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Cpenu MeTamMop(UUYecKUX MOPOoJ XaBBIBEHCKO BO3BBIIIEHHOCTH Bocrounoil KamuaTku BbIieneHo fiBa
Pa3HOPOAHBIX KOMIUIEKCAa METaBYJIKAaHMYECKAX MOPOJ, COMPOBOKAAEMBIX HOTUYNHEHHBIM KOJIMIECTBOM
MeTaocafouHbIX 00Opa3oBaHuil. B cocTaBe mepBOro KOMINIIEKCa, CIAramIlero HUXKHIOKO TOJIIY BUUMOTO
paspes3a BO3BBIMIEHHOCTH, MPEOOIajaloT JIEHKOKPATOBbIe aM(pHUOOI-CIIOANCThIe (frpaHaT) W 3MHUAOT-
CIIOAMCTHIE (frpaHaT) KpUCTAININYECKHE CIaHIlbl, 00pa30BaBIINecs IO aHAE3UTaM U JalluTaM U UX BBICO-
KOKAJIMEBBIM Pa3HOCTSIM M3BECTKOBO-IIIEIIOYHON CEpUH OCTPOBHBIX AYT. BTOpoit kommieke, (popMupyro-
LUl BEPXHIOIO TOJIIY BO3BBIILIEHHOCTH, COCTOUT U3 CIMINTU3UPOBAHHBIX Oa3aIbTONOB, IPEBPaIeHHBIX
B 3MHUAOT-aM(puO0IIOBbIe W (DeHTUT-3NIAOT-aM(pHO0IOBbIE 3eJIEHbIE CIAHIbI, 0OPa3YIOIIMX COBMECTHO
C KBapUUTaMH, CEPICHTUHU3NPOBAHHBIMU NEPUIOTUTAMHU, CEPIICHTUHUTAMH U rab0ponuiaMu OKpauHHO-
MOPCKYIO O(hHOIUTOBYIO acconuanuio. [TokazaHo, 9TO BBICOKHE CONEPsKaHUS JTUTO(PUIBHBIX JIEMEHTOB
¢ OOJBIINM HOHHBIM pagmnycoM, Beicokue K/La, Ba/Th, Th/Ta u La/Nb oTHoIIeHuUsI B cOYeTaHNU C TI1y6O0-
kM Ta-Nb-muanvMymom, Huskumu (La/Yb)y u Beicokumu 8/ Sr/30Sr oTHONIE HISIME CBHAIE TELCTBYIOT O Cy6-
AYKIMOHHOM NMPUPOJie KPUCTAIIIMYECKUX CIaHIeB HIDKHEH TOIIIM, TO3BOJISIS IpefnonaraTs popMIpoBa-
HI€ UCXONIHBIX BYJIKAHUTOB B HaIcyOOYKIIMOHHOI 00cTaHoBKe O3epHOBCKO-Banarnnckoi (AyvaiiBasm-Ba-
JIaTUHCKOHM) OCTPOBHOM BYJIKAHMYECKOH JyIrM KaMIIaH-NAJEeOreHOBOIO BO3pacTa. Y CTAHOBIEHO, YTO
3eJICHbIC CIIAHIbI BEPXHEH TOJIIN XapaKTEPU3YIOTCS COBMEIIEHNEM MPHU3HAKOB ACIUICTHPOBAHHBIX pac-
IJIaBOB TUIIA TOJIEUTOB CPEAMHHO-OKEAHNYECKHUX XpPeOTOB M CYOAYKIIMOHHBIX PaCIIaBOB, 00YCIOBINBAIO-
X ray6okmit Ta-Nb-vumanmyM, ruskue (La/Yb)y 1 nosbimernsie K/La i 87Sr/0Sr oTHOme NS, mo3poss-
IolllE IpefnonaraTb oOpa3oBaHue 3€JIEHBIX CIIaHIEB B 0OCTaHOBKE OKpalMHHOro 6acceiiHa nepep ppoH-
ToM O3epHoBcko-Banaruackoit octpoBHoit nyru. HoBble K-Ar-gaTupoBku Bo3pacTa MeTaMopgpusMa
nopojf, XaBbIBEHCKOI BO3BBIIIEHHOCTH, Bapbupytomue ot 32.4 go 39.3 MIIH JIeT, TOKa3bIBalOT, YTO METa-
Mopduyeckre NpeoOpa3oBaHus NCXOAHBIX MOPOX MIPOUCXOANIN B 30IEHE M OO0YCIOBJIEHBI MPONECCaMu
KOJINIM3UM U aKKpELUd OCTPOBOAYKHBIX KoMIiekcoB O3epHOBcko-Banaruuckoit u KpoHonkoit ocTpos-
HBIX YT ¢ A3MaTCKIM KOHTHHEHTOM W 3aKPbITHS IPEJOCTPOBOAYKHBIX OKCAaHMYECKUX OacceiiHOB Mepey
ux ¢poHToM. COBpeMEHHOE MOJIOXKEHUE KOJIM3HOHHOIO I11BAa, MApKHUPYIOIIEro Male030Hy CYyOAyKIUU
O3epHOBCKO-BanarnHckoil Jyru U OpuypOYEHHOIO K XaBbIBEHCKOMY NMOrpeOeHHOMY HofHsTHIO LleH-
TpanbHO-KamMyaTcKoii fienpeccuu, (PUKCUPYETCs MOIIHBIMY JIMHEHHBIMU aHOMAJIUSIMU TIOJISI CUTIBI TSIKe-
CTH.

B nacrosiee Bpemsi HIMPOKUM pacopoCcTpaHECHUEM
TOJIL3YIOTCS TIPEJICTABJICHNUS], YTO (POPMUPOBAHNE OC-
HOBHBIX CTpykTyp Kamuartku (puc. 1) mpomsounuio B
MO3HEM MEe3030€-KailHO30€ B pe3yJIbTaTe aKKPEIUOH-
HO-KOJUIA3UOHHBIX Ipoueccos [1-12 u ap.]. [Tpepnona-
raeTcs, YTO OJHUM M3 IJIaBHLIX COOBLITHIA B T€0JI0rnYe-
CKOW UCTOPUH 3TOT0 PETMOHA Oblila KOINA3Ks AvaiiBa-
sM-Banarmackoit [4] nmm O3epHOBcKO-Bamarmackoi
[1, 5] ocTpoBHOII yr' ¢ KOHTHHEHTOM, KOT'7la MEJIOBbIE
OTJIOXKEHUS] OKPAUHHOT'O MOPS. U OCTPOBHOM IyT'H ObLIX
HaJIBUHYThI HA TETEPOr€HHbIE OOPa30BAHNS KOHTUHEH-
TaJIbHON OKpanHbI A3NN.

[To mpeo6nagaroieMy cocTaBy cTpaTU(UINPOBAH-
HBIX KOMIUIEKCOB BepxHero mena Omroropcko-Kam-
yaTckass 00JIacTh pa3felisieTcsl Ha CeBepO-3amaHyIo
(3amagHO-KamMyaTCcKO- YKOIAsATCKYI0) W FOrO-BOCTOY-

Hyto (Bocrouno-Kamuyarcko-Omrotopekyro) [13, 14].
B cocraBe BepxHEro Mejia ceBepo-3anagHoi 30HbI IIpe-
00J1a1aloT IITyOOKOBOJIHBIE MECYaHO-CIIAaHIEBbIE KOM-
IJIEKChl, (pOpMUpPOBaBIINECS Y MOFHOXWS KOHTHHEH-
TaJILHOTO CKJIOHA TAaCCHBHBIX OKpanH [15]. Cocras oca-
MOYHBIX IIOPOJ CBHUJETEJIBLCTBYET, UTO B OONIACTSIX
pa3MbIBa Tpeobiiafialii MHTEHCHBHO JUCIOUMPOBAH-
HbIe BYJIKAHOT€HHO-OCA[IOYHbIE TOJIIH, OXBaYEHHBIE
HErTyOOKUM 3PO3MOHHBIM cpe3oM. B paspesax mospa-
HEro MeJia F0ro-BOCTOYHOM 30HbI IPEUMYIIIECTBEHHBIM
Ppa3BUTHEM NTONB3YIOTCS BYJIKAHOTEHHbIE 00pa30BaHMs
(IpeuMyILECTBEHHO TY(bl M Ty(OTreHHO-OCaJOYHbIE
MOPOJibI), CArarolliye BbICTYIBI CPEeau KAalHO30MCKUX
otnoxenwii [10]. Hanbonee kpynHble BHIXOMBI ByJIKa-
HOTEHHBIX IIOpPOJ] BEpXHETO Mesa oOHaKaroTcs B Ounro-
TopckoM U Betseiickom xpebrax Kopskckoro Haro-
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Puc. 1. Cxema TekToHnuYeckoro crpoenust Kamuatku u Kopsikckoro Haropsd, 1o [5]. / — kaitHo30fickuii yexou; 2 — KpoHoukast
OCTpOBHAs Nasieonyra (MO3AHAN Mel—301eH); 3 — BocTouno-KamuaTtckas akkpenmoHHast 30Ha; 4 — 3anagHo-Kamuarcko-Ko-
PAKCKUY ByJIKAaHUYECKUI NOSIC (CPEeIHUI 30LIEH—OIUroLeH); 5 — YKanadaTcko-JlecHoBckuil nporud (o3fHUl Men—CpefHuil 30-
1eH); 6 — O3epHoBcKo-Banarunckas (AyvaiiBasiM-Basarunckas) ocTpoBHas najeopyra (Io3gHUI Mea—TajeoneH); 7 — OxXot-
cKO-YyKOTCKMI1 BYJIKAaHWYECKUI NOSIC (PaHHUI—TIO3THUN Me); § — ME3030MCKUE aKKPETUPOBAHHBIE TEPPEHHBI; 9 — METaMOp-
¢praeckne koMiurekcbl CpenmHHOTO, ['aHANBCKOTO XpeOTOB M XaBBIBEHCKON BO3BhINIeHHOCTH KamuaTky; /0 — foMesoBbie
koMmmekcbl Cubupu; // — BaTbiHo-JIecHOBCKO- AHAPUAHOBCKHUII IIOB: @ — YCTAHOBIIEHHBIN, 6 — mpeAnonaraemslit; /2 — Tro-
1meBcKO-I"'0BeHCK U OB — HAfIBUT ['peunInKiHA: @ — yCTaHOBIICHHBIH, 0 — IpenoaaraeMslii; /3 — 30HbI CyOyKIMH: a — COBpe-

MeHHas1, 6 — ApeBHssT; /4 — 30HBI CABUIOB; /5 — pa3IOMBI.

Pbsl, B CEBEpPHOH U F0XKHOI yacTsax CpeluHHOro XxpeOTa
u B Bocrounsix xpe6Tax KamuyaTku. K HuM npuypode-
HbI TEKTOHUYECKHUE JINH3BI CEPIIEHTHHUTOB U rabopou-
OB, paccCMaTpUBAEMBIX B KauecTBe (pparMeHTOB O(hH-
OJINTOBBIX KOMIIJIEKCOB.

I'panuneii Mexpy BYJIKAHOT€HHBIMU IIOPOJaMU
MIO3[IHETO MeJIa FOr0-BOCTOYHOI 30HBI C OJTHOBO3PACT-
HBIMHM TEPPUTCHHBIMH KOMIUIEKCAMHU CEBEPO-3amaf-
HOI 30HBI SABIISIETCA KPYNHBIA BaTbIHO-JIeCHOBCKO-
AHpHaHOBCKHN OB, (POPMUPOBABIINICS B TEUEHHUE
90IlcHa—Havyajla MHUOLECHA W NEPEKPBITHIA CPENHESO-
LEHOBbIMU 3(p(py3uBaMUi KUHKUIIBCKOW CBUTBI U IIPO-
PBaHHBII KOMarMaTUYHBIMY MM FPAHATOMIAMU [4, 5,
10, 16, 17].

XaBbIBEHCKAsl BO3BBIIIEHHOCTD, PACIOJIOKEHHAS B
3anagHoii yactu n-oBa O3epHoro Bocrounoit Kamuar-
KW, NPUYPOYEHA K IOrO-BOCTOYHOW 30HE Pa3BUTHUS
BEPXHEMEJIOBBIX BYJIKAHOT€HHBIX KOMIIJIEKCOB, PaCIo-
narasce B ceBepHoii yactu LlenTpansHo-Kamuarckoro
nporu6a, BBIIOIHEHHOTO YeTBEPTUYHBIMHA PBIXIIBIMA 1
BYJIKAHOTEHHBIMH OTJIOKEHHUSIMH. ['eosoro-cremMou-
Hble ¥ TEeMAaTHYECKHE HCCIIE[OBAHUS IO3BONMIN JIe-
TaJILHO U3YYUTh I'€0JIOTMIECKOE CTPOECHHE BO3BBIILIEH-
HOCTH, HOJYYUThb [@HHbIE O COCTaBE ¥ MUHEPAIOIUI
CIIaraloIuX ee HU3KOTeMIIEpaTypHbIX MeTaMopguye-
ckux nopop [18-20]. OgHako reoxumMmudeckre 0coOeH-
HOCTH HOPOJI BO3BBILIEHHOCTU U BO3PACT MEeTaMop(u-
YeCKUX MpeoOpa30BaHuii 10 CUX IOP OCTAKOTCS HE U3Y-
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yeHHbIMU. [lo3TOMYy LEnbIO JaHHOU paboThl OBbLIO
HOJIy4eHHE MHCTPYMEHTAIbHBIX F€OXUMUYECKUX JaH-
HBIX, TO3BOJISIOIIMX OLEHUTh I'€OIMHAMHYECKYIO 00-
CTaHOBKY (pOpMHPOBaHMS UCXOAHBIX IOPOJ] XaBbIBECH-
CKOH BO3BBIIICHHOCTH.

METOJIMKA VCCJIEMOBAHUN

CocraB MUHEpAJIOB ONPEAEISIICS HA MUKPOAHAIH-
3aTope “Camebax” B IHCTUTYTE ByJIKAaHOIOTUM U CEi-
cmosnormn [IBO PAH (r. IlerpomasioBck-Kamyat-
ckuil). Paboune ycinoBusi cbeMku: Hanpspkenue 20 kV,
ToK 50 mA. Omubka aHanu3oB — He 6osee 3%.

CopnepskaHre NeTPOTreHHBIX JIEMEHTOB OIpefeIs-
JIOCh METOIOM ‘“‘MOKpPOI” XuMu B JlaTbHEBOCTOYHOM
reonornueckoM uHctutyre IBO PAH (r. Bnaguso-
CTOK).

Onpepenenus KOHIEHTPAUUil pacCesTHHBIX U Pefl-
KO3EMENBbHBIX 3JIEMEHTOB IPOBOJMIOCH METOAOM
ICP-MC B MpkyTtckom LleHTpe KONIEKTUBHOTO HOJIb-
30BaHMg Ha Macc-cnektpoMerpe VG Plasmaquad
PQ2+. KanmuOpoBka mnpubopa OCYLIECTBISIIACH IO
MeKIyHapoiHbIM cTaHgaptamM BHVO-1, AGV-1 u
BIR-1 u BHyTpHiabopaTOpHOMY cTaHAapTy Oa3aHWUTa
U-94-5. ITpyn NOBTOPHBIX N3MEPEHUSAX CTAHAPTHOE OT-
kioHeHre (1 G) st 60IBIIMHCTBA SJIEMEHTOB HE Tpe-
BbIIIaJo 5%, a npu onpepeneHuu Pr (Ce u TaB AVG-1)
He npeBblmano 10%. Bocnpon3BoguMOCTb pe3ynbTa-
toB u3Mepenuit Pb 8 BHVO-1 cocrasnsna 5-10%. Co-
nepkanue Ni onpefieJieHO KOJUYECTBEHHBIM CIIEK-
TpasibHbIM aHan3oM B [IBI' [IBO PAH.

Ornpenenenne U30TOMHOIO COCTaBa St MOpPoOf Mpo-
Bopmiiock B MHCcTHTyTE Teoxumim CO PAH Ha macc-
cnekrpomerpe MIU-1201T B ogHONy4eBOM peXHUME.
INoxproroeka npo6 K Macc-CeKTPOMETPUIECKOMY aHa-
JIN3Y OCYILECTBIISIIACH [0 METOIUKE, ONIMCAHHOM B [21].
[IpaBUABLHOCTE M30TONMHOIO aHaIM3a KOHTPOJIMPOBA-
mack o cragpapry BHUWM, Benuwunna *’Sr/*Sr B
koTopoMm cocrasuia 0.70800 £ 13 (n = 26), npu peko-
MeHoBaHHOM 3HadeHuu ¥’Sr/f0Sr = 0.708028 [22].
HopmupoBanne m3MepeHHBIX BEIUYMH H30TOMHBIX
otHorurenui 37Sr/8Sr B mpo6ax K peKOMEHIOBAHHOMY
3Ha4yeHuIo crangapra BHUIM He IpoBOgUIOCE.

T'EOJIOTUYECKAS ITO3NLINA
METAMOPONYECKHUX TTOPO/]

MeTtamopcuueckue oOpa3oBaHusl XaBbIBEHCKON
BO3BBIIIEHHOCTH OOHAXKAIOTCS B CEBEPHOM YacT! KPyTI-
HOro XaBbIBEHCKOIO MOAHSTHSI CTPYKTYpP (PyHAAMEHTa
Lentpansao-Kamyarckoro nporu6a, npociaexknuBaeMo-
ro MO I'PaBUMETPUYECKAM M MArHUTHBIM NaHHBIM OT
IMPOTHI NOC. MAJIBKOBO HA FOTe 10 3a11Ba Y aja Ha ce-
Bepe Ha npoTskeHnu okono 500 kM [23, 24]. DTo nop-
HSITHE XapaKTEepU3yeTCs MOIIHON 30HON MOIOKUTEIb-
HBIX JIMHEHHbBIX MPABUTALMOHHBIX aHOMAJIUI, OrPAHU-
YCHHbIX HHTCHCHMBHBIMU TPAJUCHTHBIMU CTYIICHSIMMU,
MIPECTaBJISIONMI KpYyIHbIE pa3ioMbl. B mpepgemax
caMOHl BO3BBIIIEHHOCTH YPOBEHb I'PAaBUTALMOHHOTO T10-
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JI51 JOCTUraeT MaKCUMAJIbHBIX 3HAYCHUMH, & OCTAJIbHbIE
6710KM XaBBIBEHCKOI'O MOAHSTHSL IEPEKPBITHI YEXJIOM
NaJIeOreH-HEOTEHOBBIX OTJIOKEHWI, HO MPEAToaraeT-
csl, ITO X (PYHAAMEHT CXOEH IO COCTaBY C MOPOAaMHI
XaBBIBEHCKOHN BO3BBIINIEHHOCTH [25]. XaBBIBEHCKOE
MOIHSITHE MOXKET paccMaTpuBaThCAd ‘“Kak Iajie030Ha
Benbodda, 0T KOTOpOIi K 3amagy ABUrascs OOyKIMOH-
HbIA IOKPOB BYJIKAHOT€HHO-KPEMHUCTBIX OTJIOKEHUH
[24, c. 69].

XaBbIBEHCKAasi BO3BBIINICHHOCTh CIOXKEHa MeTa-
MOp(UIECKUMI TOPOIAMH 3€JIEHOCTaHIIeBOM (haru,
OO'BEIMHEHHBIMYA B XaBBIBEHCKYIO CEpUIO IPpoOJIeMa-
TUYHOT'O UCXOAHOTO Bo3pacTa. MeTamopduieckne mno-
POABI CEPUH CIIATafOT GOJBIIYIO YacTh XaBBIBEHCKON
BO3BBIIIIEHHOCTH, 3aHUMAasI IUIOMIAAL OKOI0 150 KB. KM
(puc. 2). Ha 3anmaiHbIX CKJIOHAaX BO3BBIIIIEHHOCTH OOHA-
SKAaFOTCSl TIO3[THEMEINIOBbIe (CAaHTOH-KaMITAaHCKUE) TPY-
6000JIOMOYHbIE BYJIKAHUTHI XaNWIKOW CBUTHI (BO3-
pacTHOM aHalor WPYHEHCKON CBUTHI lleHTpanbHOI
Kamuatku, Banarunckoii cepun Banaruackoro xpeOta
U BaTbIHCKON cepur KOpsKCKOro Haropbsi), rpaHuya-
Ige ¢ MeTaMoppuiaeckuMu 06pa30BaHUSIMU IO CyOBEP-
THKAIIEHOMY TeKTOHMIECKOMY HapyIeHuro. bazanpto-
Wbl 3TUX CBUT OOJIAJafOT T€OXUMHUECKUMH YepPTaMU
KaK OKEaHMYECKHX BYJKAaHHTOB, TNIAaBHBIM 0O0pa3oM
MORB, Tak 1 OCTpPOBOAYXKHbIX OOpa3zoBanuil [1, 26,
27]. C rora u BocToKa MeTaMop(uiIecKie IOpofIbl Xa-
BBIBEHCKOIl CEpHU HECOTJIACHO NMEPEKPBITHI TEPPUTCH-
HO-BYJIKAHOT€HHLIMHA ~ OTJIOKEHUSIMA ~ MHOIIEHOBOTO
BO3pacTa [18-20].

B cocraBe XaBBIBEHCKOI CEpUM BBIICIICHBI IBE Ca-
MOCTOSITEJIbHBIE TOJIIM: HIKHAS — JIEHKOKPATOBBIX
amM(puOONI-CITIFOANCTRIX (frpaHaT), SMUAOT-CIFOAUCTHIX
(frpaHaT) TOHKOMOJIOCYATBIX KPUCTAIINYECKUX CIIAH-
1IEB U CIIOJUCTBIX (frpaHaT) KBapIUTOBBIX CIIAHIEB
BUAMMON MOITHOCTBEO OKOJO 500 M 1 BEpXHSS — 21H-
IOT-aM(UOOIIOBBIX U (PEHTUT-aM(PHOOIOBBIX 3€JEHBIX
CIAHIIEB U 3MUAOT-aM(pUOOII-CIIOIUCTBIX KBAPLUTOB
o0mIei MOIHOCTELIO 0KoJ10 750 M. HiskHss Tomma 00-
HaXkaeTcs B Afipe KYMOJOBUIHOHN CTPYKTYpPbI CeBepo-
3amaJHOTO HAMpPAaBJICHUS B BOCTOYHON U IOT0-BOCTOY-
HOH 4acTsAX XAaBbIBEHCKON BO3BBILICHHOCTU (pUC. 2).
I'pannia Mexny ToMIaMu HaOJIIOHAeTcs B pycie p.
[TpaBas KBapieBast u mpoBOFUTCS IO CMEHE TOPU30H-
TOB CIIOJUCTBIX U TPaHAT-CIIOOUCTBIX KBapLUUTOBBIX
CITaHIIeB HIDKHEN TOJIIM Ha MEJIaHOKPATOBBIE SMUO0T-
aM}puOOIIOBbIE 3eJEHbIE CAHIIbI BEPXHEH TOJIIIN.

HauGonee monHblil pa3pe3 OTIOXKEHUN HIDKHEN
TOJIIM BCKPBIBAETCS 10 BTOPOMY JIEBOMY INPUTOKY
p. IIpaBast KBapuesas (T.H. 1184—1187, puc. 2). 3aech
B OCHOBAHMM BUVMOW YacTH pa3pe3a OOHaXKaroTcs
rpaHaT-3MUAO0T-aM(pUOOI-CIIOAUCThIE, AMUAOT-aMpu-
OOJI-CITIOANCThIE U 3MUAOT-CIIOAUCThIE JIEHKOKPaTO-
Bble KPUCTAIIIMYECKNE CIAHIbI C IPOCIOSIMHI XJIOPUT-
aMUA0T-aM(pUOOTIOBLIX W TpaHaT-aM(UOOI-CITFOH-
CTBIX 3€JIEHBbIX cilaHleB. Boille HaOmrofaeTcs: mepe-
clanBaHUE OUOTUT-aM(pUOONIOBBIX U SMHUAOT-aM(u-
OOJI-CIIOIUCTHIX (HEPEAKO € PAHATOM) TOHKOIIOJIOC-
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Puc. 2. CxemaTnueckasi reosiormieckasi Kapra XaBbIBEHCKO! BO3BBIILIEHHOCTH, 1O [19, 20] ¢ m3MeHeHnsiMuA aBTOPOB. / — co-
BpEMeHHbIE aJlITIOBHANIBHBIE OTIOKEHHST; 2 — COBpPEeMEHHbIE 03€PHO-00JIOTHBIE, JISTHUKOBBIE, AEIOBHAIbLHbBIC 1 aJUTFOBHAIb-
HbIE OTJIOKEHUS]; 3 — KallHO30JICKUe TePPUIreHHO-BYJIKAHOT€HHbIE OTIOXEHHUS; 4 — BepXHEMEJIOBble (KaMIIaHCKNE) BYJIKaHO-
reHHble 00pa30BaHMA (XamUIKasi CBUTA); 5—/ — XaBbIBEHCKAs cepysl: S—6 — BEPXHsIs TOJNIA: TayKa KBAPIUTOB (5) U HIDKHSS
Tmavka 3eJIeHbIX caHieB (6), 7 — HIKHSIS TOJIIA — allOBYJIKAHOT€HHBIE JIEHKOKPATOBbIe aM(pu6OoI-CITIoUcThIe (1rpaHaT) n
SMUAOT-CIIOAUCTHIE (XrpaHaT) KpUCTAININYECKUE CIAaHLbl; 8 — anorapu0ypruToOBble CEPIEHTUHUTBI M CEPIIEHTUHUTDI; 9 — TeK-
TOHUYECKHUE HapylIeHus; /0 — 3JIeMEHTHI 3aJIeTaHus CIaHIEBATOCTH, CIIOMCTOCTH, MONIOCYATOCTH; /] — TOUKN HAOIIOeHNS,

JaHHbIC IO KOTOPBIM IIPUBOJSTCA B paGOTC.

YaThIX KPUCTAJUIMYECKUX CIAHIEB. B Bepxax TOJIIn
npeolalaloT  JIEUKOKPATOBbIE TOHKOIOJIOCYATHIE
aM(@puOOI-CIIOANCThIE, TpaHaT-aM(pUOOII-CIIOAUCThIE
W SMUOT-CIIOUCTBIC KPUCTAJTNYESCKUE CITAHIbI, Te-
pecianBaroIIuecs ¢ TOPU30HTAMH CITFOIUCTBIX (Frpa-

Hat, TaM@uOo, TINUJ0T) KBAPLUUTOB U KBAPUUTOBBIX
CIIQHIIEB.

Bepxusisi Tona XaBbIBEHCKOU CepUM OOHaXKaeTcst
Ha OoJjblIell 9acTu XaBbIBEHCKOH BO3BBIIIEHHOCTU U
NPUYpOYEHa K KPbUIbSM KYIOJIOBUIHON CTPYKTYpBI,
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TEOXMMUSA 1 BOSPACT METAMOPOMYECKUX TTOPO/] 5

SAPO KOTOPOII CJIOKEHO OTIIOXKEHUSME HUXKHET TOIIIN
(puc. 2). ITo ocoGeHHOCTSIM JTUTONOTTIECKOTO COCTaBa
BEPXHIOIO TOJIIY MOXKHO pPas3fie/IuTh Ha fIBE MaydKH:
HIDKHIOIO — 3€JICHBIX CIIAHIIEB ¥ BEPXHIOKO — KBAPIUTOB.
ITauka 3eJIEHBIX CIIAHIEB MOIIMHOCTBEIO OKOJIO 450 M
CIIO’KEHa NepeCIanBaIOIIMICS TIOIOCYaThIMHA SMUAOT-
aMpub0a0BbIMI (IIPe0ONaatoT), (PEHIUT-3MUA0T-aAM-
(puOOIOBBIMI 1 XJIOPUT-3MIAOT-aM(pUOO0TOBBIME 3eIe-
HBIMHU CJIAHI]AMU C TIOYMHEHHBIM KOJMYECTBOM IIPO-
CJIOEB MOJIOCYATBIX ABYCIIOMSHBIX (XrpaHaT, TamuaoT,
tampubom) KBapUHUTOB, OIS KOTOPBIX MOCTEHNEHHO
BO3pacTaeT K BepxaM Maykyu. BupuMas MOIIHOCTH
BEpXHEN KBApIUTOBOI MAYKH COCTABIAET OKONO 150 M.

ITo BceMy pa3pe3y BepXHEl TOJIIU OTMEYAFOTCS Te-
Jla CepPIEHTHHUTOB, CEPIICHTUHIU3UPOBAHHBIX TapIOyp-
THTOB, TYHUTOB W ACCONMHUPYIOIINX C HAIMU TaGOpOUJIOB
MOIITHOCTBIO OT NEePBbIX MeTpoB 0 60—100 M (puc. 2).
HawuGosee MolIHbIE UX Tesla MEPUIOTHTOB TPUypOYe-
HbI K TpaHMIe NMaveK 3eJIEHbIX CJIAHIEB U KBAPIUTOB.
TecHast mpoCTpaHCTBEHHAs! aCCOIMANUS W3yUEHHBIX
METaBYJIKAHUTOB C KBAPIUTAMH, allOrapiOypruTOBbI-
MU CEpIeHTHHUTAMHU U rabOpOUIaMi B COCTAaBE BEpX-
HEW TOJIIIM XaBBIBEHCKOW CEpHU MO3BOJISIET paccMart-
pHBAaTh MX B KAYeCTBE METaMOP(MHU30BAaHHOTO OOUOITH-
TOBOro Kominnekca [18-20, 28, 29].

[IETPOI'PA®HA U MUHEPAIIOI'A
METAMOPOPNYECKHUX TTOPO/]

Kpucmanauueckue caaniybt HUXCHeL Moauu — 1op-
¢upobnacTuieckre Mopofbl, COCTOAIE U3 MOophu-
pob6umact rpaHaTa, aM¢uboa 1 OUOTUTA PA3MEPOM 0
1-2 MM 1 Oosiee KpynHbIX (O 2—3 MM) TaOIUTYATBIX
KPHCTAIIJIOB anbOuTa M pesKe KaJlheBOro MOJIEBOTO
1I11aTa B TOHKO-MJIM MEJIKO3EPHUCTON OCHOBHOM Macce
U3 COYETAIOIIUXCS B Pa3IMYHbIX KOJIMYECTBEHHBIX CO-
OTHOUIEHMSIX anbOuTa, KBapla, KaJueBOro MOJIEBOTO
mmara, OMOTHTa, MyCKOBUT-(DEHIUTa, SMHU0TA M aM-
¢ubona. bnacronopdupoBast CTpyKTypa KpHCTAIITH-
YECKUX CJIaHIIEB OTpakaeT MOP(MUPOBYIO CTPYKTYPY
HCXOJHBIX BYJIKAHOTEHHBIX 0Opa30BaHUIL.

CocraB MUHEPAJIOB U3 OCHOBHBLIX pa3HOBI/IIIHOCTefI

KPHUCTAJJINYECKUX CJIAHIEB NPUBENCH B TaOI. 11 us
TaONMMIBI BUAHO, YTO IUIAarMOKJIa3 M3YYEHHBIX MOPON
MPECTaBIICH MOYTHA YUCTBIM alIbOMTOM, a KaJIMEeBBIN
TIOJIEBOII IITIAT COAEPKUT He Oonee 3—5% anpOuTOBOM
MOJIEKYIbI ['paHaThl, Kak 1 APYrue TEMHOIBETHBIE MH-
HEpaJbl, XapaKTePU3YIOTCS YPE3BHIYANHO BBICOKON
SKEJIe3NCTOCTHI0 M TPOTPECCUBHON  30HAILHOCTHIO
KPHCTAIIJIOB, CBUIETENLCTBYIOILEH, YTO UX (POPMHUPO-
BaHUE MMPOUCXOIMIIO Ha (DOHE MOBBIIIICHNUS TEMITEPATY-
PpblI TIpH iporpeccuBHOM MeTamopguime. [Iporpeccus-
HBIIl TUN 30HAJILHOCTU KPHCTAJNIOB IpaHaTa He MOf-

!B cratne NPUHATBI CIEAYIOIINE CAMBOJBI: Ab — ans6uT, Alm —
anpMaHAuH, Bi — 6uotur, Ep — snupor, Gr — rpanat, Gros —
rpoccynsp, Hb — amdubon, Mu-Phn — myckoBuT-peHrur, Or —
KanueBblil mojeBo mmat, Py — mupomn, Sp cneccaptus. C —
UEHTP, 7 — Kpaii Kpucramna. Xy, = Mg/(Mg + Fe).
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TBepxXaaeT Oojiee paHHue mnpepacrasineHust [30] o
mradTOPUUIECKON MPUPOJie OPOof, XaBBIBEHCKON BO3-
BBIIIEHHOCTH, OOPa30BaBIINXCS 32 CYET HU3KOTEMIIe-
paTypHOTro peoOpa30BaHNUs NCXOMHBIX THEMCOB.

AmpuboI KpUCTaNIMIECKNX CIIAHIIEB XapaKTepH-
3yeTcsi CHHEBATO-3€JIEHbIMU, T0JIyOOBaTO-3€JI€HBIMU
OKpacKaMy 1 OTBEYAeT COCTaBY KaJIbIMEBBIX aMpuOo-
JIOB — aKTHHOJNTY, (PEPPOAKTHHOJINTY, MarHe3uaib-
HOM U >K€JIE3UCTO POroBoil 0OOMaHKe (110 HOMEHKJIATY-
pe, [31]. B KpaeBbIX 30HaX KpUCTAIIJIOB HAOIIOAAETCI
yCHIIEHUE TOIyO0BaTOl OKPAcKM 3a cYeT (pOpMHUpPOBa-
HMSI OTOPOYEK U3 KalbLUeBO-HATPUEBOro amdpubdona
THIIAa BUHYXTA U Oappya3nTa.

Kesapuyumut u keapyumosvle cAaHybl HIZKHEH TOI-
M — TOJIocYaThle MOPOABI, COCTOAIIME M3 KBaplua
(40—-60 o6 BeM. %), ansbura (mo 20-25%) 1 TEMHOLIBET-
HBIX MHHEpAJIOB, Cpefl KOTOPbIX MPeoOIaaoT SIH-
[OT, MYCKOBUT-(DEHTUT, XJIOPUT U OUOTUT, a aMpuoo1
U TpaHaT COAEPKATCA B PE3KO NOUMHEHHBIX KOJIIYe-
crBax. B rpanaTcopepKaimx KBapUUTOBbIX CIAHIAX 1
KBapIUTaX AUArHOCTHPYETCS KaJbIIeBO-HATPUEBBIN
am¢puodon—6appyasut (Tadu. 1, oop. 1182).

B cocrage 3eneHBIX CllaHIEB BEpXHEW TOJILIH Ipe-
00J1aiafoT aNBOUT M CHHE-3eJIeHbIH aM(pud0II, K KOTO-
PBIM B Pa3iMYHBIX KOJIMYECTBEHHBIX COOTHOIICHUSIX
MIPACOEAMHSIIOTCS AMHMIOT, XJIOPUT, MYCKOBUT-(DEHTUT
u pyaHble MuHepanbl. AMgubdon cocrasiset 30-50%
o6beMa nopof, amupoT — 10-40%, ansout — 20-40%.
CopnepskaHre OCTaIbHBIX MAHEPAJIOB: XJIOPHUTA, MyCKO-
BUT-(pEHIUTa ¥ PYJHOIO OOBIYHO HE IIPEBbILIAET
5-10%. AKueccopHble MUHEpPAbl IIPEACTaBIECHbI
anaTuToOM, C(PEHOM, MAarHeTUTOM, THUTAaHOMAarHETH-
TOM, peXe UIBMEHUTOM. 3elleHble ClIaHIbl oboraiie-
HBI Cynb(uuaMu, Cpeinl KOTOPBIX NMpeobiagaeT mu-
put. Amcpubon u anbOUT craralOT KakK OCHOBHYIO
TKaHb MOPOJI, TaK M 00pa3yroT NopgupodIacThl pas-
MepoM 10 1-3 MM, oTpasKaroIlye peIuKTOBYIO Hopdu-
POBYIO CTPYKTYPY HCXOIHBIX BYJKAHOTEHHBIX 00Pa30-
BaHMUIL.

MHorue OCOOEHHOCTH MUHEpajioB, OTMEYEHHbIE
MIPH XapaKTePUCTHKE KPUCTATUITMIESCKUX CITAHICB HIXK-
HEW TOJIIM, TUMMIHBI U IS TIOPOJT BEPXHEN TOJIIIN.
Taxk, marnoksia3bl 3eJIEHbIX CJIaHIIEB U KBAPIUTOB SIB-
JITFOTCSl YUCTHIMU AJIbLOUTAMU U cofiepKaT He 6oinee 1%
aHoptuta. CXOIHBIN XapaKTep COCTaBa U aHAJIOTUYHAS
30HABHOCTh XapaKTepHa u sl aM(uOO0IIOB, OTHOCS-
IUXCS K aKTUHONNTY, BUHUUTY ¥ 6appya3uTy (Taour. 2).
Il KpaeBbIX YacTell KprCTauioB aMmpuOoiia THINIHA
CMEHa KaJbleBOro amguobdona siipa KalbleBO-Ha-
TPUEBLIM KpaeBO# 30HBI. Bce aMubombl 3e1eHBIX
CIaHLIEB O0OTraleHbl MapraHyeM, OCOOEHHO aKTHUHO-
JUTbl ¥ OappyasuTbl MarHETUT-albOUT-OAppyasuT-
3MUAOT-TPAHATOBBIX MOPOJ], KOTOPBIE COflepKaT OKO-
710 7 mac. % MnO [19] u 10 KOHLIEHTpauy NeTPOreH-
HBIX U paccesTHHbIX KOMIIOHEHTOB CXOf[HbI C COCTaBOM
3KeJIe30-MapraHIeBbIX KOPOK COBPEMEHHBIX OKEaHW-
qeckux 6acceitHoB. CBETIIbIE CITFOAbI 3€JICHBIX CIIAHIICB



6 TAPAPUH u ap.

Taomuna 1. IpencraBuTenbHble MUKPO30HOBbIE aHAJN3bI MUHEPAJIOB U3 KPUCTAIIIMYECKHUX CIIAHIEB HIDKHEN TOIIIIH
XaBbIBEHCKOH cepuu

Komiio- Hv-9/3 Hv-13
HEHT | Gy, Gr, | Hb. | Hb, |Mu-Phn| Ep Ab Gr, | Gr. | Hb. | Hb, Bi  |Mu-Phn

SiO, 37.56 | 37.53 | 49.90 | 47.50 | 52.09 | 39.08 | 69.22 | 37.50 | 37.18 | 47.28 | 43.77 | 37.42 | 50.89
TiO, 0.00 | 0.00 | 0.01 0.12 | 006 | 003 | 0.00 | 0.19 | 005 ]| 0.25 0.20 1.66 | 0.37
AlL,O; | 21.54 | 2140 | 524 | 790 | 2748 | 27.26 | 19.20 | 22.19 | 2222 | 9.55 9.97 | 1575 | 25.33
FeO 16.52 | 24.38 | 18.15 | 19.00 | 4.05 928 | 0.02 | 17.07 | 20.66 | 22.08 | 23.30 | 23.41 6.87
MnO 11.56 | 391 005 | 006 | 000 | 033 | 0.00 | 12.05 9.84 | 028 | 0.33 146 | 0.00
MgO 038 | 065 | 1096 | 980 | 306 | 0.12| 0.00 | 0.19 | 024 | 6.06 | 588 | 7.60 | 2.44
CaO 12.60 | 11.89 | 10.53 | 1040 | 0.00 | 21.65 | 0.00 | 12.53 | 11.39 | 790 | 9.81 0.14 | 0.00
Na,O 0.00 | 0.00 1.65 1.80 | 0.00 | 0.00 | 10.69 | 0.00 | 0.00 | 4.26 | 2.73 0.00 | 0.00

K,O 0.00 | 000 | 027 | 039 | 904 | 000| 0.09 | 0.00| 0.00]| 0.78 1.06 | 10.07 | 11.05
CymmMa (100.16 | 99.76 | 96.76 | 96.97 | 95.78 | 97.75 | 99.22 |101.72 |101.58 | 98.44 | 97.05 | 96.51 | 96.95
Xmg 0.039] 0.045| 0.518] 0.479| 0.574| 0.023| - 0.019| 0.020{ 0.328] 0.310] 0.366| 0.388
Xun - - - - - - 0.000| - - - - - -
Alm 36.7 54.5 - - - - - 374 | 453 - - - -
Py 1.5 2.6 - - - - - 0.7 0.9 - - - -
Sp 26.0 8.8 - - - - - 26.7 | 21.8 - - - -
Gros 35.8 34.1 - - - - - 352 | 320 - - - -

VI — - - - 25.1 - - - - - — - 31.2
LN
as; - - - - 13.7 - - - - - - - 14.5
ag - - - - 0 - - - - - - - 0
Awmdu- - —  |Act-Hb | Act-Hb - - - - — |Fer-Bar| Fer- - -
6o0m* Eden

Kom- Hv-13 Hv-75/3 1186/8

HOHEHT | Ab Gr, Gr, Hb, Hb, |Mu-Phn| Ep Ab Gr, Gr, Hb |Mu-Phn

SiO, | 37.88 | 6435 | 37.39 | 37.48 | 51.93 | 49.73 | 49.95 | 39.72 | 68.88 | 37.49 | 37.53 | 53.04 | 50.21
TiO, 000 | 000 | 011 | 011 | 000 | 003 | 007 | 000| 000 | 011 | 0.10| 002 | 0.16
ALO; | 2227 | 2072 | 22.36 | 21.93 | 2.08 | 5.08 | 28.05 | 33.11 | 19.79 | 21.41 | 21.62 | 3.83 | 26.51
FeO | 1397 | 032 | 1638 | 23.97 | 2149 | 2070 | 4.16 | 1.20 | 0.19 | 12.18 | 20.84 | 15.63 | 3.69
MnO | 023| 000 | 7.32| 207 | 003 | 003| 000 | 000 | 0001524 | 692 | 023 | 0.00
MgO | 001 | 000| 020 044 | 990 | 927 | 239 | 004 | 000 | 021 | 049 | 1235 | 2.81
CaO | 2260 | 0.02 | 1628 | 14.13 | 11.64 | 11.17 | 0.00 | 23.80 | 0.28 | 13.00 | 12.61 | 10.25 | 0.04
Na,0 | 0.00 | 1192 | 000 | 000 | 002 | 070 | 000 | 000 | 11.63 | 000 | 000 | 140 | 091
K,0 0.00 | 009 | 000 | 000 | 013 | 0341069 | 000 | 005| 000| 000 | 005] 1047
Cymma | 96.96 [100.42 [100.04 [100.13 | 97.22 | 97.05 | 95.31 | 97.87 {100.82 | 99.64 [100.11 | 96.80 | 94.80
Xytg - - 0.015| 0.032| 0451 0444 0506 - - 0.030 0.040| 0.585| 0.576
X, - 0014 - - - - - - 0.012| - - - -
Alm - ~ | 451 | 533 - - - - - 273 | 464 - -
Py - - 07 | 17 - - - - - 08 | 2.0 - -
Sp - — 142 | a7 - - - - - | 346 | 156 - -
Gros - ~ | 400 | 403 - - - - - | 373 | 360 - -

VI - - - - - - 23.7 - - - - - 249
aai

ag - - - - - - | 160 - - - - - | 150
ag - - - - - - 0 - - - - - |1

Amopu- - — - - F-Act- |Fer-Act| - - - - — Act -
oom* Hb
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Ta6auna 1. OxkoHuaHne

Ko 1186/8 Hv-9/1 1185/
HOHEHT|  Fp Ab Gr, Gr, Hb, Hb, |Mu-Phn| Ep Ab Bi  |Mu-Phn| Ep Or

Si0, 37.97 | 67.85 | 37.43 | 37.64 | 49.18 | 48.99 | 50.44 | 38.62 | 68.90 | 37.39 | 49.01 | 36.81 | 64.51
TiO, 0.06 | 0.00 | 0.07 | 0.03 | 0.03 0.01 0.11 0.00 | 0.00 1.23 0.21 0.00 | 0.00
AlLO; | 2725 | 19.64 | 21.86 | 21.32 | 8.02 | 6.55 | 27.02 | 27.89 | 19.73 | 13.80 | 22.08 | 20.08 | 18.56
FeO 9.12 | 0.02 | 18.48 | 22.06 | 19.45 | 1949 | 3.69 | 790 | 0.10 | 25.24 | 9.24 | 1570 | 0.08
MnO 0.38 | 0.00 | 10.40 | 5.78 | 0.05 0.05| 000 | 0.04 | 000| 044 | 0.06 | 030 | 0.00
MgO 0.01 0.00 | 050 | 0.61 9.03 9.62 | 3.14 | 0.01 0.00 | 820 | 2.67 | 0.02]| 0.00
CaO 2243 | 0.18 | 12.63 | 1279 | 9.77 | 10.26 | 0.00 | 23.51 0.00 | 0.00 | 0.00 | 21.40 | 0.00
Na,O 0.00 | 11.73 0.00 | 0.00 | 2.76 1.69 | 022 | 0.00 | 1098 | 0.00 | 0.00 | 0.00 | 0.50

K,0 0.00 0.09 0.00 0.00 0.33 0.30 | 11.71 0.00 0.06 9.45 8.92 0.00 | 15.14
CymmMma | 97.22 | 99.51 [101.37 [100.23 | 98.62 | 96.96 | 96.33 | 97.97 | 99.77 | 95.75 | 92.19 | 94.31 | 98.79
Xmg - - 0.046| 0.047| 0.453] 0.468| 0.602] - - 0.367| 0.340[ 0.002| -
Xan - 0.008| - - - - - - 0.000] - - - -
Alm — - 40.1 48.6 - - - - - - - - -
Py — - 1.9 2.4 - — — - — — - — -
Sp - - 22.9 12.9 - — — - — — - — —
Gros - - 35.1 36.1 - - - - - - - - -

%! - - — — — — 25.7 - - - 38.9 — -
[N
as; - - - - - - 15.6 - - - 13.0 - -
ag — - — — - - 2.8 - - - 0 - -
Amdu- — - — — F-Act- | F-Act- — - — — - — -
Goma* Hb Hb

Kom- | 1185/4 1186/4 1182

IIOHEHT | A} Bi  |Mu-Phn| Or Ab Gr, Gr, Hb Bi  |Mu-Phn| Ep Ab

SiO, 68.55 | 37.04 | 49.53 | 64.31 | 68.24 | 37.32 | 37.62 | 48.58 | 37.98 | 47.87 | 37.13 | 68.59
TiO, 0.00 | 094 | 025| 0.15| 0.00 | 0.11 0.11 0.11 1.35 | 0.17 | 0.03 0.00
ALO; | 1939 | 1337 | 23.20 | 18.31 | 19.41 | 21.43 | 21.14 | 691 | 1433 | 25.61 | 21.97 | 19.13
FeO 0.04 | 24.65 6.40 | 037 | 0.05 | 11.73 | 12.14 | 20.74 | 20.45 6.991| 3.43 0.12
MnO 0.00 | 039 | 005| 0.00 | 000 | 1638 | 1515 | 0.62 | 044 | 0.00 | 037 | 0.00
MgO 0.00 | 852 | 262 | 0.00| 000 | 008 | 0.07 | 972 | 995 266 | 0.00 | 0.00

CaO 0.03 0.04 0.00 0.00 0.00 | 13.07 | 13.76 7.86 0.17 0.02 | 2247 0.00
Na,O 11.68 0.03 0.00 0.39 | 11.89 0.00 0.00 3.69 0.05 0.07 0.00 | 11.31
K,O 0.08 9.08 9.34 | 15.60 0.14 0.00 0.00 0.26 9.11 | 10.93 0.00 0.08
Cymma | 99.77 | 94.06 | 91.39 | 99.13 | 99.73 [100.12 | 99.99 | 98.49 | 93.88 | 94.32 | 95.40 | 99.23
Xmg - 0.381| 0422 - - 0.012| 0.010] 0.455| 0.464| 0.404| - -
X, 0.130 - - - 0.000{ - - - - - - 0.000
Alm - - - - - 26.0 26.8 - - - - -
Py - - - - - 0.3 0.3 - - - - -
Sp - - - - - 36.7 33.8 - - - - -
Gros - - - - - 37.0 39.0 - — - - —
%! - - 31.9 - - - - - - 23.7 - -
aal
as; - - 12.5 - - - - - - 16.8 - -
ag - - 0 - - - - - - 10.2 - -
Amopu- - - - - - - - Bar - - - -
oom*

IIpumeuanue. O6p. Hv-9/3, Hv-75/3, 1186/8, Hv-9/1 — rpanaT-3nupoT-aMpub0I-ClIIOUCTbIi KpUcTalIndeckuii ciadel; Hv-13 —rpa-
HaT-30UA0T-aM(puOOI-CIIOANCTHIN OCHOBHOM cnanel; 1185/4, 1186/4 — smupoT-aM(puGOI-ABYCIIONSHON KPACTAIUIMYECKUN CIIaHeIl;
1182 — rpaHaT-3nu10T-aM(PUOON-CIFONUCTIA KBapUUT. MecTo B3daTus 00pa3nos — p. IIpaBas Ksapuesas.

* Homeknarypa aMmpu6010B faetcs no kinaccudukanmu [31]: Act — akruromuT (actinolite), Act-Hb — ak THHOIIMTOBAsI poroBasi OOMaH-
Ka (actinolitic hornblende), Fer-Act — beppoaktunonur (ferro-actinolite), F-Act-Hb — heppoakTHHOINTOBAs poroasi oomanka (ferro-
actinilitic hornblende), Fer-Bar — q)epp06app yasuT (ferro-barroisite), Fer-Eden — gpeppoanenur (ferro-edenite). Pacuer Fe’* s aM¢pubo-
J1ax IpOBeJieH Mo (hopMyie: Fe3* = AllY 2T1—Na(A) —-K(A)+Na(My).

Mu-Phn: ay; = (Mg + Fe + Mn + Ti)/(Mg + Fe + Mn + Ti + AIY) - 100, ag; = AI'V/(AI'Y + Si) - 100, a = Na/(Na + K) - 100 [32].

FTEOXUMUMA Ne 7 2007
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Ta6émuua 2. [IpefcraBureTbHBIC MUKPO30HAOBBIC aHANA3EI aM(pUOO0IIOB U3 3MUOT-aM(PUOOTOBBIX U STHIOT-CITIOIUCTO-
aM(puOOIIOBBIX 3€JICHBIX CIAHICB BEPXHE TOJIIN XaBbIBEHCKON Cepuu

Kowmmo- 1179 1187/6 1196 Hv-83/1 Hv-70 Hv-5/1

HEHT Hb, Hb, Hb, Hb, Hb, Hb, Hb, Hb, Hb, Hb, Hb,
Si0, 50.62 | 50.50 | 48.18 | 53.03 | 53.76 | 5220 | 50.23 | 50.10 | 50.84 | 50.02 | 51.40
TiO, 0.09 0.07 0.14 0.07 0.00 0.05 0.08 0.13 0.11 0.11 0.04
Al,O4 5.78 5.32 7.07 3.61 2.74 4.30 6.42 6.49 5.90 6.13 4.20
FeO 15.77 1592 | 20.15 16.59 14.89 17.07 18.23 18.74 17.51 16.72 17.40
MnO 0.31 0.26 0.38 0.29 0.21 0.19 0.35 0.37 0.41 0.37 0.22
MgO 12.73 12.33 9.83 13.45 14.29 12.04 10.73 10.38 11.29 11.79 12.27
CaO 7.56 8.15 7.92 10.52 11.32 8.70 6.85 6.91 7.17 797 8.95
Na,O 3.26 2.80 3.44 1.48 0.98 2.70 3.56 3.56 3.30 3.41 2.42
K,O 0.09 0.04 0.17 0.04 0.16 0.15 0.17 0.21 0.49 0.23 0.15
Cymma 96.21 9539 | 97.28 | 99.08 | 9835 | 9740 | 96.62 | 96.89 | 97.02 | 96.75 | 97.05
Xmg 0.585 | 0.576 | 0.460| 0.597| 0.631 0.557 | 0.508 | 0.497| 0.535| 0.557| 0.557

Ha 23 (O)
Si 7.496 | 7.548 | 7.267| 17.651 7754 | 7.672 | 7.485| 7.467 | 7.531 7.428 | 17.611
Ti 0.008 | 0.006 | 0.016 | 0.006 | 0.000| 0.004| 0.007| 0.014| 0.011 0.011 0.004
AlY 0504 | 0452| 0.733| 0349 | 0.246| 0328| 0.515| 0533 | 0469 | 0.572| 0.389
AM 0506 | 0486 | 0.518| 0.265| 0210 0418| 0.614| 0.609| 0.562| 0.502| 0.345
Fe3t 0.631 0.525| 0.608 | 0399 | 0235| 0.365| 0.629| 0.621 | 0.568 | 0487 | 0473
Fe?* 1.322 1.465 1.917 1.602 1.561 1.733 1.679 1.715 1.601 1.589 1.681
Mn 0.039 | 0.033| 0.049| 0.036| 0.026 | 0.024| 0.044| 0.047| 0.052| 0.046| 0.028
Mg 2809 | 2746 | 2.196| 2892 | 3.071 2.637 | 2383 | 2305| 2492| 2.609 | 2.707
Ca 1.199 1.305 1.272 1.626 1.749 1.370 1.094 1.103 1.138 1.268 1.420
Na 0936 | 0.812| 0999 | 0414 | 0.274| 0.769 1.028 1.029 | 0.948 | 0.981 0.695
K 0.017 | 0.007 | 0.032| 0.007 | 0.029| 0.028| 0.032| 0.040| 0.093| 0.044| 0.028
Amdubon | Bar Win Bar Act Act Act Bar Bar Win Bar Act
Kommo- | Hv=5/1 Hv-27/1 Hv-38 Hv-83/2 | Hv=85/1| 1175/2 Hv-50

HCHT Hb, Hb, Hb, Hb, Hb, Hb Hb Hb Hb, Hb,
SiO, 51.71 49.84 | 51.66 | 5285 | 51.13 | 4991 5097 | 4992 | 51.74 | 5247
TiO, 0.02 0.08 0.00 0.02 0.02 0.13 0.07 0.08 0.04 0.15
Al,O4 3.85 6.14 431 3.50 4.94 7.26 6.40 6.21 5.75 293
FeO 17.33 19.53 18.19 17.06 17.90 16.11 15.26 18.28 17.98 16.73
MnO 0.26 0.16 0.11 0.24 0.27 0.09 0.23 0.46 0.24 0.32
MgO 12.24 10.71 12.38 11.69 11.37 11.31 12.77 10.78 11.05 12.03
CaO 9.55 8.48 9.74 9.98 9.15 7.95 8.09 8.01 9.67 10.59
Na,O 1.98 3.01 1.96 1.65 1.91 3.63 2.99 3.40 1.91 0.95
K,O 0.17 0.28 0.23 0.19 0.21 0.27 0.18 0.21 0.22 0.18
Cymma 97.11 98.23 | 98.58 | 97.18 | 9690 | 96.66 | 96.96 | 9735 | 98.60 | 96.35
Xmg 0.557 | 0494 | 0548 | 0.550 | 0.531 0556 | 0.599 | 0512 0523 | 0.562

Ha 23 (O)

Si 7.633 | 7.384 | 7.445| 17.781 7589 | 7.383 | 7.466| 7423 | 7.540| 7.789
Ti 0.002 | 0.007 | 0.000| 0.002| 0.002| 0.014| 0.006| 0.007| 0.004| 0.018
AlY 0367 | 0.616 | 0.555| 0219 | 0411 0.617 | 0534 0577| 0460 | 0.211
AM 0304 | 0457 | 0.178| 0389 | 0454| 0.650| 0.572| 0513 | 0.528 | 0.303
Fe3t 0436 | 0.536| 0780 | 0.172| 0454| 0327 | 0529| 0478 | 0324 | 0.146
Fe?* 1.705 1.884 1.412 1.929 1.768 1.666 1.340 1.795 1.867 1.931
Mn 0.033 | 0.020 | 0.014| 0.030| 0.034| 0.012| 0.028| 0.058| 0.030 | 0.040
Mg 2,695 | 2365| 2659 | 2565| 2515| 2494| 2788 | 2388 | 2400 | 2.661
Ca 1.512 1.346 1.504 1.574 1.455 1.260 1.270 1.276 1.510 1.684
Na 0.567 | 0.864 | 0547 | 0471 0.549 1.041 0.848 | 0980 | 0.539| 0.274
K 0.032 | 0.053| 0.042| 0.035| 0.040| 0.051 0.033 | 0.040 | 0.041 0.034
Amdubdon Act Act-Hb | Act-Hb Act Act Bar Bar Bar Act Act

[Ipumeuanne. O6p. 1179, 1187/6, 1196, Hv-83/1, Hv-70, Hv-5/1 — snupnot-am¢ubonossii (+Chl) 3enensrit cnanen; Hv-27/1, Hv-38,
Hv-83/2, Hv-85/1 — snmpoT-cnropncto-aM¢puOonoBblii 3e1eHbld cnanel; 1175/2 — MemaHOKpaTOBBIN IpaHaT-3MHI0T-aM(pHOOTOBBI
3eneHblit cnanel]; Hv-50 — mpocioil Mes1aHOKpaTOBOTO 3MUAOT-CIAIOANCTO-aM(pUOO0IOBOr0 3€JIEHOT0 CIaHIA CPEeA KPUCTANINYECKUX
CIAHIEB HUXKHEN TOJIIIIN.

Homenknatypa am¢pu6050B gaetcs no kiaaccugukanuu [31]: Act — aktunonut (actinglite), Act-Hb — ak THHOIMTOBAS gOFOBaﬂ obMaH-
Ka (actinolitic hornblende), Bar — 6appyasurt (barroisite), Win — BurunT (winchite). Fe’t paccuuTano no gopmyie: Fe’t = AV_AIVL
2Ti-Na(A)-K(A)+Na(My).
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Taomamma 3. IIpepcraBuTenbHble MUKPO30HIOBbIE aHAIU3BI CIIO/] U3 AMUAOT-CIIOANCTO-aM(puOOIIOBBIX 3€JIEHBIX CIaHIIEB BEPXHEH TOJIIIH XaBbIBEHCKON cepuu

Kommo. | 1179 Hv-5/1 | Hv-29/1 Hv-38 Hv-70 | Hv-83/1 Hv-83/2 Hv-85/1 1175
HCHT ' Mu-Phn | Mu-Phn | Mu-Phn Bi Mu-Phn | Mu-Phn | Mu-Phn Bi Mu-Phn Bi Mu-Phn Bi Mu-Phn
SiO, 48.26 48.99 48.26 38.08 50.11 50.21 48.90 38.46 50.17 40.25 50.42 37.51 48.11
TiO, 0.32 0.21 0.23 1.07 0.16 0.13 0.24 1.33 0.13 0.52 0.25 1.87 0.23
AL,O; 26.32 28.49 26.54 15.44 26.68 26.04 27.52 14.31 25.97 15.66 28.14 16.12 27.34
FeO 5.53 5.45 5.80 20.29 5.13 4.62 455 18.53 4.94 17.41 3.81 21.46 4.07
MnO 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.29 0.00
MgO 2.86 2.23 436 9.81 2.79 3.31 2.37 11.89 3.52 12.01 2.82 9.75 2.46
CaO 0.06 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00
Na,O 0.17 0.05 0.23 0.07 0.05 0.30 0.51 0.00 0.28 0.00 0.64 0.00 0.22
K,0O 10.18 10.00 10.29 9.31 10.82 10.45 10.09 10.23 10.61 9.91 10.14 9.23 10.40
Cymma | 93.70 95.42 95.71 94.18 95.74 95.06 94.18 94.75 95.62 95.92 96.22 96.23 92.83
Ha 11(0)

Si 3.335 3.305 3.278 2.935 3.380 3.400 3.338 2.938 3.425 2.994 3.363 2.847 3.331
Ti 0.017 0.011 0.012 0.062 0.008 0.007 0.012 0.076 0.007 0.029 0.012 0.107 0.012
Al 2.146 2.268 2.127 1.400 2.123 2.080 2217 1.290 2.092 1.374 2214 1.443 2.234
Fe 0.320 0.308 0.329 1.308 0.289 0.262 0.260 1.184 0.282 1.082 0.212 1.362 0.236
Mn - - - 0.002 - - - - - 0.004 - 0.017 -
Mg 0.295 0.224 0.441 1.127 0.280 0.334 0.241 1.354 0.235 1.331 0.280 1.103 0.254
Ca 0.005 - - 0.006 - - - - - 0.005 - - -
Na 0.022 0.008 0.029 0.013 0.008 0.041 0.067 - 0.038 - 0.010 - 0.028
K 0.897 0.860 0.891 0.915 0.931 0.902 0.878 0.997 0.924 0.940 0.862 0.894 0.918
Xug 0.480 0.421 0.573 0.463 0.492 0.561 0.486 0.534 0.582 0.551 0.569 0.447 0.518
! 29.9 25.7 35.8 - 27.7 28.9 24.8 - 25.7 - 242 - 243
ag; 16.6 17.3 18.1 - 15.5 15.0 16.6 - 14.4 - 15.9 - 16.7
ag 2.5 0.9 3.2 - 0.9 43 7.0 - 4.0 - 1.1 - 3.0

ITpumeuanne. Mecta B3siTust o6pasuos: 1179, Hv-5/1 — ucroku p. I[lpaBas Ksapuesas; Hv-29/1, Hv-38 — p. Onbxosas; Hv070, 1175 — p. Maitnapka; Hv-83/1, Hv-83/2, Hv-85/1 —
p. Yxunckuii CeBaH.

aX} = (Mg + Fe + Mn + Ti)/(Mg + Fe + Mn + Ti + AIV1) - 100, ag; = AI'V/(AI"Y + Si) - 100, a = Na/(Na + K) [32].

TOdOL XUMDThUPIONWVYLAN LOVIE0d U KUNUXOA
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Puc. 3. Tnarpammel (K,0 + Na,0) — SiO, (a) u K,0-Si0,
(6) pst MeTaMopUIECKUX TOPOJ] XaBBIBEHCKON BO3BBI-
menHoctu. Mcrnonb3oBaHbl aHHble TaOml. 4 U IaHHbBIE,
npuBefeHHbIe B padoTe [19]. I[Toms cocTaBoB ByJIKaHnYe-
CKHX CEpHI: TOJICUTOBOI, N3BECTKOBO-IIEIOYHOM, BHICO-
KOKaJIMEBOW U3BECTKOBO-IIEJIOYHO 1 IIOIIOHUTOBON HA
muarpamme K,0-SiO, mo [33] /-2 — MeTaByJIKaHUTBI
HukHel (1) 1 BepxHedt (2) TONII XaBbIBEHCKOH CEPHH.

OTJINYAIOTCSI BLICOKUM cofiep>kanneM (heHTUTOBOM CO-
crasjsronei (Tadir. 3).

Keapuyumut eepxneii moauju XapakTepHU3yIOTCS
TOBOJLHO OMHOOOpAa3HBIM MHUHEPATHLHBIM COCTaBOM.
KomnmuectBeHHble BapHalid MOPOAOOOPa3YIOIIUX
MUHEPAJIOB MO3BOJSIOT BBIACNHUTH XJIOPHUT-3MUOT-
am(pu60II0BbIe, XIIOPUT-(PEeHTUT-aM(PIOOTOBBIE, Tpa-
HaT-aM(puOOI-CIIOANCTbIE W CIIOAUCTO-aM(puOOoIo-
BbI€ pa3HOCTH.

IT'’EOXMUA METAMOP®PUNYECKUX ITOPO]],
N TEOJMHAMUNYECKAS OBCTAHOBKA
X ®OPMMUPOBAHUMA

XUMWYECKHI COCTAaB M TEOXUMHWYECKasl XapaKTepu-
CTHKA METaMOP(UYECKUX IOPOJ, XaBbIBEHCKOIN CEpHUI
npuBefieHbI B Ta0M. 4. PEKOHCTpYKIMS IEPBUYHOI IpU-
pOnbl OTIOXKEHHAN HVDKHEH TOJIIM MMO3BOJIIIA BbIE-
JIUTH CPEA HUX KaK aloBYJIKaHOT€HHbIE, TaK U aloTep-
pureHHble oOpas3oBaHusl. IlocnegHue UMEIOT OrpaHu-
YEeHHOE paclpoCTpaHeHWe B BepxXax TOJIMU W
MIPEICTABIICHb] CIIIOMUCTBIMU ¥ T'PaHAT-CIFONUCTHIMI
(+anmpoT, TamMpurooI) KBapIUTOBBIMY CJIAHIIAMH, OTBE-
YaIOUMMH II0 COCTaBy CyOrpayBakKaM, U MEHBIIE —
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Puc. 4. Coornomenus Zr u Nb ¢ K,0 B kpucranmuye-
CKUX ClIaHIlaX HIKHEN Toimm XaBbIBEHCKON BO3BBI-
meHHocTH (Touku). CrjIoIIHas JTUHKUS — IOJIE JIaB OCT-
POBHBIX JIyT; IITPUXOBAsl — JIaB aGCapOKUT-IIOMIOHUT-
JMAaTAT-TPAXUTOBOU CEPHUU W INTPUX-NYHKTHPHAS — JIaB
LIEJIOYHON OJNMBHUH-0a3anbToBOi cepunl CpeaumHHOTO
xpe6Ta Kamuarku [34].

KBapUUTaMA. JTH TOPOAbI OTIMYAET MOBBIIIEHHAS
KPEMHE3EMHUCTOCTh, aHOMAJIbHO HU3KIE KOHIIEHTPALUH
rnuHo3eMa U 1menoved [19]. bonblasg ke 4acTb Kpu-
CTAJIJIMYECKUX CIIAHIEB HIDKHEHN TOJIIH, OOIagaroyx
nop¢upoOIIACTHIECKIMI CTPYKTYPaMU, TIPUHANIICKUT
K aloOBYJIKAHOTEHHbIM OOpPAa30BaHUAM BapbUPYIOLIEH
KPEMHEKUCIIOTHOCTH, OTBEYasl COCTaBY aHJIE3WUTOB, Ja-
[UTOB, PUOJINTOB, TPAXWAHIE3UTOB W TPAXUJAINITOB,
IpuYeM TpeoOnafjaloT aHAE3UTOBbIE, AAIUTOBBIE U
TpaxuJauuToOBbIe pasHocT (puc. 3a). Ix oTnuuaer
MOBBIIICHHAs] KOHLEHTpAUUsl HATpusl, Kajus, JHUTO-
¢punbHbIX 25eMeHTOB (Rb, Sr, Ba, Nb, Th, Zr, Hf, Ta,
U) n am3kne copepxanns Ti, Co, Ni, Cr, V. 1151 pac-
CMaTpUBAEMBbIX OPOJ] XapaKTEePHbI IIMPOKUE Bapua-
mun copiepskanust K,O, onpenesnstoiue HaImIue cpe-
A¥ HUX IOPOJi KaK HU3KOKAJIMEBO! (TONEUTOBOM), TaK
U BBICOKOKAJIMEBOH (ILIOIIOHUTOBOI) cepuil ¢ Ipeoo-
JlaJlaHAeM BYJIKAHUTOB BBICOKOKAIMEBOW M3BECTKO-
Bo-11IeJI0uHOI cepun (puc. 36). Ob6pariaetr Ha ceOst
BHAMAaHUE OYeHb BHICOKTE KOHIICHTPAIY CTPOHITHS B
psifie oOpa3LOB KPUCTAIIIIMYECKUX CIaHLEeB, Hanboee
ob6oramennsix K,O, 4To mopuepkuBanock B Ooliee
paHHeit paboTe aBTOpOB [19].
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Taﬁ.m/lua 4. CO)Iep)KaHI/IPI NIETPOTr€HHLIX, PACCEAHHBIX U PEAKUX IJICMEHTOB B MeTaMOp(bI/I‘IeCKI/IX nopojagax HIDKHEN 1 BerHefI TOJII], XaBBIBEHCKOI BO3BBIIICH-

HOCTH (OKHCIIBI — Mac. %, 3JIEMEHTBI — I'/T)

Humxusa Tonma

Bepxuss Tonma

Dnementsi| 1185/4 1186/1 1186/4 Hv-9/3 Hv-12/1 1179 1187/3 1188/3 1196 1200 Hv-85/1
1 2 3 4 5 6 7 8 9 10 11
Sio, 65.55 64.01 66.31 66.34 66.11 47.93 51.98 47.62 47.44 4351 50.74
TiO, 0.53 0.60 0.52 0.38 0.61 2.00 1.24 1.41 2.36 1.79 0.72
ALO; 15.39 14.90 15.05 16.91 15.55 13.76 16.20 15.34 13.83 14.16 17.56
Fe,0; 461 4.65 2.24 2.23 1.82 7.18 6.20 6.28 6.44 5.77 6.21
FeO 1.07 1.53 2.14 2.12 291 5.45 6.12 7.37 6.94 6.35 3.84
MnO 0.08 0.12 0.05 0.18 0.13 0.28 0.19 0.23 0.18 0.23 0.17
MgO 0.95 1.83 0.92 0.63 1.85 6.72 4.82 6.74 7.15 8.15 8.31
CaO 113 1.69 0.80 439 1.72 9.06 5.83 7.53 9.32 8.50 4.90
Na,0 5.83 475 4.63 444 6.50 3.03 5.28 5.55 1.95 2.98 4.65
K,O 3.64 4.18 5.07 1.31 0.83 0.79 0.29 0.16 0.29 0.31 1.00
P,0s H.o. 0.15 0.20 0.16 0.24 0.26 0.16 0.20 0.39 0.30 0.27
H,0* - - - 0.81 1.52 - - - - - -
Lo 1.43 1.20 2.08 - - 2.56 1.57 1.76 2.85 2.65 1.00
Cymma 100.02 99.61 100.01 99.90 99.79 99.02 99.88 100.19 99.14 99.70 99.37
% 41.00 47.47 29.32 76.45 52.97 424.19 307.09 396.09 327.96 272.33 230.55
Cr 5.32 3.30 6.35 2.83 21.47 105.45 453 8.17 97.14 77.16 130.80
Ni 6 8 8 20 14 70 25 26 80 57 48
Co 8.46 8.48 6.49 435 9.18 31.18 19.36 26.56 22.09 64.67 17.70
Cu 20.11 36.72 39.03 33.44 48.65 38.99 26.35 34.92 15.86 52.62 110.76
Zn 57.71 70.87 45.12 90.85 72.00 106.67 87.61 69.98 80.57 14.99 71.49
Ga 18.02 17.37 17.29 15.89 17.22 19.06 18.20 15.01 13.29 1.51 14.83
Ge 1.46 1.33 0.86 1.32 1.33 2.26 1.85 1.15 0.98 11.22 1.70
Rb 78.00 85.18 74.52 27.80 15.36 13.40 2.65 2.05 436 363.84 14.51
Sr 106.01 132.71 46.66 | 3695.87 78.52 169.03 235.42 215.17 184.29 18.24 270.78
Y 40.45 36.26 29.13 17.35 35.57 46.89 25.02 19.24 54.46 56.83 2473
Zr 272.99 292.90 299.21 119.50 149.05 133.64 74.30 50.42 170.06 0.82 142.36
Nb 5.93 5.70 552 2.87 2.52 3.20 0.90 0.79 3.76 <0.30 1.25
Sn 1.37 2.17 2.57 1.32 1.67 1.24 0.66 0.42 1.01 227.39 0.99
Ba 1117.65 | 122333 | 1284.60 675.03 433.47 174.72 25.71 13.21 34.33 4.92 428.45
La 28.9 127.92 26.78 15.01 16.05 4.06 3.80 2.68 479 12.25 14.10
Ce 62.76 65.74 62.66 31.01 38.48 12.16 11.19 7.92 15.24 1.68 34.60
Pr 8.22 8.05 7.53 3.77 5.12 2.19 1.79 1.33 2.59 7.54 478
Nd 33.87 34.78 3041 15.10 24.48 13.33 10.92 7.40 16.49 2.52 22.65
Sm 7.07 7.10 6.24 2.65 6.12 4.46 3.55 2.45 5.76 0.74 5.67
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Taomuna 4. OKoHuaHUE

Huxussa Tonma

Bepxuss Tonma

Onementol| 1185/4 1186/1 1186/4 Hv-9/3 Hv-12/1 1179 1187/3 1188/3 1196 1200 Hv-85/1
1 2 3 4 5 6 7 8 9 10 11
Eu 1.20 1.21 1.08 0.88 1.36 1.38 1.10 0.80 1.84 2.55 1.36
Gd 6.48 6.24 5.20 2.70 5.18 5.55 3.26 2.77 7.37 0.41 5.46
Tb 0.97 0.94 0.76 0.42 0.96 1.16 0.61 0.44 1.26 2.51 0.62
Dy 6.15 5.77 4.87 2.33 5.76 6.84 3.55 3.65 9.86 0.51 4.08
Ho 1.21 1.20 1.00 0.53 1.10 1.65 0.81 0.60 1.98 1.67 0.80
Er 3.75 3.34 3.10 1.56 3.51 4.49 2.29 1.59 6.01 0.22 2.25
Tm 0.53 0.53 0.54 0.29 0.54 0.70 0.39 0.27 0.79 1.95 0.34
Yb 3.99 3.55 3.70 1.85 3.52 4.71 1.93 1.84 5.62 0.21 2.36
Lu 0.73 0.64 0.61 0.30 0.52 0.64 0.35 0.26 0.69 1.42 0.35
Hf 6.94 6.70 7.06 2.81 3.95 3.39 1.98 1.27 4.14 -0.01 3.64
Ta 0.24 0.27 0.31 0.21 0.09 0.09 0.01 0.01 0.11 5.02 0.03
Pb 9.96 20.97 9.32 17.65 10.65 2.01 2.71 2.16 1.49 1.14 5.69
Th 12.75 12.82 13.00 5.14 5.37 0.20 0.34 0.20 0.25 0.89 2.59
U 3.52 3.59 3.61 1.45 1.51 0.64 0.07 0.01 0.03 0.79
87Sr/0Sr+ | 0.70556+ | 0.70862+ | 0.70764 + | 0.70421 + | 0.70690 = | 0.70445+ | 0.70480+ | 0.70716+ | 0.70457+ | 0.70815+ | 0.70704 +
+20 +0.00021 | + 0.00013 | £0.00015 | +0.00013 | £0.00008 | +0.00033 | +0.00015 | £0.00018 | +0.00020 | +0.00012 | #+0.00014
K,r/T 30217.7 34700.5 42088.9 10875.0 6890.3 6558.2 2407.5 1328.3 2407.5 2573.5 8301.6
K/Rb 387.4 407.4 564.8 391.2 448.6 489.4 908.5 647.9 552.2 229.4 572.1
K/La 1045.2 1242.9 1571.7 724.5 4293 1615.3 633.5 495.6 502.6 523.1 588.8
Na,0/K,0 1.60 1.14 091 3.39 7.83 3.84 18.21 34.69 6.72 9.61 4.65
(La/Sm)y 2.55 2.46 2.68 3.54 1.64 0.57 0.67 0.68 0.5 1.22 1.55
(La/Yb)y 4.92 5.34 4.92 5.51 3.11 0.59 1.34 0.99 0.58 1.71 4.06
Ba/La 38.66 43.82 47.97 44.97 27.01 43.03 6.76 4.93 7.17 46.22 30.25
Ba/Nb 188.5 214.6 232.7 235.2 172.0 54.6 28.6 16.7 9.1 277.3 341.2
Ba/Zr 4.1 4.2 4.3 5.7 2.9 1.3 0.4 0.3 0.2 4.0 3.0
Ba/Th 87.7 954 98.8 131.3 80.7 873.6 75.6 86.1 137.3 199.5 165.4
Th/Ta 53.1 47.5 41.9 24.5 59.7 2.2 34.0 20.0 2.3 - 86.3

IIpumedanne. 1-5 — rpanaT + anupoT + aMpUOON-CAIONUCTHIE U SMHUIOT-ABYCIIOASHHBIE KPUCTANINYECKUE CHaHIbl; 6—11 — amupoT-aMgpuoonoBele + XTOpHUT * heHTuT + OUOTUT

3eJieHble ciaaHnbl. H.0. — He onpenensnock.

cl
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Ha guarpamme Zr—-K,0O n Nb—K,O (puc. 4) BugHO,
YTO IO YpOBHIO KOHIeHTpammu Nb u Zr (a Takxke TiO,)
KPUCTAINTMYECKNE CJIAHIbl SBISIFOTCS  TUIWYHBIMA
MIPEACTaBUTEIISIMI CEMETCTBA OCTPOBOMTYKHBIX BYJIKA-
HUTOB, TOYKH COCTaBa KOTOPBIX IMOMAJAIOT B TOJe
MO3JHEKANHO30MCKUX BYJIKAHUTOB BbICOKOKAIMEBON
a6CcapOKUT-IIONIOHAT-JIATAT-TpaxuToBont cepuu Cpe-
muHHOTO Xpebra KamMmuaTku, pe3ko oTimyasich o KOH-
LHEHTPALUH 3TUX JIEMEHTOB OT 0oJiee IIETOYHBIX IO0-
POT IEIOYHON ONMBUH-023a7TbTOBON CEPUN 3TOTO Ke
peruona [34]. DT reoxummdeckue 0COOEHHOCTH CONH-
JKaIOT paccMaTpUBAaeMble MOPOAbI € CYOIIETOYHBIMU
BYJIKAHUTAMI OKPaMHHO-KOHTHMHEHTATBHBIX BYJIKAHU-
yeckux mosico [32]. C onpepneneHHON HOEN YCIOBHO-
CTH UX MOXKHO COMOCTABUTh C BYJIKAHUTAMHU IIOIIOHUT-
JIATUTOBOW CEpUM aKTUBHBIX KOHTHHEHTAIBHBIX OKpa-
uH [35, 36].

BrniepBble NONTy4YeHHBIE [aHHBIE IO CONEPIKAHUIO
PENKO3eMENBHBIX 3JIEMEHTOB M pacHpefiesIeHNIO U30-
TOIOB CTPOHIMS B METaMOP(UIECKHUX Opofax XaBbl-
BEHCKOHI BO3BBIIICHHOCTH (Tadi. 4) MO3BOJIWIN NATh
HaJeXHOe OOOCHOBAaHHME TI€OXMMUYECKHX OCOOEHHO-
CTEM MOPOJ] HAXKHEN M BEPXHEN TOJIIL XaBbIBEHCKOM Ce-
Y U cfieaTh BBIBOABI O FEONMHAMUYECKOI OOCTaHOB-
Ke uX (pOpMHUPOBAHUS.

Kpucrannnueckre cnaHibl HI>KHER TOIIIM 001aja-
IOT BBICOKUMH COfIEP>KaHUSIMI KPYITHOMOHHBIX JIUTO-
¢unpHbIX 21eMeHTOB (K, Rb, Sr, Ba, La, Ce. Th, U) ot-
HOCHUTENIbHO BBICOKO3apSITHBIX KOMITIOHEHTOB, YTO
¢ukcupyercst Bbicokumu Ba/Zr u La/Ta oTHOmIEeHUSIMIA
(Tabu1. 4), THOMYHBIMU J151 TPOXYKTOB HAICyONyKIMOH-
HOro MarmaTusma. [Iyisg paccMaTprBaeMbIX HOPOJ Xa-
paKkTepHbl OOOTallleHHbIE JIETKUMHU JIaHTaHOUJaMU
TpeHpabl pacnpepenacuus P33 (puc. 5a), 0au3kumi K Ta-
KOBBIM JIJIs1 BYJIKAHUYECKHX Cepuil OCTPOBHBIX Ayr. Ha
rpauke BUJHO, YTO TPEHAbl pacnpefeneHus P33
KPUCTAJUINYECKUX CIAHIEB HIDKHEH TOIIIM CXOHbBI C
TpeHAaMHl KUPTaHUKCKOW CBUTHI KaMIaH-MaacCTPHUXT-
CKOT'O BO3pacTa BOCTOYHOro oopamiienus: CpeluHHOTO
xpeOra KamuaTtku [37] u KallHO30MCKUX BYJIKaHUYE-
CKUX TIOPOJ BHICOKOKAJINEBOH M3BECTKOBO-IIIETIOYHON
1 abCcapOKUT-ILIOMIOHUT-JIATUT-TPAXUTOBON CEpHUIl ce-
BepHOH yactu atoro xpedra [38]. Hanuuue Ha pgua-
rpamme pacnpefesieHus P39 3HauuTenbHON oTpuua-
TEJILHO! €BpONMEBOI aHOMaJNK OOYCIIOBIIEHA, BEPO-
ATHO, YJaCTUEM B MarMOre¢He3Hce HCXOJHBIX MOPON
HebombIoro KonmuectBa (S1%) cyomynupyeMoro
ocanka [39].

MHOTrOKOMIIOHEHTHBIE  TUCKPUMHUHAHTHBIE —[Ha-
rpaMMbl METABYJIKAHUTOB HIZKHEH TOIIIM, HOPMHPO-
BaHHbIE 110 IPUMHUTHBHOI MaHTHH (pHC. 56), OTYETINBO
¢ukcupyroT rayookuit Nb-Ta-MUHUMYM, TUIWYHBINA
T17151 BYJIKAHUTOB N3BECTKOBO-ILEIOYHO CEpUX HAACy0-
AYKIMOHHBIX T€OJMHAMUYECKIX OOCTaHOBOK.

l'eoxummdeckue MaHHBIE CBUAETENBCTBYIOT, YUTO
KPUCTAIINTNYECKNE CITaHIbI HIDKHEHN TOJIIHN XapaKTepH-
3yroTcs Bbicokumu Ba/Nb u Th/Ta oTHOlIEHUSIME, YTO
00YyCIIOBJIEHO, BEPOSITHO, yUacCTHEM B MarMareHesmce
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HCXOJHBIX MOPOJ (pIIOUIHON KOMIIOHEHTHI U3 CyOmy-
IPYEeMOI OKEaHMIECKOH JUTOChEPhI, a BLICOKHE CO-
nepxanus LILE nmo otnomenuto Kk HFSE, Bbicokue
87Sr/20Sr n nu3kue Sr/Nd OTHOLIEHHS OOYCIOBIIEHBL, IO~
BUIMOMY, y9acTieM B (hOPMUPOBAHUM HCXOTHBIX OCT-
POBOAYKHBIX PacIIaBOB HEOOBIIIOTO KOIMYECTBA Te-
JIarM4eCKUX OCAKOB, MOTPYKAOLIUXCSI COBMECTHO C
CcyomynmpyeMon OKeaHn4IecKoi muToit [41, 42].

[loBbILIcHHAST BEIMYMHA OTHOUICHUH HM30TOINOB
crponuust 8Sr/3Sr, BapbHpYIONIMX B KPUCTAIUIMYECKAX
cnannax ot 0.70421 po 0.70862 (Tabmn. 4), 06ycinoBieHa,
BEPOSITHO, 0OOTaIIeHNEM NCXOTHBIX PaCIUIaBOB CYOlyK-
IMOHHOM (pa30ii, TaK KaK MOBBIIIIEHHbIE METKH CTPOH-
IUsT XapaKTEPU3YIOTCS MOJIOXKUTEIBLHON KOppesuuei
C TOBBILLICHHBIMI COAECPXKAHUSIMU KPYITHOMOHHBIX JIH-
TO(PUIBHBIX 3JIEMEHTOB. AHAJIOTMYHBINA 3(pexrT 000-
raleHus ICXOIHBIX PaCIJIaBOB PaliOTe€HHBIM CTPOHIIY-
€M MOKHO OO'BSICHUTH CMEIIICHHEM NEPBUYHOIO UCTOY-
HiKa ToenToB MOR ¢ BHYTpUIITUTHBIME pacIylaBaMH.
OnHako HU3KKME KOHIEHTpAIly HUOOWSI B U3yYEHHBIX
nopopax (Tads. 4) UCKIFOYatOT BO3MOXHOCTb y4aCTHsI
BHYTPHUIUIUTHOTO WCTOYHMKA C TOBBIIIEHHBIMH CO-
Aep3KaHUSIMU BBICOKO3aPSIAHBIX 371IeMeHTOB (Ti, Zr, Nb,
Y). K coxaneHuro, y HaC HET JaHHBIX IO paclpeferie-
HUIO B nopopax usoronos Nd u Pb, uto He no3sonser
TOYHO ONPENIETNTh MOJI0KEHUE BYJIKAHUTOB XaBbIBEH-
CKOH BO3BBIIICHHOCTH 1O OTHOLICHHIO K KOHEYHBIM
KOMITOHEHTaM oboraineHHoi ManTun. OmHaKo, BBICO-
kue ¥Sr/%Sr oTHOIIEHUSI B U3yYEHHBIX TOPOJIAX — CBH-
HETEIILCTBYIOT 00 UX IPUHAIIIEXKHOCTHU K TPEHAY, Orpa-
HIYeHHOMY KonmdectBoM EM2 [43] o6oratieHHoi
MaHTHH.

ITeTpoxummudeckuii aHaau3 MO3BOJISIET CPENU OTIIO-
>KEHUI BEPXHEN TONIIM XaBbIBEHCKON BO3BBIIIEHHO-
CTH PEKOHCTPYHPOBATh allOBYJIKAHOTEHHbIE U IEPBUY-
HO oOcajjouHble oOpa3oBaHusl. OcajouHble MOPOJbI
MIPENICTABJICHbl KBapIUTAMH, COCTaB KOTOPBIX CBUJE-
TEIbCTBYET, YTO OHA 0OPA30BANINCH IPA METAMOP(u3-
Me KpeMHel, cofiep>KallluX He3HAYNTENbHYIO IIPUMeCh
BYJIKAHOT€HHOro Matepuana. K MeraocajoyHbiM 06-
Ppa30BaHUSIM MOXKHO OTHECTH U TOHKOIOJIOCYAThIE allb-
OUT-MarHeTUT-aM(puOON-TpaHaTOBbIE MOPOMBI, COMO-
CTaBUMBIE IO XUMU3MY C KeJIe30-MapraHieBbIMI KOP-
KaMU OKEAHWYECKUX OOsacTeil. AIOBYJIKAHOTCHHBIE
MOPOJBI N0 COCTaBy OTBEYAIOT alIbOUTH3MPOBAHHBIM
(COMNIMTU3UPOBAHHBIM)  0a3zanbTaM (MpeobIagaroT),
TpaxubaszaabTaM U TpaxuaHje3uToOasanbTaM (Tadd. 4;
puc. 3a), pacrnonarasich B IOJSX W3BECTKOBO-ILETOY-
HBIX M TOJEUTOBBbIX cepuil (puc. 30). Ha muckpummu-
HaHTHBIX METPOXUMHUYECKUX Auarpammax [44] zene-
HbI€ CJIaHIbl BEpXHE TOMIM OOJIbIIEN YacThIO NOMa-
galoT B mojsi 0a3a’lbTOB  CPEIMHHO-OKEAHMYECKHUX
XpeOTOB W BHYTPUIUTUTHBIX Ga3anmbToB. Crenudmie-
CKOIl OCOOEHHOCTBIO COCTaBa 3THX MOPOJ, SBISIOTCS
MOBBIIIIEHHAST TUTAHUCTOCTh U 3KEJIe3UCTOCTh, HU3KUE
KOHI[EHTPAIUM Kalusig W JHUTO(MIILHBIX 3JIEMEHTOB
(Rb, Ba, Zr), oTBeyarolye ux cofep>KaHuto B HOpMallb-
HBIX TOJIEUTOBBIX 0a3albTax CPEIUHHO-OKEAHUUECKUX
xpeOToB. OT NOCIETHUX METABYJIKAHUTBI OTIANYAIOTCI
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Puc. 5. HopmupoBanusie no xouapurty [40] rpaduku cogepxkanuit P33 (a) ¥ MHOTOKOMIOHEHTHBIE JUCKPUMUHAHTHbBIE 1A~
rpaMmel (6), HOpMEPOBAaHHBIE IO MPUMHATHBHON MaHTHH [39] 1715t MeTaMopdIuecKux Mopoy; XaBbIBEHCKOH BO3BBIIIEHHOCTH.
Hcnons3oBanel fanHele Tabn. 4. Ha guarpamme P33 (a) IITpUXOBBIM KOHTYPOM IIOKa3aHa 00JIacTh COCTABOB MO3HEMETIO-
BBIX-IIAJICOT€HOBBIX NOPOJ] LIOMIOHUTOBON CEpUU KUPraHUKCKOi cBUThI LlenTpansuoit KamuaTtku [37], a kpanom — o6iacThb
COCTaBOB MTO3IHEKANHO30MCKIX BYJIKAaHHUECKIX IIOPOJ] BHICOKOKATHEBOI H3BECTKOBO-IIEJIOYHOI 1 abcapOKHT-IIOMOHNT-JIa-

TUT-TpaxuToBoi cepuii CpeguaHoro xpebra Kamuartku [38].

HECKOJIPKO TIOBBINIEHHBIMI KOHIIEHTPAIASIMI CTPOH-
VS ¥ 3KeJie3a v MOHMKEHHBIMU cofiep>kanusim Mg, Ni,
Co u Cr, Gomnblile COOTBETCTBYS BYJIKAHUTaM OKpauH-
HbIX OacceitHoB. 1o cootHomenuto Na,O/K,O 3ene-
HbIE CJIaHLbI — TUINYHBIE Topopbl K-Na cyOienouHoi
cepun (Na,O/K,O BO Bcex M3y4yeHHbIX oOpasmax >1).
Bricokoe Na/K-oTHoIeHre paccMaTpUBaeMbIX TIOPOJT
00YyCIIOBJIEHO MHTEHCHBHBIMH MTPOLIECCAMU CIAINTH3A-
Y VICXOTHBIX BYJIKAHUTOB C 3aMeIlIeHHEM TIepBIYHO-
T'O TUIATMOKIIa3a MOYTH YACTHIM aThOUTOM.

ITo cootnomenuro Ba/La u (La/Yb)y 3enenbie crnan-
ObI B HamOOJBIIIEH CTENEHM OTBEUAIOT Oa3alibTaM

MORB, X0Tsl HeKOTOpBIE 00pa3bl 3THX NOPOJ, Xapak-
TEPU3YIOTCS HECKOJIBKO MOBBIIIeHHbIM Ba/La oTHoIIIE-
HueM (Tabi. 4), 94To 00yCIOBIEHO BKIIAJIOM B UX COCTaB
OCTPOBOJIY>KHOT'O KOMIIOHEHTA [45].

Ha rpaduke HOpMUPOBAHHBIX IO XOHAPUTY COAEP-
xaanit P33 (puc. 5a) BugHO, 94TO IJI 3€TIEHBIX CIaH-
L[EB XapaKTepeH JeNJIETUPOBaHHbIN CIEKTP pacrpe-
geneHust nerkux JantaHoupgoB (La/Sm)y = 0.5-1.5;
(La/Yb)y = 0.6-4.0; aHanOrn4HbINA CIEKTPY pacipefe-
neHus1 P33 TonenToB cpefuHHO-OKeaHN4ecKuX Xpeo-
ToB. Kak u Toirentel MORB 3eneHbie ciianin! 061aga-
10T cxomHbIMA Nb/La oTHomIeHusIMH. MHOIOKOMIIO-
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HEHTHBIC MUCKPIMUHAHTHBIE arpaMMbl 3TUX TIOPOJ
(puc. 50) Takxke CXOAHBI C AUarpaMMaMu, TUITMYHBIMU
mist MORB. Cy1iecTBeHHBIM OTJIMYNEM SIBISICTCSl Ha-
JMIre Ha MUCKPIMUHAHTHBIX TpadKax 3HAUNTETHHO-
ro Nb-Ta-muHIMYyMa, CBHUIETENLCTBYIOIIETO 00 ydYa-
CcTUM CyOMyKIIMOHHOTO KOMIIOHEHTa B MarMOreHe3nce
HCXOHBIX BYJIKAHUTOB [45, 46]. DTOT BBIBOJ NOATBED-
XKpmaeTcs Takke nosbieHHbIME K/La (500-1600) u
oueHb Hu3kumu (La/Yb)y OTHOIIIEHUSIMU, N3MEHSTFOIIH-
mucs oT 0.59 po 4.06 (Ta6n. 4). BnusiHue cyOnyKIMoOH-
HOT'O KOMITOHEHTA TIpu (DOPMHUPOBAHUY 3€JICHBIX CJIaH-
LIEB BEPXHE TOMIIM OOYCIIOBINBAET U BHICOKHE OTHO-
1eHust u30TonoB crponuust 7Sr/A°Sr, Bapeupyrorue ot
0.70445 no 0.70815 (Tabm. 4).

Taxkum 06pa3zoM, reOXUMIYECKUIT aHAIINA3 pacIpee-
JICHUS TJIABHBIX, PACCESHHBIX, PEAKO3EMETbHBIX 3Jie-
MEHTOB M W30TONOB CTPOHIMSI B KPUCTALIMYCCKUX
CIIAHIIAX HIKHEH TOJIIM XaBbIBEHCKON CEpUM CBHJIE-
TENbCTBYET, YTO BBICOKHE CONECP>KAHMS B HUX JIUTO-
(PUITBHBIX 3JIEMEHTOB C OOJBIITNM UOHHBIM PaJIAyCOM,
Beicokne K/La (430-1570), Ba/Th (80-130), Th/Ta
(25—-60) u La/Nb (4.9-6.4) otHO1IeHN (Tab. 4) B coue-
TaHuu ¢ rayooknM Ta-Nb-muHuMyMOM (puc. 5), HU3KH-
mu (La/Yb)y u Beicokumu ¥St/A°Sr oTHOIIEHMSIME 00Y-
CIIOBJIEHbI CYOMYKIMOHHOW MPUPOAON MUCXOTHBIX BYJI-
KAQHUTOB HIDKHEH TONIM XaBbIBEHCKONW BO3BbI-
LIEHHOCTH, YTO MO3BOJIIET NpeAnoaraTb ux opMu-
poBaHME B HAJICYONYKIIMOHHON 0OCTaHOBKE OCTPOBHOM
BYJIKQaHMYECKOW MaJIEOIyTH.

TeoxuMuIecKre OCOOEHHOCTH PACTIPENIE/IEHNs] pac-
CESIHHBIX ¥ PEKO3EMENLHBIX JIEMEHTOB U M30TOIOB
CTPOHIIHS! B METABYJIKAHUTAX BEPXHEN TOJIIIIA XaBbIBEH-
CKO¥i CEpHH, MOKA3bIBAIOIIKMX COBMEIEHHE B UX COCTABE
IPU3HAKOB JEIUIETUPOBAHHBIX PACILIABOB POJOHAYAN -
HBIX JIJISl TOJIEUTOB CPEIMHHO-OKEAHMYECKUX XPEOTOB 1
CYOYKIMOHHOTO KOMIIOHEHTA, U OOYCIIOBHUBILETO 3Ha-
ynrenbHbli Ta-Nb-MuHIMYM, noBbIeHHbIe K/La, Hu3-
kue (La/Yb)y u Beicokue ¥'Sr/2%Sr oTHomenus. Bee atn
JIAHHBIE, CBUJIETENLCTBYFOT, YTO MCXOfHbIE 00pa30Ba-
HIS (POPMUPOBAJINCH B YCIIOBHSIX OKPAaUHHOTO OacceiiHa
HaIe00CTPOBOYKHOI CHCTEMEL.

Takum 00pa3oM, reOXUMUYECKOE HU3YUYEHHE 3elie-
HBIX CIIAHLEB BEPXHEH TOJIIM NOKAa3al0, 4TO B UX CO-
CTaBe YETKO MPOCIIEKUBACTCS yIacTUe IETIIETUPOBaH-
HbIx ucTouHuKOB Tna N-MORB u cyOpykimoHHOR
KOMITOHEHTBI, TOATBEPK/as BEIBOAKI [45,46] o reTepo-
TEHHOCTH MarmMaTHYeCKNMX HCTOYHHUKOB, IHUTAFOIIUX
CIPEVHIOBbIE MPOIECChl B OKPAaUHHBIX OacceiiHax.

BO3PACT METAMOP®HNYECKHUX ITOPO/]
XABBIBEHCKOHM BO3BLIIIEHHOCTU

Bo3spacr nucxopHbIX 1nopop XaBbIBEHCKOU BO3BbI-
IIEHHOCTH ¥ BO3PACT KX MeTaMOp(u3Ma BCeryia siBIsiI-
cs mpeaMeToM auckyccud. Kanuii-aproHoBble gaTu-
POBKU BO3pacTa, cocTaBistomme 122, 92 u 53 MitH. Jer,
ITOCTATOYHO HEONpeJieNIeHHbl W MPOTHBOpeYnBhI [28].
“OAr/* Ar-natupoBanue, IPOBENEHHOE MO OMOTHTY KPH-
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Taommna 5. K-Ar-Bo3pacT nefiKOKpaTOBBIX 3MHAROT-CITIO-
AMCTBIX KPUCTAJUIMYECKUX CIIaHIIEB HUKHE TOJIIH XaBbl-
BEHCKOI cepuu

e L
1186/1 3.53£0.02 9.73+£0.10 39.3+0.5
1186/2 3.53+£0.01 9.09 +£0.27 36.8 1.1
1186/4 4.50+0.02 10.20 £0.19 324+0.6
118572 3.23+£0.01 8.19+0.53 36.2+2.3

IIpumeuanue. Onpenenenue K-Ar-Bo3pacra nmpoBoAuIOCh NO Ba-
JIOBBIM IIpOOaM NOPOf, B 1a00paTOPUU H30TOIHON F€OXPOHOTIOTHI
CBKHMMU [IBO PAH. IIpu pacyeTax CIONB30BaHbI KOHCTAHTHI:

A =0.581 x 10719 ror1; 7“[5 =4.962 x 10710 ror1; pacnpocTpaHeH-
HOCTB H30TONOB: 2 AT — 93.26, 40K _0.01 167, 4K _6.73 ar. %;, 130-
TOITHOE OTHOIIEHNE aTMOC(HEPHOIO aproHa 4OAr30Ar =295.5.

CTAJNIMYECKHX claHleB HuskHel Tommm (37.2 + 0.4 mH.
JIET) ¥ TI0 POTOBOM OOMaHKe W3 3€JICHOTO CIIaHIa BepX-
Helt Tom (55 & 5 MITH. JIeT) XaBbIBEHCKOM CepiH, yKa-
3BIBAIOT HA PAaHHEKAHO30MCKUI (301[EHOBBIIT) BO3PACT
MeTamMopgu3Ma UCXOIHBIX opof [47].

Hamm OBIIO TPENNpPHHATO  [JONOJHUTEIBHOE
K-Ar-natupoBanue Bo3pacta MeTaMopgu3mMa 10 Baso-
BbIM MpPO0aM BBICOKOKAJIMEBBIX KPUCTAIUIMIECKUX
cnaHneB HuwxkHe#w Tommnyu (Tabm. 5). Ilomydyennble
K-Ar-gaTrpoBKu EMEIOT XOPOIIYIO CXOAMMOCTh ¢ 00-
nee panrumu “°Ar/3 Ar-onpeeneHusiMu U CBUIETENb-
CTYIOT, YTO MeTaMop(uyeckne NnpeoOpa30BaHMs WC-
XOJIHBIX MOPOJ, XaBbIBEHCKOH BO3BBIILIEHHOCTH IPOMC-
XOJWJIN B 30LICHE MIPH JIAPAMUICKOM TEKTOTEHE3€.

OBCYXIEHUWE PE3YJILTATOB

IIpensoxkeHHble MOMENN TEKTOHMYECKOTO pPa3BU-
T Kopskcko-Kamuarckoro peruona [1, 4, 14, 48-54
U fip.] OCHOBaHbI Ha TPAJIUIIMOHHBIX CXeMaX, paccMart-
pHUBAIOIIMX 3TOT PETMOH KaK aCHMMETPUYHO-30HAJb-
HOE aKKPEIWOHHOE COOPY>KEHWE, BO3HHUKIIEE B pe-
3yJIbTaTE ME30-KAMHO30MCKOM aKKPEUUH TUXOOKEaH-
CKUX IUTAT K A3MaTCKOMy KOHTHHEHTY. B cTpykTypax
Bocrounoit KamyaTku XOpoIIo COXpaHUIUCh TEPPEi-
HbI, COOTBETCTBYIOIIME JIBYM BHYTPHOKEAHNYECKUM
OCTpOBHBIM MasnieogyraM: O3epHOBcKO-BanaruHckoi
(mmu AvaiiBasiM-Banarunckoit) u Kponouxkoii, paspe-
JIEHHBIX CTpyKTypamu BocrouHo-Kamyarckoil KaiiHO-
300CKOM akKKpenmoHHOH npu3Mel [1, 10, 54]. Ucropus
¢popMHUpOBaHNS 3TUX HAJEOAYT IPOCIEKUBACTCS C
KaMIlaHa, KOIfa MpefrosiaraeTcs Mx 3ajloKeHHe Ha
okeaHnveckux mmrax Cesepnoii [Tammduku npumep-
HO B 2-3 ThIC. KM K FOTrO-BOCTOKY OT Kpasi A3HaTCKOIO
KoHTUHeHTa [1, 10, 55, 56]. B ux nmpefenax npoucxopu-
JI1 MOIIHbIE W3BEPXKEHUSI J1aB U TY(OB OCHOBHOTIO,
CPEIHETO ¥ MEHBIIIE KUCJIOTO 1 IENOYHOrO cocTaBa. B
COBPEMEHHOM cTpyKType Bocrounoi KamuaTtku u rora
Kopsxkckoro Haropsst a¢hy3uBHbIE OOpA30BaHUS THX
NAJIEOAYT CIAratoT OTHENbHBIE IUIACTHHBI B IIOKPOB-
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HBIX U YEIIyHYaThIX CTPYKTYPaXx, HPOCIEeKABAOLIXCS
oT m-oBa ['oBeHa Ha ceBepe 1o Bamarmackoro xpe6ta
Ha 1ore [1].

[TaneorekToHNYECKNE PEKOHCTPYKIMN MO3BOJISIOT
NpeAnosaraTh, YTo KaMIaH-MaacTPUXTCKUI ITyOOKO-
BOAHBINA Xkeno0 O3epHOBCKO-BamaruHckoil ocTpoBo-
AY>KHOU CHCTEMBI paclojlarajics K ceBepo-3amagy OT
aKTUBHOI ByJlKaHM4YecKoi ayru Ha muure Kyma [10].
Bynkanusm B aTOM gyre u ee cOMKeHne ¢ A3UaTCKUM
MaTepHKOM ObUIM OOYCIIOBIIEHBI OBICTPHIM ApericoM
muThl Kyia otHocurensHo EBpasun. MoxHo npearno-
JlaraTh, 4YTO COBPEMEHHOE MOJIOXKEHNE KOJTIM3UOHHOTO
11IBa, MAPKHUPYIOIIETO NMaje030Hy cyonyKuun O3epHOB-
cko-Banarusackoi gyru, npuypo4eHo K XaBbIBEHCKOMY
norpebeHHoMy nopHsTH0 LleHTpanbHo-KamuaTckoit
mernipeccud, (PUKCUPYEMOMY MOIIHBIMU JIMHEHHBIMA
aHOMAJIMSIMU IIOJISI CHIILI TsiKecTH (23, 24].

IIpenmonaraeTrcs, YTO AKTUBHBIN BYJIKAHU3M B pac-
CMaTpUBAEMOI yTe MPEKPAIAETCS B CEPEIIHE TaJIeo-
uena [1, 10, 57], korga oTMHpaeT CyIecTBYOIIas 30Ha
CYONyKIMM ¥ BOBHUKAET HOBasi, pacloJIararoIasics ce-
BepoO-3anajHee BYJIKAHMIECKOHW YW W HAKJIOHEHHAs
NOJl MaTepHK. YUUTHLIBAas NalleOMAarHUTHbIE JaHHbIE
[55, 58], HauboJsiee BepOsITHBIM BpeMEHEM Hauasa KoJ-
mu3un O3epHOBCKO-Banarunckoil ayru ¢ A3MaTCKUM
KOHTHMHEHTOM MO3KHO CUMTATh IEPBYIO TOJIOBUHY 30-
meHa [1, 10, 59].

BricokokanveBble ByIKaHUThI H3BECTKOBO-IIIENI0Y-
HOW CepUH YpEe3BbIUAIHO XapaKTePHbI [AJIsl NPOAYKTOB
Marmatm3mMa (O3epHOBCKO-BanarmHckoi OCTpOBHOM
naneofyru. B KupraHmkckoil cBUTE BOCTOYHOTO 00-
pamnenust CpepuHHOro xpebra Kamuyatku oHu npep-
CTaBJIeHbl BYJIKAaHUTAMU ILHOLIOHUT-IATUTOBOH acco-
mmanun [37, 60], B xpe6Tax Banarunckuit u Tympok
Pa3BUTHI LIEIOYHO-YIBTPAOCHOBHBIC U IIOIIOHUT-JIA-
TUTOBbIEC BYJKAHUTbl U HMX UHTPY3UBHbIE aHAIIOTU
[61-64]. PacnimaBHbIe BKJIIOYEHHUS B MHHEpayiax Iie-
JIOYHO-YJIBTPAOCHOBHBIX NMopof BanmarnHckoro xpeGta
CBUJICTENIBbCTYIOT, YTO UX UCXOfHbIE PacCIiaBbl MO CO-
CTaBy OBbLJIM CXOHBIMM C PACIUIaBaMHU IIOIIOHUTOBBIX
cepuil [65]. BynKaHUTBI BBICOKOKAINEBON IIOIIOHUT-
JIATUTOBOY CEpUM XapaKTEPHbI U JJIs HIDKHEH TOJIIU
XaBbIBEHCKO! BO3BBIIIIEHHOCTH, FEOXUMUYECKHE OCO-
OEHHOCTH KOTOPBIX aHAIIOTUYHBI TIOPOJiaM IIIOIIOHUT-
natuToBbIxX cepuil LlenTpansaoit Kamyuarku (puc. 5),
MO3BOJISAA MPEAIoaraTb, YTO BYJIKAHUTHI XaBbIBEH-
CKOI1 BO3BBILICHHOCTH TakKe (hOPMUPOBAIUCH B Ipe-
Jenax KamIaH-miajeoreHoBont (O3epHOBcKO-Bamarus-
CKOW OCTPOBHOM IAJIEOAYTH.

B mpornecce akkpenyu U CKyYUBaHUSI OCTPOBOAYX-
HBIX KOMIUIeKcOB O3epHOBCKO-BamarnHckoi u 3atem
un KpoHouxkoi Ayr u 3akpbITusi IPeflOCTPOBORYKHBIX
CcyOOKeaHN4YeCKNX OKpPauMHHBIX OacceflHOB Iepefy] WX
(PpPOHTOM TNPOUCXOAMIIO 3HAYUTEIHLHOE YBEIUUYCHHUE
MoIIHOCTU Kopbl Boctounoit KamMuaTku, B rimyOOKux
qacTax KOTOpOfI MOIJIA OCYIIECTBJISITHCA HU3KOTEMIIE-
paTypHble MeTaMop(uuecKie MpoLecchl, 00yCIOBUB-
e popMrIpOBaHNe MeTaMOP(UIECKIX TIOPOJT XaBblI-

BeHcKOIl Bo3BbllIeHHOCTU. [lonyuennbie K-Ar-paTu-
POBKH BO3pacTra MeTaMOop(rIecKux mpeoOpa3oBaHuil
nopof, XaBbIBEHCKOH BO3BBIIIIEHHOCTH COOTBETCTBYIOT
BO3PACTHOMY JIMANAa30HYy IMPOLIECCOB KOJUIM3UM U aK-
Kpenun KomiuiekcoB O3epHOBckO-Bamarmackoit u
KpoHOLIKOI OCTPOBHBIX YT U PA3MEISIOLIErO UX OKea-
HM4YecKoro Oacceitna [1, 10, 59].

3AKITIOYEHUNE

Cpemu meTaMopduUecKuX MOpPoOf XaBbIBEHCKOM
BO3BBIIIeHHOCTN BocTounoi KaMyaTKu BBIEIEHO IBa
Pa3sHOPOIHBLIX KOMIIJIEKCA METABYJIKAHMYECKUX MTOPOT,
COMPOBOXK/AEMbIX TOTYMHEHHBIM KOJIMYECTBOM METa-
OCaJJOYHbIX OOpa3oBaHMi. B cocraBe mepBOro Kom-
IJIeKca, CIararoliero HUKHIOK TOJIIY BUAUMOTO pa3-
pe3a BO3BBILIEHHOCTH, MPEOOIaJatoT JEHKOKPATOBbIE
amM(puOOIN-CITFOANCTRIE (FTpaHaT) U SMUAOT-CIIOANCThIE
(frpaHaT) KpUcCTaJJIMYecKue CIaHIbl, 0Opa30BaBIIIMe-
Cs IO aHAe3WTaM M JalyuTaM M UX BbICOKOKAJIUEBBLIM
Pa3HOCTSM U3BECTKOBO-ILETOYHON CEPUN OCTPOBHBIX
nyr. Bropoit komruiekc, (pOpMUPYIOUHMI BEPXHIOIO
TOJILY BO3BBIIIEHHOCTH, COCTOUT U3 COWJIUTU3UPOBAH-
HBbIX 0a3aJIbTOM/IOB, MPEBPAIEHHBIX B 3MHAOT-aM(pu-
00JI0Bble U (PEHTUT-MUAOT-aM(pUOOIOBbIE 3eJIeHbIe
ClaHIIbl, 0OPa3yIOIINX COBMECTHO C KBapLUTAMHU, CEP-
NEHTUHUTAMU ¥ Tradb0poujaMu OKPAMHHOMOPCKYHO
0(pHOTUTOBYIO aCCOIUALHIO.

Iloka3aHO, 4TO BBICOKUE COMEP>KaHUS JIUTO(DUIb-
HBIX 3JIEMEHTOB C OOJBILINM HOHHBIM PAgRyCOM, BBICO-
kue K/La, Ba/Th, Th/Ta u La/Nb oTHOIIIEHS B cOYeTAa-
HUU C TriayookuMm Ta-Nb-MuHMMyMOM, HU3KUMHU
(La/Yb)y 1 BbicokumE ¥'St/Sr oTHOIIEHUSIME CBUjIE-
TENbCTBYIOT O CYONYKIMOHHO IPUPOJE KpUCTAIINYE-
CKUX CIIaHIIEB HIKHEH TOJIIM, MO3BOJISISL Mpefnoia-
raTh (POPMUPOBAHUE NCXONHBIX BYJIKAHUTOB B HaACy0-
IyKIMOHHON o6cTaHoBke (3epHOBCKO-BanmarmHckom
(AvaiiBasiM-BanarnHckoit) OCTpOBHOI BYJIKaHUYECKON
Iyr'd KaMIaH-TIAJIEOreHOBOr'0 BO3pacTa. Y CTAaHOBIIEHO,
YTO 3€JIEHBbIE CIIAHIbl BEpXHEH TOJNIM XapaKTepusy-
FOTCS COBMEIIIEHMEM MPHU3HAKOB JEIUIETUPOBAHHBIX
paciuiaBoB THIIA TOJIEUTOB CPEMHHO-OKEAHMIECKUX
XpeOTOB U CYONYKIMOHHBIX PACIUIaBOB, O0YCIOBIMBA-
fommux rinyooknii Ta-Nb-munnmym, Huzkue (La/Yb)y n
nosbiennsle K/La n ¥Sr/A%Sr orHomenus, KoTopble
HO3BOJISIFOT — IpefAnosiaraTb 00pa30BaHUE 3€JIEHbIX
CITaHIeB B OOCTaHOBKE OKpPaMHHOTO OacceitHa mepep
¢porTOM O3epHOBCKO-Banarnackoi OCTpOBHOM AyTH.

Hossle K-Ar-gaTpoBKz Bo3pacta MeTaMopgu3Ma
nopoj, XaBbIBEHCKO! BO3BBIILICHHOCTH, BAPbUPYIOLLIHE
oT 32.4 no 39.3 MiH 5eT, TOKa3bIBalOT, YTO METAMOP-
¢uyeckre peoOpa3oBaHUs] UCXOMHBIX MOPOJ] MPOUC-
XO[IWIA B 90LcHE U OOYCIOBJIEHBI IPOLECCAMU KOJIIA-
3UM M aKKpeUH OCTPOBOMYKHBIX KOMIUIEKCOB O3ep-
HOBCKO-BamarvHckoit 1 KpoHOIIKOI OCTPOBHBIX VT C
A37MaTCKUM KOHTHHEHTOM M 3aKPBITHSI IIPEJOCTPOBO-
IY>KHBIX OKEaHNMYECKNX OacCeHOB nepeyt ux (PPOHTOM.
CoBpeMeHHOE TOJIOKEHNE KOJTM3MOHHOIO 1IBa, Map-
KHUPYIOIIETO Tajie030Hy cyopykumu O3epHOBCKO-Ba-
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JIATUHCKOH AYTM U NPUYPOUYEHHOTO K XaBbIBEHCKOMY
norpebeHHoMy nopHsaTuto LlenTpansHo-KamuaTckoi
Hetnpecchd, (PUKCUPYETCs MOIIHBIMY JIMHERHBIMU aHO-
MAaJIASIMH TIOJISI CUJTBI TSKECTH.
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