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IIpencraBieHbl HOBBIE Pe3yJIbTaThl I€TATLHOTO Te0JIOTO-CTPYKTYPHOTO, TEOXPOHOJIIOTHYECKOTO, TIETPOTpa-
(GUYECKOro 1 MeTpOreOXMMMUIECKOT0 U3yYEeHUS MO3IHEMETOBBIX TPAHUTOUAOB F0KHOI yacTu CpeTMHHOTO
xpedta. U-Pb SIMS u LA-ICPMS matupoBaHme HUPKOHOB 3TUX I'PAaHUTOMIOB CBUIOETEIHLCTBYET O TOM,
yto Ha 1ore CpeanHHoro xpedta Kamuatku B kammase (0T 83.1+ 2.0 10 76.2 + 1.5 MJIH. JIeT Ha3am) IIKMPOKO
MPOSIBWJICSI TPAHUTOWIHBIN MarmMatu3M. KamIaHcKue TpaHWUTOUALI MapKHUpPYIOT Havyalio CTaHOBJICHUS
“HOBOOOpa30BaHHON’ KOHTUHEHTaJbHOU KOopbl KamuyaTku. OCOOEHHOCTH cocTaBa IMO3JIHEMETOBBIX I'pa-
HUTOWIOB YKa3bIBAIOT Ha MX CXOMICTBO C BEICOKOTJIMHO3EMUCTBIMU TpaHuTaMu I-tuna. I[MosrydeHHBIe TaH-
HbIE TTO3BOJISIIOT BBIIECJIMTh KAMITAHCKUIA 3Tall MarMaTUYeCKO aKTUBHOCTU Ha tore KamyaTku.

Knarouegvle crosa: KaMITaHCKU 3Tarl, rpaHUTOUAHBIN MarmaTtu3M, U-Pb SIMS u LA-ICP-MS natuposa-

Hue, nerporeoxumusi, CpenHHBIN XpebdeT, KamuaTka.
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BBEAEHUE

B mocnennue roawl Giaromapsi MCIOJb30BaHUIO
COBPEMEHHBIX JIOKATLHBIX T€OXPOHOJIOTUYECKUX Me-
TOJOB HaZe>KHO 0OOOCHOBAH MO3IHEMEIOBOI BO3pacT
TPaHUTOMAHBIX MopoAd Ha tore CpedMHHOro xpedTa
Kamuarku. KaMnaHcKue TpaHUTOUIBI IIUPOKO IIPO-
SIBJIEHBI CpeIv HanboJiee TIIy0OKo MeTaMop(dr30BaH-
HBbIX 00pa3oBaHUil B 10XKHOW 4yactu CpeanHHOTO
xpeodra (ConoBbeB, 2008; Jlyumukas u ap., 2008;
Hourigan et al., 2009; JIyuunkas, CosoBbeB, 2010).
Takum o0pa3oM, HAKOITMJIOCH JOCTATOYHO JAHHBIX
JUIST BBIACJCHMSI KaMIIaHCKOTO 3Tara I'paHUTOooOpa-
30BaHus Ha KaMmuatke.

Kamrranckme rHelicupoBaHHBIE TPAHUTHI BBIICIIE-
HbI Ha rore CpeaguHHoro xpebra Kamuarku B Kaue-
CTBE KPYTOTOPOBCKOTO KOMITIEKCAa M MHTPYIHPYIOT
MeTaMopduruecKkre 06pa3oBaHUS KOJIITAKOBCKOM ce-
puu (XaHuyk, 1985; Puxrtep, 1995; JIyuuukas u ap.,
2008). Bospact mo3gHeMeJIoBOro MarMaTru3ma 00oc-
soBaH U-Pb matupoBkamu HUpKOHOB (Tad. 1) u jte-
XKUT B nipenenax or 83.1 £ 2.0 mo 76.2 + 1.5 muIH. et
Hazad. [paHuToMIbl MAapKUPYIOT HAayajao CTaHOBJIE-
HUS “HOBOOOPA30BaHHOI KOHTUHEHTAIBHOUN KOPBI
KamuaTtku. Llenp HacTosmiein paboThl — JIeTalbHOE
re0JIOro-CTPYKTYpPHOE, TE€OXPOHOJIOTMYEeCKoe, MeT-

porpacdudyeckoe M TMETPOreOXUMHUIECKOe H3YYeHUeE
MO3IHEMEJIOBBIX I'PAaHUTOUIOB 0XHOI yactu Cpe-
JUHHOTO XpeOTa, a TakKxKe PEKOHCTPYKILMS TeoIMHa-
MUUYECKOI 0OCTAHOBKH X (DOPMUPOBAHUSI Ha OCHO-
BE TIETPOTCOXMMUUECKUX M BO3PACTHBIX XapaKTepH-
CTUK TPaHUTOWIOB.

MEJIOBLIE TPAHUTONUBI B CTPYKTYPE
IOTA CPEAMHHOI'O XPEBTA KAMYATKHA

IMposiBieHWsT MO3MHEMEIOBOIO TPAHUTOUIHOTO
marmatusMma (JIyaunkas n np., 2008; Hourigan et al.,
2009) mpocTpaHCTBEHHO CBSI3aHBI C BBIXOIOM MeTa-
Moppuueckux mopon KamuyaTku B MaJKMHCKOM
nogaatun CpemmHHoro xpeo6ra (puc. 1) (Kapra...,
1999). INpoucxoxaeHUe, BO3pACT U TIpUPOIA TIPOTO-
JmTa Metamopudeckux nopoxa CpeauHHOTO XpeodTa
KaMuatku SBISIFOTCS IPeAMETOM AUCKYCCUIA Ha TIPO-
tskennu nociaenHux 30 ger (Jlebenes, 1967; Map-
yeHko, 1975; Xanuyk, 1985; Puxrep, 1995; lTocynap-
cTBeHHasl..., 2006; ComoBbeB, 2008; Hourigan et al.,
2009; Censgurun, 2009 u muorue npyrue). I[Tokpos-
HO-CKJIagyaToe CTpOeHHEe MeTaMOp(PUUYECKUX KOM-
mwiekcoB CpeauHHOro xpe6ta KamuaTku BriepBbIe
obu10 ycraHosseHo I.B. ZKeranosoit (1978, 1981). B
XO/JIe TTOCJIeAYIOIINX PAOOT 3TU MPeACTaBICHUS TTOJTY-



2 COJIOBBEB u np.

Tadauma 1. CBogHast TabGauMIa FreOXPOHOJIOTUYECKUX JAHHbBIX 10 MEJIOBBIM MarMaTUYE€CKUM U OpTOMETaMOp(hUIECKUM

noponam 1ora CpeguHHoro xpebra Kamuatkn

Kommiekce MerTon, HlIupota Jlonrora Bospacr,
Oo6pa3er MJIH JIET Cchuika
W TUT OPOIBI MUHepas ceBepHasl | BOCTOYHAasi (+26)
02LG24 | Kpyroroposckuii rpanut | U-Pb SIMS, 54°50.564" | 157°22.754' |78.5 £ 1.5 | Hourigan et al., 2009
LIUPKOH
M-024/1| Kpyroroposckuii rpanut | U-Pb SIMS, 54°29.907' | 157°25.994" (80.2 £ 0.9 | Hacrostiast pabora,
OUPKOH Tabm1. 2
04AS99 | Kpyroroposckuii rpanut | U-Pb SIMS, 54°23.895'| 157°09.081" (79.2 = 1.9 | Hacrosas pabora,
HUPKOH Tabmn. 3
04AS75 | Oprorueiic U-Pb SIMS, 54°27.047"| 157°11.512" |79.3 £ 0.9 | Hacrosuas padora,
LHUPKOH Tabm1. 4
M-438/1| [HeitcupoBanHbIii rpaHuT | U-Pb SIMS, 54°27.405' | 157°09.850" [83.1 2.0 |Jlyuuukas, Coyo-
LUPKOH BbeB, 2010
M-439/1| lHeitcupoBanHsbIii rpaHuT | U-Pb SIMS, 54°26.194' | 157°09.650" B|76.2 + 1.5 |JIyuuukasi, Como-
LUPKOH BbeB, 2010
M-427/1| ABycIonsiHOM rpaHUT U-Pb SIMS, 54°32.472' | 157°24.272' B|81.1 £ 1.8 |JIyuuuxasi, Cono-
LUPKOH BbeB, 2010
C10-3 THeiicupoBanHblii rpaHut | U/Pb LA-ICPMS, | Mectopoxnenue Illanyu [77.9 £ 1.4 | Hacrosias padora,
HUPKOH Tabi. 5
C-11 THeitcupoBanHslii rpanut | U/Pb LA-ICPMS, | Mectopoxnenue [lanyy |80.4 + 1.2 | Hacrosiuas pabora,
UPKOH Tabm:. 5
Kpyroroposckuii rpanut | U-Pb SIMS, 80.0 = 5.0 |TocynmapcrBeHHas...,
LIMPKOH 2006
Kpyroroposckuii rpanut | U-Pb SIMS, 81.0 £ 2.5 |TocynmapcrBeHHas. .,
LIMPKOH 2006
Konbckuit rpaHuT U-Pb SIMS, 80.0 = 2.0 | TocymapcTBeHHas. ..,
LIMPKOH 2006

uyuin gajibHeliree pazsutue (Puxrep, 1995; bonaa-
penko, 1997; Kupmacos u ap., 2004; Conosbes, 2008;
Iamupo u ap., 2008; Hourigan et al., 2009; Jlyunii-
kas, CosoBbeB, 2012). CorracHo cxeMe, 000OCHOBaH-
HOM CTPYKTYPHBIMU HAOIIONEHUSIMU M T€OXPOHOJIO-
TMYeCKUMU TaHHBIMM, 0Opa30BaHMST KOJIAKOBCKOM
cepuu, TIpOpBaHHbIE TPAHUTOUIAMU KPYTOTOPOBCKO-
ro KOMILUIEKCa, IMepeKPbIBAIOTCST OTJIOKCHUSIMU KaM-
YaTCcKOU cepuu (IIUXTUHCKON CBUTHI) U XeBaHCKOU
cButhl (puc. 1, 2) (Illanupo u ap., 2008; JTyuulikas,
CooBbeB, 2012). Dtu moapasaesicHUsI BMECTe C He-
MeTaMOp(PM30BaHHBIMUA OTJIOKEHUSMHU XO3TOHCKOM

CBUTHI OTHOCSITCS K aBTOXTOHY. AJUIOXTOH MPEACTaB-
JieH 00pa30BaHUSIMU aHAPUAHOBCKOM, XUMKUHCKOM,
UPYHENCKON M KUPraHUKCKou cBUT. PaKTU4ecKU
MeTaMopdrieckre 00pa3oBaHUs KOJIMAKOBCKOM ce-
puu, TpOpBaHHBIE THEUCUPOBAHHBIMU TPAHUTOUAA-
MU KPYTOTOPOBCKOTO KOMILJIEKCa, SIBJISIIOTCS (pyHIa-
MeHTOM Ha tore CpeanHHoro xpedta KamyaTku.

OO0pa3oBaHUs K0ANAKOBCKOI cepull, TIPOPBaHHbIE
THEMCUPOBAaHHBIMU KPYTOTOPOBCKMMM TPaHUTAMM,
00pa3yloT HWXKHUIN CTPYKTYPHBIM 3TaXK aBTOXTOHA.
KonnakoBckasi cepust mpecTaBjieHa MUTMaTU3UPO-
BaHHBIMU CUJUIMMAaHUTOBBLIMM, KNAHUTOBEIMU, KOP-

Puc. 1. Cxema reosioru4eckoro crpoeHusl 1oxHoi yactu CpeaquHHoro xpedra Kamuarku (Kapra..., 1999; Lllanupo u ap., 2008).

1 — 4eTBEPTUYHBIEC OTJIOXEHMUST; 2 — MUOTUIMOLIEH-YeTBEPTUYHbBIC BYJIKAHUTHI; 3 — 3011eHOBbIe (?) 3dhdy3uBhl . YepHas u ue-
penaHOBCKOM CBUTHI; 4 — 20LIEH-OJUTOLIEHOBbIE MOPCKME M KOHTUHEHTAIbHbIE OTJIOXEHUS; S—8 — aJNIOXTOH: 5 — BYJIKaHO-
TeHHbIE ¥ 0CaI0YHO-BYJIKAHOTEHHBIE OTIIOKEHMST KUPTAHMKCKOM CBUTHI (MAaCTpUXT—IaleoleH), 6—8 — caHTOH-KaMITaHCKUe
KPEMHUCTO-BYJIKAHOT€HHBIE OTJIIOKEHUST M UX MeTaMOP(MU30BaHHbBIE aHAJIOTH UPYHENCKOM (6), XMMKUHCKOM (7) W aHapua-
HOBCKOI1 cBUT (8); 9—12 — aBTOXTOH: 9—11 — BepXHEMeTOBble—AJIEOLIEHOBbIE TEPPUTCHHbBIE OTIOXEHUSI M UX MeTaMopduue-
CKMe aHaJIOTU XO3TOHCKOM (9), XeifBaHCKOW M CTOTIOJbHUKOBCKOM (10) CBUT, KaM4YaTCKOI cepuu (IIIMXTUHCKOM cBUTHI) (11),
12 — HUKHe- ¥ BepXHEMEJIOBbIe MeTaMophudecKre 00pa3oBaHUs KOJIITAKOBCKOM cepui; 13 — BepXxHelopcKrue—paHHEeMEIOBbIe
(?) ByJIKaHOT€HHbIC 00pa30BaHUSI KBAXOHCKOI cepu; 14 — Mo3aHEMEI0BbIe THEMCUPOBAHHBIC TPAHUTHI U TPAHUTOTHECHI
KPYTOTOPOBCKOTO KOMILIEKCa; 15 — mo3aHeMeNoBble (KaMITaH—MaacTPUXT) UHTPY3UBBI MUPOKCEH-Tab0pO-CUEHUTOBOTO CO-
craBa; 16 — paHHed0LIeHOBBIE (?) THMep0a3suT-0a3UTOBbIE UHTPY3UBBI; 17 — paHHE30LIEHOBbIC TPAHUTOUIBI; 18 — HAABUTK: a
— IVIAaBHBIM MEX/1y aBTOXTOHOM U aJUIOXTOHOM, 6 — BTOpOCTeTeHHbIe; 19 — cyOBepTUKabHBIE Pa3pbIBbI: a — IIaBHbIE, O — BTO-
poctenieHHbIe; 20 — TIpeanoaraeMbie pa3pbIBbl: a — IJIaBHbIe, 6 — BTOPOCTETIEHHBIE.

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA
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COJIOBBEB u np.

(a)
<
z
E Otnen Spyc MJIH. JIET
]
Xart 23.03
OnuroiieH 284+ 0.1
Piomers 1339 40.1
3 Mpuat6
g Bp“a O" 1372 +0.1
]
Z | Douen APTON 140.4+0.2
= Jlioter
Q 48.6 £ 0.2
g Wnp
=) 55.8+0.2
= Taner  |sg 7402
3 =
[Maneouen eJIaHIn I 611
Jlannit
65.5+0.3
Maactpuxt
70.6 £ 0.6
Kamrman
83.5+0.7
CanToH
Bepxuuit 85.8+£0.7
Konbsk
T ~88.6
YPOH
o 93.6 £ 0.8
< CeHomMaH
3 99.6 £ 0.9
= Anbb
9] 112.0+ 1.0
2 Ant
125.0 £ 1.0
bappen 130.0 £ 1.5
Huxuuid Totepus T
~133.9
Banamxux
140.2 £ 3.0
Beppuac 1455 + 4.0

Puc. 2. (a) CxeMa BO3pacTHBIX U CTPYKTYPHBIX B3AaMMOOTHOIIEHU T KOMIIeKCOB tora CpenuHHoro xpeora Kamuartku; (6) Mu-
JIOHUTU3UPOBAHHbIN ABYCTIOASIHOM rpaHUT (00pasenr 04AS99, 79.2 + 1.9 MaH. sieT).

HeoaBToxTon: bp — TeppureHHbIe OTJIOXEHUSI 6apaObCKOii CBUTHI; aJUIOXTOH: Kp — By/JIKaHOT€HHbIE U OCAI0YHO-BYJIKAaHOTEH-
HBI€ OTJIOXKECHUSI KUPraHUKCKOM CBUTHI; Yp, XM, AH — KpeMHMCTO-BYJIKAHOT€HHBIE OTIIOXEHMS Y MX MeTaMOp(hH30BaHHbIC aHA-
JIOTU UPYHENCKOM, XMMKUHCKOM U aHAPUAHOBCKOM CBUT COOTBETCTBEHHO; ABTOXTOH: X3, XB, KM — TeppuUreHHbIe OTJIOXEHUS U
nX MeTamMophUIecKre aHAIOTU XO3TOHCKOM, XeMBAHCKOW CBUT M KaMYaTCKOW cepyM (IIIMXTUHCKOU CBUTHI) COOTBETCTBEHHO;
K1 — Meramopduueckuie oopa3oBaHusi KOJIMAKOBCKOM cepruM; MarMaTndecKue nopospl: 1 — rHeiicupoBaHHbIE TPAHUTHI U TPAHUTO-
THEMChl KpyTOropoBckoro komruiekea (83.1+2.0—76.2 £+ 1.5 MiH. JieT; Tab. 1); 2 — MHTPY3Ur MUPOKCEH-rabopo-CUEHUTOBOTO CO-
craBa (70.4 £0.7—63.0 £ 0.6 MuH. JieT; XoypuraH u ap., 2004); 3 — MHTPY3UX HOPUT-KOPTIaHAMTOBOI hopMmarmu (55—49 MITH. JieT;
KonnukoB u ap., 2006; Jlyauuikasi, ConoBbeB, 2012); 4 — rpanutoumst (54.9 + 0.5—50.1 £ 1.7 muH. net; Jlyunikasi, ColoBbeB,
2012). CtpenkaMu moKa3aHbl HAIBUTH.

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIIALIMA Tom 23 Ne 1l 2015



MO3JHEMEJIOBOM T'PAHUTOUJIHBIN MATMATU3M 5

JIUEPUTOBBIMU, KOPAUEPUT-TUIIEPCTEHOBBIMH, Tpa-
HaT-OMOTUTOBBLIMM U OWOTUTOBBIMU THelcaMu U
IUIaTMoTHeicaMu ¢ PEIKUMM TIPOCIOSIMA OUOTUT-
aM(dPnOOJIOBBIX THEHCOB, TPaHAT-KIMHOIIMPOKCEHO-
BBIX KPUCTANTMYECKUX CJIaH1IEeB, aM(pUOOIUTOB, Tpa-
HATOBBLIX aM(PUOOINTOB, MeTaKapOOHATHBIX IOPO.I
(Mapuenko, 1975; Xanuyk, 1985; Tapapun, 2008).
O06pa3oBaHUsI KOJIMAKOBCKOUW cepur TIEPBUYHO MpPEI-
CTaBJISIIA COOO0I MPEUMYILIECTBEHHO OCaIOYHbIE TEP-
pUTeHHbIE MTOPOIBI JUOPUT-TOHAIIMTOBOIO COCTaBa C
npeodjagaHueM 3KeJIe3UCThIX TJIMHUCTBIX pa3HOCTel
(XaHuyk, 1985) unu ByJKaHOTEHHO-TPayBaKKOBO-
rmuaucteie (Tapapun, 1988; Puxtep, 1995). Ilpoto-
JIUTOM aM(UOOIUTOB, TTO-BUAMMOMY, ObLJIM BBICOKO-
TUTAHUCTHIE OKeaH4ecKue 0a3ansrel (Puxtep, 1995).
JInazoBuaHasa popMa amprOOIMTOBBIX TEJI U IIPUCYT-
CTBHME MeTaKapOOHATHBIX TIIOPOMA, BCTPEUAIOIINXCS
cpeay MPEeNMYIIEeCTBEHHO METaTepPUTreHHBIX MOPO.,
MO3BOJISIIOT CYUTATh MTPUKOHTUHEHTAJIbHBIEC CYOIyK-
LIMOHHO-aKKPEIIUOHHBIC TIPU3MBI  BO3MOXKHBIMU
aHajioraM¥ KOJITTaKOBCKOi1 cepum (XaHuyk, 1985).

Cpeau rpaHUTOUAOB KPYTOTOPOBCKOTO KOMILJICK-
ca (Xanuyk, 1985; Puxrep, 1995; Jlyunukast u ap.,
2008), IIPOpPHIBAIOIIMX OTJIOXEHHUS KOJITAaKOBCKOM
cepuu, TIpeodanaloT THEeMCUpOBaHHBIE PAa3HOCTH,
XOT$SI BCTPEUYAIOTCsI 1 paBHOMEPHO3EPHUCThIE MOPO-
bl (JIyaunkas, ConoBbeB, 2010). ITo cocraBy KpyTO-
TOPOBCKUI KOMIUIEKC MPENCTaBIeH OMOTUTOBBIMM,
JBYCTIOISTHBIMU TPaHUTaMU € TpaHATOM U 0Oe3 Hero.
Hamm mccmenoBanrs TToKa3ajid, 4TO TPAHUTHI KPy-
TOTOPOBCKOTO KOMITJIEKCa UMEIOT OOJIbIIIee pacipo-
CTpaHeHUe MO IUIONIAAU, YeM CUMTATIOCh paHee.

JaHHbIe 0 BO3pacTe KOJMaKOBCKOU cepuu MpOTHU-
BopeunBEl 1 oocyxknaiorcs B (CojtoBbeB, 2008; Tapa-
puH, 2008). Ha coBpeMeHHOI1 Te0I0rn4ecKoii KapTe
BO3pAacT MPOTOJUTA KOJITMAKOBCKOW CEpUM TOKa3aH
MPOTEPO30MCKUM, a BO3pacCT JABYX ITallOB €€ MeTa-
Mopdusma coorBeTcTByeT 140—127 11 70—60 MITH. J1eT
(TocymapcrBenHas..., 2006). U-Pb SIMS-natuposa-
HUE LIMPKOHOB U3 MOPOJI KOJIMAaKOBCKOU cepuu yKa-
3bIBAE€T Ha TO, YTO MPOTOJIUT THEMCOB HAKATIJIUBAJICS
JI0 KOHIIa paHHero—Havazia rnosaHero mena (CoJjo-
BbeB, 2008; Hourigan et al., 2009). Bo3pacT rueiicu-
POBaHHBIX TPAHUTOMIOB KPYTOTOPOBCKOTO KOM-
TUieKca, TPOPhIBAOIIMX O0pa30BaHUS KOJIMaKOB-
CKOW cepuu, oripenesieH B uHTepBaiie ot 83.1 = 2.0 no
76.2 £ 1.5 mutH. neT (puc. 1, Ta6i. 1) u IBIIETCS BepX-
HUM BO3pacTHBIM MpeaeaoM (GopMupoBaHus obpa-
30BaHUI KOJIMTAKOBCKOUW cepuu. OTMETUM, YTO Ha
npaBoM O6opty p. IlomepeuHasi ompoboBaH OpPTO-
THe¥C, HUPKOHbBI U3 KOTOPOTO JaJIi KOHKOPAAHTHBIH
Bo3pacT 79.3 £ 0.9 maH. sieT (Tada. 1, puc. 1). B mopo-
JlaX KOJIMAKOBCKO CepUr OTMEYaloTCsI OTOPOYKU
LIMPKOHOB, IS KOTOPbIX ObUI ompeAeseH BO3pacT
77 muH. net (Bindeman et al., 2002). bauskue natu-
POBKU KPYTOTOPOBCKUX IPaHUTOUIOB U MeTaMOpPu-
YyecKuX Mpeodpa3zoBaHUii TOPO KOJMaKOBCKOW cepun
MO3BOJISIIOT  TIpeAIiosaraTb €AWHCTBO TMPOSIBICHMUS
MPOLIECCOB TPaHUTOOOPa30BaHUs U MeTaMopdu3Ma.

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

TMoponsl kamuamckoii cepuu 3aneraioT Ha KpyTo-
TOPOBCKMX TpaHUTaX, IPOPHIBAIOIINX KOJIMAaKOB-
CKYIO CepHIo, C HecorjlacueM 1 6a3aTbHBIMUA KOHTJIO-
MepaTaMu B ocHoBaHuMU (XaHuyk, 1985; Puxrtep,
1995). KamuaTckasi cepusi IIpeicTaBIeHa IpeuMyle-
CTBEHHO OMOTUTOBBIMU CJIAHIIAMHU U TTaTHOTHelca-
MU C TpaHATOM, CTaBPOJUTOM, KHAHUTOM, CUJUTMMA-
HuToM. JlatupoBku uupkoHoB (U-Pb SIMS) u3 mno-
pod KaM4aTCKOM CepHMM YKa3bIBalOT Ha TO, YTO
OCaIKOHAKOIUICHWE IIPOTOJIMTa KaMYaTCKMX CllaH-
1eB mnpoucxoaunao B naieolieHe (CosoBbeB, 2008;
Hourigan et al., 2009). Xeiisanckas céuma cinoxeHa
bunmrTamMu, MerTannecyaHUKaMy U MeTaaJleBpOIUTa-
MM, peXe apTWUIMTaMU 1 TpaBeJIUTaMU U MeTaMOp-
¢dur30BaHa OT XJIOPUTOBOI CyOdaliiy 10 OMOTUT-Tpa-
HatoBbIX ciaHueB (Puxtep, 1995). HartupoBaHue
uupkoHoB (U-Pb SIMS) u3 cnaHlieB xeliBaHCKOM
CBUTHI yKa3bIBaeT Ha paHHEMEJIOBOI BO3pacT IMPOTO-
smta (ConoBbeB, 2008; Hourigan et al., 2009).

B coctaB amnoxtoHa MajIKUHCKOTO TOIHSTHUS
CpennnHHoro xpedta KamMyaTku BKJIIOUEHBI aHIpHa-
HOBCKasi U XMMKUHCKasl (aJimcropckasi) cBUTHI (Pux-
tep, 1995; bonnapenko, 1997; llanupo u ap., 2008).
Y6enuTelbHO TTOKa3aHO, YTO OTIOXEHUSI AHOPUAHOG-
CKOIl ceumvl HAABUHYTHI JINOO Ha KPYTOTOPOBCKUE
rpaHUThl, JIMOO Ha CJIaHIbl KaM4yaTCKOW cepuu
(LLIMXTUHCKOW CBUTHI), MHOTIa B MOJOIIBE HaJBUTa
OTMeYaeTcsl CepIeHTUHUTOBBIM MenaHxX (Puxrep,
1995; Kupmacos u ap., 2004). AHapuaHoBcKasi CBU-
Ta CJIOX€Ha KBapll-aJbOUT-aKTUHOJUT-XJIOPUTO-
BbIMU, KBapll-MOJeBOIINaT-aM(PUOOIOBbIMU, SITH-
noT-ampuodoioBbIMU, amMGpUOOJIOBBIMU, KIUMHOIU-
pokceH-aM(PUOOTOBBIMM CIIaHIIAMU, KBapIIMTaMU U
amudomutamu. IlpoTonut obpa3oBaHUII aHIpUa-
HOBCKOI CBUTBI, MO-BUIAMMOMY, (DOPMUPOBAJICS B
panHeM—1io3aHeM Meiry (CosoBbeB, 2008; Ky3zpMmuH
u np., 2009). Xumkunckas ceuma 1npencTaBieHa ajlb-
OMT-aKTUHOJMTOBBIMU CJaHILIAMU XJIOPUTOBOI CyO-
dauum o tydam, TypduTraMm, MerariecyuaHMKaM, a
TakKe KBapuutamMu. Ee danmaibHbIM U BO3paCTHBIM
aHaJIOrOM CUYUTAIOT AAUCMOPCKYH C8UMmY, CIOXEH-
Hyl0 aMdubonoBeiMu ciaaHuaMu (XaHuyk, 1985;
bonpapenko, 1997). IeoxpoHonorudyeckue 1aHHbIE O
BO3pacTe XMMKUHCKOU CBUTHI OTCYTCTBYIOT.

CHHKOJIIM3UOHHbBINA paHHE301ICHOBBIII METaMOpP-
¢du3Mm nposiBuics 52 + 2 mutH. et Ha3an (CoIoBbEB,
2008; Hourigan et al., 2009). B panHeM s011eHe Ha
rore CpeamHHOro xpebra KamMyaTku IIpouCcXOauin
MpOLECChl MUTMAaTU3allMK, BHEAPESHUE TPAHUTOUIOB
W UWHTPY3UN HOPUT-KOPTIAHIUTOBOU (opMaluun
(puc. 2) (Konnukos u ap., 2006; Jyuuuxkas, Como-
BbeB, 2012).

OtoxeHus: 6apabCKOi CBUTHI, IIPeACTaBIICHHbIS
KOHTHHEHTAJIbHBIMU KOHIJIOMEpaTaMu U C Hecoria-
cUeM TIepeKphiBalollre MeTaMOp(hUIECKIE KOMILIeK-
Chl, SIBJISIIOTCSI HEOABTOXTOHOM B MOKPOBHO-CKJIaaya-
Tolt cTpyKType CpenurHHoro xpebta (puc. 1, 2). latu-
poBanue 1upkoHoB (U-Pb SIMS) wu3 Ttyda
Ne 1

ToM 23 2015



6 COJIOBBEB u 1p.

Tadauma 2. U-Pb SIMS um3oTonHbie JaHHBIE JIsl IMPKOHOB M3 FHEMCUPOBaHHBIX rpaHUTOB (00p. M-024/1) Kpyroro-
poBckoro Komruiekca, peka [1paBast Konmakosa (54°29.907' c.u., 157°25.994' B.a., ansrutyna 880 M)

HexoppekTupoBaHHbIE 207Pp KoppeKTUPOBAHHBIE
Homep |*Pbyg| U, Th, | /U 206pp /238
TOYKU % MKT/T | MKI/T 2385 /206pp, 207pp, 206p, Pb/“*°U Bo3spacr,
MJIH JIeT

M024/1-1 0.47 76 36 0.49 | 86.26+2.8 | 0.0512 +0.0049 74.0 £ 2.1 t
M024/1-2 0.17 1245 51 0.04 | 81.52+1.1 | 0.0489 +£0.0012 78.5+0.9
M024/1-3 0.39 225 109 0.50 | 79.60 = 1.7 | 0.0507 + 0.0028 80.2+1.4
M024/1-4 0.46 314 247 0.81 | 79.11+1.5| 0.0513£0.0023 80.6 £1.2
M024/1-5 — 607 35 0.06 | 78.62+ 1.4 | 0.0471 £0.0016 81.5t 1.1
M024/1-6 0.71 514 29 0.06 | 79.28+1.3 | 0.0533 £0.0019 802+ 1.1
M024/1-7 — 377 105 0.29 | 78.73+£1.4 | 0.0464 +0.0020 81.5t1.2
M024/1-8 0.18 232 80 0.36 | 79.54+ 1.7 | 0.0490 + 0.0026 804+1.4
M024/1-9 — 238 46 0.20 | 82.04+1.7 | 0.0452 £ 0.0026 783t 1.3
M024/1-10 — 354 51 0.15 | 77.90 £ 1.5 | 0.0444 £+ 0.0020 826+1.2
M024/1-11 0.57 324 31 0.10 | 79.12+ 1.5 | 0.0522 £+ 0.0022 80.5+1.2
M024/1-12 0.05 245 33 0.14 | 79.92+ 1.7 | 0.0480 + 0.0025 80.1 +1.3
MO024/1-13 — 99 33 0.35 | 82.75+2.4 | 0.0448 £0.0039 777+ 1.9

CpennesssemeHHbli 2°°Pb/?3U Bospacr

80.2 £+ 0.9 muH stet (95%-Hblit MHTEpBAT)

n=12/13
CKBO = 1.27, BepositHocTh 0.23%

[MpumMeyaHue. ¥ — OTKJIOHEHHBIE TUCKOPAAHTHBIE BO3PACTHI.

0a3aabHOIO rOpU30HTa 6apabCKOU CBUTHI JAacT BO3-
pact 50.5 = 1.2 mutH. 1eT (ConoBbeB u Ap., 2004), ato
COOTBETCTBYET KOHIIy paHHero soueHa. OTMEeTUM,
YyTO U3 6apabCKUX KOHTJIOMEPATOB TPEKOBBIM METO-
JIOM JaTUpPOBaH LIMPKOH M3 TaJlbKU TPaHUTOUIOB
(ConoBbeB u gap., 2007). IlomyyeHHBII BO3pacT
(83.3+ 4.3 muH. JieT (£10)) COOTBETCTBYET MHTEPBA-
1y (OPMUPOBAHUSI KPYTOTOPOBCKMX I'PAHUTOUIOB.
Taxum 06pa3oM, MOXXKHO KOHCTATUPOBATh, YTO B paH-
HEM D0IIeHe TTO3THEMEIOBbIC TPAHUTOUIBI YK€ ObLIN
BBIBEACHBI Ha TIOBEPXHOCTH B 00JIACTh 3PO3UMN.

MEJIOBBIE TPAHUTOU/BI FOTA
CPEAMHHOI'O XPEBTA KAMYATKHA

KpyToroposckuii MIyTOHWYECKUI THEUCO-Ma-
TAUOTPAHUTOBBIN KOMILJIEKC Ha T€OJIOTUYECKOU KapTe
Tpetbero mnokosienus (locymapcrBenHas..., 2006)
OIIIMOOYHO OTHECEH K paHHEMY MeJy, XOTs IaXke B
OOBSICHUTEJILHOW 3aluCcKe K KapTe YIOMUHAETCS O
KaMITaHCKHUX BO3PAacCTax, MOJYYEHHBIX U3 KPYTOTO-
POBCKUMX T'paHUTOUI0B. Ha HacTosII1iA MOMEHT Ha-
KOMWJIOCh JOCTaTOYHOE KOJWYECTBO JAHHBIX
(Ta6a. 1—5), MO3BOSIOIINX YTBEPKIATh, UTO KPYTO-
TOPOBCKUIA THEUCO-TUIATMOTPAHUTHBIN U KOJIbCKUNA

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

IJIaTMOrPaHUT-TPAHOAMOPUTOBBIN KOMIUIEKCHI (DOP-
MUPOBAJIUCh OMHOBPEMEHHO B ITO30HEM Mery. OTMe-
THM, 4T0 Bce U-Pb 1aTpOBKM IMPKOHOB M3 I'PAHUTO-
HMIO0B KaK KPYTOrOPOBCKOI'O, TaK U KOJIbBCKOIO KOM-
IUIEKCOB YKAa3bIBAIOT HA OYEHb Y3KUI BpEeMEHHOM
JIHUATa30H NPOSBICHUS TPAHUTOUAHOTO MarMaTu3Ma
B KamrmaHe (Tabi. 1).

MeioBble TPaHUTOUIBI PACHPOCTPAHEHBI B I0XK-
Hoit (paitoH pek Ilpasast KomnmakoBa u Ilomepeu-
Has), HeHTpadbHOU (BepXxoBbs p. Kpyroropona), ce-
BepHOl (paiioH pek OOnykoBuHa u Mya) 4dacTsax
MankuHckoro nogHsaTuss CpearHHoro xpeora Kam-
gatku (puc. 1). Haubonee kpynHbeie MmaccuBsbl JIeBo-
ozepHoBckuit, Kpyroroposckuii, IIpaBokonabckuii
MpUypoUYeHbl COOTBeTCTBeHHO K IIlaHyuckomy, XaH-
rapckomy, [TBIMTUHCKOMY TPaHUTOTHEMCOBBIM KY-
nosam (TocymapctBenHas..., 2006). MaccuBsl Ciio-
KEHBl TPEUMYIIIECTBEHHO THEWCUPOBAHHBIMU TIJIa-
TMorpaHUTaMu, TpaHOAWOPUTAMHU, TOHAJIUTAMU,
rpaHUTaMU, PEAKO TUOPUTAMU.

IlerpoTunuyeckum il KOMIUIEKCA SIBJISIETCS
KpyToropoBckuii MaccuB, pacnojOXeHHbIA B 1LIeH-
TpaJdbHOl 4YacTm XaHrapckoro Kkyimojia (XaH4YyK,
1985; TocynapcTBeHHas..., 2006). MaccuB mipeacTaB-
JIeH THEWCHUPOBAHHBIMM TLJIaTMOTPAaHUTAMM, TPaHO-
Ne 1
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Taomuma 3. U-Pb SIMS uzoTornHbie naHHbIE IJ11 IMPKOHOB U3 MUJIOHUTU3WPOBAHHBIX TpaHUTOB (00p. 04AS99) KpyTo-
TOpPOBCKOTO KOoMIUIeKca, peka [TonepeuHas (54°23.895' c.u1., 157°09.081' B.a4., ansrutyna 1130 m)

Homep [2Pbyg, o] U, Th, U HeKoppeKTHpoBaHHbIE 207pp KOppeKTUPOBAHHBIE
TOHKH % MKT/T | MKT/T 2381 /206pp 207pp /206 pp 206py, /238 Bospacrt, MIIH JIeT

AS99-1 0.74 269 64 0.25 87.25+ 1.7 0.0534 £ 0.0027 729+1.2 +
AS99-2 — 369 92 0.26 78.49+ 1.4 0.0466 + 0.0020 81.7+1.2

AS99-3 0.13 1787 80 0.05 8397+ 1.1 0.0486 = 0.0010 76.2 +0.8 T
AS99-4 0.32 310 69 0.23 75.74 £ 1.5 0.0503 £ 0.0023 843+ 1.3 +
AS99-5 0.38 439 101 0.24 81.24+1.4 0.0506 + 0.0019 78.6 £ 1.1

AS99-6 0.01 2508 222 0.09 68.82+ 1.0 0.0480 £ 0.0007 93.0+0.9 T
AS99-7 0.28 1769 436 0.25 75.13£ 1.0 0.0499 £ 0.0009 85.0+0.9 t
AS99-8 — 1116 277 0.26 77.57+ 1.1 0.0463 £ 0.0011 82.7+0.9 ki
AS99-9 — 657 93 0.15 74.41+1.2 0.0472 £ 0.0014 86.1 £ 1.1 T
AS99-10 0.07 201 47 0.24 79.45+1.8 0.0482 £ 0.0027 80.6 + 1.4

AS99-11 — 703 142 0.21 81.14+£1.2 0.0460 = 0.0014 79.1+£1.0

AS99-12 0.06 438 135 0.32 81.02+1.4 0.0480 £ 0.0018 79.0 £ 1.1

AS99-13 - 303 45 0.15 81.04+ 1.5 0.0439 £+ 0.0021 794+t 1.2

AS99-14 0.98 211 71 0.35 80.68 + 1.7 0.0553 £ 0.0029 78.6 £ 1.4

AS99-15 0.23 432 4 0.01 82.80+1.4 0.0494 £ 0.0019 772+ 1.1

Cpennes3peweHHbIit 2°°Pb/?3¥U Bospact
79.2 + 1.9 mutH n1eT (95%-Hblif UHTEPBAT)
n=8/15
CKBO = 1.34, BepositHOCTS 0.23%
[MpumeyaHue. T — OTKJIOHEHHbIE AUCKOPIAHTHBIE BO3PACTBI M 3¢pHA C BEICOKMM COZIEPXKaHUEM ypaHa.

JIUOPUTAMM, TOHAJIWUTAMM, TPAHUTAMU, ITHUOPUTAMMU.
IpanuTOMABI MacCcHUBa MPOPHLIBAIOT THEMCHI 1 MUTMA-
TUTBI KOJITTAKOBCKOU Cepuu. rpaHI/[leI MHOTAa 4Y€TKue,
B OCHOBHOM HEUYETKHUE CO CIIOXKHBIMU B3aMMOOTHOIIIE-
HUSMU ¢ rHeiicamu. [Iponecchl MUTMaTU3allUMKM U Ya-
CTUYHOTIO IUIABJICHUSI MTPEBPATUIN MPUKOHTAKTOBYIO
30HY U alMKAJIbHYIO YaCcTh MUHTPY3UMU B CMECh THEW-
COrpaHUTOMIOB C MUIrMaTUTAMMU. B 30HE€ KOHTaKTa
WHOTAA TIPUCYTCTBYIOT aro@u3bl TPaHUTOUIOB BO
BMeEIIAIOIINX TTOPOJAX W OOJIbIIIOE KOIUUECTBO KCe-
HOJUTOB TocieaHnx. OpUEeHTUPOBKA IUIOCKOCTU
KOHTaKTa OOBIYHO ITapajijiejibHa THEMCOBUIHOCTU B
uHTpYy3usix u rHelicax (TocymapcTBeHHas..., 2006).

KpyToropoBckuit MacCuB ¥ BMEIIAIOIINE TTOPOIBI
KOJITTAKOBCKOI CepUM TTepeKPhIBAIOTCS 00pa3oBaHU-
SIMM KaM4YaTCKOM cepuu (IIUXTUHCKOM CBUTHI) (XaH-
uyk, 1985; Puxtep, 1995). Crparurpadumudeckuii KOH-
TaKT MEeXAY HUMU HEeCOTJIACHbBII, C KOHTJIOMEpaTaMu
B OCHOBaHUM. [HEMCOBUIHOCTD B TPAHNUTAX BhIPAXKE-
Ha OPMEHTUPOBAHHBIM PACITOJIOXEHHEM CITION, TTa-
TMOKJIa3a U pexe poroBoit ooMaHku. OprMeHTUPOBKaA
THEMCOBUIHOCTA TPAHUTOUAOB U BMeEIAIOIINX

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

THEMCOB KOJIMAKOBCKOM CEpUU COBMNANAET, YTO, IO
mHeHuio A .M. Xanuyka (1985), cBUIETEIbCTBYET O
BpEMEHHOM OJaM30cTM MeTaMopdu3Ma KOJMaKOB-
CKOW CepUU U CTAHOBJICHUS KPYTOTOPOBCKUX IPaHU-
TOB. OpHUEHTHUPOBKA BTOPUYHOI CIIAHIIEBATOCTU B
KPYTOTOPOBCKUX T'paHUTAxX U MOpOAaX MaJIKUHCKOM
CepUM COBIIAAACT, YTO OTpaKaeT OoJice MO3IHUI ITaIl
TEeKTOHUYECKUX IBMKEHUI 1 MeTaMopdU3Ma, OO
ISl TPAHUTOB U MOPOJ MaJKUHCKOM cepun (Puxrtep,
1995). Ilo nupkoHaM W3 THEHCOBUIHBIX T'PAHWUTOB
(o6pazen; 02L.G24, puc. 1, Tabda. 1) KpyToropoBCKOTo
KOMITJIEKCca, OTOOpAHHBIX B BEPXOBbSIX peKu KpyToro-
poBa, 1osy4yeH Bo3pact 78.5x1.2 miH. et (Hourigan
et al., 2009).

ITo npobam, oToOpaHHBIM B 10XHOU yacTu Maji-
KMHCKoro nogHatus (paitoH pex I1paBas Konmakosa
u [TomepeyHast) U3 rHeMcOBUAHBIX (00p. M-438/1 n
M-439/1) u paBHOMEPHO3EPHUCTHIX (00p. M-427/1)
TPaHUTOUIOB, TTOTyYeHbI Bo3pacThl 83.1 £2.0, 76.2+ 1.5
u 81.0 £ 1.8 MIH. JIeT COOTBeTCTBeHHO (puc. 1,
Tabj. 1) (JIyuuukasi, CoynosbeB, 2010).

Ne 1
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8 COJIOBBEB u np.

Taoauma 4. U-Pb SIMS u3oronHbie JaHHbIE JIS1 IMPKOHOB U3 opTorHeiica (06p. 04AS75) KpyToropoBcKOro KOMILIeK-
ca, peka [lonepeunas (54°27.047' c.ui., 157°11.512' B.1., ansrutyna 1034 m)

Homep |2°Pbg, .| U, Th, ThU HexoppektupoBaHHBIE 207Pb KOppeKTUPOBAaHHBIE
rotkn % MKT/T | MKT/T 2381 /206pp 207pp/206pp  |206Pb /238U Bo3pacr, MuTH JieT

AS75-1 0.84 232 69 0.31 78.44 £ 1.7 0.0543 + 0.0027 81.0t 1.4

AS75-2 0.44 421 | 243 0.60 82.14+ 14 0.0510 £+ 0.0020 77.7 £ 1.1

AS75-3 0.06 317 | 184 0.60 7941 £ 1.5 0.0481 £+ 0.0021 80.6 1.2

AS75-4 0.28 678 | 500 0.76 79.56 + 1.2 0.0498 + 0.0014 80.3+1.0

AS75-5 0.38 242 26 0.11 82.12 £ 1.6 0.0505 + 0.0025 77.7£1.3

AS75-6 — 191 57 0.31 76.01 £ 1.8 0.0450 £ 0.0026 845+ 1.5 T
AS75-7 — 208 | 103 0.51 80.11 £ 1.7 0.0453 + 0.0026 802+ 1.4

AS75-8 0.31 273 62 0.24 81.76 £ 1.6 0.0500 + 0.0024 78.1 1.2

AS75-9 — 555 | 367 0.68 55.12+£1.2 0.0466 + 0.0013 116.2+ 1.4 i
AS75-10 — 1345 49 0.04 7491 £ 1.1 0.0470 = 0.0010 85.6 0.9 T
AS75-11 0.00 142 26 0.19 84.07 £ 2.0 0.0475 £+ 0.0031 76.2 £ 1.6

AS75-12 0.77 238 | 106 0.46 80.12 £ 1.6 0.0537 = 0.0026 79.4+t1.3

AS75-13 — 463 | 281 0.63 79.52+ 1.3 0.0473 £ 0.0017 80.6 £ 1.1

CpenHeB3BellIeHHbII 206Pb/ 238 Bozpact
79.3 = 0.9 mutH et (95%-Hblit UHTEPBa)
n=10/13
CKBO = 1.55, BepositHocTb 0.12%
[MpumeyaHue. T — OTKJIOHEHHbIE AUCKOPIAHTHbIE BO3PACTBI M 3¢pHA C BBICOKMM COEPXKaHUEM ypaHa.

B ceBepHoli yacTu MaJIKUHCKOTO TIOAHSITUSI, B
palioHe MeqHO-HUKeaeBoTo MecTopoxaeHus [lanyu
(Censtarun, 2006), THEMCOBUIHBIE TPAHUTBI PACIIPO-
CTpaHEeHBbI B Mpeaenax MaccuBa ropbl BepxHsist TxoH-
Xa (puc. 3) 1 K 10Ty OT HeTo, Ha JieBoOepexkbe p. Mua.
THeticoBuaHbBIE TPaHUTHI Ha ceBepe MAaJIKMHCKOTrO
MOMHSITUSI BHEAPEHBI B BbILLIEIEXKAIILYIO TOJILY KpH-
CTaJJIOCJIaHIIEB, KOTOPasi MOXET ObITh OTHECEHA KaK
K KaM4aTCKOM, TaK M K KOJINAaKOBCKOM Cepuu, 4TO
TpedyeT yTouHeHus1. BMecTe co ciaHlLiaMu 3TU THeli-
CUPOBaHHbIE TPAHUTOUIBI SIBJISIOTCSI BMEIIAOIIMMU
nopoaaMu Jjisi paHHEROLIEHOBbIX UHTPY3UBOB PYI0-
HOCHOTO TMITIep0a3uT-0a3uTOBOrO NJYKYKCKOIO KOM-
mwiekca (Konnwukos u ap., 2006; Censtnrun, 2006) u
PaBHOMEPHO3EPHUCTBIX TPAHUTOB.

BBuny MHTEHCUBHON IJINKATUBHO-IU3BIOHKTUB-
HOM JUCIOLIMPOBAHHOCTU U HEJOCTATOUYHOM OOHA-
KEHHOCTU THEHCOBUIHBIX TPAHUTOB M KPUCTAJLIO-
cJIaHIIeB, OTHOCUTEJILHO JOCTOBEpPHOE Ipe/cTaBlie-
HUEe 00 WUX CTPYKTYPHBIX COOTHOIICHUSIX IaioT
pe3yJIbTaThl KapTUPOBaHUs paitoHa I. BepxHss TxoH-
ka (IamoBanenko, 1994) (puc. 3). OpueHTHpPOBKA
THEMCOBUIHOCTU TPAHUTOB M CJIAHLIEBATOCTU MeETa-
TePPUTSHHBIX ITOPOJI TTOKA3BIBAIOT TAPMOHUYHYIO CO-
IJIACOBAaHHOCTb, CBUICTEJILCTBYIOIIYI0 00 MX COB-

MECTHOW TUCIOIIMPOBAHHOCTHU B MPOIIECCE METAMOP-
(usma. ITo ouepraHUsIM BBIXOJOB, BEPTUKAJIbHOMY
Cpe3y Y JaHHBIM OypeHUsI 1J151 THECOBUIHBIX I'PaHU -
TOB MOXHO MPEANojaratb WUCXOMHYIO TUIUTOOOpa3-
HY10 (POpMY COTJIACHOTO WJIM MOJYCOIJIACHOTO BHE/ -
peHUSI MOIITHOCTHIO 10 1 KM. OIHOM 13 pa3Bed0YHBIX
CKBaXWH Ha MectopoxaeHnu [llanyd, mpoiineHHON
M0 THEUCUPOBAHHBIM I'PAHUTAM B 30HY BbIKJIMHUBA-
HUSI PyIOHOCHOTIO TeJjia, Ha Ii1youHe okoyio 200 M ot
TMOBEPXHOCTHU TIEpeceYeH WX KOHTAKT CO CIAHIIEBON
tosieii. KoHTakT 3aKkanouHbI, Cyas MO TPUKOH-
TaKTOBOU KPUCTAIM3ALIMU TpaHaTa B HEOOBIYHBIX
OTOpOYKax CWUIMMAHUTA B KBapIll-TOJIEBOIINAT-
OMOTUTOBOM CJIAHIIE.

TakuMm o0pasom, IIO3MHEMEJIOBBIE TI'PAaHUTOWIBI
LLIMPOKO pacHpocTpaHeHbl Ha Iore CpeIuHHOro
xpebTa KaMuaTKu 1 yKaspIBalOT Ha TO, YTO KaMITaH-
CKUI MAarMaTU3M ObUT 3HAYNMbBIM COOBITUEM B pa3BU-
Tt KamyaTtku.

AHAJIMTUYECKHWE METOIbI

s U-Pb gatupoBaHus ObLUIO OTOOpaHO OKOJIO
50 3epeH LHMPKOHA U3 Kaxmoro obpasua. ILlupkoHbI
13 00pa3loB U HMPKOHBI cTaHgapTa R33 moMernanu

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALIMA Tom 23 Nel 2015
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157°08'
- 55°18'30"
A

157°08'30’

Puc. 3. [eonornyeckast kapra maccuBa . Bepxnsst Txonxka (LllanoBanenko, 1994), c u3BMeHeHUSIMM.

1 — pbIxJIble YETBEPTUYHBIC OTJIOXEHUS; 2 — OMOTUT-TIOJNIEBOIINAT-KBAPLEBble KPUCTALIMYECKUE CJAHIIbI C TPaHATOM,
CTaBPOJIMTOM U IpacUTOM KaMuyaTCKOW MJIM KOJIAKOBCKOM cepuii; 3 — paBHOMEPHO3EPHUCTbIC TPAHUTOUIBI; 4 — Malible
WHTPY3UBBI IYKYKCKOTO KOMILIEKCA; 5 — THEHCHpOBaHHBIE TPAHUTHI KPYTOTOPOBCKOTO KOMILIEKCa; 6 — pa3pbIBHBIE

HapylieHus; 7 — MmectopoxaeHue Lllanyy.

B SIIOKCUIHYIO CMOJIY M IOJUPOBAIN. 3epHa LIMPKO-
Ha MPOBEPSUIM HA OTCYTCTBHE TPELIMH U BKIIOYEHU I
B OTPa>k€HHOM UM IPOXOoAAIIEM CBETC ITPpU YBCIINYC-
Hun x20. It n3ydeHnsT 30HATbHOCTH U BHYTPEHHEN
CTPYKTYPBI IMOJMPOBAHHBLIX LIMPKOHOB MCITOJIb30Ba-
JIM KaTOJIOMIOMUHECLIEHTHBIN JETEKTOP, CMOHTUPO-
BaHHBIA Ha CKAHUPYIOLIEM 3JIEKTPOHHOM MUKPO-
ckore JEOL JSM 5600 (puc. 4, 5, 6).

U3oTomHbIe 3MEPEHUs IIPOBOAMIIN Ha
SHRIMP-RG (Sensitive High Resolution Ion Micro-
Probe—Reverse Geometry — 4yBCTBUTEJIbHBINA MOH-
HBII 30HJ, BHICOKOTO pa3pelleHUsI ¢ OOpaTHOM Treo-
MeTpueil) B MUKpoaHaJIuTHYecKoM ILieHTpe CTaH-
¢opa—USGS  (http://shrimprg.stanford.edu/) 1o
craHpaptHoi Metomuke (Muir et al., 1996; Ireland,
Gibson, 1998). CorinacHo 3Toil METOIMKE, ITY4OK OT-
pULIATEABHBIX MOJIEKYJ KHUCJIOpOJa JHAMETPOM
~30 MKM MCIIOJIb3YeTCS IJIsi MOHM3AllMM BelllecTBa
aHaAJIM3MpPYyeMOro Kpuctajula. MWMHauBuayaabHBIE
onpeneneHus 2°Pb/>¥U Bospacra MMEIOT aHAIUTHU-
YeCcKylo TOYHOCTb 2%, KOoTopasl BhILIe IS OoJjiee
JPEBHUX 3epeH, rae oTHoueHue 2’ Pb/2%°Pb uzmeps-
ercs TouHee. Huskoe cogepxanue 2°’Pb B MOJIOIBIX
3epHax OIpee)IsIeT 3HAYUTEIbHYIO HETOYHOCTh MPU

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

n3mepenusax 2Pb/?°Pb, mostoMy U1 3epeH MOJIO-
ke 1 mupa. jer npuHumatrorcs 27Pb-koppeKkTupo-
BaHHbIe 2°°Pb/?3U BospacTsl (Tab1. 2—4). 297Pb-kop-
PEKTUPOBKA 0a3upyeTcs Ha JOMYIIEHUM, YTO U3ME-
pPEHHBIE W30TOIMHbIE OTHOLIEHUS TIPEACTABIISIOT
Cc00011 TIPOCTHIE CMECH OOBIKHOBEHHOTO 1 pagOreH-
HOTO CBUHIIA B MOMEHT KPUCTA/UIM3ALMU, a U3ME-
perHoe ortHomeHue 2’Pb/2°Pb ncnonb3yeTcd s
KOHTPOJIs1 0OBIKHOBEHHOTO CBUHLIA.

U-Pb marupoBaHue LIMPKOHOB METOJOM Ja3ep-
Hoit abossiuu (LA-ICPMS) npoBoauiu B 1abopaTo-
puu Yausepcutrera Kanudopuuu, Canra-Kpys. Ota
naboparopusi obopynoBaHa ICP-MS criekTpomer-
poMm Element XR 1 ycTaHOBKO# J1a3epHOI abasimumn
Photon Machines Analyte.H ¢ axcuMepHBIM J1a3epoM
¢ nvHoi BojiHbI 193 HM 1 kamepoit Helex-2. MUcna-
PEHHOE BeIIECTBO MPOXOJIMUT MO BHYTpeHHeH Tedio-
HOBOI1 TpyOKe 1ruaMeTpoM 4 MM, a aproH, mpeBpalia-
IOIMI 0Opa3ell B a3p030Jib, — M0 BHELIHEHN TpyOKe.
OHeprusa Bcnbnuku gazepa ATLEX cocrasiser
4,5 m/Ix. KOHTpOJIb TNIOTHOCTU SHEPIUM 00ECIeUM -
BaeTCcsI KaMOpyeMbIM aTTeHioaTopoM. IIpm moaro-
TOBKE JIaOOpaTOPHOI IIAIIKKM LIMPKOHBI HAHOCUJIU
psiiaMy Ha JBYCTOPOHHIOIO JIMIIKYIO JICHTY C TIOMO-
Ne 1
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MO3AHEMEJIOBOM T'PAHUTOUAHBIN MATMATU3M
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Puc. 4. Iuarpammsl Tepa-BaccepOypra (a, B) 1 KaTOIOJIIOMUHECLIEHTHBIE N300paXkeHUsT LIMPKOHOB (0, T) mist obpasiioB M-024/1

(a, 6) 1 04AS99 (B, r).

Ha nuarpammax ropusoHTasbHast JUHUSI — KOHKOP/US, DJUIMIICHI COOTBETCTBYIOT MOTPEIIHOCTSIM OIpeeIEHU OTHOIIEHUM
TSI KaXKI0TOo 3epHa £2G, CepbIM LIBETOM BbIIEIEHbI SJITUIICH 11 TMCKOPAAHTHBIX OIpeie/IeHUI, NCKITIOYEHHBIX U3 PaCYeTOB
CpemHEeB3BeIIeHHOTro Bo3pacTta. Ha KaTomOIIOMUHECIIEHTHBIX N300pakeHUIX OeJIbIMU Kpy>XKKaMU noka3aHbl Tk SHRIMP
aHaJIM30B, UX HOMEPa COOTBETCTBYIOT HOMEpaM aHaJIu30B B Tabu1. 2 (00p. M-024/1) u 3 (06p. 04AS99); Bo3pacT (MJIH. JIeT) 1Mo-
KazaH C MOorpeiHocTbio +2G; T — OTKIOHEHHbIE JUCKOPJAHTHBIE BO3PACTHI.

1IbIO 11a0J0HA U3 TUIEHKU. B 1LieHTpe maliku ycra-
HaBJIUBAJIV IUPKOHBI cTaHmapToB SL2 (563 MiTH. JieT;
Gehrels et al., 2008) u Plesovice (337 miH. jeT; Slama
et al., 2008). 3aTem 3epHa mMoMelIaJn B KOJIBLIEBYIO
dopMy U 3aIMBaIM SIOKCUAHONM CMOJOK Struers
Epofix. 3arBepaeBiyo IAIIKy 0o0pe3aju Ha TOKap-
HOM CTaHKe 10 HyXHoOro pasMepa. [loBepxHOCTb
LIAIIKU C 3epHaMU LIMPKOHA TOJUPOBAJIM CHayasa
HaxmayHoii Oymaroii ¢ 3epHom 1500 MKM, a 3aTeM
MOJUPOBAJIbHBIMU TMacTaMu Struers ¢ 3epHOM 9 u
3 MKM Ha noaupoBaiibHo# mamuHe LaboPol.

CTPATUTPA®UA. TEOJJOTUYECKASA KOPPEJIALMA

YeTtoipe 3aMepa nepBuuHoro craHaaprta SL2 (Ge-
hrels et al., 2008) 1 yeTbIpe 3aMepa BTOPUYHOTO CTaH-
napta Plesovice (Slama et al., 2008) BbITIOJNHSUIN B Ha-
yajie ¥ B KOHIIe Kaxmoil ceccuu. MiamepeHus mep-
BUYHOTO CTaHIapTa Jeady MOCje KaXIoro IISITOro
3epHAa C HEU3BECTHBIM BO3PACTOM, COBMECTHO C BTO-
PUYHBIM CTaHIAPTOM — MOCJe KaXIOro AECSITOro
3epHa ¢ HEU3BECTHBIM Bo3pacToM. CorjlacHO IIpOTO-
KOJIy M3MepeHuii, 15 3epeH HUpKOHA BTOPUYHOIO
CTaHIapTa WCTOJb30BAIM UISI KOHTPOJISI KavyecTBa U
TOYHOCTM aHajm3a Wit Kaxabix 100 3epeH LupKoHa ¢
Ne 1
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Puc. 5. Ilnarpamma Tepa-BaccepOypra (a) 1 KaTOIOJIOMUHECIIEHTHbBIE N300paXXeHUsI UIMPKOHOB (0) mist oopasua 04AS75.

Ha nuarpamme ropu3oHTajgbHasi JUHUS — KOHKOP/UsI, SJIJTUIICHl COOTBETCTBYIOT MOTPELITHOCTSIM OIpelleJIeHUil OTHOLIEHU I
IUTST KaXKI0TO 3epHa 12G, CEephIM LIBETOM BbIIEICHBI JITUTICHI 17151 TUCKOPAAHTHBIX OMPENeSICHUI, UCKITIOUEHHBIX U3 PACUYETOB
CpeHEeB3BELIEHHOTO Bo3pacTa. Ha KaTogoaoMUHECLIEHTHBIX N300paXkeHUsIX OeIbIMU Kpy>KKaMu rnoka3aHbsl Touku SHRIMP
AaHaJIM30B, UX HOMepa COOTBETCTBYIOT HOMEpaM aHaJIU30B B Ta0Jl. 4; BO3pacT (MJIH. JIET) MOKa3aH ¢ MOrpellHocThIo £20; T —

OTKJIOHECHHBbIC JUCKOPAAHTHBIC BO3PAaCThI.

HEU3BECTHBIM Bo3pacToM. IlomydyeHHBIE ¢ TTIpUOOpa
JlaHHbIe oOpabaThiBaau B npuiaoxeHuu lolite mist Igor
Pro (Paton et al., 2010).

Coaep:xaHUsI TJABHBIX DJIEMEHTOB B MOPOAAaxX
ompeaeneHbl B J1a00OpaTOpUU XMMUKO-aHAJIUTHYE-
ckux uccinegosanuii 'MH PAH (3aB. naboparopueit
C.M. JIamyHOB) METOIOM BECOBOTO CHJIMKATHOTO
aHaJm3a.

OmnpeneneHue KOHIEHTpALMI MUKPO3JEMEHTOB
BeITTOJIHEHO B UMI'PD MeTomoM Macc-CIieKTpoMeT-
puu B WHAYKTUBHO-CBsI3aHHOU Tu1azme (ICP-MS),
anaymtuk [1.3. 2KypasneB. KonTpons kayecra ICP-
MS ananm3a OCyHIECTBIISIIIN C TTOMOIIBIO TTapaJlIe/Th-
HBIX aHAJIM30B CTaHAAPTHOU TopHOI1 TTopoasl BCR-2,
MOKa3aBIINX XOPOIIYIO TOYHOCTb U BOCIIPOU3BOIU-
mocTth. Ilpemen oOHapyxXeHus i1 OOJIBIIMHCTBA
3JIEMEHTOB C Maccoii 6osee 80 a.e.M. COCTaBJISLI OKO-
o 0.001—0.005 MKr/r, ojs1 JIeTKUX 3JeMEHTOB OH
yxymmaicsa 1o 0.003—0.005 Mmkxr/r (m1ss OepruIns).
JUIst BcexX aHAIM3UPOBABILIMNXCSI DJIEMEHTOB YPOBEHb
3arpsi3HeHUs1 ObLT MpeHeopexnMo Maii. Bece kucnio-
Thl, UCMIOJIb30BaBIIIMeECS U151 Pa3oXeHUs1 U pa3daB-
JieHUs mpo0, ObUIM IBaXK/bl IEPETHAHbI B KBAPLIEBBIX
U Te(JIOHOBBIX arlnaparax; MpUMeEHSLIaCh TOJIBKO Jie-
MOHU3MpoBaHHas Boma. [1poOwl, pa3baBieHHBIE OT-
HocuTeJbHO cyxoro Beca B 1000 pa3 B moayHOpMAaJIb-
HOIl a30THOM KMCJIOTe, aHAJIM3UPOBAJIUCh Ha Macc-
cnextpoMmerpe ELAN 6100 DRC B cranmapTHOM pe-
xume m3mepenunii (PerkinElmer, ELAN 6100 DRC,
Software Kit, 2000). KanuOGpoBKy n3MepUTEIbHbBIX Ka-

CTPATUTPA®UA. TEOJIOTUYECKAA KOPPEJIALMA

HaJIOB OCYITIECTBIISUIA TTO0 CHHTETUIECKUM CTaHIapTaMm,
MPUTOTOBJIEHHBIM M3 PacTBOPOB WHIAWBUAYATbHBIX
3JIEMEHTOB, MOCTaBJIeHHBIX hrupmoii PerkinElmer.

Conmep:kaH1s ¥ N30TOITHBIE cocTaBbl Sm 1 Nd 061
oIpeJieJIeHbl METOIOM U30TOITHOTO pa3daBiieHus B [eo-
snornyeckoMm nHcTutyTe KHII PAH (1. Anatutsr). Ile-
pen pasJioXeHHeM TIpo0 K HaBecKe aHaJM3UpPyeMOTO
00pasLa 1o0aBIIsIM CMeLIaHHbIA Tpaccep “Sm/*'Nd.
O6pasipl paznaramics B cMecu HF + HNO; (vnu
+HCIO,) B TedpioHOBBIX OrOKCaxX MpU TeMmeparype
100°C B TepMocTaTe A0 TIOJHOIO PacTBOPEHMUSI.
JlanpHeiimee BblaeneHue Sm 1 Nd mpoBoguim mo
CTaHIAPTHON METOIWKE ABYXCTYIIEHYATOTO0 MOHHO-
OOMEHHOr0 U BKCTpaKIMOHHO-XpoMaTorpaduye-
CKOTO pasielIeHusI ¢ WCITOJIb30BaHMEM HOHHO-00-
MeHHOU cMoibl “Dowex” 50 x 8 Ha xpomaTorpadu-
YeCKUX KOJIOHKaX, rae nmpumMeHsiiach 2.3 N u 4.5 N
HCI B kauecTBe anmoeHTa. OTOOpaHHbIe (hpakiuu Sm
n Nd nepeBoanian B HUTPATHYIO GOPMY, TTOCJIE YETo
mpernapaTtbl ObUTM TOTOBBI K MacC-CIEKTPOMETpUYE-
cKoMmy aHau3y. Bce uamMepeHust U30TOMHOIO CocTaBa
Nd 1 konueHTpannii Sm n Nd MeTOTOM M30TOITHOTO
paz0aBieHUsT TPOBOAMIN Ha CEMUKAHAIbHOM TBEp-
nmodazHoM Macc-crekrtpoMeTpe Finnigan-MAT 262
(RPQ) B crarmyecKkoM OBYXJIEHTOYHOM peXMME Ha
KOJIJIeKTOopax ¢ ucroab3oBaHueM Ta + Re jgeHT. B ka-
YyecTBe MOHU3AaTOPOB MPUMEHSIIM PEHUEBbIC JICHTHI,
a Ipo0y HAHOCUJIY Ha JICHTY U3 TaHTaJjla C IIpeaBapy-
TeJIbHBIM HaHEeCeHWeM Ha Hee MUKPOKAILIN pa30aB-
nenHoit H;PO,. IlorpemHocts omnpeneneHuii Boc-
Ne 1
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Puc. 6. Ilnarpammsl ¢ KoHKOopaueit st oopasios C10-3 (a) u C-11 (0).

Ha JuarpamMmax 3JIJIMIIChbl COOTBETCTBYIOT ITOIPEIIHOCTAM OHpCL[CI[CHI/Iﬁ OTHOLLEHUI IJ151 KaXKA0TO 3€pHa iZG, CCPbIM LIBETOM
BbIICJICHBI SJIJTUIICHI AJIs JUCKOPIAAHTHBIX Ol'[pCZ[GJ'IeHI/Iﬁ, UCKIIIOYECHHBIX U3 pacy€TOB CPCAHEB3BCILICHHOI'O BO3pacTra.

MIPOM3BOANMOCTH OIWHHAMIIATA aHAJIM30B M30TOII-
Horo cocraBa Nd crangapra La Jolla = 0.511833 + 6
(20, N = 11) He npesbimrana 0.0024% (2c). Takas xe
MTOTPEITHOCTD MOJIydeHa TIPY U3MEPEHUU COpOKa Je-
THIpEX MapauIeJIbHBIX aHAJTM30B HOBOTO SITTOHCKOTO
crangaptaJNd;1 =0.512072 £ 2 (26, N = 44). Omuob-
ka B 'YSm/'*Nd oTHOLIEHUSAX IPU CTATUCTUYECKOM
pacyete KoHeHTpauii Sm 1 Nd B ctangapte BCR-1
cocrtapisteT 0.2% (26) — cpenmHee 3HaYeHUE M3 CEMU
n3MepeHuii. X0JIOCTOe BHYTPHUIIA00paTOPHOE 3arpsi3-
HeHue coctapistio 0.3 vr mist Nd u 0.06 Hr mts Sm. W3-
MepeHHbIE M30TOIHBIe OTHOIIeHUsT Nd HopMann3oBa-
HbI 110 oTHoIeHUIo "Nd/"Nd = 0.241570, a 3atem
nepecyuTaHbl Ha otHomeHue '“Nd/'Nd B craH-
nmapte LaJolla = 0.511860.

PE3VYJIBTATDBI U-Pb JATUPOBAHUA
ONPKOHOB

Hns oopaszuoB M-024/1, 04AS99, 04AS75 6bu10
npoBeacHo U-Pb m3oTommHoe gaTupoBaHUE LIUPKO-
HoB Ha SHRIMP-RG B MUKpoaHaIUTHYECKOM LI€H-
Tpe Crandopa—USGS (http://shrimprg.stan-
ford.edu/). Hupkon u3 oopasuoB C10-3 u C-11 na-
tupoBaH U-Pb LA-ICPMS mMmeTonom B 1abopatopuu
Yausepcurera Kammpopann, Canra-Kpys.

[HeticoBumIHBIE OMOTUTOBBIE TPpaHUTHI (00p. M-024/1,
puc. 1), otobpaHHBIe B cpeqHeM TedeHnU p. [1paBas
Konmakosa, conepXaT 30HaJIbHbIE [IUPKOHBI C BO3-
pactom 80.2 + 0.9 mutH. et (Tabia. 2, puc. 4a, 46). Ha
3aImamHOM CKiIoHe CpemMHHOTO XpebTa, B HeTIOCpeI-
CTBEHHOI OJIM30CTH OT pa3jioMa, OTHEIISIONIETO Me-
TaMoppuyeckre odbpa3zoBaHUsI OT HeMeTaMOphU30-

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

BaHHEBIX (pHc. 1, 20), 0oToOpaH oOpa3en MUIOHUTU3H -
poBaHHOTrO IBycIoasHoro rpanuta 04AS99, Bo3pact
LIUPKOHA U3 KOTOPOTo cocTaBmi 79.2 £ 1.9 MiH. JieT
(Taba. 3, puc. 4B, 4r). HampaBom 6epery p. [1omnepeu-
Has onpoboBaH oprorHeiic (0op. 04AS75), 1o nup-
KOHAaM 13 KOTOPOTO OIlpeaesieH KOHKOPAATHBIA BO3-
pact 79.3 £ 0.9 maH. net (Tadi. 4, puc. 5a, 50).

Oo6pa3zen C10-3 oTobpaH 13 KepHa BOJIM3U YCThS
CKBaXXMHBI, B 50 M HIZKE IepeCceyeHHOTO €10 KOHTaK-
Ta TPAaHUTOUAOB C 0A3UTOBBIM MHTPY3MBOM MECTO-
poxaenus Lanyy (puc. 1, 3) (Censtarun, 2006). O6pa-
3en; C-11 oro6pan B 10 cM OT “ropsidero” KOHTaKTa C
MacCHBHOH pynoit MectopoxxneHus Ilanyyd (puc. 1, 3).
LInpKoHBI 13 THEMCOBUIHBIX TPAHUTONIOB 00Opa3I0B
C10-3u C-11 gatuposansl U-Pb LA-ICPMS meTonom
(tabu1. 5). Bospact mupkoHa u3 oop. C10-3 cocraBui
77.9 + 1.4 mutH. J1eT (puc. 6a), u3 obpasma C-11 — 80.4 +
+ 1.2 maH. et (puc. 66). HekoTopslii Bo3pacTHO
pa3opoc (CKBO = 4.7) MmoxeT ObITb CBsI3aH C IIpU-
POIHOI TeTepPOTeHHOCThIO N3ydyaeMbIX TPAHUTOUIOB.
Koppensiiiun Mexny coaepskaHUeM MaTepUHCKOTO
HYKJIMA U BO3pacToM He HabmogaeTcs. OGBIYHO MO0~
Tepy pagOTeHHOTO CBUHIIA XapaKTePHbI IS YacTei
KPUCTAJIJIOB C BLICOKUM COJIep>XKaHUEM ypaHa U TO-
pUsi, TaK KaK paaydoreHHbIe HapyILIeHUSI B KPUCTAI-
JIMYECKOM pellieTKe CIocoOCTBYIOT MoTepe CBUHILIA. B
HaIlleM clTydae IToTeph PaAOTeHHOTO CBUHIIA 33 CYET
Inddy3nn, ckopee BCero, He IMPOUCXOIUIIO.

Takum oOpazom, ¢ yuyeToM OmnmyOJMKOBaHHBIX U
HOBBIX HAaHHBIX (Taba. 1) MOXHO C YBEpPEHHOCTBLIO
BBIICJISAITh KAMIIAHCKUN 3Tan rpaHUTOOOpa30BaHUS
Ha KamuaTtke.
Ne 1
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Puc. 7. Juarpamma (Na,O+K,0)—SiO, (Iletporpadus..., 2001) mig KaMNaHCKUX IPaHUTOUAOB MaJKMHCKOTO MOAHATUSA

CpenuHHOro xpeora.

IMonst Ha guarpamme: 1 — raGGpPO-HOPUTHI; 2 — MOHLIOTa00PO; 3 — IMOPUTHI, 4 — MOHLIOAMOPUTHL; 5 — MOHLIOHUTHI; 6 — KBap-
LIeBbI€ IMOPUTHI; 7 — KBapLIEeBble MOHLIOAMOPUTHI; 8§ — CUEHUTHI; 9 — 1e0uHble CUeHUTbI; 10 — ToHanuThl; 11 — rpaHonnopu-
ThI; 12 — KBapleBble CUEHUTHI; 13 — I1IeJI0YHbIe KBaplieBble CUEHUTHI; 14 — rpaHOCUEHUTHI; 15 — 1IeJIOUHbIe TPAHOCUEHUTHI;
16 — TpoHabeMUTHI; 17 — agamesuThl; 18 — cy6IenouHble TpaHUTh; 19 — rarnorpaHuThbl; 20 — rpaHUThI; 21 — 1IeT0YHbIE
IPaHUTHI; 22 — MJIarMOKJIa30BbIe JIGMKOTPaHUTHI; 23 — JIEMKOTPaHUTBI; 24 — aJIsSICKUTBL; 25 — 11IEJIOUHbIE aJISICKUTHI.

METPOrPA®GUYECKUIN COCTAB
N INETPOT'EOXUMHNYECKAA
XAPAKTEPUCTUKA TPAHUTONJIOB

Kak 0bu10 0TMEUYeHO BbIlIE, OOJIBIIMHCTBO KaM-
MAaHCKMX T'PAaHUTOMIOB MMEIOT THEMCOBUIHYIO TEK-
CTYpY, UTO BBIpAXKEHO OPUEHTHUPOBAHHBIM PaCIIOJIO-
XEHHEM CIIOAYCTBIX MUHEPAJIOB, MPEUMYILIECTBEHHO
OMOTHTA, C PEJIMKTaMHM TIEPBUYHON MarmMaTudecKoi
CTPYKTYphl. Pexke BcTpeuyalioTcsi paBHOMEPHO3EpPHU-
CTbI€ IOPOIBI.

TpanuTonabl UMEIOT TUITMANOMOP(PHO3EPHUCTYIO
CTPYKTYpPYy U MpeAcTaBieHbl OMOTUTOBBIMU U ABY-
CIIIOASIHBIMU IBYTIOJIEBOIIIIAT-KBAaPIIEBBIMH ITOPO/Ia-
MU C pacCesIHHbIM aJIlbMaHIMHOBBIM I'paHaTOM U 6e3
HEero, B KauyecTBe aKleCCOpreB MPUCYTCTBYIOT ara-
TUT, HUPKOH, c(peH, OpTUT. JIsT HEKOTOPBIX TPAHUTO-
UIOB XapakTepHa KBapll-Oi1actonopdupoBUaHas
CTPYKTYypa, BbIpaxkeHHasi TPUCYTCTBUEM B IOpPOJIE
35—40 06. % KpymHBIX, IUTHHOT 10 2—2.5 cM, BepeTe-
HOOOpa3HbIX 1 MapaJUIeIbHO OPUEHTUPOBAHHBIX BbI-
JIeJICHU I MOJIM3EPHUCTOTO KBaplia U BKparJIeHHUKa-
MU OJIMTOKJIa3a u opTokiasa (1.2—1.5 MM) B KBapli-
MOJIEBOLLUIIATOBO  paBHOMEPHO-MEJIKO3EPpHUCTOMN
(0.2—0.5 MM) MUKpPOIrpaHOOJACTOBOII OCHOBHOI

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

Macce ¢ Jenuao00J1acTOBbIMU MOJOCKAMU U JIMH304-
KaMu CJII01d.

TTpoaHanu3MpoBaHHbIE TPAHUTOUIBI IO COOTHO-
LIIEHUIO KpeMHe3eMa U CYMMBI 1IeJIoUeil OTHOCSITCS K
nopoaaM HOpMaJIbHOTO psijia, OJUH 0Opa3ell — K cyo-
LLIEJIOYHBIM, M COOTBETCTBYIOT TpaHOAUOPUTAM, a/1a-
MEJUTUTaM, JIEMKOTpaHUTaM U CyOIlIeJIOUHbIM TpaHu-
tam (Iletporpadus..., 2001) (puc. 7, tabu. 6). Ilo
cTeneHu HachlleHus: Al oTHocuTebHO cyMMbl Ca,
K u Na rpaHoauopuTsl M agaMeJUIMThl SIBIASIOTCS
YMEPEHHO-TJIMHO3EMUCTBIMU  MOpoAaMu  (MHAEKC
rmuHo3eMucToctu ASI = 0.99—1.08), a neiikorpaHu-
TBI — BBICOKOTTIMHO3eMUCTHIMU (ASI = 1.16—1.20)

(puc. 8).

CornacHo kinaccudpukauuu b.P. @pocra ¢ coas-
topamu (Frost et al., 2001), nzyyaemble rpaHUTOUIbI
OTHOCSATCSI K MarHe3WalbHbIM  OOpa30BaHUSIM
(Fe* = FeO,/(FeO, + Mg0) = 0.65—0.81) (puc. 9a),
IPU 3TOM OHU SIBJISIIOTCS TIPEUMYILIECTBEHHO IIIeI09-
HO-U3BECTKOBUCTBIMU I10 COOTHOILIEHUIO MOIMpU-
upoBaHHoro uHaekca Ilukoka (MALI = Na,O +
+ K,0 — CaO = 2.8—6.3) u SiO,; 1o omHo#1 hurypa-
THUBHOM TOYKE MOMNAagaeT B M0JIe U3BECTKOBO-IIIEIOY~
Ne 1
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Tabmuna 6. [TerporeHHBIE KOMITOHEHTHI (Mac. %) 1 2JIeMEHTBI-TIpUMecH (MKT/T) B KAMIIaHCKUX TpaHUTOUIaX MaJIKH-
ckoro nogHsATust CpenrHHOTrOo Xpebra KamuaTku

O6p. M-438/1 | M-424/1 | M-438/4 | M-427/1 | M-439/1 C-11 C-10-3 | M-437)2
8i0, 66.23 66.98 67.96 71.20 73.76 74.1 74.2 74.71
TiO, 0.34 0.73 0.50 0.21 0.10 0.18 0.15 0.19
AlLO; 16.49 14.54 15.90 14.90 14.54 14.2 14.3 13.91
Fe,0; 0.73 2.00 1.54 0.70 1.52 1.07 1.05 0.42
FeO 2.92 3.45 1.73 0.86 0.66 0.97 0.61 1.64
MnO 0.06 0.07 0.07 0.04 0.04 0.037 0.039 0.04
MgO 1.62 1.23 1.67 0.65 0.44 0.48 0.37 0.78
CaO 3.51 3.28 2.96 1.54 1.00 1.0 0.86 2.76
Na,O 4.43 3.81 3.90 4.49 4.33 4.4 4.0 4.32
K,O 2.00 2.24 2.80 3.92 2.50 2.2 3.2 0.95
P,O5 0.21 0.22 0.12 0.13 0.04 0.085 0.080 0.04
... 1.00 0.80 0.76 0.75 0.90 1.23 1.3 0.22
Cymma 99.54 99.35 99.91 99.39 99.83 99.88 100.05 99.98
Be 4.0 2.2 - 7.9 1.1 2.6 2.6 1.5
\% 45.0 66.9 - 23.7 7.2 9.3 7.2 20.2
Cr 26.6 25.1 - 22.3 28.7 11.6 18.5 24.0
Co 9.6 10.5 - 2.2 1.7 2.1 1.3 3.7
Ni 16.9 15.6 - 19.0 45.1 48.0 13.3 26.5
Cu 13.7 14.2 - 2.8 3.0 681 13.8 3.0
Zn 62.7 62.5 - 51.8 41.1 21 25.7 34.6
Ga 21.4 20.9 - 22.0 21.1 14.7 16.9 15.1
Rb 87 91 - 168 60 69 131 47
Sr 251 192 - 257 151 74 54 294
Y 6 42 - 9 27 20 20 5
Zr 195 396 - 75 74 60 55 30
Nb 8 10 - 6 18 5.6 9.7 4
Mo 0.8 0.8 - 0.7 0.7 1.2 1.2 0.8
Cs 42 4.0 - 9.2 1.3 1.9 7.4 3.3
Ba 314 632 - 446 652 436 331 185
Hf 4.8 10.1 - 2.30 2.8 25 2.4 1.0
Ta 0.8 0.7 - 111 0.3 0.83 1.06 0.4
Th 10.4 9.9 - 5.17 5.6 6.1 6.4 5.6
U 1.7 2.3 - 3.33 1.1 3.5 5.0 0.8
La 42.19 29.80 - 17.41 16.72 11.4 10.9 14.02
Ce 83.41 68.64 - 32.67 39.28 28.0 27.1 29.86
Pr 8.97 8.28 - 4.06 4.68 3.4 3.3 3.32
Nd 31.75 32.98 - 14.70 17.99 13.6 13.3 12.05
Sm 4.39 7.53 - 3.20 4.35 3.7 3.6 2.26
Eu 1.03 1.12 - 0.64 0.44 0.28 0.27 1.14
Gd 2.63 7.30 - 2.58 4.47 3.9 3.7 1.75
Tb 0.25 1.14 - 0.35 0.75 0.67 0.66 0.21
Dy 1.00 6.67 - 1.67 4.38 4.4 4.2 0.94
Ho 0.16 1.37 - 0.28 0.89 0.87 0.82 0.15
Er 0.44 3.73 - 0.64 2.34 2.6 2.5 0.38
Tm 0.07 0.56 - 0.09 0.32 0.39 0.38 0.05
Yb 0.44 3.57 - 0.52 1.90 2.6 2.6 0.28
Lu 0.07 0.53 - 0.07 0.27 0.38 0.37 0.04
Lay/Yby 63.56 5.59 - 22.47 5.88 2.90 2.81 33.07
Euy/Eu* 0.93 0.47 - 0.69 0.31 0.23 0.23 1.77
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Puc. 8. Inarpamma Al/(Na + K)—Al/(Ca + Na + K) mis
KaMMaHCKUX TpaHUTOMAOB MAaJKUHCKOTO TOIHSITHUS
CpenmHHOTO XpeoTa.

FeO(FeO, + MgO) (a)
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Puc. 9. Ouarpammsr (FeO,/FeO; + MgO)—SiO, (a) u
(Na,O + K,0 — Ca0)—SiO, (6) w1 KaMIaHCKHX FPpaHU-
TonnoB MankuHckoro nogHsaTuss CpeIuHHOTO XpeoTa.

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

Zr (a)
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10 1 1 1 1 1 1 1 1
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1000 ¢ _
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Puc. 10. Iuarpammsbl (a) erlO4Ga/Al (Whalen et al.,
1987) u (6) Rb—(Y + Nb) (Pearce et al., 1984) nis kam-
MAaHCKUX TPaHUTOMNOB MankuHckoro nomustust Cpe-
JIIMHHOTO XpeoTa.

(6): Tumier rpanuTOB: Syn-COLG — CUHKOJUIM3MOHHBIE,
VAG — Bynkanumdeckux nyr, WPG — BHYTpUIUIUTHBIE,
ORG — oKeaHUYeCKMX XpeOTOB.

HbIX (MALI = 6.9) u uzBectkoBucthix (MALI = 2.5)
oOpazoBaHuii (puc. 96).

Ha xnaccudukammnonHoii puarpamme Jxx. Beii-
mmHa (Whalen et al., 1987) ¢durypaTuBHBIE TOYKU
IrPaHUTOUIOB PACIOJIaraloTCs B I0Jie TPAHUTOB S- U
I-tunoB (puc. 10a), a Ha auarpamme [Ix. IMupca
(Pearce et al., 1984) — B noJie rpaHUTOB ByJIKAaHUYE-
CKUX AYT, OJU3KO K rpaHUIle C T0JIeM CHUHKOJUIN3U-
OHHBIX TpaHUTOB (puc. 100).

[l TpaHUTOMIOB YCTAHOBJIEHO ABa TMIA XOH-
IPUTHOPMAIIN30BAHHBIX CIIEKTPOB pPaCIpencIieHU
P35.
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[ (a)
L M-437/2
i M-438/1
M-427/1
100 |
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=
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S i | 1 1 | | | | 1 | | | | 1 1 |
g 0 ©) C-11
s C10-3
= I M-424/1
100
10
1r
C | 1 1 | | | | 1 | | | | 1 1 |
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
C TR
Puc. 11. XonaputHopMmanuzoBaHHbIe (1o Sun, Donough, 1989) cnekTpbl P35 kaMnaHcKuX rpaHUTOMA0B MaJIKWHCKOTO IO/~
HaTust CpeIMHHOTO XpeoTa.
(a) — o6p. M-438/1, M-427/1, M-437/2; (6) — obp. C-11, C10-3, M-424/1, M-4s39/1. 1, 2 —MeTaTeppUreHHbIC TOPOIbI KOJI-
nakoBckoii (1) u kamuarckoit (2) cepuit, 3 — MUOLIEHOBBIE JielikorpaHuTel Manaciy, [umanau (Crawford, Windley, 1990).
IMepBbiit TUN xapaktepusyercs ¢pakiumoHupo- (Lay/Yby = 2.81-5.88, Eu/Eu* = 0.23-0.47)

BaHHBbIM pactipeneneHueM P39 (Lay/Yby = 22.47—
63.56) u xak nonoxurenbHoi (Eu/Eu* = 1.77), Tak
u Heboabinoil oTpuuarenpHoit  Eu-aHomanueid
(Eu/Eu* = 0.69—0.93) (puc. 11a).

J11s1 BTOpOTO THUTIa XapaKTepHbl YMEPEHHO (Dpak-
LIMOHUPOBaHHBIE CIIEKTPbl P30 1 HaiMuue Xopolio
BbIpaXX€HHOU OTpULIATEIbHON Eu-anomanuu

CTPATUTPA®UA. TEOJJOTUYECKASA KOPPEJIALMA

(puc. 110). Cnexkrpsl pacrpencaeHuss IPaHUTONUIOB
CXOAHBI C TAaKOBBIMU JUISI BMEIIAIOIIMX METaTeppu-
TEHHBIX MOPOJ KOJMaKOBCKOM CepuH, OTINYasICh 60-
Jee Trayookoil oTpuuareibHoil Eu-aHomanueit
(puc. 110), 1 cO COEKTPOM pacHpeneieH!s JIeKOo-
rpanuToB Manacny IumamaeB (Crawford, Windley,
1990), ornuyasicb 0oJjiee BBICOKMMU CYMMapHBIMU
coaepxaHusimu P33,
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20 COJIOBBEB u np.
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Puc. 12. Cnaitnep-nuarpaMMbl HOpPMUPOBAHHBIX Ha cocTaB XoHapuTa (Sun, Donough, 1989) aneMeHTOB-TpuMeceit B KaMIiaH-

CKUX rpaHUTOUAAX.

(a) — o0Op. M-438/1, M-427/1, M-437/2; (6) — obp. C-11, C-10/3, M-424/1, M-439/1.

Craiimep-amarpaMMBbl 3JIEMEHTOB-TIPUMECEN,
HOPMHMPOBaHHbBIE HAa COCTaB XOHJIPUTA, IJIsI TPAHUTOM -
JIOB C pa3HBIM CIIEKTPOM pachpeneneHus P3D xapak-
TEPU3YIOTCSl OOILIMM TPEHAOM OO0OTallleHUsI KPYITHO-
WOHHBIMU JTUTO(DUIBHBIMU 3JIEMEHTAMU OTHOCUTETb-
HO BBICOKO3apsIIHBIX, MakcuMymaMu Rb, Th, La, Ce n
muaumMyMamu Ba, Nb, Sr, P, Ti, pasnmuasics B odmactu
TSDKEJIBIX peaKux 3eMelib U Y (puc. 12a, 120).

s 9eTeIpex 00pa3loB ABYCTIONSIHBIX U OMOTH-
TOBBIX TPAHUTOB M YETHIPEX 00pa3IlOB MeTaMOp(hH-
YeCKHUX MOopoJ KaMyaTCKOU cepuu, MpeacTaBIeHHbIX
OMOTUTOBBIMU U ABYCIIOASIHBIMU CJIaHLIAMU C TpaHa-

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

TOM, ObTM ToJrydeHBl Sm-Nd 1 Rb-Sr m3orormHbie
naHHbIe (TaGa. 7). [paHUTHI HE3HAYUTEILHO pa3Jiv-
YyaroTcs Mo M30TOIMHOMY cocTaBy Nd 1 xapakTepusy-
I0TCSI HEOOJNBIIUMU MOJIoXUTeJbHbIMU (0T 0.85 1o
1.59) u orpuuareibHbiMu (—0.36) 3HaYECHUSIMU
ena(T). U3oTonHbie otHowenus ¥’Sr/36Sr B 1Byx 06-
pasnax rpaHutoB cocTaBiaoT 0.705465 u 0.706303.
Bennuunbl Tyg(DM) a1 rpaHUTOB BapbUpYyIOT OT
590 mo 993 maH. ner. I[lopoabl KaM4aTCKOM cepuu
MMEIT OoJjiee HU3KME OTpULIAaTe/bHbIC 3HAYCHUS
ena(T) o1 —1.63 10 —3.2, GoJiee BLICOKKME U30TOMHBIE
otHoienus ¥Sr/%Sr ot 0.706226 10 0.7079470, a Be-
Ne 1

ToM 23 2015



MO3JHEMEJIOBOM T'PAHUTOUJIHBIN MATMATU3M 21

Taoauma 7. Pesynbrathl Sr-Nd M30TOMHOTO aHaIM3a KAMITAHCKUX IpaHUTOMAO0B tora CpearHHOro xpedbra Kamuarku

Sm, | Nd, ['¥Sm/!N |!43Nd/!4 TN Rb, ST, 8701 /86| 87y /86
Ne 06p. OnucaHue MKT/T | MKL/T d Nd eng(T)| (DM) MKT/r | MKI/T Rb/®°Sr| ®’Sr/*°Sr
MJIH JIET

M-427/1| Bi-Mu rpanut | 4.966 | 28.05 0.10699 [0.512589 |—0.36 804 |152.2 235.7 | 1.86843 |0.706303

M-424/2| Bi rpaHuT 7.473 | 33.57 | 0.134565 |0.512687 | 1.59 895 — — — -—
THEMCOBUAHBIN

M-439/1| Bi-Mu rpanut | 4.480 | 19.81 | 0.136669 |0.51265 0.85 993 - — — —
¢ Gar

M-438/1| Bi rpanut 4.238 | 31.04 0.08254 |0.512644 | 1.28 590 83.41 | 229.1 | 1.05328 |0.705465
THEMCOBUAHBIN

M-445/1| Bi cnanenr 3.070 | 12.37 0.15001 |0.512457 |-3.2 1660 |144.2 | 281.5| 1.48282 [0.707947

M 439/2| Bi cnanert 5.948 | 29.57 0.12158 |0.512527 |—1.63 | 1033 53.68 | 353.3 | 0.43963 |0.706226
¢ Gar

M 422/1| Bi-Mu cnanen | 5.934 | 28.89 0.12417 [0.51245 |-3.16 | 1194 77.16 | 258.7 | 0.86291 | 0.707372
¢ Gar

M 415/1| Bi-Mu cnmanenr | 6.591 | 31.21 0.12764 [0.512454 |-3.1 1235 84.96 | 286.0 | 0.85936 |0.706764
¢ Gar

JuuuHbl Tyy(DM) mis Hux coctasisior ot 1033 go
1660 MiTH. JIET.

OBCYXIEHHUE

ITo nerporpaduyeckoMy cocTaBy U MEeTPOXUMU-
YECKMM OCOOCHHOCTSIM KaMIIaHCKWE T'PaHUTOWUIIbI
SIBJISTFOTCSI TPOMEXXYTOYHBIMU MEKAYy TpaHUTaMu I- 1
S-tunos (Chappell, White, 1992). C rpaHutamu
[-Tuma nx cOMKaOT HaJTM4Yre TPAaHOINOPUTOB, amga-
MEJUIMTOB, B KOTOPBIX TEMHOLIBETHBIM MMHEPaIOM
SBJISIETCST OMOTHUT, BeanmunHbBI Fe* < 0.8, mo3BoJstio-
11IM€ OTHECTU TPAHUTOUIbI K MarHe3uajibHbIM 00Opa-
30BaHUsIM (pHC. 9a), MOBBIIIEHHbBIE COAEPXKAHUS ST,
Ba, V, nonmxeHHbIe coaepxanust Rb (tabi. 6), coot-
nomeHue Zr u Ga/Al (puc. 10a), cxoacTBO C rpaHU-
TaMU BYJIKAHMYECKUX AYT MO COOTHoIlIeHUo Rb wu
cymMmbl Y 1 Nb (puc. 106), nzotomHbiii coctaB Nd,
HeBbIcoKre oTHoweHus 37Sr/3°Sr (<0.708). C mpyroii
CTOPOHbI, IPUCYTCTBUE JEMKOTPAHUTOB C BHICOKMMU
conepxaHusimu Si0,, HaTMYKME MYCKOBUTA U TpaHaTa,
BBICOKAsI TIMHO3EMUCTOCTh YKa3bIBaIOT HA CXOJICTBO
KaMITaHCKUX FPAaHUTOMJIOB C TpaHUTaMU S-TUTIA.

B pa6ore (Chappell et al., 2012) oTMeuaeTcs, 4TO
MOJIOBMHA BCEX HU3KOTEMIIEpaTypPHBIX CEpUii TpaHM -
ToB I-Tmna BocTtouHoit ABCTpainy COAEPXKUT BbICO-
KOTJIMHO3EMUCTBIE Pa3HOCTU Hapsay ¢ 6oiee Madu-
YEeCKMMHU HU3KOTJIMHO3EMUCTBIMU TPAHUTOUIAMU.
b. Usnmen u ap. (Chappell et al., 2012) cuuTaioT, 4To,
COIVIACHO DBKCIIEpPUMEHTAJbHBIM HWCCACIOBAHUSIM,
pacmiaBbl, TeHEpUPOBAaHHbBIE IIPYU YaCTUYHOM ILJIaB-
JIeHN1 0a3aJIbTOBOIO WJIM aHAE3UTOBOIO MCTOYHHUKA
B KOPOBBIX YCIIOBUSIX, SIBJISTIOTCSI IIPEUMYIIECTBEHHO
BBICOKOIVIMHO3eMUCThHIMU. Bo BpeMs1 mermmparaiim-
OHHOIO TIUJIaBJ€HMS MOPOJ MCTOYHMKA TIPaHUTOB
I-Tuna npu OaBAEHUSIX HUXXE MOJISI CTaOMJIBHOCTU

CTPATUTPA®UA. TEOJJOTUYECKAA KOPPEIALMA

rpaHata, 6MOTUT U amM@UOO MJIABSITCS WHKOHTIPY-
3HTHO U 00pa3yloTcsl MUPOKCEeHBI. MI30BITOK allOMU-
HUS MEPEXOAUT IIPU 3TOM B paciuiaB, KOTOPBIA cTa-
HOBUTCSI BBICOKOTJIMHO3eMUCThIM. HabmomaeMbrii
epexo1 BLICOKOTJIMHO3EMUCTHIX COCTABOB I'PAHUTO-
UIOB B HU3KOTIIMHO3EMUCTHIE, 0 MHeHUI0 b. Uan-
nena u ap. (Chappell et al., 2012), MOXeT ITPOUCXO-
JIUTH B CYIIIECTBEHHO M30TOITHO 3aKPBITHIX CUCTEMAaX
JIN60 TIPY TOBBLIIIEHUM TEeMIIEPATyphbl ILIABICHUS,
PaCTBOPEHUHU KaJIbLVS U IPYTUX KOMITOHEHTOB KJIU -
HOIIPOKCEHAa, TMOO0 MpHU 3aXBaTe pacIjIaBOM PECTUTO-
BbIX MUHEPaIOB (ITMPOKCEHOB U TLIarMoksiasa), Ipu-
BOJISI K ITOHMKEHMWIO TJIMHO3EMUCTOCTU pacIuliaBa.
Takum o6pa3oM, KaMITAHCKWE TPAHUTOUMIBI, TTO-BU-
JIUMOMY, Hal0 OTHOCUTh K BBICOKOTJIMHO3EMUCTBIM
rpanutam I-tuna, cornacxo (Chappell et al., 2012).

Coekrtpnl pacnpenencHust P39 apameiumra u
JIEMKOTPAHUTOB ¢ HU3KUM Lay/Yby OTHOIIEHUEM U
XOPOIIIO MPOSIBIIEHHOM oTpuuareapbHo Eu-anoma-
nmmeii (oop. C-11, C10-3, M-424/1, M-439/1) cxon-
HBI CO CIleKTpaMu pacripeaejieHusi P39 rpaHuToB,
o0pa3oBaHWEe KOTOPBIX CBSI3BIBAIOT C YaCTUYHBIM
TUIaBJICHUEM META0CaTOYHOTO TIPOTOJIMTA, HAIIPUMED
CO CHEKTpOM pacrpeneyieHnss P3D CHHKOIIN3MOH-
HBIX MUOIIEHOBEIX JIeiiKorpaHUTOB MaHacry, [iMasan
(Crawford, Windley, 1990). CxoacTBO CIEKTpOB pac-
npenejieHuss P30 rpaHUTOMI0B U BMEIIAIOIX METa~
TepPUTEHHBIX TTOPOJT KOJIITAKOBCKOM CEPUHM, a TAKKE
TMePEKPBIBAIOIINX €€ METaTePPUTECHHBIX TTOPOIT KaM-
YaTCKOM CepUM TOATBEPXKIAeT 3TO MPEAIOIOXKECHUE
(puc. 116). ITo nanabM (Puxrtep, 1995), nepBUYHbIS
MOPO/Ibl KOJIMNAKOBCKOM CEpUM UMEU I'PayBaKKOBbBIM
COCTaB, a TAKOBbIE KAMYATCKOM Cepuy MPEACTaBIISLIN
€000 NIMHBI C PEIKUMHU ITPOCTOSIMU OT IOJIMMUKTO-
BbIX J10 apkKo30BbIX TecyaHukoB (TapapuH, 1988,
2008).
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®dpakumoHupoBaHHbBIE crieKTpbl P3D rpaHomuo-
pUTOB, alaMeJLIUTOB, OOCTHEHHbIC TSIXKEIbIMU JaH-
TaHOuAaMM, ¢ BbICOKUM Lay/Yby OTHOlIEeHueM, ¢
OTCYTCTBHMEM WJIM TIOJOXKUTEeNbHOM Eu-anomanneit
(o6p. M-438/1, M-427/1, M-437/2; puc. 11a), 11o3-
BOJISIIOT IIPEAIIOIaraTh, YTO BEITLIABICHUE TPAHUTOM -
JIOB IIPOMCXOIMJIO B PABHOBECUHU C PECTUTOM, B KOTO-
pOM MPUCYTCTBOBAJIM I'paHaT U (MJIU) porosasi 00-
MaHKa, M Ha Oojbllell TJIyOMHe, 4yeM B ciydae
nerikorpanuToB. [1ogmoOHBIE CIIEKTPBI UMEIOT BBICO-
KOTJIMHO3EMUCTBIC TOHAJIUTBI, TPOHIALEMUTHI, I'pa-
HOOWOPUTHI, MOJy4YeHHBIC B pe3yJIbTaTe 3KCIICpU-
MEHTOB MO YAaCTMYHOMY IUIABJICHUIO MeTaba3uTOB
(mampumep, Rapp, Watson, 1995 u mH. ap.).

Kak ObI10 yKa3aHO BbIIIE, OOpPa30BaHUST KOJTIA-
KOBCKOI cepuu, B KOTOpbIE€ BHEAPSIUCH KAMIIAHCKIE
rPAaHUTOUBI, MOTYT ObITh aHAJIOTaMU TTPUKOHTUHEH-
TaJIbHBIX CYOIYKIIMOHHO-aKKPELIMOHHBIX MPY3M, Ha
YTO yKa3blBaeT HaJIMYME CPelud TPEeUuMYIIECTBEHHO
MeTaTeppPUIreHHbIX MOPOMA CEpUM JIUH3OBUIHBIX TeJ
aM@pUOOIUTOB, UMEIOIINX TEPBUYHBIN COCTAaB OKea-
HUYeCcKMX 0a3aibToB, U MeTaKapOOHATHBIX TTopo. Ta-
KUM 00pa3oM, B UCTOYHUK IIJIABJIEHUS] KaMIIaHCKUX
TPAaHUTOUAOB MOTJIO BOBJIEKAThCS KaK OCaTOYHOE BE-
11IECTBO aKKPELIMOHHOW MPU3MbI, TaK U TPUCYTCTBYIO-
IIye B Hell (pparMeHThI 0a3aJILTOBOTO MaTepHraia.

Hes3HauuTtenbHble pasauyus TPaHUTOUIOB TIO
Nd-M30TONMHOMY COCTaBY yKa3blBalOT Ha TO, YTO UX
KOPOBBIII MPOTOJUT HE MOT CYIISCTBEHHO pa3yiu-
yaTrhCcsl MO BoO3pacTy. biuskue K HyneBbiM (—0.36)
WIN HEBBICOKHE MOJOXUTENbHbIE 3HaUeHUST Eng(T)
(mo 1.59) B coueTaHUM C HEBBICOKMMU OTHOILLIEHUSIMU
87Sr/%¢Sr (0.706303, 0.705465), a TakKe MOJIEIbHbIE
BO3pacThbl rpaHUTOUI0B (590—993 MIIH. JieT) cBUE-
TeJILCTBYIOT O (hOPMUPOBAHUM MOPOJI 32 CUET UCTOYU-
HUKOB C KOPOTKOM KOPOBOM MPEABICTOPUEM, a TAKXKE
0 TOM, UTO JIpeBHEE KOPOBOE BEILIECTBO HE BOBJIEKA-
JIOCh B TIpollecC TIaBJAeHUsT Mpyu oOpa3oBaHUU rpa-
HUTOUIHBIX MarM.

BbIBO/1bI

[eoxpoHooruyeckue faHHbIE YKa3blBalOT Ha TO,
4TO IIO3AHEeMeJIOBbIe rpaHuTouanl (ot 83.1 = 2.0 no
76.2 = 1.5 MJIH. JIeT) IIMPOKO PacpoCTpaHEeHbI Ha
tore CpeanHHoro xpebta Kamuatku. D10 mo3BoJisieT
BBIIEJUTh KaMITAaHCKUM 3Tala MarMaTM4eckou ak-
TUBHOCTH Ha tore KamyaTku ¥ cCHUTaTh 3TOT STAll Ha-
yajioM (opMUpPOBaHUS “HOBOOOpPA30BaHHOI” KOH-
TUHEHTaJIbHOI Kopbl. [To meTporpaduueckomy co-
CTaBy U MNETPOTreOXMMUYECKUM XapaKTepUCTUKaM
KaMIMaHCKUE I'PaHUTOUIbI MOXKHO COTTIOCTABUTh C BbI-
COKOTJIMHO3€MUCTbIMU IpaHUTaMU [-TuIia, corjacHo
(Chappell et al., 2012). JlaHHBIE O CTPOEHUM 1 COCTa~
BE BMEIIAMOIIUX TOJI ITO3BOJISIIOT MpPEeAroJiararhb,
YTO TPaHUTOUABI BHEAPSUIMCH B KOMIUIEKCHI aKKpe-
LIMOHHOW MpPU3MBbI, a JaHHBIE TI0 paclpeaeeHUIO
P35 rpaHuTOMI0B YKa3bIBalOT HA TO, YUTO B UX METPO-
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