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HW3y4eHsl meTpo- n reoxuMmieckre ocodeHHocTH mopoy Kapemvckoro Bynkarmdeckoro neaTpa (KBLI), koro-
pblil sBisieTcs Hanbonee KpynHbIM B Bocrounom BynkanumdeckoM nosice Kamuatku. ®opmuposanne KBI]
TIPONCXOAWNIIO PUTMIAYHO, HAUMHASI C KOHIIA IUIMOIEHA, ¢ 00pa30BaHMEM IIOCIIEIOBATENBHBIX Ar(hepeHINPO-
BaHHBIX KOMIUIEKCOB NOPOJ. 3aKOHOMEPHOE U3MEHEHNE MaKpO- U MUKPO3JIEMEHTOB B BYJIKAHMUYECKIX MOPO-
max KBII o6ssicHsieTcs nporeccaMn (PpaKIMOHNPOBAHUSI MIHEPANBHBIX (ha3 W3 MCXOTHOro paciiiasa. [Ipn
9TOM IPOUCXOAMIIO 0OOrallleHHe OCTAaTOYHBIX PacIUIaBOB ILIEI0YaMH, TUTO(UILHbIME 3neMeHTamu (Rb, Ba,
Sr, Pb, Th, U, P33) n ucromenne korepenTHbiMI 351eMeHTaMu (Ni, Cr, Sc, Ti). Pe3ynapTaThl reoxumMimaeckoro
uccrefoBaHus Bynkannueckux nopoy KBII yka3bIBatOT Ha NPUHAATIEKHOCTh UX K TUIIMYHBIM OCTPOBOAY>KHBIM
o6pazoBaHmsM. OTHOIIEHNST HECOBMECTHMBIX 3JIEMEHTOB MPETIONATalOT IBYXKOMIIOHEHTHYIO CUCTEMY Mar-
MOOOPa30BaHNs: OOEHEHHbI MaHTHITHBIA UCcTOYHUK (N-MORB) n HafgcyOGRyKIoHHbIE (hITFOHbI (OCTPOBO-
AY>KHBIIl KOMITIOHEHT). BeposiTHBI mporiecchl KOHTAMIHAIIAHN paciijlaBa B KPOBJIE IIPOMEKYTOYHOTO OYara Me-
TaCOMaTU3NUPOBAHHBIM CyOCTpaTOM, fJ00aBKa KyMYJIYCHBIX KpUCTAJNIMYeCKHX (pa3 (U pacIuiaBoB) Oolee paH-

HUX 3TanoB MarMoobpa3oBannst B KB,

BBEJEHHNE

I'eonoruueckoe crpoenune KapbIMCKOro BYJIKAaHH-
YeCcKOro IEHTPa, UCTOPHS pa3BUTHUS BYJIKAaHU3MA B HEM,
HU3y4YeHbI IOCTATOYHO Xopouio (2, 4, 5, 7-10, 12, 14-16,
20-22, 24,25, 28 u ap.]. 3akoHOMEepHOE N3MEHEHNE CO-
CTaBOB BYJIKAHUTOB, JNINTEJILHOE U PUTMUYHOE Pa3BU-
THE BYJIKAHWYECKOTO LIEHTPA B IUIMOLECH-YETBEPTUY-
HOE BpeMsl MO3BOJIWIIM PACCMATPUBATH €r0 Kak 3je-
MEHTApHYIO Y€Ky BOCTOYHOrO BYJIKaHMYECKOIO
nosca [7]. bpuim mpoBeeHbl AETAIBHBIE UCCIIEJOBAHUSA
110 U3YYEHHUIO COCTAaBa MMPOKIACTHYECKHX OTIIOKEHUN,
CBsI3aHHBIX ¢ (popMmupoBaHueM Kaiwaep [8—10, 22] u
CTENEHN KOMarMaTHUYHOCTH OJIMBUHCOfEepKalux Oa-
3ansTOB [12]. Bonbmon craTucTindeckuii o0beM JaH-
HBIX IO COCTaBaM MHHEPAJIOB MO3BOJIMI BbIPaOOTATh
KPUTEPUH IO PACUWICHEHUIO IEM30BbIX TY(POB U UTHUM-
OpUTOB U YBSI3aTh MX C KOHKPETHBIMH KaJIbICPAMH.
YCTaHOBJIEHO 30HAIBHOE CTPOEHUE BEPXHEKOPOBBIX
MarMaTUYeCKHUX O4aroB U CBSI3b UX ¢ Ooliee MIyOOKUMEI
MPOMEKYTOYHBIMHI O4aramMu 0a3anbTOBOIO COCTaBa, O
YeM CBHUAIETENILCTBYET FeTEPOreHHOCTh MMPOKIacTuye-
CKHMX OTJIOXEHWH. [IJ1s1 MOCTpOEHUs KOHLENTYalbHON
mopenu pa3putust KBII 1 BbISIBIEHNS HCTOUHUKOB PO-
JTOHAYAJIbHBIX MarMaTU4YecKUX pacljaBOB HEOOXOMU-
MbI JJaHHbIE IO T€OXUMUN MAarMaTUIeCKNX MOPOJ, LEH-
Tpa. B nanHOIl paboTe NpUBOXATCS NIEPBbIE PE3YJIbTa-
Tl TETPO- U TEOXUMHYECKUX MWCCIEOBAaHUI BCETO
CIeKTpa ByJIKaHMYeckux nopop KapbiMckoro Bynka-
HUYECKOroO LIEHTPA, MPOBEJECH aHAIN3 X U3MCHEHUS B
Pa3UYHBIX CEKTOpaX CTPYKTYPhI ¥ BO BpEMEHH, ClieTa-
Ha OLIEHKAa POJIM PA3JIUYHbIX UCTOYHUKOB B IeHE3HCE
pacIiaBoB.

T'EOJIOTMYECKOE CTPOEHME KBIJ

Kapbimcknii Bynkanndeckuili nentp (KBLI) mpepn-
CTaBIISIET COOOM CIIOXKHOE CTPYKTYypHOE 0Opa30OBaHUe,
COCTOSIIIIeEe M3 MHOKECTBA BYJIKAHUYECKUX MOCTPOEK
mngepeHIPOBaHHOIO COCTaBa U psAa KaJbAEePHBIX
CTPYKTYP, IMHAMAYECKH PA3BUBAIOIINXCS BO BPEMEHH.
Lentp mmeet pazMepsl 55 X 65 KM, OH HECKOJIBKO BbI-
TSHYT B CEBEPO-BOCTOUYHOM HaIPaBJIEHNH BJIOJIb BYJIKa-
HIYecKoro mnosica (puc. 1). 3a mpuMepHO 2 MIH. JeT
pa3BUTHUS BYJIKAaHW3MAa B €r0 Mpefenax ool 00beM
BBIHECEHHOT'O Ha MOBEPXHOCTh BYJIKAHWYECKOTO MaTe-
puana cocrasnsiet 1700 km? [7]. Panee Bpemsi hopmu-
poBaHus Kanbaep oyeHnBanock B 180—150 teic. aet [7].
B nocnengHre rofpl Noay4YeHbl JaTUPOBKU UTHUMOPH-
ToB KapsiMmckoro nieHTpa Ar-Ar metopom [20], koTo-
pble MOKa3bIBAIOT, YTO Mpouecc (POPMUPOBAHUS WI-
HIUMOPUTOB U Kalbep B palloHe ObLT Ooiee AJINTEINb-
HbIM. OH Hauajcsi B 30IIEICTOLEHE, KOorjga OKOJIo
1.1-1.2 maH. neT Ha3zax chOPMUPOBAIUCH KATbAEPhI
CEeBEPHOI0 ceKTopa (KanbepHblil kommiekc CTeHa-
Cob6onuHbIN), W TPONOIDKAJICA Ha IOre, IJe OKOJIO
430 TeIC. €T Ha3ay chopmupoBanack Kaabaepa [lomno-
BuHKa (Kpaitnsst). O6pa3oBaHue 3THX KallbEP COIPO-
BOXKIAJIOCh MOIIIHBIMU U3BEPXKEHUSIMU MUPOKIIACTUKHY,
B pe3yibTare 4ero OOLIMpHbIC MONs Ha nepudepun
LEHTpa OKa3aJHUCh MOKPBHITHI NEM30BLIMH TyaMu U
UTHUMOpHUTAMH JAlUTOBOTO M PUOJALIUTOBOIO COCTa-
Ba. O0bEM BBIOPOIIEHHOM NTPH 3TUX U3BEP>KEHUSIX M-
pokacTuky onenuBaeTcst B 280 km? [7, 24], uto B nepe-
cyeTe Ha Marmy aet okoso 100 kw3 [22].
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Puc. 1. Kocmuaecknit caumok paitona KBLI. / — Bynkanbr; 2 — kanbaepsl: [ — Crena-Cobonunas, 2 — [TonosuHka, 3 — OgHOO0KAs,
4 — Axapemrm Hayk, 5 — Kapbivckast; 3 — TepMallbHbIE HICTOYHIKY; 4 — MecTa 0TO0pa Mpo6 ¢ MOBLIIIEHHBIM COfiep>KaHIEeM PEAKO-
3eMeNbHBIX 3JIEMEHTOB, MG PbI 0003HaYaI0T HOMep 06pas3ua.
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dopmupoBaHne KaJdbAep U CBA3aHHBIX C HUMH I10-
KPOBOB TYy(hOB M UTHUMOPUTOB, SIBUJIOCH 3aMETHBIM
pyOeskoM B UCTOpPHUHM BYJIKAaHWYECKOro IieHTpa. Panee
BYJIKAHU3M B pafioHe ObLJ1 IPEeUMYIIECTBEHHO Oa3allb-
TOBBIM, aHAe316a3abTOBBIM. B aTOT nepuopn cchopmu-
poBaJNch Takue ByJKaHbl, Kak 2Kynanosckue Bocrpsi-
ku, dutmapa, Kpaitawuii, Paznateiil, Cobonunslii, Cte-
Ha, [Ipubpeskubiit FOxubIi, [Ipudpexaniit CeBepHBIH,
Bbepesosslil u ipyrue. BynkaHnb! ObLIN paccpeioTode-
HbI Ha OOLIMPHON IUIOIIAAN W HE COCTABJISUIA €AUHON
o6ocobneHHon rpynmbl. O6muil 00BeM J1aB U MHAPO-
KJIACTUKM, CIararoliX BYJIKaHbI, pa3HbIMU UCCIIE0-
BaTeIISIMU OLIEHUBAETCS TTO-pa3HoMy — oT 150 km? [17]
mo 375 k3 [24].

B pe3ynbpTaTe MOIIHOM 5KCIUIO3UBHOI aKTUBHOCTH
K Haydajy cpefHero mietcroneHa (mpumepHo 400 Thic.
JIET Ha3aj1) B 0CeBOii 30He KapbIMCKOro ByJIKaHUYECKO-
ro neHrpa cpopmupoBanack kpynHasi KapsimMcko-Ce-
MSTYMKCKas KalbiepHas Aenpeccus [28], cocTosmas u3
CHCTEeMBbI KaJibiep, 00pa3yronmx OOIMIMPHYIO 00J1acTh
MIPOCEaHNs, BBITSHYTYIO BIOJIb €rO OCH.

[Tocne popmupoBaHus Kanbaep BYJIKAHU3M cOCpe-
HOTOYMICS UCKIIIOUUTENBHO BHYTpU HuX. B cpemHem-
BEpXHEM IuIelicToleHe (hOpMUpYIOTCs BylKaHbl — Of-
HOOOKwH, [1Bop, [Ipa-Cemsaunk, I1pa-Kapsmvcknii. Co-
CTaB JIaB, UX CJArarolyX, IPEUMYILIECTBEHHO aH/E3H-
0a3aJIbTOBBI, AHMIE3UTOBBIN, CpEHEE CcOoAepKaHUe
Si0, — 56.1%, 00beM JaB 3TOro Neprofia OLEHUBAETCS
B 80 xM* [24]. [lanbHeiilee pa3sBUTHE BYJIKAaHU3MA B
paifioHe CBSI3aHO C IeATEebHOCTIO 3THX ByJIKaHOB. Ha
HEKOTOPBIX U3 HUX M03%Ke (POPMUPYIOTCSI HOBBIE Kallb-
gepbl (OpHoOokasi, Manblii CeMsuuK), a B MO3JHEM
TUIEHICTOIIEHE BHYTPH KaJbJep BO3HUKAIOT HOBbIE BYJI-
kaHbl (Akagemun Hayk, Manbiit CeMstunk), a 3aTem —
cHOBa Kanbaepbl (Akagemun Hayk, KapbiMckast). Byn-
KaHU3M B TIO3[JHEM TIJIEHCTOLIEHE-TONOIEHe OTINYaCs
OO0JIBIINM pa3HOOOpa3yeM (IO COCTaBy U (palanbHbIM
TUIIaM), IPHYEM B FOXKHOM CEKTOPE CTPYKTYPhI IO 00b-
eMy npeoOrajana IMPOKIACTUKA — TIeM3bI, TIeM30BbIe
Tybl 1 ITHUMOPHUTHI JAIUTOBOTO COCTaBa, a B CEBEP-
HOM — JIaBbl, [IPEUMYLIECTBEHHO 6a3aJIbTOBOT'O COCTABA.

Taxkum oOpa3oM, pa3BuTHe ByiaKaHu3Ma B Kapbim-
CKOM BYJIKAHMYECKOM LIEHTPE B TEUEHHE IUTMOLECHA U
TUIETICTOLIEHA TMPOUCXOAMWIIO CJIOXKHO M CONPOBOXKHIA-
JIOCb MHOTOKPaTHBIMH TIEPHOJlaMi KallbiepooOpa3o-
BaHus. Kak otmevanocs B [7], ByJIKaHU3M MOCTENEHHO
IETparpOBall 1 CTATMBAJICS K IBYM, OTHOCUTEIHHO He-
OOJIBIINM IO Pa3MePy, y9acTKaM: Ha ceBepe — K BYJIKa-
Hy Manbiii CeMs4uK, Ha IOre — K Y4acTKy, pacnosio-
>KEHHOMY MexXfly ByiakaHamu OpnoOokuil u [IBop
(xanbaepa KapbpiMckasi 1 OfTHOMMEHHBIN BYJIKaH).

METOJIMKA VICCIIEMOBAHUN

OmnpepenieHne COCTaBOB MUHEPAJIOB B 0a3aibTax
KBII npoBoAuiock KakK B IOJIXPOBAHHBIX aHILIU(AX
MOPOJ, TaK M C UCIONb30BAHNEM MOHOMUHEPAIBHBIX
¢pakmii. AHANIA3 MUHEPAJIOB MOJTyYeH Ha 3JIEKTPOH-
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HOM MuKpoaHanusatope “Camebax-244”, obopyno-
BaHHbIM 3HEProO-JUCIEPCUOHHBIM CIEKTPOMETPOM
“Kevex” B IHCTUTYyTe BYJIKAHOJIOTUHU M CEACMOJIOT U
JIBO PAH. Yckopsromee Hanpstbkenune 20 kB, Tok
40 sA. KonandecTBOo aHaiIM30B cocTaBuiao oT 50 mo
150 st KaxKa0ro U3 McclieOBaHHbIX MUHEPAJIOB.

Banosble cuMKaTHBIE XUMAYECKIE AHATIN3BI BYJI-
KaHWUTOB BBINOJIHEHBI B LIeHTpanbHON XUMIYECKO Ta-
O6opaTopun VIHCTUTYTa BYJIKAHOJIOTMA ¥ CEICMOJIOT AN
IBO PAH meTogoMm “MOKpOii” XUMIH, 32 HCKITFOUEHN-
eM Na,O u K,O, KoTopble onpefeneHbl METOAOM ILIa-
MeHHoM (poToMeTprn. Cofieps>KaHus peAKUX 1 pefKo3e-
MEJIBHBIX 3JIEMEHTOB ompefeneHbl MetogoMm ICP-MS
Ha npu6ope ELEMENT 2 (Finnigan MAT, Germany) B
HNucruryre reoxummm um. A.Il. Bunorpagosa CO
PAH. Meropuka wuccnegoBanuii Ha npudope ELE-
MENT 2 uznoxkena B [26]. [I7s1 aHAaTUTHIECKOTO KOH-
TpOJII HMCHOJB30BAINCh CTaHfAapTHbIE 00pa3upl Oa-
3anmpTOB (BIR-1, B-2, BCR-2, BHVO-1) u anpe3ura
(AGV-1).

IIETPOI'PA®USA 11 MUHEPAJIOT A

ba3anbThl U anAe3n0a3anbTHI IEPUONYECKN U3-
JUBANNCH HA TPOTSDKEHUH BCEHl MCTOPUU Pa3BUTHUS
KapbIMCKOTO BYJIKaHWYECKOIO LEHTPA, BIJIOTH O
HacTosiero BpemeHn. Hanbomnee mmpoxko oHu npefi-
CTaBJIEHBI B O3[IHEM INTMOLICHE—PaHHEM IUIEHCTOIIe-
He, ciarasi JoKalbjepHble ByJIKaHUUECKHUE IOCTPON-
ku. [Ipeo6nanaror nmopgupoBbie pa3HOCTH C COfEp-
>KaHueM (peHOKpucTaiioB B npegenax 20—40 o06. %,
B MEHBIIIEN cTeneHn — cybadupoBbie, aduposblie. [1o
COCTaBy MHHEPAIBLHBIX AacCOIMalil BBIIEISIOTCS
onuBHHCOfiepxKalye [12] u ABYNMUpPOKCEHOBBIE Oa-
3anbThl. [IepBble npeacTaBieHbl ONMBUH-aBIUT-ILIA-
TMOKJIa30BbIMU Pa3HOCTSIMHU, B KOTOPBIX KOJIUYECTBO
TEMHOLBETHBIX MIHEPAJIOB BApbUPYET B Ipeeax 7—
10%, n neidKoKpaTOBBIMH, B KOTOPBIX CpEeu BKpar-
JIEHHUKOB TMpeolnafjaeT IIaruokja3, KOJMYEeCTBO
TEMHOLBETHBIX MUHEPAJIOB YMEHBIIAETCS, MOSIBIISICT-
cs1 poMOnyeckuil nupokceH. OnuBrHcoAepXKaye Oa-
3aNbThl Pa3BUThl B OCHOBHOM B CEBEPHOM CEKTOpE
cTpyKTypbl. OHH cllararoT ocHoBaHus ByikaHOB Cre-
Ha, Manpiii CeMsTUMK M MPOCIIEXKUBAKOTCS BIUIOTH [0
rojiotieHa [28]. Ha rore (roxksblii cekTop KBLI) onu-
BUHCOfIep:Kalye 6a3abThl BCTPEYAIOTCS B OCHOBAHUI
TOKaJIBEPHOro BynkaHa [JuTMmapa, a TakKe IpeficTaB-
TSIOT Teppy cyGaapalibHBIX 3KCITIO3UBHBIX U3BEpKe-
HUI1 ceBepHOIT yacTu KapbIMcKOro o3epa B HO3IHEM r0-
noueHe u B 1996 r. Ha 3aBepuaronmx atanax popmu-
poBaHMsI BYJIKAHOB MalOCEMSIYMKCKOA TPYINbI U
JuTMapa MOsIBISIOTCS IEHKOKpaTOBbIE pa3HOCTH. Bee
Ooree TMO3[HHE BYJIKAHMYECKHE BHYTPHUKAIbACPHbIE
HoCTpoiKH (ByiKaHbl OpHoOOKMI, BemnstHkuHoOI, ITpa-
KapbIMckmit) closkeHbl JBYIHPOKCEHOBbIMH (THIEp-
CTEHOBBLIMM) Oa3ajabTaMU, aHIe3nOa3anbLTaMy, aHC31-
TaMu. ONMBUH B HUX OYEHb PEMIOK U MPEJICTaBISIET CO-
6011 KpucTauInIeckue PparMeHThl Ie3MHTETPUPOBaH-
HBIX OJIUBHH-aHOPTUTOBBIX BKIIIOUCHHUI.
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AmHpie3n6a3anbThl BCTPEYAIOTC B MOAYMHEHHOM
KOJIMYECTBE, IIPEACTaBIIECHb] ABYIMPOKCEHOBBIMU pa3-
HOCTSIMH ¥ OTJMYAIOTC MEHBIINM KOJIMYECTBOM
BKPAaIUIEHHUKOB, BIUIOTH 10 CyOa(pUpPOBBIX Pa3HOCTE.
IlocnepHue BcTpedaroTcsl Kak B BYJIKAHWYECKHX IIO-
CTpOMKax, TaK M CpEefu INPOAYKTOB 3IKCIIO3MBHBIX
KaJIbIepoOOpa3yIOLINX 1 apeabHbIX H3BEPKEHMIL.

AHRE3NTHl SIBISIOTCS MPOMEKYTOYHBIM UJIEHOM
maggepeHnmpoBanHOl cepum mopoy KapbsmMckoro
BYJIKQHUYECKOTO I[EHTpa W MpeJICTaBIeHbI Kak 3y-
3UBHBIMH, TaK M 3KCIUIO3UBHbIMH aHanoramu. O6beM
HX IACKPETHO MEHSIETCS B 3aBUCUMOCTH OT ITPAYPOYECH-
HOCTH K ONpPEMeNIeHHbIM CTPYKTYpaM U 3Tanam pa3Bu-
TS paiioHa. Ha BynkaHax 1aBbl aHI€3UTOBOI'O COCTaBa
Pa3BUTHI HE3HAUUTENBHO, OOpa3ysl NMO3[HUE JIaBOBbIE
MOTOKHM 1 3KCTPY3UBHbIE Kymnosia. Ponb ux Bo3pacraeT B
CTPOEHNHU BHYTPHUKAJIBAEPHBIX BYJIKAHOB BEPXHEIUIEH-
CTOLICHOBOro Bo3pacra (BynkaHbl OpgHoOokui, IIpa-
Kapbivckuii, Akafgemun Hayk), a ronoueHoBbIi ByJI-
kaH KapbIMckuii (IeHTpanbHbII CEKTOP) CIOXKEH Tpe-
AMYILIECTBEHHO aHAE3UTaMU. 3HAYUTEIIbHbIE OO BEMBI
aHJIE3UTOB (PUKCUPYIOTC Ha KaJlbAepoOoOpa3yOIKX
aTamnax, B YaCTHOCTH, IpH (POPMUPOBAHUHU SOILIENCTO-
1eHoBbIX Kanbaep Crena-CobonuHast, cpegHenieicro-
LEHOBOU Kasbfaepbl [1onoBUHKA M TOJOLEHOBOM — Ha
BysikaHe [Ipa-Cemstuuk [7, 21, 28]. 111 mupoknacTuye-
ckux orioxeHuid kKanbaep Crena-CoOosuHasi Xapak-
TepHa Hambollee BICOKasl CTENEeHb CIIEKaHus TIeTIOBO-
NEM30BOTO MaTepuaja — UTHUMOPHUTHI MPeCTaBIeHbI
JIaBOMOJOOHBIMA PA3HOCTSIMA M YMEPEHHO CIIEKIINMU-
cs, ¢ (ppsIMME YEepHOTO OOCHIMAHOMONOOHOrO CTeKIa.
[lennoBo-nneM30Bble MUPOKIACTHYECKNE OTIOKEHUS
KaJbflep FOKHOTO CEKTOpa M Kaibaepbl KapbeiMckas B
OCHOBHOM CJ1a00 CIIEKIIINecs ¥ He CIeKImecs. AHe3u-
ThI OTJMYAIOTCS NOP(HUPOBON CTPYKTYPOH C KONHWYe-
CTBOM BKpaIuIeHHUKOB A0 25-30 06. % 1 AByIHPOKCEH-
IJIAaTMOKJIa3-TUTAHOMArHe TUTOBOM acCoLMaIiiet MIHE-
pajoB BKpaIJIEHHUKOB.

Janutel, propamuTel, puosuThl. IIopoas! mmpoko
TIpefCTaBJIeHb] B 9KCIUIO3UBHBIX (DalysiX, CBA3aHHBIX C
¢opmupoBanreM Kainbaep roskHoro (ITomoBmaka, Of-
HoOoKad, Akagemun Hayk) u nenrpanssoro (Kapbim-
CKasl) CEKTOPOB ByJIKaHN4eCKOro enTpa. [Impokiactu-
YECKUE OTIIOXKEHUS 9TUX KAJIBAEP MPEACTABICHBI IIEM-
30BBIMU Ty(haMH, OTJIMYAIOIIMMUCS HU3KOH CTENEHBIO
CMIEKaHUs WM HE CIEKIIMMHACS pa3HOCTSAMH arjoMepa-
TOBOH pazMepHocTH. CHeKImecs pa3HoCTH (MTHUMOpU-
ThI) BCTpeyaroTcs pegko. HesHaunTenbHble 0OBEMBI
JALUTOBBIX M PUOAALUTOBBIX MIHUMOPHTOB KaJbAEP
Crena-CobonmHasi, Kak 1 UX aHJE€3UTOBbIE aHAIOI U, OT-
JIMYAIOTCS BBICOKOH CTENEHBIO CIEKaHUsi, BIUIOTH [0
TIOSIBIIEHNS pEOMTHUMOpHUTOB. KOIMmiecTBo BKparuieH-
HUKOB B IIEM3aX W MTHUMOPHUTAxX KHUCIOrO COCTaBa Ba-
prupyer B ipeenax 10-35 06. %, ofHaKO BCTPedaroTCst
n cybacduposble (kampaepa OpHOOOKas) pa3HOCTH.
BxpannenHuku nopogoo0pasyroyx MUHEPATIOB Npe-
CTaBJIEHbl B OCHOBHOM ILTarvOK/Ia30M, OPTO- U KJIMHO-
MMMPOKCEHOM, PYAHBIMH MHHEpajlaMi (THTaHOMarHe-
THUT, WIBMEHHUT). B IeM30BBIX Tydax FOXKHOTO CEKTOpa

B NIEPBBIX TOPIMSIX MMPOKIIACTHYECKIX OTIIOXKEHNN Ja-
CTO TIPUCYTCTBYET am(puOO, a B PHOIUTOBBIX MEM30-
BBIX Ty(hax U UITHUMOpHUTaxX Kajbaepbl [lomoBuHKa mo-
sBrsieTcs KBapy 1 Ouotut. HeGombloi 060 beM JauToB
Y pUOALIITOB CJIaraeT MO3JHIE IKCTPY3MBHBIE KyIOJa
Ha BYJIKAHIYECKHX IIOCTPOIKax, 00pa3yeT BEpXHEIIe-
CTOLICHOBbIE MOHOrEHHbIE ammapaThl [15] u jJaBoBbIe
noToku (Byakan Axkanemun Hayk). BkpanneHHuku B
JlaBaxX — 3TO B OCHOBHOM 0e3BOfHAs ABYNUPOKCEH-TIJIa-
TMOKJIa3-TUTAHOMATHE TUT-UJIBMEHUTOBOM aCCOIMALIMS
MuHEpanoB. Cper MOHOTEHHBIX allllapaToB, Pa3BUTHIX
1okHee BynkaHa CoOOOJNMHBIA, OTMEYeHa 3KCTPY3us
PHUOJMTOBOTO COCTaBa, BKPAIUICHHUKHA KOTOPOW TIpef-
CTaBIIEHBI, KaK W B MEM30BBIX Ty(ax Kaibaepb! [1oimo-
BUHKA, IUTarMOKJIa30M, KBaplieM 1 ONOTUTOM.

CocraB munepanoB. [Inarnokmnas npeobnagaet BO
BCEX THIAX BYJIKAHMIECKUX MTOPOJ paitoHa. B 6a3anprax
cocTas siaep PEHOKPHUCTAIITIOB COOTBETCTBYET aHOPTHUT-
OUTOBHUTY C TpeobiafanueM 60Jiee BHICOKOKAbIME-
BBIX COCTaBOB B MEJTAHOKPATOBBIX pa3HOCTsX. K kpasim
KPUCTAJIJIOB COIEpKaHWe aHOPTUTOBOTO MHUHAJA CHU-
skaeTcs o tadpayiopa. B ange3nba3zanbTax u aHae3uTax
OH M3MEHSIeTCsI OT ONTOBHUTA /IO aHfIe3nH-1abpanopa. B
MIPOKIIACTUIECKIX OTIIOXKEHUSIX KaIbEP COCTAB MAHE-
paja onpefensieTcss B OCHOBHOM COCTAaBOM PacIuiaBa, He
OTJIMYAsICh 3HAUMMO B MUPOKIIACTHKE PA3HBIX KAJBAEP.
B pnonmuToBbIX Tyhax BKpAMIEHHUKH MPEICTABICHbI
OJIUTOKJIA3-aHJIe3MHOM, PUOJAIUTOBBIX — aHJE3MHOM,
JALUTOBBIX — aHAe3uH-1a0pagopoM [9, 21]. B saapax de-
HOKPHCTAJIJIOB MHOTA BCTPEYAIOTCS BHICOKOKAIBIIME-
BbI€ IIJIarMOK/Ia3bl.

OnuBHH SBISIETCS OTHUM U3 INIaBHLIX (3—7%) TeM-
HOLBETHBIX MAHEPAJIOB B ME30- M MEJIAHOKPATOBBIX Oa-
3anbTax ManoceMsTYMKCKOM TPYIIbl BYJIKAHOB CEBEP-
Horo cexktopa KBIL] [28], paHHEeYeTBEpTUYHOTO BYyJIKa-
Ha [luT™Mapa, MO3[HErONOLECHOBBIX (M COBPEMEHHOTO,
1996 r.) apeanbHbIX 3KCIIO3UBHBIX U3BEPXKECHUI B Ce-
BepHOH JyacTu o3epa KapbMckoe. B 6a3anbrax Bynka-
HOB Crena n Manbiit CemsTamk cpeniyt (heHOKPHCTAIIIIOB
OJIVBUHA TPe0OIafatoT KeIe3UCThle XpU30InuThI [12,
28]). Hns1 naB u Tedppsl 10xkHOro cekropa KBII xapak-
TEPHO OMMOJAIILHOE €TI0 paclperiesieHIe: Hapsy C >Ke-
JIE3UCTHIMU XPU30JIUTAMH IINPOKO Pa3BUThI MarHe3u-
anbHble pasHocTH. Hanbonee MarHe3nanbHbIE OJUBH-
el (Fo 85-89) ormeueHsl B Tedpe SKCIUNIO3UBHOTO
u3BepskeHus, npousorenero 4800 1. [12]). OnusuH
COfIEp>KUT TBepAO(a3Hble BKIIOYECHUS HITMHENN IIH-
POKOTO CIIEKTPA COCTABOB, PEXKe MarHe3uajIbHOTO KITH-
HOMIMPOKCeHa U aHopTuTa. Kpome aToro B sigpax omu-
BuHOB (Fo 77-85) BcTpeuaroTcst B pa3iuyHON CTETICHU
PaCKpUCTAJUIN30BaHHbIE  pacCIyIaBHbIE  BKIIIOUEHHS,
KpHCTaImu4ecKre pa3bl KOTOPHIX IPeICTaBICHbI TITH-
HO3EMHCTBHIM KIIMHOMMMPOKCEHOM (paccauToM U IINKHE-
w0 [12].

HI/IpOKCGH SIBJISICTCA CKBO3HBIM MUHEPAJIIOM—BKpPaAII-
JICHHUKOM B BYJKaHMYECKUX NOpOaax KaprMCKOI‘O
BYJIKaHUYECKOr'0 LEHTpaA. B OJINBUHCOACP2KallnuX Oa-
3aJIbTaXx COCTaB €ro N3MCHACTCA OT JUOIICUI0B, CaJlJIn-
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TOB, MarHe3MajIbHbBIX XPOMCOJIEPKAIX aBTUTOB (FOXK-
HbIl CEKTOP CTPYKTYPhI) IO MarHe3nalbHO->KEJIC3U-
creix asrutoB (Mg? 85-74) [12]. B Oasambrax u
aHAe3nba3abTax BHYTPUKAIBAEPHBIX BYIKaHOB OiHO-
ookuiil u ITpa-KappiMcKkuil KITMHONMPOKCEH MPECTaB-
JIEeH MarHe3uaJIbHbIM 1 MarHe3naibHO-3KeJIe3UCThIM aB-
TUTOM; B MMPOKJIACTHKE CPEIHE-KUCIIOTO COCTaBa — aB-
TUTOM C BapbUPYIOILUM COiep>KaHueM kenesa [9, 21].
OpTonupoKceH B BUjie BKPAIUIEHHUKOB MOSIBIISIETCS B
JEAKOKPATOBBIX PA3HOCTSX M ABYIMHMPOKCEHOBBIX Oa-
3aJbTax BHYTPHUKAIbAEPHBIX BYJIKAHOB, I7ie MPE/CTaB-
JIEH 3KEeJIE3UCThIM OpOH3UTOM. B 1eM30BbIX Tyax 1 ur-
HIMOpHUTAaX BCTPEYaeTCs] B OCHOBHOM I'MIIEPCTEH.

AMmpuboI OTMEUYEH TOJIBKO B IEM30BbIX Ty(ax Ha-
YanbHBIX (pa3 3IKCIUVIO3MBHBIX H3BEPXKEHHUN KallbAEp
roxHoro cekropa KBII u npefcraBieH yMepeHHO Iu-
HO3EMUCTOH OOBIKHOBEHHOU pPOroBoil oOMaHKou. B
NEM30BBIX Ty(ax KanbAepbl OfHOO0Kas B accoanun
C aBrUT-ONTOBHATOBBIMHA KJIaCTEPaMH HEPEKO BCTPE-
YaeTcsl BbICOKOTIIMHO3EMUCTBIN aM(uOOII mapracuTo-
Boro psipa [9, 10, 21].

BurotuT B KauecTBe €AMHCTBEHHOTO TEMHOIBETHO-
ro MUHEpasa MPUCYTCTBYET B PHOIHUTOBBIX MIEM30BBIX
Typax 1 IrHUMOPUTAX HAYAIILHOTO 3Tana (popMIpOBa-
HUS Kanbjepbl [1010BUHKA B acCOLMAINT C KBApLEM U
OIIUTOKJIa3-aHe3UMHOM. AHAJIOTIYHAS ACCOLMALS MH-
HEpaJOB OTMEYEHA B MO3JHEIVICACTOLICHOBON PHOIM-
TOBOI1 3KCTPY31H I0KHEee ByiaKkaHa CoOONUHbIA, OTHO-
csmieiicss K KOMITIEKCY MOHOTEHHbBIX anmnapatos [15]. B
nnpokiactuke kanpaep Crena-CobommHas u Kapbim-
CKasl BOJIOCOfIEP>KAIIIMX MIHEPAJIOB He OOHAPYKEHO.

IlImruens B 6a3anbTax BCTPEYAETCA B OCHOBHOM B
BUjIe TBEPIO(ha3HBIX BKIIOUCHUH B OJMBUHAX, KIMHO-
MIPOKCEHAX U INIarnoKya3ax. Y CTAaHOBIICH Pa3IMnIHbII
COCTaB IIIMIHEIEN B ONMBAHAX 0a3aJIbTOB CEBEPHOTO 1
toxxHoro cekropo KBII [12]. B onuBuHax n3 6a3anb-
TOB 102kHOTO cekTopa KBLI BcTpeuaroTcs B pa3nuuHoi
CTENEeHN XpOMUCThIE mKHeau. Hanboiee BBICOKOXpO-
mucras mmuHens (43-51% Cr,0Os) onpepeneHa B TBEp-
HOoa3HbIX BKIIOYECHHSX B MarHe3MajbHBIX OJNMBHHAX
Fo 8589 w3 0a3anbroBoil Te(pbl U3BEpXKEHUS
4800 n.1. Penkue TBeppoga3Hble BKIFOYEHHS IINUHETN
B onmuBHHaxX Fo 78—82 13 6a3anbTOB CEBEPHOTO CEKTOPA
(Bynkanbl Crena n Masbiii CeMsUMK) TpeCTaBIeHbI
BBICOKOTJIMHO3EMUCTBIMI PA3HOCTSIME (TEPIMHUTOM).
Copep:xanue B HUX Al,O; cocrasnseT 32.5-41.5%. Eme
6oree rmmHO3eMucTas mmmHeNb (Al,O5 44-47%) Gblna
onpefieneHa B (peHOKpHCTaNIaX aHOPTHUTA B flalike Oa-
3aJbpTa B ceBepo-3alagHOM OOpTY Kanbaepbl KapbiM-
cKasl.

PynHble MuHEpanbl NpefcTaBlIeHbl THTAaHOMAarHe-
TUTOM ¥ WIbBMEHUTOM, aKLUECCOPHBIE — allaTUTOM WU
LUPKOHOM.

INIETPOXUMUMS U TEOXUMUA
Bynkannueckue nopoast KBLI 06pa3yror nuknuy-
HO TIOBTOPSIOIIVECS BO BpeMeHN nudpepeHnnpoBaH-
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Puc. 2. KJIaCCI/I(I)I/IKaI_[I/IOHHbIe AuarpaMMbl: @ — farpaMmma
Muanmpo FeO /MgO-SiO, (Mac. %) Amsl BYJIKaHUYECKHUX
nopopt KapbIMCKOro By/lKaHM4ecKOro LieHTpa. ['paHuna
pa3nena nopop tonentoBoil (T) 1 n3BECTKOBO-1LIETOUHON
(M) cepmit mpuBenena 1o [37]; 6 — 3aBucumMocTsb (Nay,O +
K,0)-SiO, (mac. %) nnst Bynkanudeckux nopox KBLI. I'pa-
HHUIIA pa3sfiesia OpoJ] HOPMAJbHOM IEIOYHOCTH H CyOle-
JIOYHBIX TPUBENICHBI N0 [27]. / — ByJKaHMIECKHE TIOPOIBI
ceBepHoro cekropa KBII, 1aBa u nupoknacTuyeckue oTio-
SKeHHsl; 2—4 — ByJKaHMYECKHE MOPOAbI FOXKHOTO CEKTOpa
KBLI: 2 — maBbI HOKaNBACPHOTO ByJIKaHa [{uT™Mapa u mupo-
knacTuka Kanbaeps! [lonoBuska; 3 — naBbl BysiakaHa OpfHO-
OOKUIl ¥ MUPOKIJIACTUUECKUE OTIOKEHMS], CBSI3aHHbIE C OfI-
HOVMEHHOM KaJIbepoi; 4 — TaBa U IIeM3bI ByJIKaHa AKajie-
mun Hayk, Tedpa 6a3aibTOB 3KCITO3MBHBIX H3BEPKEHNI B
CEBEPHOM cekTope 03. KapbIMcKoe; 5 — 1aBbl U IEM30BbIE
Ty(bI ByJIKaHa 1 Kanbaepbl Kapbvckast; 6 — 6a3aIbTOMAbI
¢ynapamenta KB, p. XKynanoBa, ceBepo-3anmafHblil cex-
TOp cTpYKTypbl. CUMBOJBI: 6 — Ga3anbThl, ab — aHfe3uba-
3aJIBTHI, @ — aHAE3UTHI, /| — NAIUTHI, PI — PUOAUTEI, P —
PHONUTEL.

HBIE PSIABI TOPOJ OT 6a3aIBTOB JIO AAIUTOB-PUOAALM-
TOB, PeKe pUOIUTOB. Ba3anbThl OTINYAIOTCSI HU3KOM
MarmesuajbHOCThI0 (Mg*), KoTOpasi m3meHsieTcst OT
4249 B onuBuHcopepKamux Oa3zanbrax o 20-30 B
ABYIMPOKCEHOBBIX, YTO YKa3bIBAET Ha UX JOCTATOYHO
pucpepeHnupoBanHblil  coctaB. Ilo COOTHOLIEHUIO
FeO"/MgO (kpurepuit Muammpo [36]) Gonbiiasi 4acTh
BYJIKQHUYECKHNX IMOPOJ, OTHOCUTCS K TOJIEMTOBOW ce-
puu, Apyrasi IpuypoyeHa K rpaHulle TOJIEUTOBOI U U3-
BECTKOBO-ILIEJIOYHOM cepuil (puc. 2a). Bech psi nmopop
“MeeT HOPMAJIbHBINA TUM ImesodHocTu [27] (puc. 26).
Hawn6onee npumuTuBHBIE HU3KOKAIUEBbIE 0a3ajbThl
OTHOCSITCS] K HATPUEBOH CEPUH, 0a3aJIbThI C YMEPEHHON



6 I'PUB u np.

KaJIMEBOCTHIO U CPEHE-KUCIIbIE PA3HOCTH MOPOJ — K Ka-
JINEBO-HATPUEBON. PUOIUTHI UTHUMOPHUTOB KaJIbAEPbI
ITonosunKka (06p. Ne 36-02J1), skcTpy3un BepXHEIUIEH-
croreHoBoro Bo3pacra (06p. Ne 34-00JI) m mem3oBas
6omOa m3Bepxkenus 1996 r. (06p. Ne K10-96) ornmnua-
FOTCS TIOBBIIIIEHHBIM cofiepykanueM Kamus (3.8-4.3%) u
1o OOIIel IIeTOYHOCTH PacloaraloTcsl y TPaHUIbI C
CyOILIeTIOYHbIM THUIIOM TOpof (Tabu., puc. 2a). ITo co-
nepxannro Al,O; npeoOnafaroT BBICOKO- U YMEPEH-
HOTJIMHO3EMUCTbIE Pa3HOCTH KakK cpeau 0a3ajbToB
(17.2-20.6, pexe 22.6 [28]), Tak U cpemHE-KUACIBIX
ByNKaHUTOB (0T 16.4-13.5 B aHme3uTax—pHOfanUTaX
mo 13.6-12.1 B punonutax). Hambonee marae3nanbHbie
6a3anbThl ByikaHoB CteHa, Manbiit Cemsuuk u Iut-
Mapa OTHOCSTCS K HHU3KOTIWHO3eMUCThIM (16.1—
16.8%). Anamu3 puarpamMmbl XapKepa IOKa3bIBaerT,
YTO cocTaBbl ByJakaHnmuecknx nopop KBLL o6pa3zyror
OTpHLATENbHbIE KOPPENSIUH 1o cofepxkanuto Al,O;,
Ca0, MgO, FeO" u nosnoxxuresbHble — Kanus (puc. 3a).
Pacnipepenenue konuenTpaumii Na,O, TiO, u P,O5 nume-
eT Oolee CIOXKHYIO 3aBUCHMOCTb, BBIPAXKEHHYIO B yBe-
JIMYEHNUH COiEP>KaHUs 3TUX KOMIIOHEHTOB OT Oa3ab-
TOB JIO aHE3UTOB M YMEHBIIIEHNE — 110 Mepe JaIbHEeN-
IIEr0 BO3pacTaHMsl KPEMHEKUCIOTHOCTH opof. Takast
3aBucuMocTh ana TiO, u P,Os oTpaxkaeT y4yactue B
npolneccax (ppakIMOHUPOBAHUSI PACIUIaBOB KENe30-
TUTAHUCTBIX OKHCIIOB U anaTtuta. CHIDKEHNE cofepsKa-
Hust Na,O 1o Mepe 9BOJTIOLMH pacIiiaBa CBsI3aHO C BO3-
pacTaHneM KaJleBOCTU OCTaTOYHOTO paciuiaBa Ha KO-
HEYHBIX CTamsIX Kpucrajuu3anuu. Hanbonee npumu-
TUBHbIE TOJIEUTOBblE Oa3aybThl BylkaHOB CreHa u
Manbrii CeMsauuK 00pa3yloT YKOPOYEHHBbIE TPEH[IbI
HECKOIIbKO [MICKOpAaHTHbIE OOIIeMy HalpaBIIEHUIO
3BOJTIOLMN POJIOHAYANIBHBIX paciiiaBoB. OCOOEHHO 3TO
nposiBiieHo B oTHotenuu Al,O; u Ca0, TiO,, copepKa-
HHE KOTOPBIX YBEIMYMBACTCS NMPH HE3HAYMTEIHLHOM
Bo3pactanuu Si0O,, a 3aTeM YMEHbIIAETCS IpU CHAXKE-
HUY KPEMHEKUCIOTHOCTH opof. B otHomenun MgO u
FeO" TpeHpbl B IEJIOM COIJIACOBAHbI, HO HECKOJBKO
CMEIIIEHbI U NMEIOT O0Jiee KPYTO! YKIIOH. DBOIOIHS
COCTaBa paciljiaBa, CBSI3aHHAsl C Pe3KUM WM3MEHEHUEM
otHouieHnss MgO/Al,O; B y3koM uHTepBaie SiO,, xa-
pakTepHa sl MalloCeMSTYMKCKOIO BYJIKAHUYECKOTO
MaccuBa U OTMeueHa paHee (“‘aHOpTO3UTOBAsT TEH/EH-
uust” [28]). 71t FosKHOTO ceKTopa U Kaibaepbl Kapbim-
ckasi (UEeHTpabHBII CEKTOP) OCOOBIX 3aKOHOMEPHO-
CTeil B pacipefieIeHNN NeTPOreHHbIX OKUCIIOB ISl BYJI-
KaHUYECKUX IIOPOJ] pa3HbIX ITAaloOB pa3BUTUS HE
otmeueHo. Ha rpacdmkm HaHeceHbI (uUrypaTHBHBIE
TOYKH aHAe3r0a3anbToB JonuHe p. ZKynaHoBa, HEMNO-
cpepcTBeHHO npuMbIKarommx kK KBII (ceBepo-3amnap-
HBIIl CEKTOp) M ABJISIIOIIMXCS €70 HEOT€HOBBIM (pyHIa-
MEHTOM (CTOPO3KEBCKasl CBUTA MO3HEMIHOLEHOBOIO
Bo3pacta [7]). I1o pacnpeneneHnio NETPOreHHbIX 3Je-
MEHTOB OHH B LIEJIOM PAcHONaraloTcs B OJIE Pa3BUTHUS
MOPOA LEHTPA, HO OTINYAIOTCS HECKOJIBKO MOBBIILIEH-
HbIME cofiepxkanusimu FeO, TiO,, P,Os n K,O n monu-
sxxkerabiMu Al,O; u CaO (puc. 3a, Tabm.).

Pacripenienienre pefkux u pefKO3eMEJbHBIX 3Jie-
MeHTOB (P33) nemMoHCTpupyeT BhIpaskKeHHYIO KOppe-
JISIUIO ¢ KPEMHEKHUCIIOTHOCTBIO IIOPOJT ¥ X BO3PACTOM
(puc. 36, 4; Tabmn.). C Bo3pacranuem SiO, yBennunBa-
toTcsa koHneHTpanun Cs, Ba, Rb, V, Nb, Ta, Th, U, Hf,
PENKO3EMENBHBIX 3JIEMEHTOB M YMEHBILIAETCS St U 371e-
MeHTOB rpymmbl kenes3a (Sc, Cr, Ni, Co). OTa TeHaeH-
ISl COXpaHsieTCsl 0 MEpe OMOJIOXKEHUS! BYJIKAHUYE-
ckux nopof. Kak u B ciyyae pacnpeneneHnusi Makpo-
KOMIIOHEHTOB, HOpofbl BynkaHoB CreHa m Manblit
CeMsunk 00pa3yrOT HECKOJIBKO O000COOJIEHHbIE YKO-
pOYEHHBIE TPEH/IbI, OCOOEHHO 3aMETHbIE B paclpefe-
nennu Sc, Sr, Cr (puc. 36), V (Tabi1.). YMepeHHO MarHe-
3uanbHbIe 0a3a’nbThl ByJKaHa [IuTmapa (FOXKHBIA CeK-
TOp) OTJIMYArOTCd OOJIbIIE XPOMHCTOCTBIO, YEM
MEJIaHOKpaTOBbIe 0a3anbThl BylkaHoB CreHa u Ma-
el CeMsTYMK (CEBEPHBIN CEKTOp). DTa 3aKOHOMEp-
HOCTh HaXOJIUTCSl B COOTBETCTBHUU C YCTAHOBICHHBIMU
Pa3IMUMsIMU B COCTaBaX TBEPAO(A3HBIX BKIIOUCHUI
LINUHEIN B OJIMBUHAX U3 023aJIbTOB Pa3JIMUHbIX CEKTO-
pos KBII [12].

BricokoMarHe3uanbHble TOJNEUTOBBIE 0a3ajbThI
BysnkaHa CTeHa OTIn4aroTcs caMoi HU3Koii (21.4-22.4)
cymmoit P332 u xapakTepusyrorcs CyOropU30HTalIb-
HBIM CIEKTPOM HX pacnpeneeHus: (HOpMIPOBaHHBIM K
xoHAPUTY [38]) ¢ He3HAUNTETHHBIM IE(PAIUTOM JIETKIX
JIAaHTAHOUJIOB, YTO TONYEPKUBAETCS OTHOIIECHNEM
La/Yb (1.7-2.1) (puc. 4a, Ta6in.). Huskue KoHUeHTpa-
nuy P33 B MarHe3nanbHbIX 0a3anbTax CeBEPHOrO CEK-
TOpa 1 Ae(PUIUT B HUX JIETKUX JJAHTAHOUJOB CONOCTa-
BUMBI C TAKOBBIMH JIJISI TOJIEUTOB CPEAMHHO-OKEaHnIe-
ckux xpeoroB (N-MORB) [12, 33, 37]. Cnabas
AETJIETUPOBAHHOCTh 3JIEMEHTaMM IIEpPUEBOM TPYIIIbI
MPOCIIEXKNBAETCS U B 0OJiee SBONIOLMOHUPOBAHHBIX
Oa3anbrax ByiakaHoB CteHa u Manbiii Cemsuuk. B no-
KalbAepHbIX 0a3anbTax roxkHoro cekropa KBII (By:-
kaH [utmapa) atot gedpunur crinaxmsaetcs, a B 60-
JIee MOJIOfIbIX OJIMBHHCOAEPKAIMX (IKCIIIIO3UBHBIE W3-
BEpXKEHNS B 30HE CYyOMEpPHAMOHAIBHOTO pas3ioMa) U
ABYIIMPOKCEHOBBIX 0a3anbrax (BHYTPHKAIbAEPHBIN
BysnkaH OIHOOOKHUI) OTMEYaeTcs pocT Jerkux P39, a
ob1as KoHnenTpausa P33 Bo3pacraeT u cocrapisieT
40-66 /1. B aHfe3nba3anpTax CIEKTp pacipefeeHus
PEAKO3EeMENBHBIX 3JIEMEHTOB, KaK U MX CyMMa, OUY€Hb
OJIM3KY TaKOBBIM B 3BOJIIOIMOHNPOBAHHBIX O6a3aibTax
neHTpa. OTMedaeTcs pocT cofiep>KaHusl 9JIEMEHTOB 11ie-
PHUEBOII IPYyHIIbI, B TO BpeMsl KaK KOHLEHTPALWS TsDKe-
JIBIX YJIEHOB Psifla OCTaeTCsl MPAKTUIECKH MTOCTOSTHHON
(La/Yb 3.2-3.6). C yBenuueHrEeM KPEMHEKHUCIOTHOCTA
YK€ B aHAe3UTax HAOMIOAAETCs] POCT COleP>KaHUs KaK
JIETKNX, Tak U Tspkenblx P33. OOpaijaer BHUMaHue
oTcyTcTBUe 3aMeTHOro Eu-mMuHnMyma B aHge3n6asaib-
Tax U aHE3UTaX, YTO CBUIETEIILCTBYET O BCE €ILie Orpa-
HIYEHHOM YJacTuH IJIarnoKJIa3a B Ipoiieccax ppakiy-
OHMPOBAHUS PaCIUIaBOB Ha 3TOM aTane. HeoxxuganHo
BBICOKHE KOHIIEHTpauuu P33 oOHapyKeHbI B IBYX 00-
pastiax HU3KOKPEMHHUCTBIX aHpe3uToB (4—O01JI u 10—
01J1), oTHOCSIIIMXCA K TOCTpoiiKe ByakaHa OaHOOOKMIA
(puc. 4a, Tabmn.). JIaBbl OOHaKarOTCS HA CEBEPO-3anal-
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Ne 1 2 3 4 5 6 7 8 9 10 11
Ne o6p.| C567 C564 | C5716 | C570a |456-92J1| 61-92J1 | 19-03J1 | 44-92]1 | C608 C576 | 34-00J1
Si0, 47.17 47.37 48.89 49.14 63 64.14 65.2 67.18 4791 48.19 76.08
TiO, 0.75 0.64 0.82 0.87 1.05 0.57 0.77 0.75 0.78 0.95 0.11
Al,O4 16.17 16.22 17.38 20.62 15.18 15.19 15.77 15.06 16.81 18.02 12.1
Fe,04 4.3 3.02 3.39 5.48 291 1.83 1.82 1.53 3.78 3.69 1.02
FeO 7.72 8.26 7 4.67 4.08 4.98 3.52 2.44 7.72 7.18 1.79
MnO 0.2 0.19 0.18 0.16 0.17 0.17 0.15 0.07 0.19 0.19 0.04
MgO 10.3 11.1 7.94 3.47 1.64 1.8 0.93 0.96 9.63 6.42 0.05
CaO 10.54 10.71 10.67 11.62 3.48 3.82 3.6 2.68 9.58 11.85 0.6
Na,O 1.92 1.81 2.39 2.61 4.17 5.11 4.62 4.59 2.23 2.38 3.69
K,0 0.26 0.31 0.41 0.39 2.15 2.24 2.16 1.89 0.42 0.34 3.88
P,05 0.08 0.07 0.11 0.1 0.37 0.3 0.19 0.2 0.13 0.13 0.02
LOI 0.43 0.45 0.79 0.73 1.31 0.36 1.18 2.16 0.55 0.49 0.53
Cymma | 99.85 | 100.14 99.97 99.86 99.51 | 100.51 99.91 99.51 99.71 99.83 99.91
Sc 34 31 39 31 18 16 13 12 27 43 4
v 266 305 319 346 67 51 48 28 258 362 4
Cr 113 67 126 7 11 6 14 6 102 59 17
Co 57 56 45 27 7 5 5 3 53 42 2
Ni &9 72 88 8 8 6 12 3 99 36 15
Cu 97 132 146 131 21 8 22 7 75 157 25
Zn 86 80 92 79 63 80 49 55 83 91 25
Ga 15.6 15.5 19.5 20.4 16.2 16.3 13.2 14.5 17.9 20 14.9
Ge 1.1 1.1 1.2 0.9 1.4 1.2 1.4 1.5 1.1 1.3 1.4
Rb 3 2 5 2 40 37 33 41 5 4 75
Sr 307 285 396 385 299 255 258 207 349 421 87
Y 11 10 19 16 32 32 25 33 16 20 20
Zr 26 25 51 42 143 94 88 219 47 43 52
Nb 0.7 0.8 1.3 1 4.4 39 4 4.8 1.6 1.4 4.8
Mo 1 0.7 1 0.5 1.8 1.7 2 2.2 0.8 0.5 29
Sn 0.8 0.5 0.7 0.6 1 1.1 1.3 1.4 0.7 0.6 1.2
Sb 0.4 0.4 0.6 0.5 1.3 0.8 0.9 0.7 0.5 0.5 1.9
Cs 0.18 0.11 0.28 0.21 1.5 0.81 1.12 1.73 0.29 0.27 1.92
Ba 102 94 132 115 493 440 458 535 129 121 740
La 2.29 1.94 4.24 3.07 14.76 14.95 12 13.81 4.2 3.92 17.37
Ce 5.88 5.38 11.12 8.31 33.04 33.16 274 33.63 10.8 11.16 38.15
Pr 0.91 0.87 1.74 1.34 4.66 4.33 3.7 4.58 1.64 1.75 5.08
Nd 4.61 4.25 8.55 6.82 21.53 20.01 17.04 20.84 8.13 8.55 21.37
Sm 1.35 1.4 2.45 2.08 5.67 52 4.2 5.04 2.14 2.69 4.81
Eu 0.48 0.5 0.88 0.78 1.57 1.48 1.24 1.35 0.79 0.96 0.6
Gd 1.69 1.7 2.96 2.67 5.71 5.49 4.58 5.5 2.64 3.18 4.03
Tb 0.3 0.31 0.5 0.44 0.95 0.94 0.69 0.96 0.43 0.54 0.57
Dy 1.89 2 3.16 2.78 5.72 6.06 3.98 6.01 2.63 3.45 3.35
Ho 0.41 0.42 0.66 0.59 1.19 1.24 0.84 1.22 0.55 0.72 0.71
Er 1.16 1.17 1.93 1.69 3.49 3.33 2.33 3.46 1.6 2.05 1.99
Tm 0.17 0.18 0.28 0.25 0.51 0.49 0.36 0.53 0.23 0.3 0.31
Yb 1.11 1.13 1.74 1.6 3.18 3.05 2.36 3.47 1.47 1.92 2.13
Lu 0.17 0.16 0.27 0.23 0.49 0.47 0.36 0.53 0.23 0.29 0.35
Hf 0.67 0.7 1.31 1.07 3.74 2.47 2.37 5.05 1.22 1.15 2.11
Ta 0.05 0.07 0.11 0.08 0.4 0.33 0.32 04 0.11 0.09 0.38
A\ 0.09 0.07 0.11 0.06 0.48 0.74 0.59 0.53 0.27 0.07 0.65
Tl 0.02 0.02 0.04 0.03 0.19 0.13 0.1 0.33 0.04 0.04 0.25
Pb 3.46 23 2.59 1.78 6.24 5.45 4.82 7.33 2.16 2.33 9.17
Th 0.39 0.25 0.43 0.29 2.1 1.72 1.46 2.72 0.44 0.33 4.03
U 0.19 0.15 0.23 0.16 0.9 0.77 0.45 1.28 0.25 0.18 1.51
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8 I'PUB u np.
Taémuuna. [Tpogomskenne
Ne 12 13 14 15 16 17 18 19 20 21 22

Ne o6p. | 21-99J1 | 22-99J1 | 20-99J1 | 16-99J1 | 6-02J1 | 10-03J1 | 18-99J1 | 4-01J1 | 10-01J1 | 177-92J1| 24-98I1
SiO, 48.85 50.73 54.02 50.77 52.06 53.53 55.55 57.36 59.04 53.19 57.27
TiO, 0.81 0.91 1.01 1.03 0.86 1.02 1.06 0.69 0.86 1.04 1.11
Al,O4 16.71 17.2 16.42 16.7 16 17.98 17.41 17.07 16.16 17.81 16.23
Fe,04 3.67 3.7 10.01 4.2 3.5 3.44 3.75 3.38 2.86 4.42 3.44
FeO 6.51 5.77 0 9.12 10.51 6.54 8.95 4.78 6.3 5.53 5.96
MnO 0.16 0.17 0.16 0.19 0.19 0.14 0.19 0.16 0.19 0.18 0.18
MgO 7.71 6.7 4.28 4.74 4.22 3.06 3.67 3.46 2.56 3.28 2.81
CaO 11.1 10.3 8.46 9.09 8.62 8.15 5.85 6.42 6.32 9.06 6.77
Na,O 2.52 2.66 3.38 3.47 3.2 343 2.82 3.66 4.2 3.56 4.03
K,0 04 0.52 0.88 0.84 1.06 0.85 0.9 1.44 1.44 0.72 1.21
P,04 0.11 0.23 0.18 0.2 0.2 0.18 0.2 0.23 0.23 0.16 0.2
LOI 1.64 1.09 1.18 0.02 0.05 1.68 0.16 1.8 0.22 0.75 0.48
Cymma 100.19 99.98 99.98 | 100.37 | 100.47 | 100 100.51 | 100.45 | 100.38 99.7 99.69
Sc 36 35 28 35 32 29 45 18 20 31 26
\" 262 279 262 320 296 298 437 90 99 271 235
Cr 244 160 52 17 63 26 62 10 59 62 24
Co 38 38 24 29 26 24 36 11 13 27 24
Ni 74 59 26 16 22 26 18 14 8 18 15
Cu 124 149 114 144 149 30 142 27 44 147 69
Zn 66 70 67 87 74 82 94 79 87 76 74
Ga 15.9 19.1 16.2 20.3 18.4 18.7 22.1 15.7 16.9 18.8 18.1
Ge 1.1 1.3 1.2 1.5 1.4 1.1 1.6 1.3 1.4 1.3 1.4
Rb 5 7 12 9 13 11 6 24 25 6 9
Sr 339 402 344 408 375 445 484 250 257 401 344
Y 15 17 21 24 23 20 17 38 38 17 22
Zr 47 56 83 64 84 93 56 157 178 71 89
Nb 1.6 1.9 2.1 1.9 2.3 1.8 1.2 3.6 4.2 1.6 2.3
Mo 0.9 1 1.4 1 1.8 1.6 0.7 2.2 2 1.2 1.6
Sn 04 1 1.3 0.5 0.5 0.8 0.4 1.7 1.2 1.1 1.1
Sb 1.8 1.3 1.8 1.3 2 1.7 1.6 1.6 2 1.5 2.7
Cs 0.35 0.3 0.3 0.33 0.8 0.32 0.3 0.71 0.62 0.19 0.35
Ba 118 126 175 202 220 180 153 337 382 190 251
La 5.66 5.27 7.88 8.04 9.25 9.46 5.49 16.88 16.9 5.47 6.69
Ce 13.56 12.72 19.25 19.81 21.74 22.76 14.83 39.03 39.48 14.83 16.87
Pr 1.81 1.84 2.73 2.65 2.82 3 2.13 5.1 5.23 2.13 2.34
Nd 8.21 8.48 12.51 11.98 13.57 13.48 10.72 22.58 23.86 10.23 10.26
Sm 2.2 2.3 3.31 3.1 3.46 3.46 3.08 6.33 6.39 3.08 2.73
Eu 0.75 0.79 1.11 1.1 1.18 1.18 1.01 1.61 1.67 1.09 0.95
Gd 2.51 2.55 345 3.53 3.74 3.6 3.15 6.38 6.84 3.49 3.19
Tb 0.43 0.41 0.58 0.57 0.6 0.58 0.52 1.04 1.02 0.58 0.52
Dy 2.54 2.61 3.55 3.61 3.56 3.61 3.08 6.13 6.1 345 3.34
Ho 0.53 0.54 0.73 0.72 0.75 0.73 0.65 1.27 1.21 0.67 0.68
Er 1.51 1.48 2.01 2.17 2.17 1.91 1.76 3.58 3.68 1.85 1.93
Tm 0.22 0.22 0.29 0.33 0.33 0.28 0.25 0.54 0.55 0.28 0.28
Yb 1.44 1.4 1.73 2.17 2.12 1.83 1.61 33 3.37 1.84 1.87
Lu 0.22 0.22 0.25 0.31 0.32 0.28 0.25 0.49 0.47 0.28 0.28
Hf 1.37 1.55 2.2 1.9 2.34 2.41 1.59 4.15 4.49 1.81 2.23
Ta 0.14 0.18 0.16 0.16 0.17 0.14 0.13 0.24 0.24 0.13 0.19
W 0.7 0.76 1.63 0.53 1.22 0.6 0.32 0.91 0.89 0.74 1.18
Tl 0.04 0.03 0.05 0.05 0.08 0.05 0.02 0.13 0.13 0.03 0.05
Pb 1.57 2.36 3.18 3.24 4.66 3.74 2.73 5.77 8.49 2.64 4.12
Th 0.84 0.63 1.2 1.05 1.29 0.81 0.64 2.13 2.46 0.64 1
U 0.26 0.29 0.42 0.51 0.65 0.48 0.27 1.1 1.32 0.27 0.46
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TEOXMUA BYIKAHUYECKUX ITOPO] 9

Taémuuna. [Tpogomskenne

Ne 23 24 25 26 27 28 29 30 31 32 33 34
Ne 06p.| 256-99J1 {27-99J1| K44a-00 [23-98J1 | K20-01 | K506-00 | 36-02JT | K69-00 | 53-02J1 | 36m-02J1| 8-98J1 | K27-96
SiO, 56.12 60.91| 63.5 63.83| 6422 | 66.64 67.25 | 68.2 71.9 72.36 74.14| 51.36
TiO, 0.98 0.91 0.64 0.59 0.53 0.51 0.57 0.46 0.3 0.26 0.14 0.89
Al,O4 16.21 15.98| 16.17 15.32| 164 15.82 15.53 1435 | 13.64| 12.68 13.11| 19.43
Fe, 05 4.19 2.65 1.94 1.45 1.38 1.79 1.83 1.82 1.45 1.2 0.23 1.99
FeO 6.42 5.32 2.53 2.81 2.45 2.63 2.59 1.87 2.16 1.58 1 6.99
MnO 0.19 0.16] 0.19 0.12 0.19 0.11 0.16 0.13 0.16 0.15 0.14 0.12
MgO 3.34 1.76 1.24 1.15 1.7 1.14 1.16 0.96 0.76 0.38 0.38 5.1
CaO 6.68 4.92 342 3.69 3.12 3.02 3.88 2.72 2.41 2.27 1.06 9.94
Na,O 3.86 4.46 3.99 4.57 3.87 3.9 4.04 3.66 3.74 3.34 3.46 2.58
K,0 1.32 1.42 2.2 1.86 2.46 2.44 1.54 2.58 2.8 3.67 2.88 0.84
P,05 0.28 0.2 0.13 0.13 0.24 0.11 0.15 0.06 0.04 0.03 0.03 0.13
LOI 0.8 1.24] 432 4.45 3.56 2.2 1.44 3.45 0.64 2.3 3.46 0.19
Cymma | 100.39 99.96| 100.27 99.97| 100.12 | 100.31 | 100.14 | 100.26 | 100 100.22 | 100.03| 99.56
Sc 25 21 11 11 12 9 7 7 4 2 3 26
v 156 105 44 43 57 47 48 32 16 11 4 222
Cr 26 7 3 20 23 2 17 8 16 29 12 97
Co 18 12 5 7 8 5 7 4 4 4 2 25
Ni 25 6 6 15 11 6 22 5 14 29 15 43
Cu 83 42 30 37 90 20 43 33 18 36 23 105
Zn 69 81 39 53 62 38 41 35 29 15 35 142
Ga 16 19.3 13 14.4 16.7 13.5 14.8 12.4 12.5 11.2 14.9 17.4
Ge 1.3 1.4 1.3 1.3 1.5 1.2 1.2 1.2 1.3 1.6 1.4 1
Rb 16 17 31 25 39 29 28 34 47 67 51 8
Sr 338 276 188 204 261 220 223 183 167 106 96 442
Y 22 27 26 25 28 22 17 22 14 9 23 16
Zr 95 132 159 128 184 117 71 170 99 81 126 58
Nb 2.8 3.1 4.2 3.7 4.3 4 3.2 4.2 3.2 3.2 4.9 1.8
Mo 3.9 14 2 2.7 2.6 2.1 2.9 2.9 2.9 4.1 3.5 1.7
Sn 1.9 2.1 1.6 2.3 2 1.2 1.6 1.4 1.7 1.1 2.5 1.4
Sb 1.3 0.6 0.5 1.4 1.2 0.4 1.3 1 1.3 1.6 0.9 1.7
Cs 1.1 0.99 1.35 1.44 1.43 1.22 1.26 1.8 2.02 2.47 1.85 0.33
Ba 282 329 396 376 491 432 342 494 577 696 604 177
La 9.24 9.52| 10.62 10.16| 12.16 | 11.47 10.87 | 114 11.14| 10.85 14.02 6.63
Ce 22.92 23.44| 25.33 23.69| 28.11 | 25.65 2492 | 25.87| 23.51| 20.17 29.93| 16.37
Pr 3.16 3.35 3.37 3.21 3.7 3.31 3.22 3.27 3.01 2.26 3.73 2.22
Nd 14.64 15.19| 15.8 14.12| 15.82 | 14.87 13.88 14.03 | 12.28 8.42 16 9.76
Sm 3.83 4.05 4.28 4.09 3.54 3.88 3.34 3.53 2.62 1.6 3.98 2.31
Eu 1.33 1.35 1.02 0.92 0.84 0.84 0.89 0.81 0.54 0.23 0.55 0.77
Gd 4.24 4.57 4.09 4.13 3.39 3.93 3.45 3.37 2.27 1.45 3.66 2.26
Tb 0.7 0.78 0.63 0.7 0.57 0.61 0.5 0.55 0.37 0.23 0.57 0.38
Dy 4.5 4.98 4.04 4.02 3.88 3.61 3.02 3.65 2.35 1.44 3.32 2.35
Ho 1.02 0.99 0.91 0.87 0.89 0.78 0.64 0.83 0.51 0.3 0.73 0.5
Er 2.88 2.69 2.61 2.69 2.57 2.28 1.78 2.59 1.5 0.91 2.25 1.37
Tm 0.43 0.41 0.43 0.42 0.38 0.36 0.27 0.42 0.23 0.15 0.37 0.23
Yb 2.86 2.73 2.84 2.77 2.7 2.47 1.8 2.84 1.58 1.06 2.57 1.44
Lu 0.41 0.41 0.41 0.43 0.43 0.39 0.28 0.43 0.24 0.19 0.45 0.21
Hf 2.46 3.24| 427 3.42 443 3.03 2.2 4.42 2.91 1.93 3.52 1.59
Ta 0.22 0.23 0.33 0.29 0.36 0.33 0.28 0.35 0.33 0.33 0.41 0.16
W 0.93 0.86] 0.43 1.61 0.65 0.42 1.34 0.82 1.49 1 0.97 0.77
Tl 0.09 0.17 0.31 0.21 0.28 0.25 0.25 0.3 0.44 0.27 0.41 0.06
Pb 4.42 6.03 6.85 5.12 7.54 5.16 4.27 7.17 5.67 5.51 7.76 1.96
Th 1.48 1.58 2.42 2.28 2.75 2.46 2.53 2.71 3.15 3.33 3.61 0.82
U 0.69 0.73 1.27 1.05 1.43 1.14 0.87 1.41 1.37 1.78 1.73 0.44
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10 I'PUB u np.

Taémuuna. [Tpogomskenne

Ne 35 36 37 38 39 40 41 42 43 44 45
Ne o6p. | K13-97 [ K492a-00| 17-01J1 | K3-97 | K6-97 | K10-97 |K236-00| OK-05 | K10-96 | K30-97 | K10-05

Si0, 51.84 53.22 54.5 61.04 64.24 67.27 69.16 68.52 70.9 70.97 52.61
TiO, 0.55 1.07 1.13 0.81 0.72 0.61 0.43 0.56 0.45 0.45 0.76
Al,O4 16.25 18.83 16.85 16.3 15.7 15.47 14.35 15.7 14.56 13.46 18.9
Fe,04 3.02 4.33 3.94 297 1.93 1.96 1.26 2.1 1.11 1.6 3.92
FeO 6.99 5.35 6.94 3.88 3.02 2.44 1.94 1.99 1.86 2.01 4.76
MnO 0.15 0.2 0.24 0.15 0.16 0.1 0.16 0.11 0.06 0.08 0.15
MgO 6.38 3.72 2.85 2.44 1.36 1.08 0.84 0.9 0.76 0.99 4.3
CaO 10.52 8.46 8.75 5.22 3.94 3.55 1.76 3.1 1.7 2.76 10.2
Na,O 23 2.75 3.13 4.02 4.62 4.64 3.66 5.21 3.23 3.17 2.81
K,0 0.68 0.85 0.96 1.5 1.9 2.11 2.46 2.11 4.31 2.83 0.62
P,05 0.1 0.14 0.19 0.24 0.19 0.13 0.06 0.16 0.07 0.16 0.15
LOI 1.12 0.8 0.18 1.26 2.07 0.53 3.8 0.11 0.74 1.66 0.88
Cymma 99.9 99.72 99.66 99.83 99.85 99.89 99.88 |100.57 99.75 |100.14 |100.06
Sc 31 33 30 19 15 14 8 15 8 12 26
v 218 277 235 124 58 59 31 59 28 85 224
Cr 124 18 28 30 9 10 8 2 4 20 41
Co 27 25 24 15 8 8 5 7 3 8 26
Ni 41 11 22 31 5 9 8 1 3 11 15
Cu 104 167 99 73 21 28 36 21 13 62 79
Zn 74 80 91 89 71 43 42 66 39 28 65
Ga 21.5 22.2 19.7 18.9 15.7 17.4 12.9 17.8 13.3 16.2 17.5
Ge 1.3 1.4 1.4 1.4 1.4 1.5 1.4 1.8 0.9 1.2 1.5
Rb 10 13 16 20 23 26 35 30 83 29 9
Sr 519 430 346 366 247 215 148 258 156 271 436
Y 16 20 21 28 30 28 24 33 33 24 17
Zr 66 86 98 113 138 165 137 203 124 119 66
Nb 1.8 1.9 2.5 3.1 4.1 3.8 3.7 4.4 4.5 6.5 2
Mo 1.2 1 2.5 23 1.8 1.6 2.7 1.7 3.6 6.9 0.8
Sn 0.9 0 1.9 1.5 1.2 1.5 1.3 1.3 2 1.3 0.9
Sb 1.9 1.6 2 2.1 0.7 1 1.2 0.9 1.6 0.2 0.5
Cs 0.37 0.72 0.84 4.57 1.35 1.31 1.6 0.93 0.63 0.62 0.27
Ba 186 223 272 352 420 417 446 546 625 578 166
La 6.75 7.97 9.02 12.63 11.33 11.71 12.45 11.68 15.34 15.25 5.81
Ce 15.62 19.78 21.69 28.47 29.53 26.26 28.63 28.14 37.3 34.98 14.65
Pr 2.17 2.62 2.87 3.7 4.09 3.56 3.71 3.92 5.17 4.73 2.1
Nd 9.68 11.46 13.05 15.92 17.83 15.56 15.64 18.1 22.15 19.87 9.5
Sm 2.31 2.99 3.18 3.86 4.5 3.88 3.28 4.63 5.11 4.8 2.73
Eu 0.75 0.99 1.08 1.25 1.33 1.08 0.7 1.38 0.76 0.84 0.91
Gd 2.33 3.1 3.57 3.99 4.49 4.48 3.7 4.67 4.86 4.19 2.76
Tb 04 0.51 0.58 0.67 0.76 0.72 0.62 0.79 0.8 0.66 0.47
Dy 2.54 33 3.7 4.16 5.16 4.47 4.06 4.87 5.02 4.05 3
Ho 0.52 0.7 0.78 0.88 1.12 0.95 0.83 1.05 1.11 0.82 0.61
Er 1.45 1.96 2.21 2.58 3.36 2.73 249 2.99 3.23 2.35 1.7
Tm 0.21 0.3 0.33 0.4 0.51 0.42 0.39 0.47 0.49 0.34 0.25
Yb 1.34 1.9 2.09 2.6 33 2.96 2.62 3.06 3.16 2.28 1.62
Lu 0.21 0.29 0.31 0.38 0.48 0.4 0.43 0.47 0.5 0.34 0.24
Hf 1.75 2.06 2.28 3.03 3.52 4.3 3.77 4.95 4.27 3.99 1.88
Ta 0.19 0.16 0.24 0.22 0.33 0.3 0.3 0.32 0.36 0.41 0.16
A\ 0.92 0.4 1.19 1.37 0.52 0.53 0.43 0.47 0.26 0.44 0.09
Tl 0.05 0.06 0.12 0.12 0.19 0.1 0.29 0.35 0.63 0.29 0.03
Pb 2.87 4.19 5.29 3.94 6.21 5.58 7.7 10.24 13.11 3.84 2.73
Th 0.9 1.02 1.41 1.55 2.02 2.19 2.69 1.76 2.87 3.14 0.68
U 0.47 0.55 0.57 0.87 1.03 1.14 1.45 1.06 1.7 1.43 0.36
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Taémuuna. [Tpogomskenne

T'EOXMMUS BYTKAHNYECKHUX ITOPO[]

11

Ne 46 47 48 49 50 51 52 53 54 55
Ne oop. | K9-02 | K7a-05 | K1-05 K4-05 K8-05 K7-04 K6-05 | 22-001 | 5-00J1 1-00J1
SiO, 58.77 56.89 67.29 67.33 67.36 67.36 68.47 50.9 50.95 53.39
TiO, 1.12 0.91 0.49 0.55 0.52 0.57 0.47 0.98 1.22 1.34
Al,O4 16.1 16.7 14.5 14.61 14.7 13.9 14.06 16.8 18.6 14.6
Fe,04 2.24 4.79 0.13 1.34 1.87 1.68 1.15 1.85 4.88 3.04
FeO 7.54 3.53 4.39 2.53 1.83 2.18 2.84 11.49 5.79 10.87
MnO 0.19 0.14 0.08 0.08 0.08 0.08 0.07 0.17 0.14 0.2
MgO 2.16 35 0.9 1.09 1 1.3 0.8 5.1 3.5 3.6
CaO 5.83 7.3 32 3.29 3 3.1 2.7 8.5 9.1 7.1
Na,O 4.37 3.45 4.19 4.53 3.99 4.28 4.49 29 3.2 3.05
K,0 1.27 1.06 222 2.28 24 2.33 2.44 0.97 1.06 1.24
P,05 0.24 0.16 0.11 0.09 0.12 0.18 0.09 0.2 0.26 0.28
LOI 0.1 1.37 2.55 2.31 2.71 2.58 247 0.12 0.79 0.64
Cymma 99.93 99.8 100.05 100 99.58 99.54 100.05 99.98 99.49 99.35
Sc 0 27 11 11 12 11 10 26 26 36
v 182 235 69 78 0.71 65 60 255 332 367
Cr 27 23 11 5 9 9 5 61 55 35
Co 18 16 9 5 5 6 5 31 28 30
Ni 7 11 7 3 7 7 10 40 24 23
Cu 73 22 39 15 229 21 19 133 158 244
Zn 100 115 49 32 68 46 47 82 80 92
Ga 18.1 16.5 16 14.2 14.3 14.7 12.8 15.9 18.7 18.3
Ge 1.9 1.4 1.6 1.3 1.4 1.3 1.2 1.1 1.1 1.3
Rb 19 15 39 29 36 35 35 15 19 21
Sr 394 364 251 217 231 224 207 341 439 366
Y 29 19 25 22 24 25 23 22 25 28
Zr 129 94 188 177 193 191 180 88 117 114
Nb 3.8 23 4.4 34 3.8 4.1 33 24 6.4 3.1
Mo 1.4 1.5 2.8 2.1 2.5 2.8 24 1.9 29 2.7
Sn 1.4 0.8 1.2 0.7 0.7 1.2 1.2 0.9 0.4 1.5
Sb 0.4 0.2 0.6 0.5 0.8 0.8 0.7 2 1.6 1.7
Cs 0.42 0.62 1.41 1.17 1.37 1.45 1.28 0.66 0.57 0.77
Ba 366 260 490 405 480 507 454 223 211 272
La 11.1 8.8 11.58 10.34 13.03 14.47 11.18 9.34 12.99 12.74
Ce 27.22 19.87 26.81 22.98 29.26 32.58 24.99 21.67 31.51 30.57
Pr 3.86 2.58 3.54 3.03 3.86 4.16 3.23 2.98 4.13 4.12
Nd 17.76 11.39 15.43 12.89 16.07 16.99 13.37 13.7 18.95 18.06
Sm 4.4 2.89 3.68 3.18 3.59 3.71 3.16 3.72 4.63 4.92
Eu 1.48 0.95 0.86 0.87 0.83 0.77 0.85 1.19 1.44 1.55
Gd 4.58 3.11 3.93 3.31 39 3.78 3.55 3.72 4.53 5.29
Tb 0.74 0.5 0.66 0.53 0.61 0.61 0.57 0.62 0.7 0.87
Dy 4.68 3.11 4.24 3.26 3.84 3.84 3.52 391 4.36 545
Ho 0.99 0.66 0.9 0.71 0.8 0.83 0.74 0.79 0.86 1.11
Er 29 1.86 2.5 2.02 2.26 2.34 2.08 2.14 23 292
Tm 0.44 0.29 0.37 0.31 0.35 0.36 0.32 0.31 0.34 0.43
Yb 2.86 1.88 242 1.99 2.28 2.34 2.09 2.01 2.08 2.7
Lu 0.46 0.29 0.38 0.31 0.36 0.36 0.33 0.29 0.31 0.4
Hf 3.02 2.56 4.56 3.99 4.6 4.8 4.25 2.37 2.93 2.84
Ta 0.26 0.19 0.38 0.27 0.32 0.27 0.27 0.18 0.41 0.22
\M 1.08 0.23 0.41 0.53 0.47 0.59 0.5 1.61 0.58 1.23
Tl 0 0.15 0.52 0.23 0.22 0.18 0.13 0.06 0.01 0.07
Pb 4.32 4.02 9.98 6.35 4.63 7.47 6.52 3.94 2.5 3.81
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Ta6auna. OkoHYaHHE

Ne 46 47 48 49 51 52 53 54 55
Ne o6p. | K9-02 | K7a-05 | K1-05 K4-05 K8-05 K7-04 K6-05 | 22-00J1 | 5-00J1 1-00J1
Tb 1.02 0.98 2.6 1.77 2.16 222 1.88 1.26 1.35 1.36
U 0.75 0.57 1.3 1.13 1.2 1.37 1.14 0.61 0.73 0.75

IIpnmeyanue 1-11 — ceBepHblit cekTop KBLI: 1-4, 9-10 — 6a3anbThl foKanbAepHbIX ByJIKaHOB CteHa (1-2) u ITpubpesxusblii FOxub1i (3—4),
(N,-O,); BHyTprKanpaepHbIx BynkanoB IManeo-Cemsuuk (10), O3_4 1 Manbiii Cemsuuk (9), Oy, 06pasupl O.5. Censnrusa; 5-8 — urauMopu-
ThI Kanbaep Crena-Cobomunast, O, aHe3uThl, JauuThl; 11 — sKCTpy3Hs, MOHOTEHHBII anmapart, oxkHee Bynkana Cobomnbii, O3 profanyr.
12-52 — roxublii cekTop KBLI; 12-14 — 6a3ansThl, aHAe3u0a3albThl, aHE3UThl BHYTPHKAbAEpPHOro ByakaHa OnHoookui, O3; 23-33 — nu-
POKJIacTHYECKHe OTIOXKEHNs: Kabaepa [lonosunka, O,; 60MO0BbIe Ty, aHe3n6a3abT (23) neM30BbIe Ty(bI, JALUTHI, PUOFALHUTSI (29,
32), uramMOpuTHI (24, 31); Kanegepa OgHoO0Kas, O5: mem3oBble TydbI (25-28, 30), uranMOpuTsl (33); 34-37 — Tedppa 6Ga3anbToB, aHAE3U0a-
3aJIbTOB Cy0adpaJIbHbIX U3BEPKEHUI BEPXHEIIEHCTOLEH-TONIOLeHOBOro Bo3pacTa (35-37) u 1996 r. (34). (38—40 — naBbl u neM30BbIe Ty(bl
(41) Bynkana Akagemun Hayk, O;_4, OK-05 — sxcTpysus Ha ue 03. Kapeimckoe, Oz 4, 06pasen A.B. Benoycosa, 4344 — nem3oBble 60MOBbI,
puopauuT, n3Bepxkenne 1996 r.; 45-52 — nenrpaneeli cektop KBL: 45 — faiika 6a3anbra B ceBepo-3anafHoM 0opTy Kanbaepa Kapbeivckas
Oy; 46 — anpnesut Byakana [Ipa-Kapsivcknit, O3_y; 47-52 — nem3oBble Tydbl Kanbaepa Kapbivckast, Oy, profaliThl, AaUTbI (47 — FOBEHH-
aJbHBII 0OJIOMOK IIJIAKOB aH/e310a3aIbTOBOTIO COCTaBa B IEM3O0BBIX Tyax); 53—55 — Gazanbrouas! pyaaamenTa KBLI, BepxHuil mumnomneH,

p. KynaHnosa, cesepo-3anansbii cektop KBII, (N,).

HOM CKJIOHE OOpTa Kasbiepbl [10/10BMHKA B BEPXOBBSIX
p- IIpasoit Kenposoii (puc. 1) u B reonorun4eckom oT-
HOIIIEHUH CYUTAFOTCS MOJIOABIMU IOTOKAMH 3TOT'O BYJI-
KaHa, BIIOXXCHHBIMY B JOJIMHY peku. [Ipr 0ObI9HOM 1St
angesnToB KBII copmepXaHMy IETPOreHHBIX KOMIIO-
HEHTOB KOHIICHTpAlUU PEeAKuX 3emenb B Hux (114.3—
116.8 r/T) comocTaBUMbI C TAKOBBIMK B 6a3aabTOHIAX
¢ynpamenTa (97.6-101.4) u npeBbINIAIOT 3HAUYEHHE
3TOro NoKa3aTels B HanboJee KUCIbIX BYJTKaHIIECKHX
nopogax KBLI. [1ns1 HuX XapakTepeH BblpaxeHHbIA Eu
u Ti MUHUMYMBI.

CrniekTpsl pacnpenenennst P30 B ByJIkaHuTax Kuc-
JIOTO COCTaBa FOXKHOrO U ceBepHOro cexropos KBII,
NP CXOXEM HX XapakTepe, OTJIMYAIOTCS B AETalsIX
(puc. 4a). I'eoxuMuyeckoil OCOOEHHOCTBIO CIEKTPOB
JalUTOBLIX U PUOAALIATOBBLIX UI HI/IM6pI/ITOB ABJISICTCA
pa3Has creneHb oboraieHust ux La mo OTHOIIEHHIO K
Yb, uto ¢ukcupyercsi 60iee HU3KMMHU 3HAYCHUSIMA
La/Yb (4-5.1) oTHOIIEHUS] B TMPOKJIACTHKE CEBEPHOTO
CEeKTOpa B CPaBHEHHU C TAKOBBIMH B IHPOKIIACTHKE
AHAJIOTMYHOTO COCTaBa B FoxKHOM cekTope (La/Yb 4.5—
7.1). B anpe3nnanuTax BIEepBbIE MPOSIBISIETCS €BPOIH-
€BbIil MIHIMYM, TJIyOMHAa KOTOPOTO YBEJIMYMBAETCS K
puopnauutaMm. Pacnpepenenue P33 B puopanuToBoit
MEM30BOII OOMO€E C IOBBIIIEHHON IIEIOYHOCTLIO M3-
BepkeHne 1996 r. (o6p. K10-96) 6mrke K cekTpam
eM30BbIX Ty(OB Kaipaepsl OpHoO0Kas. B Hanbonee
3BOJIIOLIMOHUPOBAHHBIX PA3HOCTSX, puonuTax (oop.
34-00JI u 36n—02J1), oTIm4aroImuxcst OMMHAKOBON MU-
HepanbHO accormanueit (P1-Q-Bi), La/Yb otHOmeHnst
cocraBisiioT 8.2 m 10.2, coorBercTBenHO. Hambonee
riIyOOKMIA €BPONMEBLIN MAHIMYM U 3HAYNTEIIbHAS JIe-
IUIETUPOBAHHOCTD TSKEJIbIMU 3JIEMEHTAMU, OTMEUCH-
Hasl B pPUOJIMTOBBIX Ty(ax Kanbjepsl IlonosuHka, Mo-
>KeT OBITh CBSI3aHA C OJHOBPEMEHHBIM (PPaKIMOHIPO-
BaHMEM IUIATMOK/a3a M TEMHOLBETHBIX MHHEPAJIOB,
IJIaBHBIM 00pa30oM nupoKceHa u amcpuodona [3]. Paznas
CTENEeHb (PPAKIMOHUPOBAHNS JIETKUX U TsoKenbIx P30,
BXOJSILIIUX B COCTAB 3TUX MUHEPAJIOB, B KHCIIbIX OPO-

[ax CEBEpHOTO M FOXHOTO CEKTOPOB HAXOUT OTpasKe-
HIE U B CYMMapHBIX UX KOHIeHTpauusx — 81-102, mpo-
B 5082 /T, COOTBETCTBEHHO.

KpuBbie pacnpeneneHusi THrpoMarMaTO(pUIbHBIX
aneMeHTOB B nopopax KBII, HOpMUPOBAaHHBIX K IIpH-
MHUTHBHO MaHTHH (pHC. 46), IMEIOT CXOXKYIO KOH(UTY-
pamro ¢ BeipaskeHHbIME Nb 11 Ta MuHIMYyMamMu 1 OT-
YEeTIMBbIMU MaKCUMyMaMH B paclpefieieHun (PIrouf-
MOOMIBHBIX TUTO(UIBHBIX 371IeMeHTOB (Ba, K, Pb u Sr),
YTO XapaKTEPHO JJIs MarM OCTPOBOJY>KHBIX F€OUHA-
MHYECKHX OOCTAaHOBOK, B IpoIiecce MarMooOpa3oBa-
HUSI KOTOPBIX IPUHUMAH YYacThE HaCyOlyKIIMOHHBIE
pmrompiet [33, 37]. Y MuHMMYM B Hambollee Maraes3u-
anbHBIX Ga3anbTax ByiakaHa CTeHa, Hapsily ¢ HU3KUM
YPOBHEM COJEP>KaHUS B HUX TsDKenbIx P30, moxer
CBUJIETENILCTBOBATh O raplOypruTOBOM PECTUTE MEp-
BUYHBIX PacCIUIaBOB U BBICOKUX CTEIEHSX TJIaBJICHUS
mantuu [32]. OTMeuaeTcss BO3pacTaHue Cofep>KaHUs
OOJIBLIIEN YaCTU HEKOTEPEHTHBIX MUKPOJIEMEHTOB OT
HanOoJiee APEeBHUX NMPUMUTUBHBIX 0a3albTOB BYJIKa-
HOB Crena m Manbni CeMsTunK K 00jiee MOJIOABLIM U
9BOJIIOLMOHUPOBAHHBIM 0a3anbTaM, aHfe3n0a3anbTaM
u aHpesuTaMm roxHoro cekropa KBII. B anpesurax c
TOBBILIEHHBIM COAEPKAHUEM MHKPOJIEMEHTOB (BEp-
x0Bbs1 p. [TpaBoit KegpoBoit) nposiisieTcss THBEPCHS B
cofiepkaHu! Sr; ISl HUX TaKXKe XapaKTepHbI 3HAuM-
TEJILHO MOBBIIICHHBIE M0 OTHOILICHUIO K IPYTUM aHfe-
sutam KBII copepxkaHus BbICOKO3APSHBIX 3JIEMEH-
ToB Zr, Hf, Nb (88-117, 2.4-29 u 3.6-4.2, cooTBET-
CTBEHHO) U TNIyOOKMiA TUTAHOBBI MAHUMYM.

XapakTep pacipefiesieHus] TArpoMarMaToguiIbHbIX
3JIEMEHTOB 7151 fauuToB-puonuToB KBII B o61ieM no-
BTOPSIOT pacrpefiesieHue ux s 0a3anbToB. CoxpaHs-
I0TCs1 ¥ yBenmuuBaroTcst MakcuMyMbl K u Pb; o Ba u Sr
OHM UCYE3aI0T, B TO XK€ BPEMS1, OTUETIIUBO NPOSIBIISCT-
sl IETJIETUPOBAHHOCTD KUCIBIX PACIUIABOB B OTHOILIE-
wmn P, Ti, Eu, 4To cBsi3aHO ¢ y4yacTueMm B Ipolieccax
(ppaKIMOHUPOBAHUS AKI[ECCOPHBIX MUHEPAJIOB U TUIA-
TMOKJIa3a.

BYJIKAHOJIOIMY 1 CEUCMOJIOTUS N 6 2009
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Puc. 3. [TluarpaMMbl KOHIIEHTPAIHII IIETPOT€HHbIX KOMIIOHEHTOB () U PE[IKUX 2JIEMEHTOB (0) B 3aBUCUMOCTH OT cofiepkanus SiO,
(Mac. %). YcnoBHble 0003HaYEHUs CM. Ha PHC. 2. 3aTEHEHO MOJIE COCTABOB NOPOf, ¥ 30H-I eii3epHOI BYJIKaHO-TEKTOHUYECKOH fle-
npeccun [11]. B (6) unppamu mokazaHbl npefiebHbIE KOHIEHTPAIT MAKPO3JIEMEHTOB.
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Fig. 3. Contd.
BazanbTel u aHue3u6a3anbThl (yHIAMEHTA, BCKPbI- OBCYXNEHWE PE3YJIBTATOB

Baroyecst B 6oprax p. ZKynaHoBa (ceBepo-3anagHblil
CEKTOp CTPYKTYphI), o6oraiieHs! P33, KpymTHOMOHHBI-
mu (Rb, Ba, K, Pb) n Beicoko3apsimabiME (Zr, Hf) muto-

bruzocts koH(pUTrypanuil rpauKoB pacrpefee-
HUSI MUKPOKOMITOHEHTOB ByJIKaHn4eckux nopop KBII,

HECMOTPS Ha pa36poc KOHI[eHTpanuii pefkux u P3 ane-
(pMIBHBIMY 3JIEMEHTAMU U B HUX TaKXe (PUKCUpyeTcs MEHTOB B IIMPOKOM JHAMNA30HE COCTABOB ISl PA3HO-

Nb-Ta n Ti MmutamymbI (pric. 4). O61ast KOHIEHTPAIMA  po3pacTHBIX TOPOJ, CBHIETENLCTBYET O EHHOM HCTOU-
P33 B nux usmensiercs B npefienax 76-101.4, pOTUB  pyke mepBUYHBIX PACIIABOB, KOTOPbIE 3BOJFOLOHH-
59.4-66.0 r/T B ABYIMPOKCEHOBBIX 0a3abTOMJIAX BYJl-  poOBald HAa Kax[IOM STale pas3BUTHS paiioHa.
kaHa OgHOGOKUIL. PurMuYHOCTE DIPOLIECCOB BYJKAHW3MA, HauyuHasl C

BYJIKAHOJIOIMY 1 CEUCMOJIOTUS N 6 2009
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Puc. 4. I'eoxnMust peiIKux 1 PeIKO3eMENbHBIX 3JIEMEHTOB B BYJIKaHMYECKUX Mopofax KapbIMCKOTro ByJIKaHUYECKOTO LIEHTpa: a —
CIIEKTPBI pacHpefieIeHNsT PEKO3eMeNIbHBIX 3JIEMEHTOB, HOPMUAPOBAHHBIX K YITIHCTOMY XOHApUTY [38]; 6 — rpacduku pacnpererne-
HUS1 COfiEP>KaHUsI MUKPO3JIEMEHTOB, HOPMUPOBAHHBIX K IPUMUTHUBHOI MaHTHH [38]: / — 6a3abThl CEBEPHOTO, 2 — FOXKHOT0, 3 — [IEH-
TpanbHOTO ceKTOPOB. Lindpamm 0603HaUeHBI HOPSIAKOBBIE HOMEPA aHAJIM30B B TaOIHIIE.

BYJIKAHOJIOTMS U CEUCMOJIOTUS  Ne 6 2009



16 I'PUB u np.

BazansTel KBL]

Bazanbsrouas! pyHgamenta KBI] e/ 02 o3
0.3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
4Cs Ba U Nb La Pb St Nd Hf Eu_ Ti Dy Ho Tm Lub
500 Rb Th K Ta Ce Pr P Zr Sm Gd Y Er
38 Anpjeb6a3anbThl, aHIE3UThI

10kHbIHA cexTop KBIL]

Ta Ce Pr

IMopopa/IlpumMuTBHAS MaHTUS
o
(98]

kanbfepa OgHoboKast

IR I N I Y Y N I N N A N N
UKNb La_ Pb_Sr Nd_ Hf Eu

1 1 1 1 1 1 1 ]
Ti Dy Ho Tm Lub
Zr Sm Gd Tb °Y Er Yb

JlanuThl, puOAALMThI, PUOJIUTHI
1oxHbII cekTop KBI]

I N N I Y N A S B
03 Nb La Pb

1
Sr

| | | | |
Nd Hf Eu_ Ti_ Dy

AaCs Ba U Ho Tm Lub
Rb Th K Ta Ce Pr Zr Sm Gd Tb Y Er Yb
500
JauuThl, pUOAUIUTHI, PUOHUTHI
100 ceBepHbIi cekTop KBIT

10

kanbfepa KapsiMckast

03 1 1 1
"4 Cs Ba
Rb Th K Ta Ce Pr

TN N N Y Y N N AN AN NN S M N B
U Nb La Pb_ Sr Nd_ Hf Eu

1 1 1 1 1 1 1 ]
Ti_ Dy Ho Tm Lub
Zr Sm Gd Tb Y Er Yb

Fig. 4. Contd.

IUVIMOLICH-HM2KHEYETBEPTUIHOI'O MEpUOAa 10 HaCTOsI-
1LIETO BPEMEHU BKIIIOUUTENBHO, OUMOJANbHbIN Xapak-
Tep paclpenesieHns] COCTABOB MUHEPAJIOB U MPOSIBIIE-
HHE B HEKOTOPbIX U3 HUX OOpaTHOM 30HAJILHOCTH B IIO-
pOmax CpedHe-KHCIOro COCTaBa, yKa3blBaeT Ha

CYILLIECTBOBAHUE B HUKHEW KOPE (2 BO3MOXKHO U B BEPX-
HEW MaHTHWH) UCTOYHWKA JJIATCIIEHOM MarMaTHIeCKOR
akTuBHOCTH [9, 10, 21]. Bce mopopb! XapakTepu3yroTCs
HaJCyOMyKIIMOHHBIM THIIOM pacnpefiesieHuss MUKpPO-
aneMeHTOoB ¢ Nb-Ta MHHMMYMOM M HOBBIIIEHHBIMI
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Puc. 5. [IluckpuMIHAHTHBIE AUarpaMMbI A7t BylakaHndeckux nopop KBL: a — Bapuarun otHoteHnit Ba/La-Lay/Yby Komnonent1:
Ba/La = 80, Lay/Yby = 0.5; kommnorenT 2: Ba/La = 15, Lay/Yby = 20; KOMIOHEHT 3: JeINIETUPOBAHHBIE COCTaBbI, BKIIOuUast N-
MORB; nun#s, coeuHsIoast KOMIOHEHTHI 1 1 2 — IMHIS CMEIIEeHNsI OCTPOBOAY>KHOT'O ¥ BHYTPUIIMTHOIO HICTOYHUKA. BekTopamu
noka3aHbl Hanpasienus npoueccoB. HIII — mone 6a3anbToB HIKHEIAMHCKO CBUTHI (BHY TPUINIUTHOTO THIA), P. JIeBas 2KynaHo-
Ba [6], BIIl — moe Ga3anbTOB BEpXHEIIAMMIMHCKON CBUTHI (OKPAaMHHO-KOHTHHEHTAILHOTO THMA), TaM Ke. [lome ceporo npera — oT-
HomleHns Ba/La- Lay/Yby B BynkaHnuecknx nopopax Y 3oH-I'eiizepHoii ByJkaHO-TeKTOHIYecKo# fenpeccnn [11]. La/Yby — oTHO-
LIeHHEe HOPMUPOBAHHBIX IO XOHApHTY [38] La u Yb; 6 — Bapuanuu otaomeHuit Th/Yb-Ta/Yb. ITonst: cBeTno-cepoe — Ga3anbThl ce-
BepHOIl yact Bocrounoro Bysnkanndeckoro nosica Kamuartku u LlenrpansHo-Kamuarckoit genpeccun 1o [32], cepoe — 6a3aibThl
cpeauHHOro xpe6ta, Tam xe. HIII u BIII — To Xe, 4To 1 Ha a; cTpenKa — TpeHl, 00 beUHIONIMI BEpXHEIANMHCKHE 0a3alIbThI, Oa-
3aJIbTOM/IBI IepeXofHoro Tuna Ha p. 2KynanoBa, 6a3anbThl Bysnkana OpHo6okuil. [Ipyrue ycinoB. 0603H. Ha puc. 2.

KOHIEHTPaUUsIMIA KPYITHOMOHHBIX JTUTO(MUILHBIX (Ba,
Sr, K, Pb) ¢pmron-Mo6GMIbHBIX 351eMeHTOB. OTCyTCTBIE
€BpOINHUEBOT0 MIHMMyMa B IOKAJIbIEPHBIX Oa3aibTax
CBUJICTENIbCTBYET O HE3HAUUTEILHOM (PpaKLIOHUPOBa-
HMU IIJIaTMOKJIa3a U IO3BONISIET pacCMaTpUBaTh UX KaK
HanOosee NpUOTIDKEHHbIE K UCXOHBIM POIOHAYANb-
HbIM paciuiaBaM aist nopog KB [3]. Huskas maruesu-
anmbHOCTE (Mg*43-49%) MenaHOKpaTOBbIX 6A3aJLTOB
BysKkaHOB CreHa 1 Manblit CeMsTUuK (IIpU cofepKaHUuu
MgO 9-11%), noBbIllIEeHHOE KOJIMYECTBO B HUX OTHOCH-
TEJIBHO XKENe3UCThIX (PeHOKpUCTa/IoB onusuHa (Fo
76—82) TOBOPSAT O TOM, UTO 3TO OBIIN YKE B IOCTaTOU-
HO1 CTeTleH! (PpaKIMOHNPOBAHHbIE PaCIUIaBbl, 060ra-
LI[EHHbIE KyMYJISITUBHBIM OJIMBUHOM H, B MEHBIIIEH CTe-
NIEHH, IJIarMOKJIa30M — aHOPTUTOM. BeposaTHO, IMEHHO
3TOT (pakTOp OO BACHIET OOOCOONEHHBII TPEH TONECH-
TOBBIX 0a3asbTOB ceBepHOro cekropa KBII. B [28] 3a
pOmOHavYaNbHbIE paciuiaBbl MalmoceMsTIMKCKON TPyII-
bl BYJIKAHOB OBbLIM NPUHATHI 6a3abThl C yMEPEHHOM
MarHe3ualbHOCTEIO (6.58% MgO), KoTophkle 1o cocTa-
By OJIM3KM AOKANBAEPHBIM Oa3anbTaM ByjakaHa [futMma-
pa (10KHBIA cekTop). XapaKTep 3aBUCHMOCTHU COfiep-
>KaHUH NETPOreHHBIX OKUCIOB, KPYNMHOUOHHBIX (Ba,
Sr), BeIcOKO3apsAHbIX (Zr, Y, Nb, Hf, Ti) anemenTos, P
U 3JIEMEHTOB I'pymIsl Xkene3a oT Si0O, cornacyercs ¢
MOJIEIbI0 (PPaKIMOHHON KPUCTAUIU3AlMU YMEPEHHO
MarHe3ualibHbIX 0a3anbToB (puc. 3, Tadn.). Ha pannei
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CTaJil MarMaTHYeCKON NCTOPHUHU BEAYILYIO POJIb UT'pa-
10 ¢pakuyuonuposanue Ol u Cpx, Ha Oonee HO3AHUX
JTarax 9BOJIIOLUM paciulaBa Bo3pacraia pons Pl, Px u
TaKuX aKIECCOPHBIX MUHEpPaJoB, KaK THUTaHOMAarHe-
THT, WIBMEHHNT, allaTUT, TUpKOH. CpaBHEHUE COCTaBOB
BysikaHndeckux nopop KBII u Y3on-T'eiizepHoit nie-
npeccun [11] moka3biBaeT OJIU3KUI XapaKkTep pacnpe-
[eJIeHNs IETPOT€HHBIX OKCUIOB B MHTEPBAJIE COCTaBOB
50-72% SiO,. UTo KacaeTcsi MUKPO3JIEMEHTOB, TO JIJIsI
nopoyp, Y3oH-I'eii3epHOi fempeccuu 3aMeTHBbI pasiiu-
4ls, BbIPa>KEHHbIE, HANPIMEpP, B TMOBBIIICHHBIX KOH-
neHTpanusx Ba, Zr, Y u uHOM XapakTtepe pacnpepesie-
HUS ABYX IIOCIIEHUX 3JIEMEHTOB. [1J151 HUX HE XapaKTep-
HO CHIDKEHUE KOHLEHTpaluii Zr 1 Y B KHCIIBIX IOpOfax
(xak 210 oTMeueHo B nopofax KBILI), uto cBungeTennb-
CTBYET O HAKOIUIEHUH 3TUX 3JIEMEHTOB B OCTaTOYHBIX
pacmiaBax, HO y4yacTHe IMpKOHa B (ppakIOHMPOBa-
HUM PacIUIaBOB OTPAHUYECHHO.

CocraB MarMaTH4YecKOro HCTOYHHMKA W CTEICHb
BIIMSIHUSI KOPOBOW KOHTAMUHAIMU HAa (POPMUPOBaHUE
PacIuIaBOB Pa3IMIHON KUCIOTHOCTH MOXKHO OLEHUTH C
MOMOILIbI0 OTHOILIEHUI HECOBMECTUMBIX 3JIEMEHTOB,
TaKk KaK W3BECTHO, YTO 3TU OTHOILUEHUS OCTAIOTCS
MIPAKTHUYECKH IOCTOSIHHBIMH IIPH IIpoLeccax (ppakiuo-
HUPOBaHMS PAcIUIaBOB U BO3PACTaOT NP KOHTAMHUHA-
mym pacruiaBoB [37]. Huskme konnmenTpamun P30 B
MarHe3uajgbHbIX 0a3ajbTaX CEBEPHOIO CEKTOpa (BYJI-
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kaHbl CteHa u Manbiii CeMsTulK), 1e(PULIUT B HUAX JIET-
KHUX JIaHTAaHOWJIOB YKAa3bIBAIOT Ha CBSI3b NEPBUYHBIX
pacIiaBoB C MCTOYHUKOM OOemHeHHON MaHTuu (N-
MORB), 4TO mOATBEPKAAETCS PACIIONOXKEHUEM (PUTY-
paTUBHBIX TOYEK Ha arpaMMax IMapHbIX OTHOIIEHUN
TUTO(UIHLHBIX 3JIEMEHTOB (pHc. 5). B mpeobmagaroreit
YacTH NpPOaHAIM3UPOBAHHBIX OOpa3lOB OTHOILIEHUS
Ba/La Bapeupyror B npepenax 20-51 npu u3sMeHEeHUI
Lay/Yby oTHOmeHnit B mHTepBasie 1.7-6.3 (puc. Sa).
HecMoTps Ha To, 4TO GOJbIIast 4acTh TOYEK OOpa3yeT
KOMITaKTHOE TI0JI€, BBITSHYTO€E BHOJbL ocu Ba/La, MoX-
HO BBIJIEJINTH TPEHABI, ONPEAEIISAIOINE PA3IAYHbINA CO-
CTaB WMCTOYHMKOB pacljiaBOB. ba3anbThl BYyJIKaHOB
Crena u Manbiii CeMsiuuK 00pa3ytoT 000COOJIEHHBIH
TpeH]I, XapaKTepu3yromuiics n3Menennem Ba/lLa otHo-
meHust oT 45.3-48.7 B MarHe3ualbHbIX 0a3alibTax [0
41-31 — B yMEpEHHO MarHe3uajbHbIX U I[NIMHO3EMHU-
CTBIX Pa3HOCTSIX B Y3KOM (M HanboJee HU3KOM) UHTEP-
Basie 3HaueHuil (1.7-2.8) Lay/Yby otHomenus. OH Hau-
6oJiee TIOJTHO OTpaskaeT ABYXKOMIIOHEHTHYIO CUCTEMY:
o0egHeHHBIN MaHTHIHBIA ncTOYHUK (N-MORB) 1 Hap-
CyOnyKIMOHHbIE (hIIOnbl (OCTPOBOAY>KHAST KOMIIO-
HeHTa 1). B yMepeHHO Marse3uanbHbIX Oa3anbTax BYJl-
KaHa [InTMapa M TMIEepCTEHOBBIX 0a3ajbTaxX BYJIKAaHA
OnHoOOKMIT (FOXKHBIN cekTop) 3HaueHust Ba/La oTHO-
meHns1 focratoyHo Huskue (20.8-25.1) mpu OTHOIIEHH-
sx Lay/Yby 3.7-4.5, aro yKa3pIBaeT Ha Pa3InIHOE yUa-
CTHE HaJICyONyKIMOHHBIX (hIIIOUIOB MpH (POPMHUPOBa-
HUM PACIUIaBOB CEBEPHOIO M FOXKHOro ceKTopoB KBII.
PronuTel neHTpa OTIMYArOTCd HamOOJEee BBICOKUMH
Ba/La — Lay/Yby oTHOMmIEHUsIMH. PUTYypaTUBHBIE TOY-
KM UX CMELICHBI Ha AMarpaMMe B O0NIacThb IPOSIBICHUS
MIPOLIECCOB METACOMATO3a, YTO MpefAnonaraeT (Irony-
HYIO IPpOpaboTKy cyOcTpaTa B KPOBJIE IPOMEKYTOUHO-
ro MarmaTuueckoro oyara. basansrouss! (pyHgamMeHTa
(p. KynanoBa, cropoxkeBcKasi cBUTa IO [7]) u Oa3aib-
TbI FOKHOro cexropa KBII (BKiItouasi HU3KOKPEMHU-
cTele aHAe3uThbl, oOpasipl 4-01JI, 10-01JI) wmmeror
omuskue Ba/La — Lay/Yby oTHOIIEHNS 1 pacmionararor-
Csl HA JIMHAW CMEILIMBaHUS KOMIIOHEHTHI 1 (OcTpoBO-
OY>KHOI1) ¥ KOMIIOHEHTHI 2 (BHYTPUIUIUTHON), 00pa3ys
YKOPOYEHHBIN TPEeHJ| C IUIMOLEHOBBIMH Oa3ajbTaMi
BEpXHEel YacTu pa3pe3a LANUHCKON CBUTHI, CBSI3aHHbI-
MU C TEOIMHAMIYECKON OOCTaHOBKOW aKTHBHBIX KOH-
THHEHTAJIBHBIX OKpauH [6]. BynkanuTs! ¥Y30H-I eitzep-
HOI1 [IETIPECCUM Ha 3TOM AMarpaMMe pacrojararorcs B
nonte mopoy, KBLI, o6pa3ys nmokansHOe mone ¢ Ba/lLa
OTHOLIEHMSIMH B MHTepBaie 35-51.

Ha puarpamme Th/Yb — Ta/Yb (puc. 56) nopopbl
KBILI geMOHCTPUPYIOT NPSIMYIO 3aBUCUMOCTD, UTO CBU-
meTenbeTByeT 06 oboramennn ux Th u Ta oTHOCHTETH-
HO Yb B iponiecce auddpepeHImanyy paciiaBa. 3Hade-
Hust Th/Yb orHomenus m3menstrores ot 0.18-0.20 mo
1.2-1.4, pocturas B punonurax (06p. 34-00J1, 36n-02J1 u
53-02J1) makcumanbHbIX 3Ha4YeHmi (1.8-3.14). B To ke
BpeMsl, CyLIECTBYIOT IpeficTaBieHus [37], coraacHo Ko-
topeiM moBbIieHHble Th/Yb m Ta/Yb oTHOmEeHus

MOXHO CBSI3bIBaTh C KOHTAMUHAIIMEH CyOCTpaTOM pac-
TUTABOB TPOMEXKYTOUYHOTO MarMaTHYeCcKOro odvara.
J1J1s1 pHOJIUTOB 3TOT BBIBOJ| COTTIACYETCS U C YBEJIMYUE-
HueM Ba/lLa u La/Yb otHoweHuit (puc. 5a). Kone6anus
BenmauHbI Th/Yb oTHOIIEHNS B BYIIKaHUYECKHX TIOPO-
nax Y3oH-I'eiizepHoii ienpeccu MEHEE 3HAYUTEIbHBI
n HaxopsTes B npepenax 0.16-0.73. 1o oTHolIEHUIO
Th/Yb u Ta/Yb B nopopgax KBL] npocmatpuBaeTcs yko-
POYEHHBII CeKyIIMi TpeHA, OO BENUHSIONMIA TToJle Oa-
3aJIbTOB BEpXHEN YacTW pa3pe3a IIAMMHCKON CBUTHI
IUTMOLEH-30IJIENCTOLIEHOBOTO BO3pacTa (BOCTOYHBIE
otporu Bamarumuckoro xpe6ta [6]), 6a3anbTounbl p.
KynanoBa (ceBepo-3amagHbIil CEKTOP CTPYKTYPHI, CTO-
pOKeBcKasi CBUTA, IO [7]) 1 6a3anbThl FOXKHOTO CEKTO-
pa KBII. Ha fpyroM KoHIle €ro pacnoyoKeHbl HU3KO-
KpeMHUCTBIE aHfe3uThI (00p. 4-01J1 1 10-01JI) Bynkana
OnHO60KMIA, OTIMIAFOIIAECS OT OOBIYHBIX JITIST PETHO-
Ha aHJIE3WTOB MOBBIIIEHHLIMIA KOHIICHTPALSIMA pefl-
KHX F PEIKO3EMEIbHBIX 3JIEMEHTOB, B TOM UHCIIE BHICO-
ko3apsaabix (Nb, Hf, Zr). Hu3kue KoHUeHTpammm Ts-
KelbIX JantaHougoB (1.06-1.58 Yb m 9-14 Y),
OTMEUCHHbIE B PUOJIMTOBBIX HTHIMOPUTAX KallbIEephl
[TonoBuaKa (06p. 36m-02J1 u 53-02J1), XapakTepHbI 15t
NPOU3BOAHBIX afakuToBbiXx MarM [13]. Cornacuo [13]
TPAaHUTOWNIBI, OOJIAAOIINe TMOOOHBIMI T€OXUMIUe-
CKUMH OCOOEHHOCTSIMH, Ha3bIBAIOT aJJaAKUTOBLIMH I'pa-
HUTaMU WY “‘TPaH3UTHBIMU alaKuTaM1”’; OHU BCTpeva-
FOTCS B TIPEJIeNIaX OCTPOBHBIX YT U aKTUBHBIX KOHTH-
HEHTAJIIBHBIX OKpaWH ® paccMaTpHUBAIOTCI Kak
NPOM3BOJIHbIE MPOAYKTOB CMEUICHUS] alaKUTOBBIX
Marm Ju60 MeTacOMaTU3UPYIOIIETo areHTa (ITo mpef-
MOYTUTENBHEE B JAHHOM ClIy4ae, CM. puc. Sa) ¢ MeTada-
3UTOBLIM BEIIIECTBOM OCHOBAHMS KOHTUHEHTAJIHLHON
Kopbl. Hu3kue coepskaHust TSKEIBIX JIAHTAHOUJIOB (B
npeaenax Yb < 1.8 m Y < 18) ciykat rpaHunest auis pas-
JeJIeHUs] aflaKuTOB M MPOU3BOAHBIX M3BECTKOBO-IIE-
JO4HBIX MarM [34]. Puonmmnts! ceBepHOro cektopa KBI]
(06p. 34-00JI) o6magaroT HECKOIBKO MOBBIIIEHHBIMI
3HAYCHUSIMU 9TUX NTApaMeTpoB (puc. 46, Tabi.).

Pab6oramu nocnegaux pecartmwietui [6, 18, 23, 31 n
Op.] YCTaHOBIIEHO, YTO HAPSAy C IIMPOKUM Pa3BUTHEM
OCTPOBOJIY>KHBIX 00pa30BaHMH B npefierax BocTouHoit
Kamuatku, B HeGonbIIIX 00 BEMaX MPOSIBJICHEI CyOIlIe-
JIOYHbIE U IIENOYHbIE 0a3aIbTONU/IbI BHY TPUILIUTHOIO
U OKpamHHO-KOHTHHeHTasbHOro (AKO) reoxmmuye-
CKOT'O THUIa, KOTOPhIE PaCIPOCTPAHEHbI B OCHOBHOM B
ThUIOBBIX 4YacTAX OCTPOBHBIX Ayr. Ilpm mepexope ot
¢poHTa K THUTY (C YBEJIMUEHNEM IITyOUHBI IO cefcMO-
(pOKaTBLHOIT 30HBI) B MOPOAAX BO3PACTAIOT KOHIIEHTPA-
M KaJIisl, HEKOTOPBIX KPYIMMHOMOHHBIX TINTO(AITHEHBIX
(Ba, Pb, Sr, La, Th) u Bbicoko3apsanubIx (Zr, Hf, Nd) pen-
kux u P305. ITo MEeHNIO OOJIBIIICH YaCTH HCCIEIOBaTE-
JIel OCHOBHYIO pOJIb B IPOUCXOXKACHUU MONEPEYHOM
30HAILHOCTH UTPAET cofiepsKaHue (hiiroua, OTHENsI0-
mierocss OT CyOOyLIUpPyeMOW OKEaHWYECKOH IUINTHI.
Ponb ero B mponeccax MarMoreHepanuy OCTPOBOIYK-
HBIX PacIUIaBOB YMEHBIIIaeTcsl OT (PPOHTATBLHOMN K ThI-
soBoii 30He. [1o [35, 37] cpenu 271eMEHTOB, CBSI3aHHBIX
¢ CyOOYKUMOHHBIMH TIPOLIECCAMU, BBIJEISIOTCS Maso-
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IyOWHHBIE HU3KOTEMIIEpaTypHbIe HEKOTCpPEHTHBIC
anemeHTsI (Ba, K, Pb, Sr, Cs), mogBikabie BO (DIron-
HOI1 (pa3e U BbICOKOTEMIIEpaTYpHbIE ITyOUHHbIE KOM-
noHeHTHI, Takue Kak Th, U, La, Pr, KoHeHTpupyommu-
ecsl B paciuiaBax, 0Opa3yroIMxcs P IUIABJICHUAN CYO-
aynupyemoro ocaaka. Kpome 3Toro BeIfensieTcs
rpymna KoncepBaTuBHbIX anemeHToB (Hf, Zr, Nd, Ti, Y,
YD), KOTOpbIE OIMpPEAENSFOTCS COCTaBOM cyOcTpaTta u
NEPEHOCATCS PacIlyIaBOM.

st mydinero noHuManus uctopuu pazputus KBIT
HEOOXOIUMO PacCMOTPETh Ooliee paHHUII 3Tal cTa-
HOBIJIEHNsT BocTO4HOrO BynkaHMm4yeckoro nosica Kam-
YaTKH B 3TOM paiioHe. Hanbonee noaHO OH MposIBIIEH
B MUOIIEH-TUTMOLIEHOBBIX pa3pe3ax BOCTOUHBIX OTpPO-
ros BanarmHckoro xpe0Ta, KOTOPbIA PacloyIOKEH B
30-50 kM k 3amagy ot KBILI. MiMeHHO B 3TOM paiioHe
yCTaHOBJIEHA MOCNEOBaTeNbHAs CMEHA TeOf[THaMIye-
CKIX OOCTaHOBOK OT PEKMMOB PACTsKEHUS Ha MTO3[IHE-
MHUOLIEH-TUTMOLIEHOBOM 3Talle Pa3BUTHsI OCTPOBHOM Jy-
T'Hl IO peskumMa cxkaTus (CyOmyKIMOHHBIE POIiecchl) — Ha
MO3HEIUTAONEH-YETBEPTHYHOM, C IIEPEMEIIICHUEM OYa-
OB MarMoreHepalyy ¢ ypOBHEW rpaHaT-IIIIHENEBON 1
HIMUHeNIeBOH (parmil ryOMHHOCTH (OOOTallleHHas! MaH-
THST) O YPOBHS IJTATMOKIIA30BOM (haliy TITyOMHHOCTH
(oOepHeHHas BepxHssl MaHTHs) [6]. B reomornueckom
IUTaHE 3TO TIPOSBISIETCS CMEHOW MO3THEMUOLEHOBBIX
BBICOKOTUTAHNCTBIX IIEJIOYHBIX 0a3aJIbTOB C BHYTPHII-
JIMTHBIMHI T€OXUMHWYECKIMHA XapaKTEPUCTUKAMHA (HIK-
H$Is YacTh pa3pesa MANUHCKO CBUTHI) CyOIIeTOYHBIMA
0a3anbTaMy C NpPU3HAKaMU OOpa30BaHUIl OKpPAWHHO-
KOHTHHEHTAJIbHBIX PU(TOB (BEpPXHsS 4acTh paspes3a
HJANMHCKO CBUTHI) U, HAKOHEL], THNMMYHBIMU OCTPOBO-
AY>KHbIMU ByJIKaHUTaMH cOOCTBEeHHO BocTo4ynoro Byin-
KaHW4YeCKOro nosca. bazanbTel p. XKynaHoBa Ha ceBe-
po-3ananHoil rpanune KBII sSBIsIOTCS NepeXOgHbIMU
Pa3HOCTSIMU TIOPOJ, B KOTOPBIX YK€ IPOSIBIIAETCS OCT-
POBOAYKHBINI XapaKTep PacHpefesiceHuss MHKpPO3Je-
MEHTOB, HO COXPAHSAETCs OBBIILIEHHAs KOHIIEHTpalysl
P, P3 u BricOKO3apsaHbIX 31eMeHTOB. [1o [28] 3TH Ga-
3aNbThl HENOCPEACTBEHHO HAJCTApamBarOTCs HauOo-
see ppesHumu ByiakaHamu KBII — Kpaitnum u Pasna-
TBIM.

IMoBwiiennsie (31-48.7) otnowmenns Ba/lLa B By-
KaHM4EeCKUX nopopgax cesepHoro cekropa KBII cBupe-
TEILCTBYIOT O TOM, YTO BO (DPOHTAIIBHOM 30HE (BYJIKa-
Hbl CreHa 1 Manblii CeMsunK) BEAYLIYIO POJIb UTPAET
MaJIoOrTyOUHHBIN KOMIIOHEHT, T.e. (OJIIOHfI, OTHAEISIIO-
IIUIICSI OT MOAJBUTaeMON OKEaHMYECKON IIJIUTEI, B OT-
J4Ke OT MOPOJ FOXKHOTO ceKTopa (ByskaHbl [utMapa
u OgHOOOKUIT), 60JIee yIaTeHHBIX OT OCH IITyOOKOBO-
HOro keso6a (o [17] mpomekyTo4yHas 30Ha OCTPOBO-
IY>KHOH CTPYKTYPbI) ¥ OTIMYAIOIIUXCS 00JIee HU3KIMHI
(20.8-25.1) Benmunnamu Ba/La (puc. 5a). B To ke Bpems
IJIs1 BYJIKAHUYECKHX NIOPOJ, 3TOM 30HBI (Kak 6a3aJIbTOB,
TaK U UX KHUCIBIX NPOM3BOJHBIX) XapaKTEpPHbI ITOBBI-
menHble oTHoenus: Th/Yb (puc. 56), uto cBupeTe b
CTBYET O BIIMSIHUM INTyOMHHOHM BBICOKOTEMIIEPATYPHON
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CYONyKIIMOHHOW KOMITOHEHTBI, CBI3aHHON C TUIABJICHU-
eM CcyOnyIMPYIOIIUX OCAIKOB M XapaKTEPHO MiJisi 00pa-
30BaHUI aKTUBHBIX KOHTHHEHTAIBHBIX OKpanH [37].

Ha ocHoBanuy MuHepanornyeckux [12] u reoxumu-
YyecKUX OcOoOeHHOocTell ByikaHuueckux nopop KBILI
MOXKHO TIPEJICTaBUTh CIEAYIOMIYIO MOJIEh MarMooopa-
30BaHUs 3TOU CTPYKTYphl. ['ab0pouiHasi MUHEpaibHasI
acconpanysi (PEHOKPHUCTAUIOB Pa3HOBO3PACTBIX OJIM-
BuHcolepkanmx 6Oa3zanpToB KBLI [12] mo3Bomser
MIPEAONIOXKITh, YTO 3[leCh Ha TIIyOMHe mopsgka 15—
20 kM (5—6 kOap) CyIIeCTBYET €MHBII IMPOMEXKYTOY-
HBI MarMaTUYECKUI o4yar 6a3ajJbTOBOM MarMbl, KOTO-
PBIil IEPUOANYECKH NTOCTABIISIET HA TOBEPXHOCTH BHICO-
KOTeMIIEpaTypHbIE pacIyaBbl, HAYMHAS C KOHIIA [UIHO-
I[eHa BIUIOTh 10 Hactosuiero Bpemenu [30] (puc. 6).
ITpucyTrcTBrie B MUHEPANIBHBIX acCOLMALIUSAX 0a3aIbTOB
FOXKHOTO CEeKTOpa BbICOKOXpommucToi mmuHemn (Cr
0.57-0.68), BLICOKOMarue3uaabHbIX oiuBruHa (Mg* 86—
89) u kymHOMMpokcena (Mg* 84-86) cBuieTEIBCTBYET O
CBSI3U €TUHOTO MPOMEXKYTOUHOTO 04ara ¢ 6oJiee riryoo-
KMMH 30HaMI MarMOreHepanyy, BO3MOKHO, Ha TPaHNLE
HIDKHEN KOpbl U BepxHeil MaHTuU. Cyfs IO 9KCIepH-
MEHTAJILHBIM JIaHHbIM, BBICOKOMarHe3uajbHasl acColy-
anys OJNMBIHA ¥ KJIMHONMPOKCEHA MOTJIA KPACTAIIII30-
BaThcsl NpU flaBieHun 8-9 kOap (riyOMHaA HOpsKa
30 kM) u Temnepatypax 6onee 1200°C [1]. Bmmsocth
OTHOILICHUII HECOBMECTUMBIX JIMTO(DUIBHBIX 3JIEMEH-
TOB 6a3ajbTOB ByJKaHOB uTmapa m OpgHOOOKWH, a
TakzKe 06a3a1bTOB nepexofHoro tumna (p. 2ZKynasosa, ce-
BEPO-3alaJiHbII CEKTOpP CTPYKTYpPhI), TO3BOJISET MPEN-
roJlaraTh HacJefJOBaHHE OCTPOBOAYKHBIMH MarmMaMu
TeOXUMHYECKHNX TMPU3HAKOB CYOIIEIOYHBIX PaclUIaBOB
0oJiee paHHHUX STAlOB MarMoOOpa3oOBaHUs B paioHE.
OO0 3TOM CBUIETENILCTBYET 1 MOSIBIIEHUE B pa3pe3ax Thl-
710BOIi 30HbI F0xxHOU yactu KBII (3anagHblil 00pT Kab-
gepbl I1lonoBrHKa) HU3KOKPEMHUCTHIX AHIC3UTOB, OT-
JNYAIOIIUXCS  “NEPEXOAHbIMUA~ TEOXUMUYECKUMHU Xa-
pakrepuctukamu. Ha cylecTBoBaHME TakoO# CBA3M
YKa3bIBAIOT W He(peIMH-HOPMAaTHBHbIE PAcCIIaBbl Ka-
JIMA-HaTPOBOT'O THUIA, ONIPEfiEIEHHbIE METOJOM FOMOTe-
HU3AIMU pacliaBHbIX BKIIOYEHHUH B IUIarkMoKIIa3ax mo-
pon FOKHOTO cekTopa [25, 29].

B onuBuHCOpEpxkanumx 6a3anbTax ByJIkaHoB CTeHa
u Manbiii CeMsTuuK, paciojOXKEHHbBIX BO (PPOHTATILHOM
yactu BBI1, B (peHOKpHCTANIIaX ONMBIHA OOHAPY>KEHBI
TBEpAO(A3HbIE BKIIOYEHUS BbICOKOTTIMHO3EMUCTON
HINIHEI! (TEPLJHUT), KOTOpasi He XapaKTepHa JIsl Hajl-
CYOyKIIMOHHBIX OCTPOBOAY>KHBIX MarMm M JI0 3TOTO He
onpepensnachk B JIaBaxX JAPYrUMX 4eTBEPTUUHBIX BYJIKA-
HoB BBII [12]. TTo yposHto rimuHO3emuctocTH (Al 0.6—
0.78) oHm ONMM3KH IIMHUHEISM MO3THEMHOICH-TUINOIE-
HOBBIX BHYTPUILTUTHBIX LIEJOYHBIX 023aJITOB BOCTOY-
HbIX OTporos Bamarunckoro xpeOta (OacceiiH p. JIeBast
Kynanoga) [6]. CornacHO TEpMOAMHAMHYECKUM pac-
yeTaM OHHU KpUCTAJUIM3YIOTCs IIpU jaBiieHuu 12-17
K0ap, 4To coorBeTcTBYeT Iimyounam 35-50 kM [19]. B
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Puc. 6. Cxematuyeckasi MOieIb pa3MelleHus] MarmMaTiudeckux ovaroB o KBLI. / — npeanonoxuTenbHO AeACTBYIOIIE MarMaTu-
YecKme ovary; 2 — 3aKpHUCTAJUIN30BaHHAS YaCTh MarMaTHIECKAX 0YaroB; 3 — MpefnojiaracéMble MarMaTHIecKue Ovard MUOLCH-
IUIMOLIEHOBOT O 3Tana ByikaHu3Ma B KBII; 4 — nogsopsiye MarmaTuyeckue KaHajlbl; >KUpHasi JIMHUS — OT TOJIOLIEHA 10 HACTOSAIIETO
BpPEMEHH.

TO Xe BpeMs, 6a3anbThl ceBepHOro cektopa KBLI (kak  pofy BBICOKOTIIMHO3EMUCTBIX IIIMUHETNEN U3 6a3a1bTOB
7 FOKHOT0) [0 COCTAaBy MUHEPAIbHBIX accoqpanmii oT-  ceBepHoro cektopa KBILI. IIpocTpancTBeHHas conpsi-
HOCATCS K 6a3anbTaM rabOpOHUIHOTO TUTA, KPUCTANIA-  >KEHHOCTh paiioHa pPa3BUTHS IIEJIOYHBIX 0a3albTOB
3a1ysi KOTOPHIX MPOUCXOMUT HAa HEOONBINX ITyOuHax, (BepxoBbs p. JleBas ’KymaHoBa) W NMpUMHUTHBHBIX Oa-
a TeOXMMUYECKHE OCOOCHHOCTH CBHJIETENBLCTBYIOT O  3ajIbTOB JIOKaJbAepHOro ByinkaHa CTeHa, a TakxkKe WX
NPUHATIEXKHOCTH UX K TUINUYHBIM OCTPOBOAYKHBIM  IIPOsiBIIEHHE, COMIDKEHHOE B MacIlITabe reoJornyecKo-
00pa30oBaHUsIM. Y UUThIBas 3TU MPOTUBOPEUMSI — OCT- 'O BPeMEHH (HOBbIE JaHHBIE O BO3pacTe NTHUMOPUTOB
POBOY>KHBIN XapaKTep MarM 1 “BHYTPUITUTHBIA Tul  Kamnbaep Crena-CobonuHas [20]), npeAnonaraioT BO3-
LLINUHENEH, MOXKHO NPEANOIOKUTh PEUKTOBYIO IPH-  MOXHOCTB 3aXBaTa PacllIaBOM OCTPOBOAYXKHOTO I'eo-
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XUMHUYECKOTO THIIA B TPOIiecce N3BEPKEHNST KPUCTaJI-
JIMYECKOTO MaTepuasa CTaud MPOTOKPUCTATIIU3AIIN
IIEJIOYHO-0a3aJIbTOBOM MarMbl MHOIIEH-TUTMOIEHOBBIX
0YaroB paHHUX 3TANOB Pa3BUTHUS OCTPOBHOU ayru. O
MIEJIOYHOM XapakTepe PaciiaBOB CBUACTEIBLCTBYIOT
COCTaBBI JOUYEPHUX KPUCTAITMYECKUX (pa3 B YaCTHIHO
PaCKpHUCTaJUIM30BAHHBIX PACIUIABHBIX BKITFOUCHHSX B
penokpucrannax onuuHa 78-82 Fo [12]. Ouu npen-
CTaBJIEHbl BbICOKOTUTAHUCTBLIM, BbICOKOIVIMHO3EMU-
CTBIM KJIMHOMUPOKCEHOM ((haccauToM) U TIIMHO3EMU-
CTOM WIMHMHENBIO, OOpa3yIOIUMK BKPAIUICHHUKHA B
MO3IHEMUOIIEH-TININOLEHOBLIX IIIEJIOYHBIX Oa3ajabTax
BOCTOYHBIX OTporos Bamarunckoro xpe6ta [6, 12].

BbIBOJbI

1. ®opmuposanne KBII npoucxoauno puTMUYHO,
HauyMHas C KOHIIA INIMOLIEHa, C 00pa30BaHUEM ITOCIIENO-
BaTeNbHbIX JU(P(PEPEHIUPOBAHHBIX KOMIUIEKCOB IIO-
pon. OHO BKJIIOYAJIO HayallbHbIE 3Talbl INPEUMYILE-
CTBEHHO 0a3aJIbTOBOTO BYJIKAHU3Ma, IJIUTENbHBIE IIE-
pUOABI TNOKOSI W TOCIENYIOIINE BCIBIIIKA KHCIOrO
9KCIIJIO3UBHOTO BYJIKAHM3Ma C 00pa30BaHUEM TENIECKO-
NMPOBaHHBIX KajbAep. OTMedaercss HoclefoBaTellb-
Hasl 9BOJIIOLMA PaCIlIaBa Ha KaX/OM STalle ¢ COKpalle-
HHEM MacIITa0O0B BYJIKaHU3Ma BO BPEMEHHU.

2. 3aKOHOMEpHOE M3MEHEHNE MeTPOTEeHHBIX W JIU-
TO(WIBHBIX 3JIEMEHTOB B BYJIKAHUYECKHUX IIOPOIAX
KBLI 06bsicHsSIETCS B OCHOBHOM TipoIieccamMu (PpaKIro-
HUPOBaHNS MUHEPAJILHBIX (pa3 W3 WCXOIHOTO pacIuia-
Ba. B mporecce oTcaiku mopogoo6pas3yroIyx 1 akIiec-
COPHBIX MUHEPAJIOB MPOUCXOAIIIO 00OTaIl[eHne OCTa-
TOYHBIX pACIUIABOB  IIEJIOYaMH, JHTO(PIIEHBIMI
anemenTamu (Rb, Ba, Sr, Pb, Th, U, P33) u ucrorenune
koreperTHbIME 37eMenTamu (Ni, Cr, Sc, Ti).

3. Pe3ynbTaThl TeOXMMHUYECKOIO HCCIEOBAHNUS
ByJkaHndyeckux nopop KBLI yka3bplBatoT Ha npuHaj-
JIESKHOCTB MX K TUITMYHBIM OCTPOBOJY>KHBIM OOpa30Ba-
HUSIM.

4. CxocTBO KapTUHBI paclpefiesleHus MUKPOKOM-
MOHEHTOB Ji7Is1 BynKaHnyecknx nopop KBLI u 6a3ans-
TOUJOB “TIEPEXOAHOrO” THMA, CJIAraloliX BEPXHIOIO
YacTh €ro IUIMOLIEHOBOTO (pyHAAMEHTa, CBUJETENb-
CTBYET: a) O IIPOSIBIICHUHU IIONIEPEYHON F€OXUMHUYECKON
30HAIBHOCTH JlaKe B Mpefiesiax OJHOTO BYJIKAHUYECKO-
ro LeHTpa; 6) O HAacIeJOBAaHNH FEOXUMUYECKHX XapaK-
TEpUCTUK OOJiee paHHUX 3TAllOB MarMooOpa30BaHUs B
pafioHe; B) 00 3BOJIIOIIMOHHOM MyTH Pa3BUTHUS TEKTO-
HOMarMaTH4YecKux cucrem [6, 18].

5. OTHOI1IEHNS] HECOBMECTUMBIX 3JIEMEHTOB IIPEAIIO-
JIararoT JBYXKOMIIOHEHTHYIO CUCTEMY MarMooopa3oBa-
HUS: OOeTHEHHBIN MaHTHHHEIN HcTOYHIK (N-MORB) 1
HaJICyOMyKIMOHHbIE (DITIOUALI (OCTPOBOAYKHBI KOM-
MOHEHT). BeposiTHBI polecchl KOHTAMUHALMA pacIlia-
Ba B KPOBJI€ IPOMEXKYTOYHOI'O OUara MeTacoMaTH3HpO-
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BaHHBIM CyOCTpaToOM, A00aBKa KYMYJIYCHBIX KPUCTaJ-
Jmyeckux a3 (M paciiaBoB) Oojiee paHHHUX TAIOB
marmooOpa3oBanus B KBLI, mporcxoauBLIuX B Apyrux
reolMHAMUIECKUX OOCTaHOBKaX (BHYTPUIUIMTHBIX WA
OKPaVHHO-KOHTUHEHTAJILHBIX) ¥ OrPaHMYEHHOE WX
CMEIIMBaHKE C KOMIIOHEHTAaMH MarM, KpUCTaJlIn3Yio-
LMMHCS] HA Pa3HBIX ITTyONHAX.
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This paper is concerned with the petrology and geochemistry of rocks found in the Karymskii Volcanic Center
(KVC), which is the largest in the Eastern Volcanic Belt of Kamchatka. The KVC was being built in a rhythmic
manner since the Late Pliocene, generating successive differentiated rock complexes. The pattern of variation
for major and minor elements in the KVC volcanic rocks can be explained by the fractionation of mineral phas-
es from the primary melt. The process involved enrichment of the residual melts with alkalis and lithophilous
elements (Rb, Ba, Sr, Pb, Th, U, REEs), as well as depletion in coherent elements (Ni, Cr, Sc, Ti). A geochem-
ical study of KVC volcanic rocks shows that these are typical island arc formations. The relationships be-
tween incompatible elements suggest a two-component magma generation system: a depleted mantle source
(N-MORB) and suprasubduction fluids (the island arc component). The melt may have been contaminated
by a metasomatized substratum in the top of the intermediate chamber with added crystalline cumulus phases
(and melts) due to earlier magma generation phases in the KVC.
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