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OBLIASI XAPAKTEPUCTUKA PABOTbBI

Axkmyansnocms memol ucciedosanus. OeHHOCKaHIUHABCKUM AT —
OIIMH U3 KIFOUEBBIX JOKEMOPHHCKMX OOBEKTOB B MHpE, W3yUCHHE KOTOPOTO
BHECJIO 3HAYUTEIBHBIA BKJIAJ B TOHMMAaHHE NPOLECCOB PAa3BUTUSA paHHEH
3emuu (Kparir, 1963; Gaal, Gorbatschev, 1987; Paunuii..., 2005; Holtté et al.,
2014). Ha mpoTshkKeHWW Bcel HMCTOPWUU HM3YYEHHUs IIUTAa Hamboliee OCTpOl
SBJISICTCS IPOOJIEMa COOTHOMICHUH IBYX KPYITHBIX CTPYKTYPHO-TEKTOHUIECKUX
MpOBHUHINK B ero coctaBe — Kapenbckoir u benomopckoit. JIMCKycCHOHHOCTD
atoit mpobiemsl (Illypkun, 1962; Crenaps, 1988; Bogdanova, Bibikova, 1993;
I'neboBunikud u np., 1996; Cnabynos, 2008; Munu u ap., 2010; [Hapxos,
Borarukos, 2010; boxko, 2011; Perchuk, Gerya, 2011), B mepByto ouepensp,
OTIPENENACTCS  CIOXKHOCTBIO — PAacCITU(pPOBKH  TEOJIOTHYECKOH  HCTOpUHU
Bbenomopckoit MIPOBHHIINH, KOTOpas CIIO’KEHA apXeHUCKUMU u
MAJICOMPOTEPO3OUCKUMH  KOMIUIEKCAMH, MPETSPICBIIMMU  Pa3HOBPEMECHHbBIC
SIM30/bI CTPYKTYpHOI U MeTamop¢uueckoit nepepadotku (Boixoaudes, 1990;
Pannwii..., 2005).

B ommume ot mpemmectByromux pabdor (Illapkor u ap., 1994, 1997,
2004, Edumos, 1994, Amelin, Semenov, 1996; Lobach-Zhuchenko et al.,
1998), mMOCBAIIEHHBIX KPYIMHBIM PACCIOCHHBIM WHTPY3WBaM U MAaJbIM
UHTPY3UsIM, TJaBHBIMH OObeKkTaMu ucciemoBanuii B Kapenbckoit u
BemomMopckoii MPOBUHIMSIX SBISUTHCH AWK rabOpOHOPUTOB. B 3THX OBICTpO
PACKpUCTAIIM30BAaHHBIX TeJIaX MOTYT COXPAHAThCS HMHTEPTEIUTyPHUCCKHE
MUHEpajbl, Hecyllue WHGOPMAIUIO O T[apaMeTpax KPUCTAJUTU3AIMU B
MPOMEXYTOYHBIX KaMmepax, 4YTO TI03BOJSICT BBISBUTH PAHHUE OSIMU30]bI
3BOJIIOIMY PACIIJIABOB.

Ilonyuennsie pannble ciuyxar mis Kapensckoit m  bemomopckoit
MPOBUHIIMM HOBBIM HMCTOYHHKOM HH(OpMamuu 00 OCOOCHHOCTAX UX
SHIOTCHHOM »Bomronuu 2.45 MiIpa JeT Hazal. l3yueHHe peIrKTOBBIX
MarMaTU4eCKUX MHHEPATbHBIX ACCOIMAIMi B KOPOHHTOBBIX rabOpOHOpUTAX
U3 pasHelx ywacTkoB benomopckoir mnpoBunuuu (BII), mnperepneBmux
MeTaMoppu3M 0T aM(PUOOIUTOBOW O AKIOTUTOBOW M TPAHYIUTOBOU (anuit
okono 1.9 mupx et Hazan, onpeneneHue P-T-mapaMeTpoB KpUCTaLTH3ANUT U
METaMOP(PHUUECKUX TMpeoOdpa3oBaHUil TaOOPOHOPUTOB, a TaKKE BBISBICHHE
JaTepaJIbHBIX Bapualui 3TUX apaMmeTpoB B npenenax bII sBistoTcs kitouoM K
MTOHUMAHUIO HCTOPHH Pa3BUTHUS 3TOW TEKTOHUIECKOW CTPYKTYPEI.

Heau u 3ag1a4m uccjieT0BaHUS

I'maBHO¥ menpl0 AHMCCEPTAMOHHONH paboThl SBISIACE pa3paboTka
METPOJIOTUYECKON MOJIENTM 3BONIOIMU MAICONPOTEPO30cKuX (oK. 2.45 mupa
net) rabopoHoputoB bemomopckoid W Kapenbckoil NMpoBHHIME, OllEHKA WX
MeTaMOpPPHUUYECKUX TNPEOOpa3OBaHU W CPaBHEHHE DHIOTCHHOW HSBOJIOIUU
ITHUX MPOBUHIMI B HAYaJIE MATEONPOTEPO30s HA OCHOBE MOTYYCHHBIX TAHHBIX.
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JocTmxenne nenm moTpedoBaio peeHns caeayIomux 3a1aq:

1. V3yyeHne TeONOTHYECKOTO CTPOCHHUS TEN IAaleoNnpoTePO30HCKAX
rab6poHoputoB benomopckoii u Kapenbckoi mpoBUHIINI;

2. I'eoxumuyeckass XapakTepUCTHKa rabOpoHOpPHTOB bemomopckod u
Kapenbckoif MpOBHHIMI, CpaBHUTENIBHBIA aHAIW3 COCTABOB IOPOA M
XapakTepa pachpeieIeHus B HUX ITIaBHBIX U PACCESHHBIX YIIEMCHTOB;

3. JeranpHOe meTporpaduueckoe MCCIEIOBAaHHE IIOPOI, ONpee/iCHHe
COCTaBa M TOCIEIOBATEIFHOCTY KPUCTALIH3AINN MarMaTHIeCKUX MUHEPAJoB,
OLIGHKa COCTaBa M MOCIEA0BATEIbHOCTH (POPMHUPOBAHUS METaMOP(HUUECKUX
MUHEPAITBbHBIX aCCOIMAIINN;

4. OmeHka CTeIeHHM COXPAaHHOCTH COCTaBa M TCOXMMUYECKUX
0COOCHHOCTEH MEPBUYHBIX MUHEPATBHBIX acconualuii B raboporopurax bIl u
BO3MO)KHOCTH HCTIOJIE30BAHUS UX [UIS OLECHKH YCIOBUHA KPUCTAIUTA3AIIHH.

5. Pacyer P-T-mapameTrpoB KpucTtau3anud raOOpOHOPUTOB B
benomopckoit u Kapenbckoit mpoBuHimax u P-T-ycnoBuil dopmupoBanus
KOPOHAPHBIX CTPYKTYp B rabOpoHoputax bI;

6. CpaBHHTEIBHBIH aHan3 YCIIOBHH KpHCTaJUTA3AIIHI u
MeTaMOppHUUECKUX ITPpeoOpa3oBaHUil MaNneonpoTepo30icKux rabOpOHOPUTOB B
benomopckoit u Kapenbckoii mnpoBHHLIMAX Hu (OPMYIHPOBKA TpaHUYHBIX
YCIOBUH Ha TEKTOHWYECKHE MOJCTH (OPMHUPOBAHUS ITHX CTPYKTYp B
MaIeONPOTEPO30€.

Daxkmuyeckuil mamepuan u Memoobl ucciedoganuil. B ocHOBY
pabOTBl TOJIOXKEHBI PE3yNbTaThl HCCICJOBAHMNA KaMEHHOTO MaTrepHuaia,
COOpPaHHOTO aBTOPOM B XO/I€ TIOJIEBBIX pabOT B COCTAaBE OTPSIIOB JIAOOPATOPUHU
Iletponorun u texkronmku MIT KapHIl PAH B 2011-2015 rr.,, a Ttakxe
MaTepHaibl, MPeIOCTaBICHHBIC HAYYHBIM DPYKOBOIUTEIEM U COTPYIHHKAMU
naboparopun Ilerpomormn u tektoHmkn - B.C. CrenmanoBsiM, A.B.
CrenanoBoit u O.C. CubeneBeiM. B xonme wnccinenoBaHuil ObUIO JAETaIBHO
W3y4Ye€HO W 3aJ0KyMeHTHpoBaHO Oojee 120 oOHaxeHHH, COCTaBIEHBI
JeTalbHbIC IUIaHBI KIIOYEBBIX O0BEKTOB, M3ydeHOo Ooinee 600 mumgos, mis
Hanbojee COXpaHHBIX 00pa3noB rabOopoHOpuToB M3 20 TEm HM3y4eH COCTaB
MOpOAOOOpa3yloMMX W aKIECCOPHBIX  MUHEpPAOB C  HPUMEHEHHEM
cKaHupylo1ero ekTporHoro Mukpockona VEGA II LSH (¢upmer Tescan) ¢
sHeproaucnepcuoHHbIM MuKpoaHanu3aTopoM INCA Energy 350 (UTI" KapHI]
PAH) - OGonee 1500 ompenenenuii. BuimomHeH aHamu3 KOHICHTpAIMHA
paccesHHBIX  JJIEMEHTOB B  MarMaTH4ecKux W MeTraMopduieckux
KIMHONMPOKCEHAaX W3 JABYX KIOYEeBEIX 00bekToB B Kapenbckodt u
Benomopckoii MpoBUHITHAX (METOOM BTOPHIHO-HOHHON MacC-CIIEKTPOMETPUH
(SIMS) B UncTHTyTe MuKpodnekTpornukun PAH (r. fApocnarnbp) (6onee 400
3NEMEHTO-OIpeeNeHUlT). XUMHUECKHH COCTaB MOPOA OHNPEAESICS METOJ0OM
CHWJIMKATHOTO aHaju3a B aHaiuTuueckoil nadoparopuu UI' KapHL] PAH (r.
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ITerpo3aBonck), merogom XRF B UT'EM PAH (r. Mocksa), KOHIIEHTpaIUu
pPeOKUX M PEeIKO3eMENbHBIX AneMeHTOB MeronoM ICP MS B anamutnueckoit
naboparopuu UI" KapHII PAH - Bcero 6onee 80 onpeeneHuiA.

Onenka P-T-ycnmoBuif KpuCTaJUIM3alMM PAcIUIaBOB TaOOpPOHOPUTOB
Bbenomopckoii u Kapenbckol NpOBHHLMN NPOBOAWIACH C HCIIOJIB30BAaHHUEM
HE3aBHCHUMBIX T'€0TepMOOAapOMETPOB: JIBYNHPOKCEHOBOTO TepMobdapomeTpa
(Putirka, 2008), Cpx-Ol Tepmomerpa (Loucks, 1996), Cr-Spl-Ol Tepmomerpor
(Jackson, 1969, Wan et al., 2008, Coogan et al., 2014), Cpx 6apomerpa (Nimis,
2000), reorepmomerpoB ManaxoBa (Manaxos, 1983). Ompenenenue P-T-
napamMeTpoB  (pOpMHpPOBaHHMS KOPOHAPHBIX CTPYKTYpP OBLIO  BBIIOJHEHO
METOIOM Kiaccuueckoi tepmobapomerpuu (Grt-Amph tepmomerpsr (Wells,
1979; Graham, Powell, 1984; Powell, 1985), Grt-Bt tepmomerp (Ilepuyk,
1989); Amph 6apometpsr (Hammarstrom, Zen, 1986; Hollister, 1987; Blundy,
Holland, 1990)) c¢ wucnonb3oBanuem mporpammel TPF-2004 MIOM PAH
(®onapes B. U., I'pagumxoB A. A., Konmnor A. H.) u wmeromom
MYJIbTHPAaBHOBECHOH TEpMOOApOMETPHHA C  IOMOLIBIO  KOMITBIOTEPHOTO
nporpammuoro komiuiekca TWQ (Berman, 1991) ¢ 6a3oit nanusix P. bepmana
u JI.5. ApanoBuua (Berman, Aranovich 1996; Aranovich, Berman, 1996).

Paborta BbemonmHeHa B mabopatopun llerposmorum u TtextoHuku WIT
KapHI] PAH npu peanuzanuu mnanoB HUP B 2011-2015 rr. u vactu4aHOi
nojiepxkke rpantoB PODU Ne 14-05-00432 u 15-05-09288a.

Hayunas noeusna. B pesynbrare IpOBEICHHBIX HCCIICIOBAaHUN ObLIa
000CHOBaHa COXpPaHHOCTh COCTaBa M TCOXMMHYECKHX OCOOEHHOCTEH
MEPBUIHBIX MarMaTu4eCKux MUHEPAJTbHBIX aCCOHI/IaHI/Iﬁ
MaJICONPOTEPO30UCKUX (2.45 MIIP] JIeT) KOPOHUTOBBIX MeTarabopoHoputos bI1
U naHa pacmudpoBka P-T-ycrnoBui X KpucTauH3anud. Joka3zaHo cXOJCTBO
MarMaTU4eckKoil SBOJIIONMN TaJICONPOTepo3ockux (2.45 mipa Jer) nack
raboponoputoB Kapensckoit wu  benmomopckoit mposuHImid. CormnacHo
MPEUIOKEHHOM MOJIENH B XOJ€ KPUCTAJUIM3allMd MarMaTH4ecKUX pPacIuiaBoB
BBIJICNSCTCS. TPH OCHOBHBIX OJTama: Kpuctawmmsauus (1) onuBuHa U
XPOMIIIAHETN U (2) BRICOKOMArHE3WATBHBIX MTUPOKCEHOB B IMPOMEKYTOYHBIX
Kamepax, (3) kpucrautusaiws in Situ B ManorTyOMHHBIX YCIOBUSX. BBISBICHBI
JaTtepaibHBIE BapHalWdM  yCcIOBUEL  (opMHpOBaHHS — TpaHATCOAEP KAIINX
KOPOHAPHBIX CTPYKTYp B rabOpoHoputax BIl — oT 6 kbap BONHM3M rpaHHUIIBI C
Kapennckoit npoBuHIHEH (Ha MaKCHMATBHOM YIAJIEHUH OT sapa Jlarmauacko-
Konsckoro oporena) mo 12 kbap u ©Oosiee B BOCTOYHOM dYactu BII
(MakcumabHO OH3KO# K siapy Jlammanncko-Kombsckoro oporena).

Teopemuueckaa u  npaKkmuueckasa  3HAYUMOCMb  padomul.
[TomyueHHbIe TaHHBIE MO JaiikaM rabOpOHOPHUTOB C BO3pacToM 2.45 MIIp JIeT
MO3BOJISIIOT PEKOHCTPYHPOBATh OTICIBHBIC CTAIHUA MarMaTHYSCKOH IBOIIONUU
BHYTPUILUTUTHBIX MAarHEe3WalbHBIX BBICOKOKPEMHUCTBIX MarM, CYIIECTBEHHO
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JOOTONHSA W pAacIIUpsisi TETPOJNOTHUSCKHE MOICTH, NpeAIOKeHHBIE I
paccioeHHbIX UHTpY3ud Kapenbckoil MpoBHHIMH, C KOTOPBIMU compsikeHa Cr
u OIII" muHepanmu3anus.

Juunviit ¢xnad aémopa COCTOUT B TI'EOJOMYECKOM W3YYEHHUU TEIl
rabOpOHOPHUTOB, X OMPOOOBAHUH U Pa3padOTKE AITOPUTMA ETPOTIOTHUECKOTO
uccnenosanus. llpoBeneHo merporpaduieckoe ¥ MHKPO30HIOBOE H3yUCHHE
00pas1os, npousBeneHbl pacueThl P-T-ycioBuit hopmupoBanus nopon. Jlana
HUHTEPIIPETANs PE3yIbTATOB TCOXHMHUYECKOTO HM3YUCHHS KIMHOMHPOKCEHOB.
Ha ocHoBaHMM TOJTy4EHHBIX AAHHBIX MpEIOKEHa METPOJIOTHYecKass MOJENb
SBOJIIOIMU  IAJIEONpOTepo3oiickux  (2.45 w™iupx jer) rabOpOHOPUTOB
benomopcko#t wu  Kapenpckoit mpoBHHIMH W WX TOCIHEAYIOIIUX
MeTaMOP(PHUUECKUX MTPeoOpa3OBaHU.

Ilonosicenus, gptHoCUMbIE HA 3AUUMY:

1. B Kapenvckoti npoguHyuy cmanosienue 0aex blcOKOMASHE3UATbHbIX
2aboporopumos ¢ eozpacmom 2.45 Mapo nem npoucxoouno 8 YClo8UsX
sepxnell kopvt (P=2-4 xbap u T<I150°C). Pauwnsas ¢enoxpucmosas
accoyuayus (xpomuinunenv u evicoxomacnesuamvnvie Ol Opx u Cpx)
Qukcupyem Kpucmaiiusayuro pachniagos 6 NPOMEICYMOUHbIX KAMepax Ha
yMmepenHwvix enyounax (npu P>4 xoap u T>1150°C).

2. B bBenomopckou  npoguHyuu  Memamop@uizosaruvie  Oatiku
8bICOKOMAZHE3UANbHBIX  2a0OpoHOpUmMos ¢ 6o3pacmom 2.45 mapo nem
COXPAHUNU — HEUSMEHHbIM COCMA8 U  2eOXUMUYECKUe XaApaKmepucmuxu
PENUKMOBbIX  MASMAMUYECKUX — MUHEpAano8  pauHel  eHOKpUCMOBOll
accoyuayuu (Xxpomwnunens, svicokomaenesuarvuvie Ol, Opx u Cpx), komopas
Qurcupyem Kpucmaiiuzayuio Ha ymepeHuwvix enyounax (P> 4.5 xbap u
T>1100°C).

3. /[asnenue, npu xomopom ¢opmupoganucy memamopghuieckue
epanamcooepicawue KOpoHapuvle CMPYKMypul 6 Oaukax 2abopoHOpumos
Benomopckoii nposunyuu, cocmasnano me menee 6 K6ap OnIU3U PAHUYbL C
Kapenvcrotl nposunyueti u 6ospacmano 0o 12 xbap u 6bonee 6bausu s0pa
Jlannanocko-Koabckozo opozena.

4. Jlaiiku 2abbponopumos ¢ sozpacmom 2.45 mapo nem ¢ Kapenvcxoui u
Benomopckoti npogUHYUAX KPUCMANIUZ08ATUCH 6 OIUSKUX MANO2TYOUNHBIX
VCI08USAX, CBUOEMENbCMEYS, YMO MU NPOGUHYUU K HAYATY NANeONpomepo30s
npeocmasnany  eOuHvlii  OI0K  KOHCOMUOUPOBAHHOU  APXEUCKOU  KOpbl.
Buicokobapuueckuti memamopguzm u ppacmenmayus oaex 2abbpoHopumos
benomopckoil wacmu smoco 610Kka Obliu CEIA3aHBI C €20 nepepabomrol 6
Jlannanocko-Konbckom KOIIUBUOHHOM Opo2eHe 8 KOHYe Naleonpomepo3osl.

AnpoGauuss padorbl. OCHOBHBIE TIOJOXEHUSI JIMCCEPTAIIMOHHOMN
paboThl TOKJIAABIBAINCE M OOCYKIATUCh Ha POCCUHCKHX U MEXKIYHAPOTHBIX
HayuHelx KoHGepeHmmsx: XLVIIl  texkronmdeckom copemanun"; XII



Bceepoccuiickom  metporpadumyeckom  coBemianmu; I Poccwuiickoit
KOH(EPEHITUH 10 TpobdiieMaM T'eOJIOTHH U TeOAMHAMUKN ToKeMOpus — CaHKT-
ITetepOypr, 2011 T1.; 22 Hay4HOW KOH(MEPEHIIMU MOJIOABIX YYCHBIX,
CeikteiBKap, 2012 1.; XXII-XXV MOJ0OAEKHBIX HaydHBIX KOHQEPEHIHSX,
nocesmenHpix mamsatn K.O. Kparma, 2011-2015 rr. Ilo pesyneratam
HCCIIeJIOBaHUs OMyOnuKoBaHo 14 paboT, 3 W3 KOTOPBIX BXOIAT B IepeYCHb
BAK.

BaarogapHocTH. ABTOp WCKpEHHE MpPU3HATENEH 32 IOCTAHOBKY
Hay4YHOH 3ajaud M TEpIeHHE HaydHOMY pYKOBOAUTENIO I.I.-M.H. A
CnabynoBy. Oco0yto 0OmaromapHocTb aBTOp BbIpaxaeT K.I.-M.H. A.B.
CremanoBol, 3a HEOLNEHWMYI) TIOMOINb HAa BCEX JTalax IMPOBEICHUS
nccienoBanuii. ABTop mpusHateneH 4wi.-kopp. PAH, a.r.-m.H. A.B. CamconoBy
3a IeHHBIC 3aMEYaHUs B XOJA€ BBHIIONHEHUS pPabOTHl W OJarogapeH
coTpyaHuKaMm Jabopatopuu nerpojoruu u tekronuku UI° KapHL[ PAH (O.1.
Bonoanuery, H.E. Kopons, O.C. CubeneBy u zp.) 3a peryisipHoe 00CyKIeHHe
Pe3yNbTaToOB pabOTHl M BCECTOPOHHIOIO MOAAEPKKY. OcoOyio IEeHHOCTH Ipu
BEITTOTHEHUU PabOTHl UMeIH coBeTH K.I.-M.H. B.C. CtemaHoBa u moamepikka
A K. Kapnooii. ABTop npusHatenet k.r.-M.H. I1.51. AsumoBy (UI'T/] PAH) 3a
KOHCYJIbTALMM IO  BOIpOcaM  TEPMOOApPOMETPUYECKUX  PACUETOB.
IlepBoHa4yanbHBI BapHaHT aBTOpedepaTa IUCCEpPTAlMU  OBLT  YIIy4IlIeH
OJyiaroziapsi KOHCTPYKTHBHBIM KpUTHUECKUM 3amedanusiM A.A. Hocogroii, U.1.
babapunoit, A.B. Kapruna. 3a npoBejicHHE aHATUTHYCCKUX HCCIICIOBAHHMA
aBTOp HWCKpPEHHE OJlarofapeH COTPYAHHMKAaM aHaluuTu4eckoro ueHtpa WD
KapHIl PAH. ABTOp BBIpa)kaeT OTHEJIBHYIO IPU3HATEIBLHOCTb PYKOBOICTBY
UI' KapHIl PAH: a.r.-m.H. B.B. llummoBy u n.r.-m.H. C.A. CBeToBy 3a
TOJICPIKKY AUCCEPTAUOHHOTO UCCICIOBAHUS.

CTpykTypa u 00BbeM padoThl. PaboTa cocToUT U3 BBEACHUS, 8 TaB U
3axmoueHns. O0seM paboTsl cocTaBiseT 221 cTpaHMIly, BKIIOYas PHCYHKH,
TabIMLBEl U pUiIoKeHust. CIHCOK JIUTEpaTyphl COCTOUT U3 249 HaMMEHOBaHUI.

Oovexkmul uccnedosanus.

Jnsa pexoHCcTpyKIuH 3H10TeHHON uctopun Kapensckoii u benomopckoit
MPOBUHIUA OBUTH WCIIONB30BAHBI IMANECONPOTEPO3OHCKAE NTaKH ¥ Majble
WHTPY3UH OCHOBHOI'O COCTaBa C BO3pacToM OK. 2.45 MIpX JIeT, KOTOpbIE
IIHPOKO PACHPOCTPAHEHBI B OOEMX MPOBUHLMUAX, HAAEKHO JaTHPOBAHBI
(bubukosa u ap., 2004; CnadbyHos u ap, 2001, 2011; Menbsauk, 2015, Amelin
et al., 1995, Stepanova et al., 2015a) u BXOAAT B COCTaB KPYITHOU
marmatudeckoir nposuniuu (Ilapkos, 1997; Kulikov et al., 2010),
MPEACTaBICHHON pPa3HOITyOMHHBIMH KOMIUICKCAMH, BKJIFOUAs PAaCCIOCHHBIC
WHTPY3UH, JaKH U BYJKaHWUTHL. BakHOo# meTporpaduueckoil 0COOCHHOCTHIO
rabOpOHOPHUTOB SIBISIETCS. YCTOMYMBOCTH K TMpoIleccaM MeTaMophu3Ma u
COXPAaHHOCTh B HHUX PEIUKTOBBIX HMEPBUYHO-MArMAaTUYECKUX MHUHEPAITBHBIX
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accolManvii BIUIOTh 110 dKiIoruToBod dammu (Bomomudues, 2008; KosnoBckwid,
Apanosuy, 2010; Perchuk, Morgunova, 2014 u mp.), 9To IeiIaeT BO3MOKHOM
onieHKy P-T-ycnoBuit ux KpuCTaIITU3aLINN.

B mnpenmemax Kapenbckoit nposuninmu (KII) maifiku raGOpoHOpUTOB
¢dopmupytot pou C3 u CB npoctupannii (Pucyrnok 1). Ctpoenue ten mpocroe,
MOITHOCTH BapbUpPYET OT MEPBBIX METPOB 10 cTa u Oojee MeTpoB. KOHTaKTHI ¢
BMCIIAIOIIUMH ~ apXEHCKIMH TOPOJAMH CEKYyIIHe, KpPYyTOIaJaiolue, C
BBIp2)KCHHBIMH 30HAaMH 3aKalloK. M3ydeHHble naiiku rabOponoputoB KII
XapaKTepU3YIOTCs BRICOKMMU KoHIeHTparmsamMu MgO (16.02 -19.47 sec. %), Cr
(1400-2080 ppm) u Ni (450-850 ppm), moBeimenubMu SiO2 (10 52 Bec. %) u
am3kumu TiO2 (meree 0.6 Bec. %). [ns Hux xapakrepHo oboramenue JIP33
((La/Sm)n=2.4-3.5), memrerupoBannocts TP3D ((Gd/Yb)n=1.6-2.1) u Nb
(Nb/Nb*=0.18-0.27) u otpurarensusie 3aadenus eNdz 45 = -0.4 —-1.7 (Amelin,
Semenov, 1996; Stepanova et al., 2015a). Bo3pact kpucTautMzanuu mack
raboponopuroB KII mo pesynbratam U-Pb pmatupoBanus Oangeneuta
cocrasisiet 2450412 mutH et (Stepanova et al., 2015a). B npenenax KII Taxxke
YCTAHOBJICHBI ITalKd HI3KOMAarHE3WaJBHBIX TaOOPOHOPUTOB 3TOTO BO3pPACTa
(Stepanova et al, 2015b), o B manHoit pabore P-T-mapamerpsl wuX
KPHUCTALTM3AIMN HE ONPEICISIINCH.

Kapenbckon nposuHUmMH

7 C YCnoBHble 0D03HaYeHus:
e > N kq,, 0Cafl0OMHbIE KOMMNEKCbI
NN 6“4;, (c BoapacTom 1.58-1.48 mnipa ner)
B \ ”"Og" . naneonpoTepo3onckas
_—sallihe ", I 10BEHUNbHAsA KOpa
- 03. Kanoxoe . : (NannaHackuii rpaHynUTOBLIN NOSIC)
*"‘ B'_'pi BYIIKAHOEHHO-0CaA04HbIE
A o-¢ Pogarmbomipoe ‘ komnnekc! (2.3-1.8 mnpg ner)
~
e 900 LB b | BYNKaHOreHHO-0CaA04HbIe
2 — I R KoMnnexc! (2.5-2.3 Mnpa ner)
- 2 N 5
%
. nm,«,* F2A = I apxenckue KOMNeKcs!

0 . Mypraeonok-u. KupGed :] apxevickue KoMnnexcel
“ M. Mpudun Benomopckoi NpoBMHUMK
‘ apxenckue KOMNNeKcol

o0-ea CynpomueHsie &
Konbckow npoBMHUUK

el ‘ Maguryeckme 4aiku 1 UHTPY3uu
(2.5-2.3 mnpg ner)
0-e Bepexwoi <
Bopujosey P l Maduyeckue aanku

(2.3-1.98 mnpp ner)

botss o* HepacuneHeHHble Maduyeckne
o-6 Kongocmpod\ | paiiku >1.98 mnpa ner
W b

SR 1 —’* 06bEKTLI UCCTIeAoBaHMS
L . Benomopckon npoBUHLMK
/7 ’ ~
100k 7o (NS ’ B * ‘ 0BbeKTLI UCCNeaoBaHus
— L5, 2
> < | Kapenbckoi NpoBuHLMM

Pucynok 1. IlomoxeHnme OOBEKTOB HCCICIOBaHUS Ha CXEME pacIpeiesIeHUs
HaJeonpoTepO30HCKIX Maduaecknx KOMILTEKCOB B BOCTOYHOM 4acTH
OdennockanguHaBcKoro mura no (Stepanova et al., 2014) ¢ gononHeHUsIMU aBTOPA.
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OnHOBO3pacTHBIC M OJIM3KKE TI0 cocTaBy K rabOponoputam KII 6a3uThl
IIMPOKO PaCIpOCTPaHeHbl B CMeXHON benomopckoii nmposunnmu (Pucyrok 1).
OHH TpeAcTaBlieHHl MHOTOYHCICHHBIMA MAalIbIMH HHTPY3WSMH, HalKaMH, U
KPYIHBIMH ~MAacCHBaMH, JETaJbHO OINHCAHHBIMA B paboTax MHOTHX
uccnenoparencit (Crenanos, 1971,1981; Wlypkun u ap. 1971; Edumos, 1978;
Mauios, Ilapkog, 1978; Crenanos, CnabynoB, 1989; banaranckuit u ap, 1997,
[HapxoB u ap., 1997, 2004; Cnabynos u ap., 2001; Lobach-Zhuchenko et al.,
1998 u ap). ['maBHOK 0coGeHHOCTHIO rabOpoHOpHUTOB BIl, oTNHMUaromiei ux or
OITHOBO3pAacTHBIX Maduuecknx KomiuiekcoB KII, sBiseTcs WHTEHCHBHAS
TEeKTOHHUECKasl mepepadoTKa Ted U MeTaMmophuieckoe npeodpa3oBaHue IOPOA
(TIpeuMyIIeCTBEHHO B YCIOBHSIX aM(UOOIHTOBON, B OTACIBHBIX Y4acTKax 0
skJoruToBoM (haruu Metamopdusma (TpasuH, Kozmopa, 2005; Bomomndes,
2008; Kosmosckwii, Apanosud, 2010; Mensauk, 2015 u ap.)), BEIpaKeHHOE B
(GbopMHpOBaHMM  JPY3UTOBBIX  (KOPOHAPHBIX) CTPYKTYp Ha  TpaHHIE
Ma(pUUECKHX MHHEPAJIOB M IUIarMoOKiIa3a. B CBSI3M ¢ 3THM, MHOTHMH
uccuenoparensaMu Tena OasuroB BIl paccMaTtpuBaroTcss Kak OSCKOpHEBBIE
(CUHKMHEMAaTHYeCKHE), KPUCTAJUTU30BABIIHECS B YCIOBHAX OoJiee TOpsiucH H
TUTACTUYHOM cpepl Ha 3HaunTenbHOH riryouHe (Kocoi, 1938; Ulypkun, 1964;
[MapxoB, 2004, 2006, ApectoBa, 2004; Bomomuues, 2008). Bospact
Kpuctaymmzaiuu  raboponopuros  BII mo pmamaeiM  U-Pb  um3oromHoro
JATUPOBAaHUS IIMPKOHA cocTaBisieT 2.45-2.4 mupn et (bubukosa u np., 2004;
Kpusonyukas u np., 2010; Cnabyros u ap, 2011; Mensauk, 2015).

B pamkax panHOit paboTel B bemomopckoil MpOBHHIMM — OBLIN
OnpoOOBaHbI KaK JalKU C CEKYIIUMH KPYTOMAIafolIMMH KOHTAKTAMU U SPKO
BBIPOKCHHBIMU 30HAMH 3aKAJIKH, TaK U (HparMEHTHI JacK U MaJbIX UHTPY3UH C
CyOCOTITaCHBIMHU C THEHCOBHIHOCTHIO BMEMIAIOMINX KOMIUIEKCOB KOHTAKTaAMH,
KpaeBble YacTH KOTOPHIX CIIOKEHBI amduoOonmutamu. W maiiku, u Maibie
UHTPY3UH B Pa3IMYHON CTEeleHH MeTaMOp(HU30BaHBI, IPU 3TOM BO BCEX TellaxX
ObUIN yCTaHOBJICHBI YYACTKH, COXPAHSIOIINE PEIUKTHI MacCUBHOI rab0poBoit
CTPYKTYpHl M TEPBHYHBIX MAarMaTHYECKUX MHHEpPAIOB, KOTOPHIE OBLTH
OTPOOOBAHEI TS TATGHEHIIINX UCCIICTOBAHUA.

I'a6oponoputs! BI1 uMeroT XapakTepHbIe Uil OOBETUHEHHBIX B COCTAaBE
CYMMHCKOH KpyIHOI MarmaTrdeckoi nmposuuimu (KMIT, Kulikov et al., 2010)
0o0pa3zoBaHMil BBHICOKOMAarHe3HagbHbIE M BBICOKOKpeMHHCTBIE (MgO mo 21.7
Bec. % npu Si02=47.68 Bec. %) cocTaBbl. [Ipu 9TOM HAOMIOHAIOTCS MIMPOKHE
BapHallid COCTABOB 0 HH3KOMArHE3WAJIbHBIX W OOOTAIICHHBIX KPEMHHEM
(SiO2 no 54.34 Bec. % u MgO mo 6.66 Bec. %). Xapaktepbl pacrpeaeieHus
PEAKO3EeMENBHBIX M PEeIKUX JJIEMEHTOB TrabOpoHOpuToB bermomopckoit
MPOBHUHIIUY KaK BHYTPU OTICIBHBIX HHTPY3HUH, TaK U B PAa3HBIX Telax OJM3KH.
T'a66ponoputsl BIT ob6oramienst JIP3D ((La/Sm)n=2.8-6.1), obeanensr TP3D
((Gd/Yb)n=1.2-1.9) u Nb (Nb/Nb*=0.12-0.37). Benuumna eNdzss.24 B
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najyeonporepo3oiickux (2.45-2.4 mupn ner) raboporopurax bIl Bapeupyer ot
HHU3KHX MOJOXKUTENbHBIX (0T +0.8) 10 yMepeHHbIX OTpHLATENbHBIX 3HAYCHHUN
(mo -1.8) (Lobach-Zhuchenko et al., 1998; Kpusomnyukas, 2010).

55 - 4
(La/Sm)n 0 5
50 2 .
s MgO, sec. % . (Gd/Yb)n
0 5 10 15 20 25 0,5 1,5 2,5
YcrnoBHble 0603HaYeHus: O BblCOKOMarHeauanbHble rabbpoHoOpuUTLI,
Kapenbckas nposuHUMS
o Er:ﬁgl;c;ma;;zasag;::leM;a66p0Hopmbl. o BbICOKOMarHeanarnsHsle rabGpoHOpuTHI,
P P u Kapenbckas nposuHums (EvuH,1983,1984)
O HU3KOMarHeskankHsie rabGpoHopuTsI, o paccrnoeHHble UHTPY3uu Kapenbckomn npoBuHLMM
Benomopckas NpoBUHLUS e (Naspos, 1979; Amelin, Semenov, 1996 )

Pucynok 2. Bapuanmonusie guarpammel coortHomieHuin SiO2-MgO (A) u
(La/Sm)n-(Gd/Yb)n (B) mnst manmeompoTepo3oiickux rabopoHopuToB bemomopckoi u
Kapenbckoit npoBUHIIUIA.

ComnocTaBieHHEe COCTaBOB M3YUEHHBIX B paboTe Ten rabOpoHOPUTOB
Kapensckoit u benmomopckoil NpoOBHMHLMN MMOKa3ajlo HMX CYIIECTBEHHOE
CXOJICTBO KaK II0 CONEPKAHUIO TIIETPOTCHHBIX DJJIEMEHTOB, TaK W IO
coJep KaHMIo dIieMeHTOB-TipuMecei (Pucynok 2 A, B). O0meit ocoOeHHOCTBIO
coctaBa TaOOPOHOPUTOB O0OEUX CTPYKTYp SIBISICTCS BBICOKOXPOMHUCTBIMH,
BBICOKOMArHe3HalIbHbINM COCTAB, MOBBIMICHHBIE coaepkanus SiO, oboramnieHue
JIP3D wu pemnermpoBanHocth TP3D wu  Nb. Takme reoxumuueckue
XapaKTePUCTUKH TOPOJA  TPEHAINOJIAraloT BBICOKAE CTEICHH  IUTABJICHUS
MaHTHHHOTO WCTOYHHKA, BO3MOXKHO, B TOJNE€ CTAaOWJIFHOCTH TpaHaTa M HX
MOCTIEAYIOIIYI0 MHTEHCHBHYIO KOHTAMHHAIIMIO KOPOBBIM MaTepHAIOM. OTO
MOATBEPIKAACTCS M HHU3KHMH  TOJIOXKHTEILHBIMH W OTPHIATCIBHBIMU
3HadeHUsIMH BemmduHBl €Ndzss24= oT +0.9 mo -2.9 (ApecrtoBa, 2004;
Kpusonymkas u np., 2010; Amelin, Semenov, 1996; Puchtel et al., 1997, 2016;
Lobach-Zhuchenko et al., 1998; Stepanova et. al, 2015a).

bruzkue TEOXUMHUYECKHE u W30TOITHBIC XapaKTePUCTHKH
OJTHOBO3pACTHBIX rabOpoHOopuToB Kapenbckoit u benmoMopckoilt mpoBUHIIMIA
MPEAINONAraloT CXOJICTBO YCIIOBHH TE€HEpalud IMEPBUYHBIX PACIUIABOB U HX
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MOCIIEAYIOIIEeH KOPOBOW 3BOJIIOIIMA W O3HAYAIOT KOPPEKTHOCTH IPOBEICHHS
JATBHEHIIINX KOPPEIISIIIAA.

OBOCHOBAHME 3AIIUIIIAEMBIX MMOJIOKEHUI

1. B Kapenvckoii nposunyuu cmanoenenue oaex
6bICOKOMAZHE3UATILHBIX 2a00poHOpumos ¢ eo3pacmom 2.45 mapo nem
npoucxoouno 6 ycnosuax eepxneii kopovl (P=2-4 koap u T<1150°C). Pannsasn
denokpucmosan accoyuayua (xpomuwinunens u evicokomaznesuanvuute Ol,
Opx u Cpx) pukcupyem Kpucmaniuzayuio pacniaéoé é NPoMelNcymouHbX
Kamepax Ha ymepennvix 2nyounax (npu P>4 xkoap u T>1150°C).

Wzyuennslie naiiku raboponoputoB KII umeror mpocroe cTpoeHHEe — B
HUX BBIICISIOTCA 30HBl 3aKaIKH, XapaKT€PU30BABLIMECS MAaKCHMAallbHOH
CKOPOCTBIO OCTBIBAHHUS PACILIABA, U LIEHTPAJIbHBIE YACTH TEJN, KPUCTAIIN3ALUS
KOTOPBIX MPOMCXOAMIA CYILECTBEHHO IOJbIIE, IPU 3TOM PACCIOEHHOCTh U
BHYTpeHHHE (ha30BbIC HEOJHOPOJHOCTH OTCYTCTBYIOT. DTO MOKAa3bIBAET, YTO
ycTraHoBJieHHBIe B ceBepHoi uactu KII naiiku Oblmm  copMupoBaHbl B
pE3YNbTaTe OJHOTO AKTA BHEIPEHUS MarMbl B XOJIOAHbIE KOHCOJIUANPOBAHHbIE
nopozsl pamsl. [To XuMHYECKOMY U PEAKOAIEMEHTHOMY COCTABY LIEHTPAJIbHBIE
YacTH JAaeK M 30HBI 3aKaJKH OJM3KH, YTO TAKXKE CBHJCTEIBCTBYET B IOJIB3Y
IPOCTOTO  CTPOGHUS Tel W  OJHOAKTHOTO  BHEAPCHUS  PACIUIABOB.
BrlmeckaszaHHoe TO3BOJSIET paccMaTpuBaTh 30HBI  3aKAIKM  JIaeK, Kak
«3aMOPOKEHHBINY PacIlIaB, HOCTYIHUBIINN B Kamepy.

PesynpTaTel  u3ydeHHs ~ HOpPOA  30H  3aKaJOK  OJHO3HAYHO
CBUJICTEIBCTBYIOT O TOM, YTO Marma, C(q)OpMHpOBAaBIIAs JAiKH, COCTOsIA M3
paciuiaBa U KpHCTaJUIOB OJIMBMHOB M NMHMPOKCEHOB. PaHHME (a3bl 1o cocraBy
KOHTPACTHO OTJINYAIOTCS oT MHUHEPAJIOB OCHOBHOM Macchl,
KpUCTaJUTM30BaBIMHKXCs  iN Situ. OcoOEHHOCTH cOCTaBa M BHYTPEHHETO
CTPOCHHUS PAaHHUX (PEHOKPHCTAIIIOB MO3BOJSIOT BBIAEINTH HECKOJIBKO ITANOB
KPHUCTAJUTH3AIIH:

(1) Hawmbomee panammu ¢asamu sBistorcst onuBuH (Fo=79-86) wu
XPOMIITIMHENHW,  (XPOMUT-aJIFOMOXPOMHT),  (DOPMHUPYIOIINE  BKIIOYCHUS
pasmepoM He 6onee 0.2 MM B KpYIHBIX 3€pHaX MUPOKCEHOB. B 30Hax 3akanku
TaKke YCTAHOBJICHBI 30HaJbHBIE (eHOKpHucTasl onuBuHA (Fo=89 B nentpe,
82 — B KpaeBoil uyacTh). AHaJM3 COCTaBOB ONUBMHOB TabOponoputoB KII
[OKa3aJl, 4YTo COOTHolIeHUEe Fe-Mg B OJIMBUHE M NOPOJIE HE COOTBETCTBYET
PaBHOBECHOMY M YKa3bIBaeT Ha IPUCYTCTBHE B HHMX HM30BITOYHOTO OJIMBHHA
(xymynyca). VYcimoBus 3TOrO 3Tala MOXHO  OLEHMThb, MpeAnosaras
paBHOBecHOCTH BKitoueHnit Ol u Cr-Spl B (eHOKpHCTAIIAX OPTONMHPOKCEHA,
M0 OJIMBUH-IINMUHENEBOMY TepMmomeTpy (Jackson, 1969): T=1270-1340°C. Ob6a
MHHepala pe3opOupoBaHbl, UX COJEP)KaHNE HE MIPEBBIIIAET NEPBBIX MPOLEHTOB
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obbemMa TOpoJbl. SIBIIEHUS Pe30pOIMH MOTYT OBITh CBS3aHBI C IOJBEMOM
MarMbl W/WJIHM TOCTYIUICHHEM HOBOW IOPLHUH paciulaBa B IPOMEKYTOYHYIO
KaMmepy;

(2) Bropoit asram — KpUCTAUIM3ANUS  BBICOKOMArHE3WATbHBIX
mupokceHoB. OpX KOJNUYECTBEHHO MpeobianaeT, CpX MOSBISAETCS CHHXPOHHO
wii 9yTh mo3xke. DeHokpuctauiel OpX 30HANBHBL IEHTPAIbHBIE YaCTH —
BBICOKOMarHe3uaibHbIe U BeICOKOXpoMucThie (XMg=0.85-0.87, Cr.03 mo 0.96
Bec. %), KpaeBble yacTu He comepkaT Cr M MeHee MarHe3uansHBI (XMg 1o
0.68-0.75). KnnHonmpoxceH o COCTaBy COOTBETCTBYET
BBICOKOMAarHe3naabHOMy BbicokoxpomucTomy (Cr203 1o 1.36 Bec. %) aBruty u
Takke uMeeT 3oHambHOEe cTpoeHne (XMg Bapeupyer ot 0.83-0.86 B
IEHTpaIbHOM 4Yacth 3epHa g0 0.69 B KpaeBoid), QopMHpyeT Kak
CaMOCTOSITeNBHBIE 3€pHA, TaK W IUIaCTHHKH, Hapacraiomme nHa Opx
(«byminsape»). YCIoBUS 3TOr0 dTama KPUCTAUIH3AIUH MOXHO OIICHUTD,
npexnonaras paBHoBecHocTh Opx u Cpx (caMoOCTOsTENBHBIE 3€pHA) C
WCIIOJB30BAaHUEM  JIBYIIUPOKCEHOBOro Tepmobapomerpa (Putirka, 2008),
TepmomMeTpa MaaxoBa (Mamaxos, 1983) u Cpx 6apomerpa (Nimis, 1999):
T=1150-1250°C, P=5.5-7.5 kbap. ®yrasper Cpx (M0 AaHHBIM TEPMOMETpPa
Manaxoea (ManaxoB, 1983) wu Cpx Oapomerpa (Nimis, 1999))
kpuctaumzoBauck pu T=1150-1200°C u P=4-6 k0ap.

(3) Kpucrammmzamms in SitU  MHHEpaJIOB OCHOBHOM  Macchl,
coctapistiomux 10 50% oObeMa mopos 30H 3aKaiku. Menkie KceHOMOp(hHBIE
3epHa (0.05-0.1 MM) THPOKCEHOB OCHOBHOM MAacChI MPEICTaBIEHbI JHCTATHTOM,
aBr'iTOM W CIWMHUYHBIMU 3C€pHaAMHU THKOHHUTA. OHI/I OTJIIMYAKOTCA OT
(DEHOKPHCTAIUIOB ~ MEHBIIEH  MarHesuasibHOCcThI0  (XMg=0.64-0.79) wu
orcyrctBueM Cr. [lnarnoknas (An=45-57) B KpaeBbIX YacTsIX TeJl NMPEACTaBIEH
JCUCTOBUAHBIMU U HUrOJBYATHIMU 3€pHAMH, (OPMHUPYIOLUIMMU MeTeIbuaThie
arperartbl, 4YTO CBUIACTCILCTBYCT O BBICOKOM CKOpPOCTU KpUCTAJIIU3AIUN
paciuiaBa. YCIOBHS 3TOrO 3Tama, PacCYMTHIBAIKMCH IO JBYMHUPOKCECHOBOMY
tepmobapometpy (Putirka, 2008), mpexamonarass paBHOBECHOCTh HMHPOKCEHOB
OCHOBHOI Maccel: P=2-4 x6ap u T=1050-1150°C.

OTa ke MOCIIeNoBaTeIbHOCTh KPUCTALIM3AIMK, HO MEHEee OTYCTIIMBO,
IMposABJIEHA W B HEHTPAJIbHBIX 4YacCTdaX TCI. B uux BLICOKO'Mg OJINMBUH H
XPOMIIINAHETs YCTAHOBJIEHBl TOJNBKO BO BKJIIOUCHHSAX B ITHPOKCCHAX,
OpeAronaras WX paHHIOK KpucTaumszanuio. OpTo- U KIMHONHUPOKCEH
(hopMHPYIOT KPYIHBIE HIUOMOPQHEIE 3epHa, 00a MUPOKCEHA 30HAJBHEI M 10
COCTaBy AaHAJIOTHMYHBI IMHPOKCEHAM 30H 3akaiukd. Ilmaruoknas (An=46-65)
(dbopMupyeT KpymHBIE TaOJIMTYAThIC 3€pHA, cojepxkamue BrmoudeHus Opx u
Cpx. [lo3mqaumu (hazamur KpUCTAIITU3AIMY, 3aHIMAIOIIUMI UHTEPCTHIIMOHHYIO
MO3HIUIO, SIBIISTIOTCS KBapll, OHWOTHT, WIBMEHUT © onurokmas. Jlms
raboponopuroB  KII  xapakrepHO pa3BUTHE CYOCONMIYCHBIX  Kaiim,
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(dopmupylomuXcss Ha TpaHWIE ONMBHHA ¥ IUIATMOKIA3a M CIOXKEHHBIX
oprorupokceHoM u Opx-Pl cummiexktutom. Temmeparypa ¢opmupoBanHus
OpPTONHPOKCEHOBBIX KaiiM oneHmBaercs B 600-800°C (mo Opx TepMomeTpy
(MamaxoB, 1983)). Ilocmemyromme Metamopduueckne MpeoOpa3oBaHus B
naneonporepo3oiickux radopoHopurax KII mnposBieHbl JOKaJIbHO H HE
MPEBBIIIATY YCIOBUHA SMUI0T-aMPUO0INTOBON (annu MeTaMophusma.
W3mepenne copepKaHUi pacCeSHHBIX M PEAKO3EMENbHBIX AJIEMEHTOB B
Cpx OBIJIO BBIMOJIHEHO JUIS aBIUTOB M3 Tab0poHOpuTOB 03. B. KyiiTo. B aTHX
MOPOJaxX, COMIACHO pacdyeraMm, MPOaHaTH3UPOBAaHHBIA CpX KPUCTAILTH30BAIICS
npu T <1170 °C u P =4-5.5 kbap AHanu3 xapaktepa pacnpezneneHuii P32
MOKa3aJ, 9YTO WX KOHIIEHTPAIlM{ YBEIMYHBAIOTCS OT ILEHTpa 3epHa K Kparo,
JIEMOHCTPUPYs 00paTHyI0 Koppersanuio ¢ XMg. CriekTpsl pacnpeaencHus P39
B KJIMHOIIMPOKCEHAX XapaKTepU3yeTcs NeIIETHPOBaHHOCTHIO JIP3D, mmockuM
pacnpeneneadem TP3D u 3uauenusmu EU/EU*=0.73-0.75 (Pucynox 4). Ha
MYJIBTUIJICMEHTHBIX JHarpaMMax Jjisl KIMHOMUPOKCEHOB M3 TabOpOHOPUTOB
KIT oTueTnMBO MpOSBICHBI OTpUIATEeNbHBIE aHOManuu Nb, Sr, Zr u Ti. B
[EIOM ~ XapaKTep paclpeleleHus paccesHHBIX simeMeHToB B Cpx
rabOpoHOpUTOB KpaToHa TunmdeH it CpX, KPHUCTAJUIU30BABIIMXCS W3
6azanproBoro pacruiasa (Shimizu et al., 2005; Lesnov, 2010; Sun, 2011).
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12. s . Cr-Spi
YcnosHble 0603HaveHus: ‘ HU3KOMarHeuanbHbIX NUPOKCEHOB .
OLPx nopdMpHTos 0-8a ynanHra
PT-yenosus kpucTanusaumm,
BbICOKOMATHEIHAITHBIX TMDOKCEHOB o HM3KOMArHE3ManLHbIX NUPOKCEHOB
® oirx nopcupyTos o-8a Mynumra rabbpoHopuTos . TakaTyHapa
BLICOKOMATHE3MANLHBIX NUPOKCEHOB TeMnepaTypHLIit AUANAIOH
O ra66powopuTos r. Takatynapa Kpuctannuaaumn OI-Cr-Spl accoumaumm
) BBICOKOMATHESHANBHBIX MPOKCEHOB TemnepaTypHbiil AnanaoH
raG6poHOpWTOR 03. B. KyiTo hopMMpoBaNWA OPX PEaKUNOHHBIX Kalitt —

PucyHok 3. A - OCHOBHBIE CTaJUM KpHCTAIM3aIMu rad6poHopuroB Kapenbckoit
npoBuHIMKM Ha P-T-puarpamme, B-ocHoBHas macca OI-PX mopdupuros, kpaeBas dacTb
naiiku, o-B Jlymumara, B — BrioueHms onmBHHA M XpomuTa B (eHokpucrame Cpx,
LIeHTpajbHas 4acThb Aaiiky, . TakaTyHapa.
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Takum 00pa3oM, yCIOBHS W IIOCIEIOBATENHFHOCTh KPHUCTAJUIN3AINN
rab6ponoputoB KII Moryr OBITHP TpeACTaBICHBI CICIYIOIIUM 00pa3oM
(Pucynok 3): (1) kpucrammsarus Ol u Cr-Spl mpoucxomuna mpu T>1250°C.
I'myOuHHOCTH maHHOTO JTama He wu3BecTHAa. Pe3opbmms Ol morna ObITh
o0ycJIOBJICHA TMOJbEMOM MAarMbl HW/WIIM TOCTYIUICHHEM HOBOHW MOPIUU
pacriaBa B MIPOMEKYTOUHYIO Kamepy; (2) KpUCTAJUTH3AIIHS
BBICOKOMAarHe3MaJbHEIX OPTONHPOKCEHOB K AaBTUTOB B IPOMEXKYTOYHOMH
kamepe npu T >1150°C u P>4 x0ap. ITossnenne Opx Ha TMKBUIYCE, BEPOSITHO,
MOTIJIO OBITH OOYCIIOBJICHO KOHTAMHHAIIMEH PacIUIaBOB KOPOBBIM MAaTEpUAJIOM;
(3) xpucrautuzanus in SitU HU3KOMAarHe3MAIbHBIX TUPOKCEHOB M IIATHOKIa3a
— npoucxomwia pu T=1050-1150°C u P = 2-4 x6ap; (4) cyoconumycHbsie Opx-
P1 peaknmonnbie kaiimbl copmupoBanuch nmpu T=600-800°C.

[lomydeHHBIE pe3yNbTaThl COTJACYIOTCA C IIPESIIOKECHHBIMH paHee
MozensIMH (pOPMHPOBAHUS paciuiaBoB B cymuiickoit KMIT (Amelin, Semenov,
1996; Puchtel et al, 1997), xoropble mpeamogaraloT (OPMHUPOBAHHUE
BBICOKOTEMITEPAaTYPHBIX MarHe3WAaNbHBIX pacIIaBOB B PE3ylbTare IMOIbeMa
MAHTUHHOTO IUIFOMa W HMX IOCICAYION[YI0 KOHTAMHHAIIMIO KOPOBBIM
BEIIICCTBOM.

2. B bBenomopckoit nposunuyuu memamoppuzoeannvie OaiiKu
6bICOKOMAZHE3UAIbHBIX 2a0OpoHOpUmMOE ¢ eo3pacmom 2.45 mapo nem
COXPAHUNU HEUMEHHbIM COCHIAE U 2e0XUMUYECKUEe XapaKmepucmuru
DENUKMOGHIX MAZMAMUYECKUX MUHEPAI08 pAaHHell  (PeHOKPUCmOoeoil
accoyuayuu (Xpomwinunens, evicokomaznesuanvhvie Ol, Opx u Cpx),
Komopas ukcupyem KpUcmaiiuzauyuio Ha ymepeHHuvlx 2nyounax (P> 4.5
kbap u T>1100°C).

B cesepHoli, 10xHON M 1ieHTpanbHOW dacTsax BIT (Pucynok 1) Obuto
JEeTalNbHO H3y4eHO 16 Ten KOpPOHHUTOBBIX TabOpoHOpPUTOB. Bo Bcex wacTsx
IPOBHUHIMM CpPEAM ONpPOOOBAHHBIX T'a0OPOHOPUTOB YCTAHOBJICHBI TeENa, C
COXpaHUBIIMMHCS (parMeHTaMH TEPBUYHBIX KOHTAKTOB, 3aHMMAIOIINX
CEKylllee MON0KEHNE 0 OTHOLIEHUIO K BMELIAIOUINM apXeUCKUM KOMILIEKCAM,
¥ C BBIPaXXCHHBIMU 30HaMHM 3aKajkd. [1oposbl 30H 3aKalki U KpaeBBIX yacTel
Tesr Tab0poHopuToB BIl MMeroT mopupoBUAHBIE CTPYKTYpHL: HOP(HUPOBHIC
BKPAIJICHHUKN B HHUX IIPEICTABICHBI OPTO- M KIMHOIHPOKCEHOM, OCHOBHAS
Macca Mopoj, He CMOTPsl Ha MPAKTUYECKU NTOJHOE 3aMELICHUE MarMaTHUeCKUX
MHHEpaJIOB,  COXpaHAeT  PENMKTBl ~ MarMaTH4ecKoro  IUTarioKiasa,
(dopMupylOImero  MeTenb4aThle  arperarsl, IPeANoJaralomux — OblcTpoe
OXJIaXKJICHHE PaCILIaBOB.

LlenTpanbHBIE YacTH TEN CIOXKEHBI CPEJHE3EPHHCTHIMU MAacCCHUBHBIMHU
OJIMBUHOBBIMH W OJIMBHHCOAEPXAIIMMH  TIaOOpOHOPHTAMH  XOpOIIeH
COXPaHHOCTHU. I'maBHBIMU 0po1000pa3yOINMHK MarMaTH4ecKUMHU
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MHUHEpaJaMy SIBIAIOTCS OPTO- M KIMHONUPOKCEH, IUIAarHOKIa3 W OJIUBHH,
BTOPOCTEIICHHBIMA — OHOTHT W WJIBMEHUT. BTopmunble mpeoOpa3oBaHus B
MOPOAax TPOSBIECHH B (OPMUPOBAHHUU OPTOIHUPOKCEHOBBIX, T'PAHATOBBIX U
aM(puOOTOBBIX (MHOTA KIMHOIMPOKCCHOBEIX) KaiiM Ha TpaHHIAX OJNUBHHA U
IUTaTHOKNIa3a ©  (KIMHOMHMPOKCEH)-aM(UOON-TPaHATOBBIX ~ KaliM  BOKPYT
MarMaTuIecKoro OPTOIHPOKCEHA.

CrTeneHp COXPAaHHOCTH PEIMKTOBBIX MAarMaTHYSCKHX MHHEPaIbHBIX
acconpammii B Ta0OpoHopuTax BIl M BO3MOXHOCTH HCIOJB30BAHHS UX
COCTaBOB IpH orcHKe P-T-mapamMeTpoB KpHCTaUIM3allMH — BOIPOC, KOTOPBIN
noTpeOoBal MPOBEACHUS CIICIUATBHBIX UCCICIOBAHNN. B pETUKTOBBIX aBruTax
U3 TaOOpOHOPHUTOB MEHTPAIBHOH 4YacTH TIPOBUHIMK OBUIM H3MEpPEHBI
COINCp)KaHMsI  PACCESHHBIX M PEOKO3EMENBHBIX  DIIEMEHTOB.  ABTHTHI
rab6poHoputoB bBIl obGemHeHbl nerkuMu P3D OTHOCHUTENBHO TSKEIBIX H
cpenaux P3D W MMEIOT NpaKTHUYECKH IUIOCKOE pPAacCIpesieieHHe B 00IacTu
msokensix P30 (Pucynok 4). Haumenee marnesumansbie (¢ XMg <0.77) Cpx
umeror 3HaueHus EU/Eu*=0.76-0.86. Ha MynbTH3IEMEHTHBIX aHarpaMmax
(bUKCHPYIOTCS SIPKO BBIpaKECHHBIC OTpHIIaTeNbHbIe aHoMamu Nb, Sr, Zr u Ti.
Conepxanne P33 u peakux 3JeMEHTOB BO3pacTacT OT LIEHTPA K Kparo 3epHa
OJTHOBPEMEHHO C YMCHBIICHHEM MAarHe3MalbHOCTH. B 3TOM ke oOpasie Obu1
U3y4YCH PEIAKODIEMEHTHBIH COCTaB MEeTaMOP(OUYECKUX KIMHOIMHUPOKCEHOB M3
KOPOHApHBIX  CTPYKTYp  BOKPYT  MarMaTH4ecKoro  OPTOIHPOKCEHA.
KrmuHomupokceHbl KaiiM Ta0OpOHOPUTOB CYIIECTBEHHO OTIHYAIOTCS OT
PEITUKTOBBIX aBruToB. [10 COCTaBy OHHM OTBEYAIOT IHMOINCHAY, OOOTAICHBI
nerkumu P39 u Eu (EU/Eu*=1.6-3.2) u o6enuenst Nb, Sr, Zr u Ti.

Pucynoxk 4. CrexTpsl

aBruTel rabbpoHopuToB I HUS P
O KapenscKoit NpoBMHLMN pacripenene 39,

_@ 2 rabGponopuTo HOPMHUPOBaHHBIE TIO XOHAPUTY
BenomopcKoit NPoBUHLMM (MCDO”OUgh, Sun, 1995)’ B

100

= aBIHTaxX raGOpOHOPHTOB
g Kapenbckoit u  benomopckoit
2 .

2 10 TIPOBHUHIUH. Cepoe rose
S COOTBETCTBYET cocTaBaM

metamopduyeckux Cpx uz Cpx-
Amph-Grt u Cpx-(Amph+Spl)

KOPOHAPHBIX CTPYKTYP,
nyHKTHpHas smHES — Cpx U3
1 Cpx-Amph KOPOHAPHBIX

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb CTPYKTYD.

Takum  00pa3oM, MpOBEJACHHOE HCCICAOBAHUE I[OKA3aJlo, YTO
PEIIMKTOBBIC aBTUThI KOPOHHTOBBIX MeTaraboponoputoB bBII Oumskum 1o
COCTaBy K MarMatudeckuMm aBrutam raboponopuroB KII, m cymecTBeHHO
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OTJIMYAIOTCSA OT MEeTaMOP(PHUUESCKUX KIHHOMUPOKCEHOB Kaiim (Pucyrok 4). 910
MO3BOJISIET CHENaTh BBIBOA O «XHMHYECKOW» COXPAaHHOCTH KaK CaMHX
PEIUKTOBBIX (TICPBUYHO-MArMaTHYCCKMX) KIMHOIUPOKCEHOB, Tak W OoJjee
paHHHMX MarmMaTtuueckux MuHepanbHbix accommarmii (Ol, Cr-Spl, Opx) B
KOPOHUTOBBIX MeTaraboponoputax BIl U CBHIETEIBCTBYET O KOPPEKTHOCTHU
HCIIOJIB30BAHUSI MX COCTaBOB M OmleHKH P-T-mapamerpoB KpuCTauIM3auu
pacIuIaBoB.

JetanpHoe merporpaduveckoe HM3y4eHHE W MHUKPO30HIOBBIA aHAJN3
COCTaBa MOPOAOOOPA3YIOMIUX MUHEPATIOB, MO3BOIMIM BBIICIUTh HECKOIBKO
9TamnoB Kpucramwu3anuu radoponoputoB bII. Haubonee pannumu dQazamu
sapisitorcss  onmBuH  (Fo=77-85) w®  xpommmuHenb  (2JIFOMOXPOMHT),
BEIMTONHSIONIE BKIIOUCHHUS B KPYIHBIX 3€pHAX OPTOMUPOKCEHA. AHAIN3
COCTaBOB OJIMBHHOB rabOpoHopuToB BII mokasai, uto cooTHorienne Fe-Mg B
OJIMBUHE WU IIOPOJIC HE COOTBETCTBYET PABHOBECHOMY JMJIsI pacIulaBa U
yKa3bIBaeT Ha MPUCYTCTBUE B HHUX HW30BITOYHOrO OJMBHHA. [Ipemmonaras
paBHOBecHOCTh BKIoueHHH Ol m Cr-Spl B Opx, yclIOBUS 3TOro 3Tama
OIICHUBAJIMCH TI0 OJIMBUH-IIITHHEIECBBIM TepMomeTpaM (Jackson, 1969; Wan et
al., 2008; Coogan et al, 2014): T=1220-1270°C. O6a wmuHepana
pe30pOHpOBaHbI, 4YTO BEPOATHO CBA3aHO C TOABEMOM MarMbl W/WIH
MOCTYIUICHHEM HOBOM TMOPHMM paciulaBa B MPOMEKYTOUYHYIO Kamepy,
cymmapHast koHuneHTpamus Ol u Cr-Spl B mopone He HpEeBBHIIAET MEPBBIX
TIPOIIEHTOB.

Ilocnenyromas  KpucTa/uIM3alUsi  cBA3aHa ¢  (popMHUpOBaHHEM
OpPTOIIMPOKCEHa, CHHXPOHHO WM 4YyTh II03Xe mosBisercs aprur. Ooba
IMUPOKCEHa HMEIOT 30HaNbHOE CTpoeHHe. OpX IO COCTaBy COOTBETCTBYET
sHcTatuTy, XMg Bapeupyer ot 0.85-0.88 B mentpe mo 0.74-0.79 B kpaeBoit
gactu 3epHa. CpX YacTo XapaKTepU3yeTcs MHTEHCHBHOW Oypoil OKpackod B
IUTOCKO-TIOJISIPU30BAHHOM CBETE, O0OYCIIOBJICHHONW HAaTWYMEM MHOTOYHCIICHHBIX
BKJIFOUCHUI XpomMuTa, 1o COCTaBy OoTBEUacT Mar"He3najJlbHbIM
BbIcOKOXpoMuUCTBIM (Cr 1o 1.3 Bec. %) aBruram (XMg cHmxaercs ot 0.86 B
ueHtpe a0 0.75 B KpaeBod dYacTu 3epHa). YCJIOBHA OTOro JTama
KPHUCTAIUTA3AI[H MOXKHO OIICHUTD, Tpeanonaras paBHoBecHOCTE Opx u Cpx ¢
WCTIONIb30BAaHUEM  JIBYIIUPOKCEHOBOTo Tepmobapomerpa (Putirka, 2008),
tepmomeTpa Manaxosa (ManaxoB, 1983) u Cpx 6apomerpa (Nimis, 1999). [Tns
BBICOKOMArHe3MaJbHBIX TaO0OPOHOPHUTOB MOJYYCHBI CICIYIONINE 3HAYCHUS:
T=1100-1200°C, P=4.5-7.5 x06ap. bBomee Hu3KHe 3HAYCHUS TEMIICPATyP
MONTyYeHbl JUIsi TUpOoKceHoB (XMg=0.76-0.80) wu3 HU3KOMarHe3uaiabHBIX
raboponoputoB BII (03. ToBang u r. ViBaHOBa): 1O pe3yiabTaTaM pacyeToB C
WCIIOJIb30BAaHUEM JIBYIUPOKCEHOBOTO TepMmobapomerpa (Putirka, 2008) onm
tdhopmuposanucs npu T=1000°C u P=5.5 xbap.
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[Tocnenyromee OCThIBaHUE PACIUIABOB (DPHUKCHPYETCS KpHCTAJUIA3AIHen
6onee sxenesuctoro onmBuHa (FO=70-76), mpeacTaBICHHOTO OTHOCHTEILHO
KpYITHBIMH, HE30HATIBHBIMH 3epHamu. [Inarnokias (An=29-46) raGOpoHOPUTOB
BII B OONBIIMHCTBE CIy4aeB XapaKTepH3yeTCss MHTEHCUBHON Oypoil okpackoit
U COJICP)KUT MEJIKHE BKIIOYEHHS TIIMHO3EMHCTOH LINMMHeNH M amduboa, 9To
HE IO3BOJISIET pacCMaTPHBATH €r0 B KaYeCTBE IEPBHYHOTO MarMaTH9IecKOro.
Ha 3akirounTensHOM CTaani KPUCTAILIH30BANCH OMOTHUT, HIBMEHUT, KBAapI[ U
OJINTOKJIa3, YCTAHOBJICHHBIE B HWHTEPCTHLOMAX KPYHIHBIX  KPHCTAJUIOB
IIMPOKCEHOB M UIarMoKJIasa.

o
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Pucynok 5. OcHoBHBIE dTambl (opmupoBaHus rabopoHoputoB bemomopckoit
npoBuHIMK Ha P-T-auarpamme.

TakuM 00pa3oM, YCIOBHS W IIOCIEIOBATEIFHOCTh MAarMaTHUECKOTO
JTana GpopMUpOBaHUS TabOPOHOPUTOB bemoMopcKoi MPOBUHIMU MOTIIH OBITh
cnenyromumu (Pucynok 5): (1) kpuctanmu3anus OJTUBUHOB M XPOMIITIHHEIICH,
BBITIOJTHSOIIUX BKITIOUEHHS B 36pHAX BHICOKOMArHe3WaIbHBIX OPTOMUPOKCEHOB
U aBruToB mpoucxommiaa mpu 1>1200°C. I'myOMHHOCTH JaHHOIO 3Tama He
u3BeCTHA; (2) KpUCTALIM3ALMS KPYIMHBIX KPUCTAJUIOB OPTOMHMPOKCEHOB U
aBTUTOB B MPOMEXYTOUHOU kamepe mpu Temmeparype 1100-1200°C u P>4.5
kOap; (3) kpuctamzanus N SitU HU3KOMAarHe3WalbHBIX ITHPOKCEHOB H
maruoknasa, P-T-ycnoBusi He wu3BecTHbl. [lii  HH3KOMarHe3ualbHBIX
rabOpOHOPHUTOB, YCTAaHOBJICHHBIX B CeBepo-3amangHoii wactu BII, ymamocek
PEKOHCTPYHPOBATh TOJBKO BTOPOH JTam, CBsA3aHHBIA ¢ (QopMHpOBaHHEM
nupokceHoB: T=1000°C, P=5.5 kbap.

17



3. dasnenue, npu komopom ¢opmuposanuce memamopghuueckue
Zpanamcooeprcawjue KOpOHApHble CMPYKMYpPul 6 O0aAliKax 2a00poHopumos
Benomopckoii nposunyuu, cocmaenano ne menee 6 xoap ¢6au3u cpanuybl ¢
Kapensckoii nposunyueii u eozpacmano oo 12 kéap u 6onee 661u3u aopa
Jlannanocko-Konbsckozo opozena.

KoponapHueie (Wi Apy3UTOBBIC) CTPYKTYPHI Ha T'paHUIE MapUUECKUX
MHUHEPAJOB C IDIATHOKIA30M SIBISIIOTCS — XapaKTepHOH OCOOCHHOCTBIO
najyxeonpoTepo3oiickux rabopornoputos bI1. OHM pUBIEKAIOT HCCIeIOBaTENCH
Ha MPOTSHKEHUU MHOTHX JieT HauuHas ¢ E.C. @enopoBa, BIEpBHIE ONKCABIIETO
«IpY3UTOBBIE» CTPYKTYpPBl B JIOKeMOpHWiickMx mopoaax bemomopes u
MpeJInoaraBiero ux MarMmaruaeckuii reuesuc (Pegopos, 1901).

B ompo0OoBaHHBIX TenaXx KOPOHAPHBIE CTPYKTYPHI YCTAHOBJICHHI Ha
TpaHUIIE OJIMBHHA, OPTOMUPOKCEHA U WIBMEHHTA C IDIATHOKIa30M. MUHepaIsl
KalilM TpPEeJCTaBIEHBl OPTONMUPOKCEHOM, KIMHOMUPOKCEHOM, aMm(uboIoM,
rpaHaTOM, TIUHO3EMHUCTON IIMWHENbI0, BOKPYT WJIBMEHUTA TIOSABISETCA
owotutr. Ha rpaHuiie onMBHHA C TUTATHOKIA30M (OPMHPYIOTCS Hauboee
MOIIHBIe KaiMbl. OT OPTONMPOKCEH-TUTArHOKIIA30BBIX CYOCONHIYCHBIX KaiM
ra06ponopuroB Kapenbckoro kpaTroHa OHU OTJIMYAIOTCS OOJ€e CIOXKHBIM
MHOT'OCIIOMHBIM cTpoeHueM. HenocpencTBeHHO BOKPYT OJIMBUHA Pa3BUBACTCS
KaliMa OPTOMMPOKCEHA, OHA MMPUCYTCTBYET BO BCEX PACCMOTPEHHBIX Telax.
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Pucynok 6. A — monoxxeHue 0OBEKTOB HCCIENOBAHUS Ha CXEME pacIpelelICHUs
Ma(pHUYECKHX KOMIUIEKCOB B BOCTOYHOW uyacTh (DeHHOCKaHAWHAaBcKoro mmra; b — P-T-
ycioBHsi (hOPMUPOBAHMSI TPAHATCOAEPIKAIINX KOPOHAPHBIX CTPYKTYp B rabOpoHOpHTax
benomopckoii mpoBuHIME Ha cxeMme auuidi (Touka, coorBercTBytomas P-T-ycioBusm
IKJIOrHTOBOU (hanu HaHeceHa i rabOpOHOPUTOB paiioHa c. ['puAMHO IO JUTepaTypHBIM
nanueM (Ceprok, 2013; Perchuk, Morgunova, 2014)).
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OpromupokceHoBass KaiitMa B OOJBIIMHCTBE W3YUYCHHBIX TEJ CMEHSETCS
rPaHATOBOM KalMOM, YacTo cojaepiKalleid BKIIOYCHUs OMOTHTA, TUIATHOKIIa3a,
am¢puboa, KIMHO- W OPTONHMPOKCeHa. Ha BHENIHEeW CTOpOHE KOPOHAPHBIX
CTPYKTYP MOXET MOABIATbCA aM(PuOON MM BBICOKOHATPOBBIA JUOMCHI (IO
omparuta, B rabOpoHoputax Kapeepa Kypy-Baapa u M. T'puamn) c
MHOTOYMCIICHHBIMHA ~ BKJTIOUEHISIMA ~ TVIMHO3EMECTOW  mmuHenu. lHorma
rpaHatoBasg KaiiMa OTCYTCTBYeT, W KOpPOHApHBIE CTPYKTYPHl HMEIOT
JIBYXCIIOITHOE CTpPOEHHE.

OnHOBpeMEHHOE MPUCYTCTBHE B MeTaMOpP(pHU30BaHHBIX IaO0OpOHOpHTAX
BIl HeW3MEHEHHBIX MarMaTHYeCKMX MHHEPaJOoB, HOBOOOpPA30BaHHBIX
MeTaMOP(PHUECKHX MUHEPAJIOB B COCTABE PEAKIIMOHHBIX CTPYKTYP, U YIaCTKOB,
MIOJTHOCTBIO CIIOKEHHBIX MeTaMOp(QUIeCKUMH MHHEpaIaMH, CBHUACTEIBCTBYET
0 TOM, 4YTO paBHOBECHE BO BpeMs MeTaMop(du3Ma IOCTUTANOCH IIUIIb
nokanbHO. C Lenbl0 MUHUMM3ALUKM OUIMOKU ompeneneHus P-T-mapameTrpos
(opMHUpOBaHUS KOPOHApHBIX CTPYKTYp, U PpacueToB HCIOJIb30BAIUCH
KOHTaKTHPYIOIINE YYaCTKA MUHEPAJIOB KOPOH, HA OCHOBAHHUH IPEATIONOKCHUS
00 MX MaKCUMaJbHOW PaBHOBECHOCTH.

Pe3ynpTaTel pacueToB YCIOBHH 00pa3oBaHMA TIPaHATCOJEPKAILUX
KOpoHapHBIX CTpykTyp (Pucynox 5) mokassiBatoT, uto P-T-mapametps
MeTaMOppHUUECKUX MpeoOpa3oBaHui raOOPOHOPHUTOB IIUPOKO BAPHUPOBAIH B
npenenax bIl. Murumansusie 3HaueHus (P=6-7 xb6ap, T=550-650°C) ycnoBuit
(dhopmupoBanus aM(PHUOONI-TPAaHATOBBIX KalM TOMYYEeHBI JJIsi TabOpoumoB
ceBepo-3amaHol YacTi npoBuHIuK (T. MiBaHoBa u 03. ToBaHM), XapakTepHOU
4epTOH KOTOPBIX SBISETCA OTCYICTBUE B COCTaBE KalM INIMHO3EMUCTON
IITUHETIH, BBIMTOJTHAIONIEH MHOTOYMCICHHBIC MEJKHE BKIIOUCHHS B aM(uodoIe
W TUTarvokjase B rabopoHoputax BocTouHOW wyactu BIl. Makcumanbhbie P-T-
ycioBusi Mmetamopdpusma (P=12-18 wb6ap, T=660°C) ycCTaHOBJIECHBI JUIS
rabopoHopuToB Kapbepa Kypy-Baapa u paiiona c. I'puanHo (pe3ynbTaThl 3TOro
ucciefioBaHusl W JuteparypHele nanubie: Cepawox, 2013; MenbHuk, 2015;
Perchuk, Morgunova, 2014). Otinu4uTensHON YepToit rabOpOHOPUTOB Kapbepa
Kypy-Baapa wu paiiona c. ['puamHO SsBISIETCS WPUCYTCTBHE B COCTaBe
KOPOHApHBIX CTPYKTYp omdanuTa. YCIoBUS MeTaMop(du3Ma OCTaJbHBIX Tel
ObUIM OJM3KM, OHW 3aHUMAIOT HA JUarpamMMe IMPOMEXKYTOYHOE IOJOKCHHE
(PucyHok 6).

Takum o00pa3zoM, pe3yiabpTaTel pacdeToB P-T-mapamerpoB ycimoBuid
MeTamopdusma radoponoputoB bII, ¢ KOTOpbIM CBs3aHO (OpMHUpOBAHUE
IpaHaTCOAEPKAIUX KOPOHAPHBIX CTPYKTYpP, MOKA3aIM HATWYHE 30HAIBHOCTH
(Pucynok 6), BbIpa)KCHHOW B yBEIMYCHHH JIaBJICHHS OT 6 kOap B 3amamHON
yactu BIT (BOim3u rpanuis: ¢ Kapenbekoii nposuniueii) 10 12 k6ap u Gonee B
BOCTOYHOH YacTH MPOBUHINY (TEPPUTOPHATEHO MAKCUMAIBEHO OTU3KOU K SAPY
JTarutauacko-Konbekoro oporeHa).
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4. aiiku 2a66ponopumos c eo3pacmom 2.45 mapo nem ¢ Kapenvckoii
u  benomopckoii  nposunyusx, Kpucmaiiuzoeanuct 6 - OJUKUX
MANO2IYOUHHBIX YCTIOGUAX CEUOCHIEILCIEYS, YO IMU RPOGUHYUU K HAYATy
naneonpomepo3on  NPeOCmAaGnsIU eOUHbl ON0K KOHCONUOUPOBAHHOU
apxeiickoii Kopel. Buicoxobapuueckuii memamopusm u gpacmenmavyus
oaek z2aboponopumos benomopckoit uacmu Imozo 610Ka OblIU CEA3AHDBL C
e2o nepepaoomkoit 6 Jlannanocko-Konbckom KonnusuoHHom opozene ¢
KOHYe naneonpomepo3os.

N3yuenue ocobeHHOCTEl COCTaBa, CTPOEHUS U YCIOBUH (hOpMUPOBAHUS
[aJICONPOTEPO3OUCKUX KOPOHHUTOBBIX MeTarabOpoHOpUTOB  bemoMopckoit
MPOBHUHIIUH U COIOCTABJICHUE HX C MAJCOMPOTEPO30UCKUMHE TabOpOHOpHTAMU
KIT mo3Bonmio BBISBUTH CIIEAyIOIIME YepThl cxoiactBa u omiuuums: (1)
ITaneonpoTeposoiickue (2.45 wmapn jer) rabOponoputsl Kapenabckodh wu
benomopckoil MpoBUHIMI HMEIOT OJM3KHE BO3PACT M TEOXUMHMYECKHE U
M30TOIHBIC XapaKTEPUCTUKH, YTO IPEAIOIaracT CX0CTBO YCIOBUI TeHepanuu
NEPBUYHBIX pacIIaBOB M WX IIOCIENYyIOMmeld KOpOBOH OBONIOIHMHA U
MOATBEP)KAAET BBICKa3aHHOE paHee IMPEAIONIOKeHNE O MPUHAICKHOCTH
ra06ponoputoB ~ MEHHOCKAaHIMHABCKOTO  IIMUTa K  EAUHOH  KpymHOH
najaeonpoTepo3oiickoit Marmaruueckoir mposunuuu ([lapkos u ap., 1997;
Kulikov et al., 2010; Mitrofanov et al., 2013). (2) OcobenHoctn Mopdosoruu
TEN TAJICONPOTEPO30ickX radbOpoHopuToB Kapenbckoik um benomopckoii
MPOBHUHIUMA, XapakTep WX COOTHOIICHHWS C BMEIIAIOMIUMH apXeHCKUMU
KOMILICKCAMH - HaJW4Yhe TMPAMOIMHEHHBIX CEKYIIMX KOHTAKTOB, SPKO
BBIP&KCHHBIE 30HBI 3aKAIKH - CBUICTENBCTBYIOT O TOM, YTO BHEIPEHHE U
OCTBIBaHHE PACIJIABOB B Ipenenax 00eux CTPYKTYp MPOUCXOAMUIO B YCIOBHAX
XOJIOJTHOW KeCTKON pambl. CXOJCTBO CTPYKTYPHBIX OCOOCHHOCTEH MOPOJ| 30H
3aKaJIKKM B Tenax radOpoHoputoB Kapenbckoir W benomMopckoi MpOBUHITHIMA
MO3BOJISIET CJIEJ1aTh BBIBOJI O TOM, YTO KpHcTayuti3anus in Situ B BIT taxske, Kak
u B KII, mnpoucxomwna B MajorTyOMHHBIX yciaoBusax. (3) Wsydenue
COOTHOIIICHUH W COCTaBa MarMaTHYECKHX MHHEPaJIOB (HE ITOJBEPIIIUXCS
u3MeHeHusiM B KapenbCkoil MPOBHHIMH M PEIMKTOBBIX B BeIoMOpPCKOi)
M0KAa3aJI0, YTO KPUCTAIUTU3ANNS PACILIABOB IIPOUCXOIHUIIA B OIM3KHUX YCIOBHUSX.
s BeIcOKOMaraesunansHbIX radopoHoputoB KII ¢uxcupyercs tpu cragum
kpuctammusanuu paciiaBoB: (1) Ol+Cr-Spl B mpoMexyTOUHBIX Kamepax MpH
T>1250°C; (2) BhICOKOMArHe3WaNbHBIX MUpOKceHoB mpu 1>1150°C u P>4
kOap; (3) kpucramwmsarms in Situ mpu P=2-4 x6ap u T<1150 °C. [lns
BBICOKOMarHe3naabHEIX Ta00poHopuTOoB BIl ymaercs pacmos3HaTh mepBeIC IBa
dTama KPUCTAIM3AaLMHM DPACIUIABOB — HH(OPMAIMS O HUX COXpaHACTCS B
penukrax nepBuuHbIX MuHepanoB. (1) Kpucrammmzamus OIl+Cr-Spl npum
T>1200°C. (2) Opx+Cpx npu T=1100-1200, P> 4.5 x6ap. Kpucramm3zanus in
situ B rabOpoHoputax BII ¢dukcupyercs GHOPMUPOBAHHEM MHHEPAIOB
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OCHOBHOM Macchl B TMOPOJAaX KPaeBBIX YacTeW Tesl M 30H 3akaiku. OgHaKo B
CBSI3U C MHTCHCHUBHBIMH MeTaMOp(HUECKUMHU TpeodpasoBaHmsMu nopox P-T-
yCJIOBHS JAHHOTO OdTanma He u3BecTHbl. (4) CyllecTBeHHbIE pa3IHyHs
HaOMI0 a0 TCs B CTENEeHU MeTaMop(hUUECKUX npeoOpa3oBaHui
rab6ponopuroB. B ormmume ot KII, rme mMeramopduueckue npeodpasoBaHus
HE TPEBBIMIAIHA YCIOBHHA SMHI0T-aM(pUO0THTOBON (DAt ¥ ObLTH TPOSIBJICHBI
nokanbHO, B BIT OHU TOCTHTAIM BRICOKOOAPHBIX YCIOBHHA — OT aM()PUOOTUTOBOM
o sxinorutoBoit (Tpasun, Kosnosa, 2005; Bomomguues, 2008; Ko3znoBckwuid,
ApanoBuy, 2010; Menpauk, 2015) damum. Bospact Meramopduzma
ra06ponopuros BIl mo JaHHBIM pa3HBIX HCCIENOBATENCH COCTaBIIIET OKOJIO
1.9 mupx et (Cxy6utoB u ap., 2011, 2013; Mensuuk, 2015; Balagansky et al.,
2015 w  gap.). YcCTaHOBJCGHHas  30HAJIBHOCTh  METaMOP(PHUSCKUX
npeoOpa3oBanuii rabOpoHOPUTOB BIl B COBOKYMHOCTH C IaHHBIMH 00 HX
BO3pPAcTe XOpOIIO corylacyeTcs ¢ Mozenbio mepepadotku mopox BII B xonme
KoJuM3uu  npu  QgopmupoBanun  Jlammanpacko-Konsckoro  oporeHa
(Bamaranckuii, 2002; Daly et al., 2006). Cornacuo 3toit Mozaenu, B mepuox 2.0-
1.9 mupx net Hazax bemoMopckasi MpOBUHIMS BXOAMIIA B cOcTaB Jlammanacko-
Konwsckoro oporena (JIKO), sBissicb ero roro-zamajHbiM  (QopiaaHIoMm.
TI'ab6ponoputsl KII B yka3zaHHBIH TEepUOJ HE HCHBITAIM PETHOHAIBHOTO
BBICOKOOAapHOT0 MeTaMop(hu3Ma.

3AK/IIOYEHHUE

ITaneonpoTepo3otickue (2.45 mupn net) rabopoHoputhl Kapenbckoit n
benoMopckoil TpoBUHIMIA HMMEOT ONWU3KHE COCTaB W BO3pacT, YTO
MpearnojaraeT CXOJACTBO YCJIOBUN TeHEpalMyd MEePBUYHBIX PACIIaBOB M HX
MOCJIETYIOIIEH KOPOBOM ABONIIOIMY. Pe3ynbTaThl UCCiIe0BaHNH MOKa3alll, YTO
mocienoBaTeIbHOCTs ®  P-T-ycrmoBHs KpHCTAUIM3aIlMA  MarMaTHYECKHX
pacmiaBoB B rab0oponopuTtax Kapenbckoit u bejoMopckoi TpOBUHIIMA OJIM3KH.

I'a66ponoputsl Kapensckoit 1 bemoMopckoif MpOBUHIMNA KOHTPAcTHO
pasnuyaroTcs MO CTemeHH MeTamopduueckold mepepaboTku. BrersgBieHa
narepaibHas 30HANBHOCTh YCIOBHH (HDOPMHPOBAHHS TpaHATCOACPIKAIINX
KOPOHAPHBIX CTPYKTYp B rabOpoHoputax BII — ot 6 kb6ap BOIM3HM IpaHUIBI C
Kapensckoit mpoBuHImedt mo 12 kbap B BOCTOYHOM 4YacTH MPOBHHINA
(TepputopuaibHO MakCUMaIbHO Onm3koi K sapy JIKO). Drta 30HaIBHOCTH,
BEPOSATHO, 3HAYMTEILHO CIIOKHEE, HO JIISi €€ TOYHOM OIEHKH HEOOXOIUMBI
Ooiee JerampHBIC WCCICIOBAHHWS METaMOPQUUECKHX MpeoOpa3oBaHUil B
naneonporepo3orickux Oasutax BII. Tem He MeHee, MMEIOIIHECS ITaHHBIC
CBUJICTETHCTBYIOT O TOM, YTO (POPMHPOBAHUE BBHICOKOOAPHBIX MHHEPaIBHBIX
napareHe3ucoB, HabOmromaeMbix B rabOpoHoputax bII, ObUIO CBS3HO ¢
no3aauMu  (1.93-1.85 mupn siet) MetamoppuUECKUMH TPeoOpa3OBaHUSIMU
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MopoJl, MarmMaTWyecKas KpHUCTalTu3anus KOTopeix (2.45 wipm  7er)
MIPOUCXOINJIA B BEPXHEH KOpE.

[TonydeHHble pe3yabTaThl MO3BOJSIOT CHENATh BBIBOJ O TOM, YTO Ha
MOMEHT BHEAPEHUS U KpHUCTAUIM3alM TabOpoHOpUTOB (2.45 Mipa JeT)
ycioBus B npeaenax Kapenbckoil 1 benoMopckoll CTpyKTyp BOCTOYHOM YacTH
(DeHHOCKaHIMHABCKOTO IuTa ObUTH Omm3ku. CyliecTBEHHbIE OTIMYHA
(Mopdonorus Ten, Meramopduyeckue mpeoOpazoBaHUA) TaOOPOHOPUTOB
Kapennckoit u benmomopckoil mpoBUHIINEH, BO3HUKIN TOCIE KPHUCTAJUTH3AIINI
paciiaBoB M CBsi3aHBl ¢ TepepaboTkoil mopon BII B xone craHOBIEHUS
naneonporeposoiickoro Jlamanackoro-Konbckoro Kommm3noHHOTO OporeHa.
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