnoknas
(18,9), kBapy, (2,0).

Puc. 5. 3BonouUna CNEKTPOB pacnpenene-
HWA P33 npu aiicuTm3aumm rHeiicoBUAHbIX aMgn-
6onuToB (A), rpaHuTtos (B), rpaHuT-Nnopgmpos
(B), aHgesuTos (I), ra6bpo (), soneputos (E),
XPU30TUNOBLIX anorapuoypruToBbIX CePneHTUHN-
T0B (’K) (HOPMMPOBAHO MO MUCXOLHLIM MOPOAAM
MeTacoMaTuToB).

A: 1 - rHeiicoBUAHbIA amubonnT, 2 — TO Xe,
3NCUTU3NPOBAHHLIN; B: 1 — rpaHnT, 2 — anorpaHUTHbIN
6epe3nt; B: 1 — rpaHuT-nopdup, 2 — Gepesunt (cy-
LLLeCTBEHHO KBapL-CEPULLMTOBLIN) MO rpaHnT-nopgupy,
3 — CYLLECTBEHHO CEpULMTOBLIN GepesnT Mo rpaHuT-
nopcupy; I': 1 — aHAe3uT CyOBYIKAHUYECKNIA 3e/1eHO-
KaMeHHO M3MEHEHHbIN, 2 — TO e, HO MeTaMop(u3o-
BaHHbI B 3eM1eHOCNaHLEBOM (auumn, 3 — anoaHAe3nTo-
Bbli 6epe3nT-MCTBEHUT, 4 — anoaHAe3nToBbIN 6epe-
3UT-NCTBEHUT MUHEPannU30BaHHbIN; [: 1 — rab6po
NPONUANTU3NPOBAHHOE, 2 — CEPULMUTOBBIN anorabopo-
Bbl IMCTBEHUT, 3 — NaparoHUTOBbLIA anorabépoBbIi
ANCTBeHNT; E: 1 — foneput NponuanTU3MPOBaHHbIM,
2 — [10NepuUT IMCTBEHUTU3NPOBaHHBIN ((hauns ¢ anbbu-
TOM), 3 — anoAonepuToBbI NNCTBEHUT; XK: 1 — aMmm-
601mT, 2 — KBapL-aNbOUTOBLIV MeTacoMaTuT (Mo amgu-
6onuty), 3 — anbbuTnT (Mo amméonuty); 3: 1 — Xpu-
30TWNOBLIV anorapuOypruToBblii CEPNEHTUHWT, 2 — ce-
pbIii anocepneHTUHUTOBLIA NcTBeHNT (KB+K6), 3 —
3e/1eHbIii anocepneHTUHUTOBLINA MCcTBEHUT (KB+K6+
®y). KB — kBapu, K6 — kapb6oHaT (MarHe3uT-6peiiHe-
PUT W [ONOMUT-aHKEPUT), Dy — (hyKCUT.

KonoHkn 6epesnTun3aunmn-nMcTBeHNTH3a-
LM Pa3InYHbIX MO COCTaBy NOPOA. STU KONOHKM
[leTanbHO oXapakTeprnsoBaHbl B MOHorpadum [Ca-
30HOB, 1984], B CBA3MN C YeM 3[4eCb PacCMOTPUM
TONbKO MX TUNOMOP(HbIE YepTbl. B MeTacomatu-
YeCKMX KONOHKaX, 06pa3oBaBLLMXCS NO nopojam
Y/IbTPAOCHOBHOIO — KMC/IOr0 COCTasa, BblAeNsAroT-
CSl BHELLIHAS, BHYTPEHHSAA 1 MPOMEXYTOUHas 30HbI.
BeHuaeTcs KOMOHKa, Kak Npasuio, KBapLEeBoii nnm
KapbOoHaTHO-KBapL,EeBOM Xnoik. MeTacomatuThbl
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BHYTPEHHEN 30HbI Ha3BaHbl 6epe3nTom (Mo nopo-
[aM K1C/Oro 1 CpefHero cocTasa) U JIMCTBEHUTOM
(no nopogam OCHOBHOTO U YNbTPAOCHOBHOIO CO-
cTaBa. MeTacomMaTuTbl BHELLUHEW 1 NMPOMEXYTOu-
HOW 30H UMEHYIOTCA M0 MUHepanLHOMY COCTaBy
WK e HasblBatoTCA 6epe3nTU3NPOBaHHBIMU-NN-
CTBEHWUTM3UPOBaHHbILIMUW NOPOJaMU (C YKasaHVeM
cocTaBa nocnefHew).

BHyTpeHHAsA 30Ha NpesCcTaBneHa M1MHepasib-
HbIM MapareHe3ncoM KBapL, + cepuunt (Unn yk-
CUT, MaparoHuT) + AONOMUT-aHKepuT (UM mar-
He3nUT-6peliHepuT, MHOrda U KanbumT). B npome-
XYTOYHOI 30He TakMX KOJIOHOK MOSBNAETCH alb-
61T (MHOrga XNopuT, TasbK). TUNOMOPGHLIMA M-
Hepasamy BHELUHEN 30Hbl KO/IOHOK ABMIAOTCS B
3aBMCUMOCTUN OT UCXOAHBIX MOPOS X/0pUT UK
Tanbk [Ca3oHoB, 1984].

MwuHepanbHble Npeobpa3oBaHWs Npu pas-
BUTUM Gepe3nTn3aLyn-nMCcTBEHUTU3ALUN CleLyto-
wue [CazoHoB, 1984]: a) 3aMeLLeHNe BO BHELLHEN
30He «MNepBUYHbIX» TEMHOLBETHLIX MUHEPaNoB
napareHe3ncom xnoputa (Un Tanbka) ¢ KapboHa-
TOM (1CX0fHas NMopofa — OCHOBHOIO W YrbTpaoc-
HOBHOI0 COCTaBa) X/IOPUTOM C HEGOMbLLIMM KONN-
4ecTBOM KapboHara (McxofHas nopoja — Kucno-
ro-cpefHero cocrasa), Ka/1Mesoro nonesoro Lina-
Ta unm 6uoTMTa CepuLMTOM 1 KBapLeMm; 6) passu-
TVe B MPOMEXYTOYHO 30HE MO XN0pUTY CepuLy-
Ta 1 KapboHaTa (MCXOf4Has mopoja — OT KUCOoro
[0 OCHOBHOIO COCTaBa) Un Mo TabKy KapboHa-
Ta ¢ KBapueM (KONOHKK Mo ynbTpabasutam); B) 3a-
MeLLeHMe BO BHYTPEHHel 30He anbbuTu3npoBaH-
HOro Mnnarnoksasa CepuuuToM 1 KapboHaToM; T)
MOsIB/IEHWE HEKOTOPOro KonmyecTBa (06bIYHO He
6onee 5 %) hykcuta, pasBuBatoOLLErocs Npenumy-
LLeCTBEHHO N0 XpPOMLNUHeNMAy (MCXoAHas no-
pofa — ynbTpabasnTbl U NUKPUTLI). Bepe3nTusa-
LMA-NUCTBEHUTU3ALMSA NOPOL, NPUBOAUT K POCTY
B HUX KONMYECTBa CBET/ION CMHOAbI, KapboHarta u,
KakK npasuio, Keapua. Bblgensorca KanveBblit
(M MYCKOBWTOBBIW) 1M HATPOBbLIA (MK Naparo-
HWUTOBbIN) pALbI 6ePE3NTU3NPOBAHHLIX-NCTBEHU-
TU3MPOBaHHbIX MOPOS. Bepe3nTbl-NNCTBEHNUTDI
MepBOro psga TECHO CBA3aHbl C FPAHUTOMAHbLIM
MarmaTu3mMoM U KOHTPOIMPYHOTCA TPELLUHHBIMM
CTPYKTypamu. bepesnTbl-NUCTBEHUTbI BTOPOrO
psfa 06bIYHO COMNPSXKEHbI C CYyOBYNKaHNYECKUMM
aHgesuTompamu. OHW 3aneratoT BCerga B TEeKTO-
HWUYECKM 0CNabNeHHbIX 30HaxX W ABNAKOTCSH Maso-
rny6uHHbIMKU (g0 1,8 kM) [CasoHoB, 1984] obpa-
30BaHMsAMK.Tenepb paccMOTPUM cnekTpbl P33
KONOHOK 6epe3nTun3aLmmn-nmcTBEHNTUZALNN.

Mpexae BCero 0TMETUM, YTO HGepe3nTusa-

LMA-NACTBEHUTI3ALMSA — MPOLLECC KUCIOTHOIO Bbl-
LWenaymsaHua (passmeaeTca npu T = 280-395°C,
pH < 7u P = 0,6-2,0 k6ap) [Ca3zoHoB, 1984]. Opy-
JeHeHune, hukcmpyemoe B GepesnTax-n1cTBeHu-
Tax, 06yCM0BNEHO Pa3BUTMEM NO3LHEN LLENOYHOW
ctaguu. MocnefHAs B METaCOMATUYECKMX KOJIOH-
Kax MOXeT MnposBuUTbCA (TOrga Co3faeTca «pya-
HbIi» TUM KOMOHOK), a MOXET U He MPOSBUTLCS
(BO3HMKaeT «6e3pyaHbIi» TN KONOHOK). Bo BTO-
POM C/ly4ae nosyyatoTcs NpocTble KOMIOHKM, 06-
YCNOB/IEHHbIE KWC/IOTHLIM BbILLeNa4ymMBaHeM; B
MepBOM Cnyyae GOpMUPYHOTCA UHTErpasbHble KO-
NOHKM, CO3aHne KOTOpbIX 0653aH0 KUCNOTHOMY
BblLLLeN1aYBAHUIO U HA/IOKEHUIO HA NPOLYKTbI
MOCNeAHEro LWeno4Horo, py4HoOro npowecca.

Tenepb NonbiTaeMcs 0XapakTepu3oBaTb
YpOBeHb KOHUEHTpauun P33 B 34yKTax KOMOHOK
6epe3nTn3aLnmn-TMCTBEHNTM3ALNMN N OCHOBHbIE
yepThl TpaHc(opmMauuu crnektTpos P33 B pesynb-
TaTe 3aMeLLeHNs UCXOAHbIX NOpPOoA MeTacomaru-
Tamn 6epe3nT-IMCTBEHNTOBOM (hopMaLmn.

PaccmaTtpuBaTb KOMIOHKU Oyaem B Nopsake
MOBbILLIEHNS OCHOBHOCTM UX 34YKTOB (OT KUC/bIX
K YNbTPAO0CHOBHbIM).

KonoHka no kucnbiM nopogam (wapraru-
CKMM rpaHutam v 6epe3oBCKUM FpaHUT-nopgu-
pam, 06p. b1, B2; B1-B3). 3Tv nopogbl XapakTe-
PU3YIOTCA B LLe/IOM HEGO/bLLMM COLEPXKAHMEM
naHTaHouzoB (cm. Tabsn. 1). Mpuyem OHO NOHWXa-
eTCS C MPOABMXKEHNEM OT NIerkunx P33 K TAXeESbIM.
CX0XuiA XapakTep pacnpefeneHns aTux anemeH-
TOB 1 B/IN3KMNIA YPOBEHb MX KOHLETpaLymn NoaTeep-
X[at0T BbIBOA O FEHETUYECKOIN 06LHOCTM pa3bm-
paemMbIx nopog [MectopoxzeHus..., 2001]. Cso-
eobpasHo BefyT ceba P33 npu bepesnTusauuu
rpaHnToB (rpaHuT-nopmpos) (puc. 56,B). Pac-
rnpeaeneHune NaHTaHOWAOB B 3TUX MOPOLAaX Xapak-
Tepu3yeTcs Nooroil HAKNOHHOW IMHKEN OT Hava-
na nerkmx P33 B CTOPOHY TAXenblX, B rpaHUTax
OTMeuaeTca cnabo BblpaxkeHHas Eu aHoManus.
Mpwv pa3BuTHM Gepe3nToB KBapL-CepULMTOBOIO C
aHKepuTOM CcoCTaBa BbIHOCATCA BCe P33, Makcu-
MasibHO Tpu 13 HUX — Pr, Gd 1 Tm. 310 npomnsoLu-
no B kucnoin cpege npu T = 395°C 1 gaBneHwn
He 6onee 1,8 k6ap [CasoHoB., 1984]. MNpu 3ameLLe-
HUWN 3TUX 6EPEe3UTOB «LLENOYHLIMU» CYLLECTBEH-
HO CepuuMUTOBLIMU UX Pa3HOCTAMMK BbiHOC P33
CMeHseTCa NpuBHOCOM (puvc. 5B), npuuem Hanbo-
Nee 3ameTeH npuBHoc Gd n Er. O4yeBngHo, 3TV Ba
aneMeHTa Hanbosiee YyBCTBUTE/IbHbI K U3MEHEHUIO
KMCMIOTHOCTU-LLENOYHOCTU Cpefbl MUHEpaioobpa-
30BaHuA. CneayeT OTMETUTDL eLle OLMH Hemao-
B&XHbIA (pakT. Jlerkme naHTaHoOWUAbl B YCOBUAX
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KMCNOTHOCTU-LLENIOYHOCTU Cpefibl MUHepasioobpa-
30BaHuA (kucnast — cnabo LenovHas) BbIHOCATCS
N NPUBHOCATCA He3HaYWTe/IbHO, pearmpysa cnabo
Ha “3MeHeHKe 3Toro napameTtpa. C NPOABMKEHU-
eM B CTOPOHY Lu BnusHWe 3Toro napamertpa cu-
CTEMbI MVHepas006pa3oBaHUsA CyLLECTBEHHO BO3-
pactaeT (Npu 06pa3oBaHUN «KUC/bIX» 6ePe3nNTOB
BbIHOC CPEAHUX W TAXKENbIX NaHTaHOWO0B BIOHE
OYEBWJEH, CTO/b Xe OYEBUAEH 1 NPUBHOC UX NpY
PasBUTUMN «LLENOYHBIX» 6epe3nToB (puc. 5B)).
Mpu dopmmpoBaHuK 6epe3nToB KeapLi-Ce-
pvuMTOBOro cocTasa Bce P33 BbIHOCATCSH, HO And-
(bepeHumMpoBaHHoO (puc. 56,B). CyLlecTBEHHO Ce-
puumTOBbIE 6Epe3nTbl 06pasytoTCs C NPUBHOCOM
P33. Cyada no gaHHbIM, NpeAcTaBNeHHbIM Ha
puc. 5B, HameyaeTcA 3aKOHOMEPHOCTb, NPOSB/A-
towancs B 60/bLUER MUTPaLMOHHOW NOABUXHOC-
™ P33 ¢ 60/bWMM NOPSAKOBLIM HOMEPOM. Kc-
KNtoYeHne cocTasnsfeT Th, KOTOPbIA Haxoasch B
cepeduHe psfa NaHTaHOMAOB, NPU pasBUTUK Ge-
pe3nTOB MepBON PasHOBUAHOCTU MO rpaHUTam
OKa3sasicA Havbonee NoaBVKHLIM 3/1EMEHTOM.
KonoHku no aHgesnTam (puc. 5; tabn. 1,
06p. '1-I4), ra66po (puc. 54, Tabn. 1, 0bp. A1-
[03), ponepuTam (puc. 5€; Tabn. 1, 06p. E1-E3).
3eleHOKaMeHHOe M3MeHeHWe MarmMaTuToB Cpej-
HEe-OCHOBHOI0 COCTaBa He NPUBOAUT K MUTpaLum
P33 [MenbHuKoBa, 1983; Ca3oHoB, YepBsaKoBC-
Kas, 1983; baxTuHa, 1985]. 3eneHocnaHUeBoe ne-
pepoXzaeHvie n GepesnTrn3aunsa-nMCTBEHNTH3ALNSA
3TMX NOPOS, NMPOTEKAEeT NPV UAEHTUYHOM MOoBee-
HUM P33 (cm. puc. 5-E). Mponuantmsaums atux
MopoA NMPOUCXOAUT B YCNOBUAX npuBHOca P33.
MpuyeM MakcHManbHO MPUBHOCATCA THXKesble
P33 [Ca3oHoB, YepBskoBckas, 1983; baxTuHa,
1985]. lMpouecc NMCTBEHUTU3ALUN MPOTEKAET,
CyAA Mo AaHHbIM, CYMMMPOBaHHbIM Ha puc. 56,3,
C BbIHOCOM P33. 310 06CTOATENLCTBO 06YC/I0BNN-
BaeT HeOOXOLMMOCTb 0OBACHUTL KKOHCTPYKLMN
cnekTpos P33, npeacrasneHHble Ha puc. S5I-E.
BbllLe yKa3aHo, 4YTO Takue CreKTpbl 06pasyoTcs
TOMbKO B CBAI3N C «PYAHbIMW» KOMOHKaMu, rae
MPOsiB/IEHA He TO/IbKO KUCMOTHasA ((hopMmpoBaHme
MEeTacoMaTUTOB U KBAaPLEBbIX XXW/T), HO U pyaHas
(KpycTannusaums pyLHoi Harpysku) ctagum rg-
poTepMasibHOro npouecca. Takum 06pa3omM Mo-
ny4yaertcs, 4To bepesnTr3aumsa-IMCTBEHUTU3ALMA
06ycnoBnmBaeT BbIHOC P33. A pyaHbIli npouecc,
HaK/aablBasCh Ha 6epesnTbI-MMCTBEHUTDI, MPUBO-
OUT K «CNOMY» NepBUYHOr0 pacnpegeneHuns P33.
Mpuuem, Kak nokasaHo paHee [Ca3oHoB, 1984],
Be/IMYMHA «C/IOMa» OMpeAensieTcsa MOLLHOCTbIO
«CNoA» UH(UNbTPaLMm donga. Takum o0bpasom,

CMNEeKTPbI pacnpeaeneHns P33 B «pyAHbIX» KONOH-
Kax 6epesnTu3aLmmn-nCTBEHUTU3ALMN NOPOL, Nt0-
6oro cocrtasa ABNATCA UHTErpPasibHbIMU — MPO-
M3BOAHbIMW ABYX CTaAuii pasBuTUA rMApoTep-
MaJsIbHOro rpotiecca.

Tenepb neperijeM K aHanv3y 3BOMHOLUN
CNeKTpoB P33 B «pyfHbLIX» KOMIOHKAX, ChopMMpo-
BaHHbIX Npu 6epe3nTn3aLnn-NMCTBEHUTU3ALUN
aHae3nToB, AoNepuToB 1 rabopo (puc. 5I-E). Ecin
nogonTn thopmanbHo, nerkme P33 BbIHOCATCA,
CpefHvie 1 TsKesble HakanmearTcs (NPUBHOCAT-
CA) B TaKMX KOMOHKax. Ho nocnegHue aBnatoTcs
VHTErpasibHbIMU, CHOPMUPOBABLLMMUCS B PE3Y/b-
TaTe peasm3aLuu AByXCTaaUMHOIo rmapoTepMaib-
Horo npouecca [Ca3oHoB, 1984]. Anga anddepeH-
Lpauum nHTerpasbHoro pacnpegeneHus P33 B no-
[O6HbIX KO/TOHKax 6epe3nTn3aLmn-nmcTBeHnTn3a-
LMW pa3InyHbIX NMOPOA HaMU MCMONb30BaHO Che-
aytoluee. MNepBoe — BLIHOC BCEX /1aHTAHOUO0B B
KUCNoW cpege (paHHAs KMCNOTHasA cTagua hopmm-
POBaHUS «PYAHbIX» METaCOMaTUYeCKNX KONOHOK.
BTopoe — ycTaHOBNeHHasa BTOpas CTaaus (opmu-
POBaHUS «PYAHbIX» KOIOHOK 6epe3nTunsauum-nn-
CTBEHUTU3aUMK (NO3LHeLLeNoYHas cTagnus passu-
TS TMAPOTEPMAsIbHONO Mpotiecca). HakoHed, Tpe-
Tbe — Nof06ve KpuBbIX pacnpeseneHns P33 n Au
B «PYAHbIX» KOIOHKax 6epe3nTun3aLumn-mcTBeHn-
TU3auUM yKasaHHbIX Bbllle nopog (cp. puc. 5M-E
1 puc. 62 B paboTe [Ca3oHoB, 1984, c. 159]). Cym-
MUPYS faHHble, NPUBeLeHHbIE B HACTOALLEM ab3a-
Lie CTaTbMl, MOXHO TpaHCcgopMauuio (3BOMOLMIO)
CMeKTpoB P33 B «pyAHbIX» KONOHKax 6epesntu-
3aUmn-McTBeHUTM3aLMN (pyc. 5I-E) npeacTasuTb
TaknM 06pa3oM. B KMCMOTHYHO CTaguio ruaportep-
MaJsIbHOro npovecca BCe TaHTaHoWAbI BbIHOCATCS.
B WwenoyHyro cTagmio NPoLo/MKaeTCs BbIHOC Jier-
Kunx P33, TsXe/ble UX pasHOCTU NPV 3TOM Hakar-
NIVBAOTCA, a CpefHUe BefyT cebs [BONCTBEHHO:
BbIHOCATCS WM NMPUBHOCATCA B 3aBUCUMOCTU OT
MeCTa, 3aHMMaemMoro B psgy S1aHTaHOM0B.

KonoHKa nMcTBeHNTU3aUMN CepPreHTUHM-
31MpOBaHHbIX rapudypruTos (puc. 53; Tabn. 1, 06p.
31-33). JluctBeHMTMU3aLMA CePrIEHTUHN3NPOBAH-
HbIX rapyOypruToB NPOTEKAeT C BbIHOCOM NaHTa-
HouaoB. Mpryem 60Nee MHTEHCMBHO BbIHOCATCH
cpefHue P33. HesHaunTenbHas eBponuesas aHo-
Masins NMpu 3TOM 1CYE3aeT.

CpaBHUTeNbHAA XapaKTepuUcTNKa CNeEKTPOB
P33 B MMHepanax MeTacomMaTnuToB

MuHepanbl U cnekTpbl P33 B HUX U3YYeHb!
13 NPOMUNTOB, 6EPE3NTN3NPOBAHHbIX-NINCTBEHU-
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TU3MPOBAHHbIX MOPOS, & TaKXe U3 3UCMTOB U UX
3ayKTOoB. Kpome TOro, no marepuanam pabotbl
[YpoopatuHa, 1996] npuBoaMTCA XapakTepuctmka
CMeKTPoB P33 aibObUTUTOB 1 X UCXOLHbLIX MOPOL,

B nponunntusnpoBaHHbIX MOpoLax m3yye-
Hbl CNEKTPbl P33 B YeTbipex MUHepanax — akTu-
HoNuUTeE, 3NNAOTe, XopuTe 1 KanbumTe [Ca3oHOB
n gp., 2005]. SnMAOT OTAMYAETCA TeM, YTO KOH-
LeHTpupyeT P33 B 3aMeTHO 60/1bLLEM KONMYECTBE
(nx cymma coctaenset 62-84 r/T) no cpaBHeHUIO
C APYrvMW yKa3aHHbIMWU MUHepanamu. [ns Hero
XapakTepHa nofoXuTenbHas esponviesas aHoMa-
nuna (Eu/Eu* = 1,24). Tpu apyrux muHepana (ak-
TUHOMUT, KanbUUT U X/I0PUT) UMEIOT 6/IM3Kne
CMeKTpbl pacnpegeneHus P33, ana KOTOpbIX Xa-
paKTepHbI OTpULaTesibHble Eu aHomanum (Eu/Eu™
COOTBETCTBEHHO pasHbl 0,51; 0,70 n 0, 97). Yka-
3aHHasA aHOManmnsa OTMEYaeTCs U B NPONUINTax, HO
Bblpa)XeHa BecbMa €n1ab0. Y akTUHOINTA, 3Mna0-
Ta W Kanbuuta NposiBNneHa TeHAeHUMS K HaKone-
HUIO TsXenbIx P33; ana xnoputa 0TMEYEH HekKo-
TOpbI BbIHOC NocneaHux [Ca3oHoB 1 ap., 2005].

Bo BHeLUHeii 30He KOJIOHOK NNCTBEHUTU3a-
LMK NPOMUINTU3NPOBAHHbIX MOPOZ, IMaBHLIMU MU-
Hepanamu SBAAKOTCS XIOPUT U aHKepuT. Pacnpe-
AeneHve P33 B HKX flyroobpasHoe: cnaboe Hakon-
NeHVie XapakTepHo A/1f CPeAHuX NaHTaHOMAOoB U
HEKOTOPbIN BbIHOC 15 NIErKUX U TSXKeNbIX. EBpo-
nreBas aHOManus ns HUX He XapaktepHa. AHKke-
PUT U CEPULUT — OCHOBHbIE MUHEPASIbI NMPOMEXY-
TOYHOW 30HbI KO/IOHOK. B cepuuuTe oTMevaeTcs
HEKOTOPbI BbIHOC THXKenblX P33. B HeM nposB-
NneHa otpuuarensHaa Eu aHomanua (Eu/Eu* =
0,73). BbiHeceHHble 13 cepuunTa TsxXenble P33
CBA3bIBAIOTCA, OYEBMAHO, B aHKepuTe, 3ameLLas
Fe?*. BO BHYTpPeHHe 30He KOIOHOK SINCTBEHUTU-
3aLM1 OCHOBHbIX MOPOL, TUMOMOPMHLIMU MUHepa-
namu ABNAKOTCA CEPULMUT U aHKepuT. CnekTpbl
P33 B HUX NOLO6HBI: XapaKTEPHO HEKOTOPOE Ha-
KOM/IeHne 3TKX 3M1eMeHTOB (BN/oTb A0 Nd BK/O-

CasoHos, O.B. BukeHtbeBa, B.H. OropogHukos, FO.A. MNMoneHos, A.A. BennkaHos

Puc. 6. Cnaingep-guarpaMmel pacrpegene-
HMs P33 B MUHepanax rHemcoBngHoro amhmoo-
nuta (1-4) v B ero akcuTUTU3NpoBaHHo! (5-10)
pasHOCTK.

1-10 — muHepanbl: 1 — amgubon, 2 — nnarvo-
Knas (onuroknas-aHgesuH), 3 — anuaot, 4 — 6uoTuT,
5 — MyckoBuT, 6, 7 — anbbuT, 8 — XN0pUT, 9 — KanbLMT,
10 — aHkepuT. AHanu3bl BbiNonHeHbl B M YpO PAH
meTozoM ISP-MS (aHanuTukm KO.J1. PoHKuMH, O.T1. Jle-
nuxuHa, O.10. Monosa).

YMTeNbHO), 3aTEM OTMEYaeTCa CYLLEeCTBEHHbIN
BbIHOC TAxXenbix P33 [CazoHoB 1 gp., 2005].

KanbLunTbl 13 Nopoj OCHOBHOMO COCTaBa
(ra66po, fonepuT 1 Ap.) 1 U3 UX NPONUANTUZN-
POBaHHbIX Pa3HOCTEN XapaKTepu3ytoTCH O4HOTUN-
HbIM CMEKTPOM pacnpefeneHus P33. MNpuyem B
06oux cnyyasx npossneHa Eu aHomanus (Bo BTO-
POM C/ly4ae OHa MeHee 3HaumTenbHas). Mpu -
CTBEHUTM3ALMM Ha3BaHHbIX MOPOL, KalbLUT CHa-
yasa CMeHseTCcs [0/IOMUT-aHKEPUTOM, 3aTeM —
6peitHepuTom [Ca3oHoB, 1984]. B aTnx 06omx
KapboHaTax Be/fiMuMHa Eu aHOManuu, a Ttakxe
CyMMapHOe COfepXXaHue NaHTaHOWAO0B MOHWXKa-
totca [CazoHoB 1 ap., 2005].

WHTepecHbIM 1 cBOEO6pa3HbIM ABAETCA
pacnpeseneHve P33 B MeTamopguTax-metacoma-
TUTax, CHOPMMPOBABLUNXCA NPU CepreHTUHN3a-
UMW rapubypruToB v IMCTBEHUTU3ALUN UX CEP-
NEHTVHWU3MPOBAHHbLIX Pa3HOCTEN, a TaKXKEe B MUHE-
panax, craratoLmx atm obpasosaHus [Ca3oHOB K
4p., 2005]. CeprneHTUHM3aLWS B LLe/IOM MPUBOAUT
K HEKOTOpOMY BblHOCY P33 13 3TMX nopog, a Tak-
Xe K «YHWUUTOXEHMIO» Eu aHOManuu, KoTopas B
30YKTE MposB/eHa BecbMa 0TYET/IMBO. P33, BbIHO-
CVMbIe U3 aHTUrOpPUTa aHTUTOPUTOBbLIX CEPMEHTU-
HWTOB B MPOLIECCe WX NINCTBEHUTU3ALUN, CBA3bI-
BalOTCS B OpeitHepuTe, 3ameLLas B HEM YaCTUYHO
Fe?". ltobonbITHO noBefeHVe P33 B TasibK-Kkap6o-
HaTHbIX nopogax [Ca3oHoB 1 ap., 2005]. B Tanb-
Ke 1 KapboHaTte OHW pacnpefesieHbl B NpuHumne
OLVHAKOBO: HEKOTOPbIN BbIHOC IEFKUX 1 HaKoM/le-
HVe TAXKeNbIX laHTaHOMAOB 06YCNOB/IEHbI, OYe-
BWAHO, CMEHOW K1CNOTHOW cpefbl (BbIHOC NIErKUX
P33) Ha LWeno4Hyro (HakonieHue Tsxkenbix P33).
CyLLEeCTBEHHOE pa3/inyme COCTOUT B TOM, YTO [/15
Ta/bKa CBOMCTBEHHA NONOXUTENbHAsA Eu aHOMa-
nuva (BMAMMO, BHOBb 06pa3oBaHHas, Tak Kak B
6osiee paHHUX aHTUTOPUTOBbLIX CepPreHTUHUTaxX
OHa He OTMeYaeTcs, B HUX MNPOSAB/IEHA He3Hauu-
Te/lbHas OTpuULaTenbHas aHoOManns 3Toro ane-
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MeHTa). B nucteeHWTax Mo nopogam YnbTpaoc-
HOBHOIO COCTaBa XapaKTep pacnpefefieHns fiaH-
TaHOWJOB TOT Xe, YTO U B Ta/lbK-KapOOHATHbIX
MeTacomatuTax, ofHako Eu aHomManus B HUX He
npossneHa. Cofepxarve P33 B (yKcuTe OTUET-
NIBO MOHWXXAETCA B Harpas/eHUN OT NIErKNX KX
pasHoCTeil K TshKenbiM (HaunHas ¢ Gd, nX KOH-
LIeHTpaL s B HEM OMYCKAeTCA HUXKe npegesna YyB-
CTBUTENbHOCTW UCMO/Mb30BaHHON METOLUKMN KO-
JINYECTBEHHOTO OMpeseNieHNs BeLecTsa, CM. TabJl.
2). Bugmmo, yactb KpuBOW pacnpegeneHuns P33
B OpeiiHepuTe (0T Gd fo La) obycnosneHa KOH-
LIOM KWC/IOTHON — HayasioM LLEeMOYHOW (pygHOI)
cragum.

B 3lCUTU3NPOBAHHBIX FHECOBUAHbIX aM-
(hmbonuTax mMakcumasibHble KOHUeHTpauun P33
XapakTepHbl 41 anugoTta (tabn. 2, puc. 6). Mu-
HUMa/IbHbIE COLEPXKaHWUsA NaHTaHOMO0B YCTaHOB-
NeHbl B KasibLMTe (XopoLo npossneHa Eu aHoma-
nunsa) n aHkepute (puc. 6, kpusble 9 1 10). B am-
(hnbonuTax, Kpome anNuL0Ta, MUHEPAIOM-KOHLLEH-
Tpatopom P33 sBnsetcs amgpubon. B nocnegHem
cnekTp P33 MHOIA B CpaBHEHMM CO CMeKTpaMun B
Opyrux MUHepasax: B HanpasneHun oT La go Nd
OTMeYaeTCA CHWKeHWe cofepxaHuii P33, 3atem
KpuBas pacnpegeneHuns AoCTaTOuHO Pe3KO YXOAUT
BBepX, BM10Th 40 Lu. Bo BCex gpyrux mmHepanax
(nnarvoknase, 6UOTUTE, MYCKOBUTE, anbbuTe, XN0-
puTe, CM. puc. 5) cnekTpbl P33, KaK MUHUMYM,
nogo6HbI. [/ BCEX 3TUX MUHEPaIoB XapaKTepHa
oTpuuaresnbHas Eu aHomanusa (MakcumasbHas ans
MYCKOBMTa ¥ MUHVUMasIbHAsA N5 aHKEpUTa).

O6Cy>KaeHNe pe3ynbTaToB

leoxnmua P33 ryapoTepmasibHOro npouec-
ca fo 80-x rogoB XX B. 6blna paspaboTtaHa fo-
BO/IbHO cnabo. YMop B OCHOBHOM [efiasics Ha Me-
TacoMaTuyeckue KapboHaTUTbI, NerMaTuTbl, Ka-
NMLINATOBbIE W aNlbOUTOBbIE MeTacoMaTUTbI (anor-
paHWTbI), 0THACTWN Ha rpei3eHbl. I 3TO NOHATHO,
TaK KakK 3T 06pa3oBaHUs ABNAOTCA CYLLECTBEH-
HbIMWU UCTOYHUKAMW PeLKUX U PefKO3eMESbHbIX
anemeHTOB. bblna nokasaHa TecHad P33 B nocre-
MarmaTuyeckumx npoteccax ¢ Ca, Sr, Ba, F, Th, U,
Nb, Ta, Zr, Ga [[eonorus ..., 1962; banalios,
1976, n gp.]. 3TV faHHble W yKa3aHHbI COCTaB
nocfemMarmaTMToB No3BOIUAN MofaraTb, YTO B
HU3KO-CpeaHeTeMMNepaTypHOM touae TpaHecnopT
P33 npoucxoanT B BUAE Le0HHO-KapboHaTHbIX
komnnekcos Tna Na,[TR(CO,),] n K,[TR(CO,),],
a B BbICOKOTeMMNepaTypHOM (/1lonAe — B BUAE KOM-
MNEKCHbIX COeAUHEHWI C (HTOPOM. DKCNEPUMEH-

Ta/lbHble UCCeL0BaHMA NPeVMYLLECTBEHHO NOC-
negHux 10 net NO3BOMUAW BbIAENNTb PAS, NUraH-
[0B, CrOCO6HbIX 06pa30BbIBaTL C P33 KOMMeKc-
Hble coeanHeHus: SO,», PO,>, CO%, F, CI (nu-
raHApl pacrnonaratoTca B MopsaLKe YMeHbLUeHUs
CPOLCTBa C NlaHTaHouzgamu). g Hac BaXHO TO,
4TO KoMnsiekcbl ¢ Cl- yCTONUMBbI B KACOW cpefe
[Haas et al., 1995; Wood, 1990; Gammons et al.,
1996, n ap.], KoTopas cywecTsosana npu op-
MMUPOBaHWUM MPaKTUYECKN BCeX MeTacoMarnyec-
KMX KONOHOK, PacCMOTPEHHbIX HaMu Bblille. YC-
TaHoB/eHOo [OmenbaHeHko, 1978; Ca3oHoB, 1998,
n gp.], uto nrona, obycnosmBLLNIA 06pa3oBaHme
3TUX MEeTacomaTuToB, 6bl/ CrieLmanu3MpoBaH Ha
K, Na n CO, B cBf31 C 3TUM CTaHOBMTCS NOHAT-
HOW 60/bLIasA 3HAYMMOCTb KOMMIEKCHBIX COefM-
HEHWI C 3TUMX KOMIMOHEHTaMK [/19 TpaHcropTa
P33 B Kncnom HU3Ko-cpegHeTeMnepaTypHoM
hnonge.

Kak BugHO 13 Tabn. 2 n puc. 6, anugoT no
CpaBHEHWIO C ApYrMMU MUHepasiaMmm MeTacoMaTu-
TOB U3 N3YyYeHHbIX KOMIOHOK KOHLeHTpupyeT P33
B MOBbILLEHHbIX KONNYeCTBaX. ATO 3aKOHOMEPHO,
TaK KaK ecTb ero CTPYKTYPHbI peaKo3eMesbHbIi
aHanor — optut. Cxemy nsomopusva B JaHHOM
c/ly4yae MOXHO NpefCTaBuUTb B TakoW dopme:
TR*Fe?* — Caz*AlPnm (pexxe) Na*TR3* — 2Ca*".
B cepneHTVHe BNO/IHE BO3MOXEH M30MOPEU3M MO
cxeme: 3(Fe,Mn)#* — 2TR®. Mo 37O Xe cxeme
MOXET 130MOP(HOE 3aMeLLeHMe KaTUOHOB NaHTa-
Houaamun B xnoputax. B ciogax (cepuumt, myc-
KOBWT, BUOTUT, NaparoH1T) N30MOPHHOE BXOXKe-
HVe NTAHTAHOWA0B MOXHO NPeACTaBUTb Crefdyto-
wummn cxemamu: TR*Mg?* — Ca?*AlRF*; TR*Fe®*
— Ca®'Ti*. B kanbunte v LONOMUT-aHKEPUTE
Hanbosiee CyLeCTBEHHbIM AB/AETCA 3aMeLleHune
PELKUMU 3EMNIAMU KasbLms Mo cxeme: 2TR3 —
3Ca?*. B 6peiiHepuTe (CM. Tabn. 2) oTMevaeTcs
MoBblLLEHHOE cofepXaHue TaxenbiX P33. 310
06YyC/oB/IEHO CXOACTBOM PafMyCcOB MOHOB [BYX-
BA/IEHTHOTO >Kenesa U Tsxkenbix P33. MNpuseneH-
Hble CXembl n3oMopgunsma P33 B MUHepanax Me-
TAaCOMaTUTOB M3YYeHHbIX KONOHOK 06YyC/oB/unBa-
tOTCA N1aBHbIM 06pa3oM TeM, YTO paguyc MoHa
Nerkux NaHTaHouaoB 6/IM30K K TaKOBOMY Kasus,
a TAXKeNbIX — [BYXBA/IEHTHOIO Xe/ie3a, MapraHua
M HaTpusa. Y Ka/bLua 3TOT napameTp Takos, YToO
OH C OAMHAKOBbIM YCMeXOM 3aMeLLaeTCs N Nerku-
MU, 1 TxenbiMn P33. [eCTBEHHOCTb Takmx
CXeM M30MOp(r3Ma NnokKasaHa Ha npumepax mar-
MaTUYeCKMX popmaLimii, KapboHaTUTOB, NermMaTu-
TOB, Ka/IMLINATUTOB, allbOUTUTOB, rPei3eHOB 1 Ap.
[Feonorws ..., 1962; banawos, 1976, n ap.]. B Ha-
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CTosiLelt paboTe OHa NOATBEPXKAEHA HAMW Ha Npu-
Mepax MeTacoMaTU4ecKMX KOJIOHOK, COpMUPO-
BaBLUMXCA B npoLuecce pasBUTMA B NMopogax pas-
NMYHOrO cocTaBa anbouTM3aumm, sncnTm3aumm,
NpoNUANTU3aLMK, 6epe3nTU3aLn-NMCTBEHNTH3A-
L1 v ap.

B nosegeHnn P33 CcyLLECTBEHHO BMSAHUE
pH B rugpotepmMasnbHOW cucTeme. Bbiwe Hamu
y)Ke 0TMeyanochb, YTO B KWUC/IOTHOW Cpede OHU
BbIHOCATCA, YTO Y6eanTelbHO NPOUINOCTPUPOBA-
HO Ha MpuUMepe MeTacoMaTU4yeCcKnX KONOHOK,
chopmMmMpoBaBLLUMXCA MPU 6epe3nTnsaLmn-nucTee-
HUTU3aLUN KUCTBIX U YNbTPAOCHOBHbIX MOPOS
(cm. puc. 5B,B,3). UT0 KacaeTcs LEN0UHONM cpe-
Obl, TO 3eCb Aen0 06CTOUT CnoxHee. Mponunu-
TV3aLUmMsa MarMaTuToB CpesHEero-0CHOBHOIO cocTa-
Ba, aMCUTU3aLMA THENCOBUAHBIX aM(prn601MToB, a
Takxxe obpazoBaHMe MO 06bIYHbIM Gepe3nTam
(kBapy, + cepuumT + KapboHaT) 6epe3nToB cyLLe-
CTBEHHO CEPMLUMTOBOrO COCTaBa MPOUCXOLAT B
YCNoBMAX MpUBHOCA NaHTaHougoB. OYeBUAHO,
nosegeHne P33 B rugpotepmasibHON cucTeme
OYeHb YYBCTBUTE/IbHO K U3MEHeHUt0 pH B Heil.
PaccmoTpuM nokasaTenbHbI npumMep. AnbouTtn-
3aumsa aMm(hMooNNTOB NPOTEKAET B LLE/IOYHOM cpe-
Je. B KONoHKe anbbutmsauuy aTux nopos, Bblae-
NAKTCA [1BE 30HbI: Nnepsas — afbOoUT-0NUroKna-
30Bas ¢ MyckoBuTom (< 20 06. %) 1 KBapLem
(8o 20 06. %), BTOpas — afbLOMTOBasA C KBapLEM
(30 06. %) [YnopaTuHa, 1996]. Mpu pa3BUTMM
nepBoi1 30HbI Bce P33 BbiHOCATCA (puc. 5XK). Bo
BTOPOI1 30He (cornacHo [OkonopygHsbile..., 1990,
c. 181] ee dhopmupoBaHve npoucxoguio npu pH
> 6,08 B 601€e KUC/bIX YCIOBUAX, YTO NPUBENO K
TpaHcqopmaumm criekTpa pacnpegeneHus P33)
Nerkve NaHTaHoMAbl CTaNM HaKanIMBaTbCs, TAXe-
Nble — BbIHOCUTLCSH, MOBEAEHNE CpefHUX 6IM3KO
K HENoABMXHOMY.

B wenoyHol cpeae NPOUCXOANUT HEKOTO-
PbI BBIHOC JIEFKMX W HAKOMJ/IEHWE THKENbIX NaH-
TaHOMZOB, YTO MOATBEPXKAAETCA pacnpesesieHn--
eM MX B MPONWINTaXx, 3e/1eHOC/aHLEBO NepPepoX-
[EHHbIX Nopofax cpefHe-KMUCIoro cocTaea, a Tak-
e B 06pa30oBaHMsAX, BO3HUKLLNX MPU HASTIOXKEHU
Ha 6epe3nTbI-NMUCTBEHUTLI MUHEpan3aLum, obyc-
NOBJIEHHON MO34HEN LEeNOYHON CTaamein passu-
TVS TMAPOTepManbHOro npouecca (CM. puc. 5)
[CazoHoB 1 ap., 2005].

B KonoHkax 6epe3nTn3aummn-iMCcTBEHUTU-
3aLMK NOPOA Pa3/IMYHOTO COCTaBa BblAeNeHbl TPY
Tna pacnpegeneHns P33: nepsblil — BIHOC BCEX
NaHTaHOWAOB B Kucnoi cpege (puc. 5B,3) B Buae
XNOPULHBIX KOMMIEKCHbIX COEAVHEHNI, KOTOpPbIE

BO3HUKAIOT MPW BO3LENCTBAN OKUCIEHHBIX X/10P0-
TUNHbIX pacTeopos ¢ T = 400-280°C, P = 2,0-0,6
Kbap n pH = 4-6 [Ca3oHoB, 1984, 1998] Ha 3gyK-
Tbl CAMOr0 Pa3/IM4YHOro COCTaBa; BTOPOI — HaKor-
NeHne THKeNbIX P33 B YCNOBUSX LLENOYHON cpe-
Abl (T = 450-250°C), 0c06eHHO OTYETIMBO 3TO
NPOSABNAETCA NPY PasBUTUM LONNCTBEHUTOBOM
nponuanTusayumn [CasoHoB 1 ap., 2005]; TpeTwii
— XapakTepusyeTcs cneumipuyecknm, HTerpasb-
HbIM CMEKTPOM pacrnpefeneHns naHTaHoMAaoB.,
CYTb KOTOPOro OnpejesnifaeTcs COBMELLEHNEM B
OZHOM 1 TOM YKe MeTacoMaTU4eCKO KO/TOHKe Npo-
[YKTOB [BYX CTafuiA pa3BUTUA rMapoTepManbHO-
ro npowecca — METaCOMAaTUTOB KO/IOHOK, BO3HWK-
LUMX B CTaZUI0 KMUC/IOTHOTO BbiLenaumsaHusa (P339
BbIHOCATCS) U pyAHOM MUHepanu3auun (P33 Ha-
KannusaroTcsa). TPeTUin TUn pacnpegeneHns B
LIe/IoM cornacyeTcs € fJaHHbIMK paboTbl [Feonorus
..., 1962], B KOTOpOW MoOKa3aHO, YTO NPOAYKTbI
3aK/YnTeNIbHOW CTaauu pasBuUTUA TUapoTep-
ManbHOro npotecca oborawatoTcs TAXeNbIMU
P33. B LWenoyHoi 06nactn passuTus ruapotep-
MasIbHOro npoLiecca oTMeyaeTcs (Mo 3KCnepumMeH-
Ta/lbHbIM AaHHbIM [CUHbKOBa, 1971], a TaKkxe no
pe3yfbTartam uU3yyeHus CnekTpoB P33 B KOMOHKax,
MpeacTaB/ieHHbIX Ha pucC. 5) CyLeCTBEHHOE B/N-
AHVE cABuUros pH Ha TpaHCopMaLuio CreKTPOB
pacnpefeneHnsa P33. B KayecTse npumepa Ha-
MOMHMM NPVBEAEHHYIO [BYMS ab3auamu BbliLle
TpaHc(opmaLuio CNekTpoB pacnpegenexdus P33
npy MeTacoMaT1yYeCKOM Pa3BUTUM aibObUTUTOB MO
amubonmTam. VI B KOHTEKCTE C 3TUM 3aMETUM,
4TO B rMapoTepManUTax, no gaHHeim FKO.A. bana-
Lwosa [1976, c. 124], 30HbI C OTHOCKTE/IbHbIM 060-
rawieHvem ferkumm P33 oTBeyvaloT, Kak npasu-
no, (aumsm NoBbILLEHHOW LWEeNOYHOCTH, HO He
Bcerga. 31O NOATBEPXKAAETCA HaWMMKU MaTepua-
namu (cm. puc. 5X).

YpoBeHb cogepXkaHuin P33 B metacoma-
TUTax GepesnT-NNCTBEHUTOBOW (hopMaLuu, Npo-
MUAUTax, 3MCUTU3NPOBAHHbLIX U aNbOUTU3NPOBaH-
HbIX amub0IMTax 1 crararLwmux X MUHepanax
onpefenseTca rnasHbIM 06pa3oM TakKoBbIM B UX
ncxoaHbIxX nopogax [Ca3oHoB, YepBAKoBCKas,
1983; CasoHoB 1 Ap., 2005]. B npegenax ofHoM
1 TOW e reofuHamMmmyeckoli 06CTaHOBKM yCTaHa-
BNMBAETCA NPAMOSIMHENHAA 3aBUCUMOCTb MEXIY
KPEMHEKMNCNOTHOCTbH-OCHOBHOCTLHO Pa3BUTbLIX B
Hel MarmaTu4ecKmx KOMMIEKCOB U COLePXKaHNEM
nerkux P33 B nocnegHnx [Ca3oHoB, YepBskoB-
cKkas, 1983]. AHanornyHas 3aBUCUMOCTb MOJy-
ymnacb Npu 3ameHe aTux P33 cymMoil naHTaHo-
ngoB (MCXoAHble faHHble CM. B Tabn. 1).
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P33 B KOJ/IOHKAX MPOMUINTU3ALUN, ANTbBUTUTUIALNU

3akK/ito4veHne

B pesynbTare CpaBHUTENbHOrO M3y4YeHus
pacnpefeneHus P33 B MeTacOMaTUYeCKMX KOMOH-
Kax — MeTacoMatmTax u crararowmx nx MyuHepa-
nax, chopMMpOBaBLUMXCA B Pa3/INUHbIX reofmHa-
MWYECKMX 06CTAHOBKaX, MOKa3aHo, YTO M3MeHe-
HWA B OMpPeAeneHHbIX npegenax Takmx napamer-
POB CUCTEMbI, Kak pH, T, B MeHbLUei Mepe P, Bin-
A0T Ha NoBefeHNe naHTaHOMAoB. ECTecTBeHHO,
YTO 3TO O/MKHO YUUTBLIBATLCA MPY UCMOML30BaHU
CMEKTPOB 3TUX XMMUYECKUX 3MIEMEHTOB /151 Liefeit
pa3paboTKy PasnMyHOro poja reofvHaMmyeckmnx
N reHeTUYecKux mogeneil. B NpoTuBHOM cryyae
MOXHO NPUATY K OLUIMOOYHBIM 3aK/HOUYEHUAM.

WHTerpanbHblii Xapaktep pacnpegeneHums
NaHTaHOMA0B B METACOMaTNYECKMX KOMOHKaX <«Py/-
HOrO» TuNa MOXET NCNO/b30BaTLCA MPU NOUCKax
N OLEHKe PYAHbIX Ten, B YaCTHOCTW 30/10TOPYA-
HbIX MECTOPOXAEHMIA. Ha nprmepe 30/10Ta 3T0 6bl-
N0 NPOUNNKOCTPUPOBaHO paHbLue [Ca3oHOoB, 1984].

B 3ak/t04eHNe aBToOpbI BbIpaXatoT Npu3Ha-
TeNbHOCTL JOKTOPY reon.-MuH. Hayk U.B. Ceme-
HOBY 3a AeTa/lbHblii aHann3 paboTbl, cAenaHHble
KPpUTUYECKMe 3aMeyaHsi, KOTopble BblIN YYTeHbI
MpW OKOHYaTe/IbHOM OPOPMIEHNUN PYKOMUCH.

WccnegoBaHns npoBOAMAUCH MPU YaCTUYHOM
(hrHaHCOBOW NOALEP>KKe rPaHTOoB
PHM.2.1.1.1840 n HLL-4210.2006.5.

Cnucok nuTeparypsl

banawos FO.A. Feoxmmus pefKo3emesbHbIX 3ne-
MeHTOB. M.: Hayka, 1976. 268 c.

BaxTwuHa A.lN. CocTaB 1 3aKkOHOMepHOCTK hop-
MWPOBaHWA METacoMaTUTOB 30/10TONONNMETa/IINYECKO-
ro mectopoxaeHus. Kang. aucc. Ceepanosck: UM YpO
PAH, 1985. 298 c.

Bbopopgaesckuii H.W., Bopopaesckas M.b. Bepe-
30BCKOe pyaHoe none. M.: Metannyprusgar, 1947. 264 c.

BukenTbesa O.B. bepe3oBckoe 30/10TOpyLHOE
MeCTOPOX/eHNe Ha Ypase: reo/lorMyeckoe CTpoeHue,
MUHEpPanoro-re0XuMnyeckme 0CO6eHHOCTU 1 YCNOBMA
obpasoBaHus. KaHg,. gucc. Mockea: MITY, 2000. 184 c.

leonorus MeCTOPOXAEHUI PeLKNX 31eMEHTOB
(OCHOBHbIe BONPOCHI reoxumMmnn P33 1 UTTpUS B 3HA0-
reHHbIx npoueccax) / Mog peg. A.W. TnH3bypra. M.:
locreontexmsgar, 1962. 67 c.

3onoToopyaeHeHe EkaTepuHOYprckoro reoso-
rmyeckoro nonuroHa / B.H. CasoHos, B.H. OropogHu-
KkoB, FO.A. MoneHos u ap. EkatepuHbypr, 1997. 226 c.

MenbHukoBa I.6. K reoxumun cpefHEKUCbIX
BY/IKQHUTOB Ypasia TONenToBoro tuna // ExxerogHuk-

1982. Ceepgiosek: UMM YHL, AH CCCP, 1983. C. 92-95.

MecTopoxaeHus 30n0T1a Ypana / B.H. Ca3oHoB,
B.H. OropogHukoB 1 ap. Exatepunbypr: AT YpO PAH,
YITTA, 2001. 622 c.

OkonopyaHble MeTacoMaTuTbl 3anaHoro Y3oe-
kuctaHa / W.IM. LLlep6aHb, P.B. Lloi, 1.MN. ViBaHoB 1 ap.
M.: Hayka, 1990. 189 c.

OwmenbsaHeHKo b.. OkonopygHble rugportep-
MasibHble n3MeHeHus nopog. M.: Hegpa, 1978. 216 c.

Ca3soHoB B.H. bepesut-nucteeHuToBas hopma-
LA 1 CONyTCTBYIOLLee eli opyaeHeHWe. CBepAnIoBCK:
YHLL, AH CCCP, 1984. 208 c.

CasoHos B.H. 3010T0NpoAyKTNBHLIE METACOMA-
TUYeCKMe hopMaLym MOJBUKHBLIX MOACOB. EKaTepuH-
6ypr: YI'TTA, 1998. 181 c.

Ca30HoB B.H. JlnctBeHNTM3aUNA 1 OPYAEHEHNE.
M.: Hayka, 1975. 172 c.

CasoHos B.H., BukenTbesa O.B., OropogHukos
B.H. n ap. 3sontounsa pacnpegenenus P33 B HeKOTO-
PbIX MarmMaTuTax pasfiMyHbIX reogHaMmyecknx obera-
HOBOK MPW BO3AENCTBUM Ha HUX LLENOYHOIO U KNCOTO0
Cl-tunHoro counga // MeTannoreHus apeBHUX U CO-
BPEMEHHbIX 0keaHOB-2005. MaT-/1bl CTyAeHY€eCKOI LLKO-
nbl. T. 2. Muacc: MmuH YpO PAH, 2005. C. 57-63.

CasoHos B.H., OropoaHukos B.H., Mpuropses B.B.
1 ap. MeTacomaTuTbl 3MCUTOBON 1 Bepe3nT-IMCTBEHU-
TOBOW (hopmaumin Y haneinckoro rHeiicoBo-MmMrmaTmuTo-
BOro Komrnekca Ha CpesiHeM Ypane // ExxerogHunk-2005.
EkatepuHobypr: VI YpO PAH, 2006. C. 398-404.

CasoHos B.H., OropogHuvikos B.H., NoneHos FHO.A.
MuHepanorus WoBHbIX 30H Ypana. Knura 2. Jertap-
cKo-Kapaballckas KonyefaHoHopcHas 30Ha (CpefHuii
Ypan). EkatepuHbypr: YI'TTA, 2003. 68 c.

CasoHos B.H., Yepssakosckasa B.B. P33 B meTa-
comatutax 6epesuT-IMCTBEHUTOBON (hopMaLmMy U KX
WHOVKATOPHOe 3HauveHwue // ExkerofHunk-1982. Ceepg-
nosck: I ¥YHL, AH CCCP, 1983. C. 97-100.

CuHbkoBa J1.A. O murpauum n pasgeneHnm P33
B LLIE/IOYHO-KapboHaTHOW cpefe // Meoxumus rmgpoTtep-
MasibHOTO pyaoo6pasosaHus. M.: Hayka, 1971. C. 154-171.

YpopaTua O.B. LenoyHble meTacoMaTuThbl
NnokanbHbIX 30H cMATUSA Cesepa Ypana. CbIKTbIBKap:
[eonpuHT, 1996. 36 c.

LLTeitn6epr A.C., PoHkuH FO.J1., KypyneHko P.C.
n ap. Pybuauii-cTpoHLUMeBbIil Bo3pacT nopog, LLlap-
TaLICKOr0 MHTPY3VBHO-AaliKoBOro komnekca // Exe-
rogHuk-1988. Ceepgnosck: M ¥YpO AH CCCP, 1989.
C. 110-112.

Evensen N.M., Hamilton P.J., O’Nions R.K. Ra-
re earth abundances in chondritic meteorites // Geochim.
Cosmochim. Acta. 1978. V. 42. P. 1199-1212.

Gammons C.H., Wood S.A., Williams-Jones A.E.
The aqueous geochemistry of the rare earth elementsand
yttrium: 1V. Stability of neodymium chloride from 25 to
300°C /I Geochim. Cosmochim. Acta. 1996. V. 60. P.
4615-4630.

Haas J.R., Shock E.L., Sasani D.C. Rare earth
elements in yhydrothermal systems: Estimates of standard

123



B.H. CasoHos, O.B. BukeHTbeBa, B.H. OropogHukos, HO.A. ToneHos, A.A. BenvkaHoB

partial molar thermodynamic properties of aqueous and implications for petrogenesis // Earth Planet. Sci.

complexes of rare earth elements at high pressure and  Lett. 1983. V. 62. Ne 1.P. 41-58.

temperature // Geochim. Cosmochim. Acta. 1995. V. 59. Wood S.A. The aqueous geochemistry of the rare-

P. 4329-4350. earth elements and yttrum. 2. Theoretical prediction of
Mullen E. MnO - TiO, - P,O,: a magor element  speciation in hydrothermal solutions to 350°C at satura-

discriminant for basaltic rocks of ocean environments  tion water pressure // Chem. Geol. 1990. V. 88. P. 99-125.

PeLieH3eHT fOKTOp reos.-muH. Hayk .B. CemeHoB

124



