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MertauioreHnyeckasi mpoBuHIMsA PynHoro Anrasi, KoHGOpMHas OTHOMMEHHOMY TePpPEeHY U pacIioio-
>keHHas B LleHTpanbHo-A3uarckom ckiiamuatoM rnosice (LLACII), — onHa u3 KpynmHeH 11X B MUpeE T10 3aria-
caM KoJrdemaHHBIX (volcanogenic massive sulfide (VMS)) pyn. M30ToImHbBII cOCTaB CBUHIIA BIICPBEIE C BBI-
cokoit TouHocThIo (1£0.02%, SD) usmepeH 1o rajeHuTy (Bcero 61 oopaserr) mist 20 KordenaHHO-ITOJIUMe-
TAUTMYECKUX MECTOPOXKACHUI, MPEACTaBISIONINX JOMUHUPYIOIIWIE B PynHoM AnTtae TUn cyabUIHBIX
3ajexeii. OHU 3ajleraloT B paHHe—CPEeIHEeIeBOHCKOM BYJIKAaHOT€HHO-OCATOUYHON TOJIIE, aCCOLUUPYS C
BYJKaHUTaMM OMMOJAJIbHOM 6a3aIbT-pUOIUTOBOM cepun. Cpear U3ydeHHbBIX MPUCYTCTBYIOT KPYITHbIE 1
CcynepKpymHble MecTopoxXaeHus: atoro tumna: Punnep-CokonbHoe, TumnHckoe, HoBo-JleHnHoropckoe,
3pIpsTHOBCKOE, 3MenHoropckoe, KopbamuxuHckoe. B MPOBMHIIMM B 1I€JIOM M30TOITHBIE OTHOIICHMS
206pp, /204py, - 207pp /204py i 208pp /204PY BappupylOT B y3KMX Tpenenax. IIpM CpemHmX 3HAYCHUsIX
206pp /204ph = 17.820, 297Pb/2%4Pb = 15.517 u 2%8Pb/2%4Pb = 37.669 cpenHekBampaTHuHblii pazdpoc (Koad-
dunment Bapuauuu, %) cocranusietr 0.22, 0.038 u 0.063% coorBeTcTBeHHO. Ellle G0JIee rOMOreHHBI CO-
cTaB HabJIIomaeTcst BHyTpH pyIHbIX paitoHoB nmpoBuHINH (0.054, 0.012 1 0.020%) 1 0cOGEHHO BHYTPH Me-
cropoxnenwuii (0.025, 0.010 n 0.013%), macinTab Bapyualyii NU30TOIMHBIX OTHOIIIEHUI CBUHIIA 3[€Ch TIOCTU-
raeT ypoBHsI morpemrHoct ux usMmepeHust (£0.02%). M30TOMHBINA COCTAaB CBUHILA MPOBUHLIUU HeE
COIEPXKUT U3OTOITHBIX “METOK” IOBEHWJIBHOTO (acCTeHOC(hEepHOTo) IMPOUCXOXACHUSI. DBOIIOLIMOHHBIC Xa-
PaKTepUCTUKN MCTOYHMKA CBHMHIIA (€ro JeTIETUPOBAHHOCTh YPAHOM, YIPEBHEHHBINA MoaeabHbIN Pb-Pb
BO3pAacCT, yMEPEHHbIE 3HAUEHUSI TapaMeTpa |L,) B COBOKYITHOCTH C BBIAECPKAaHHOCTBIO M30TOITHOIO COCTaBa
MTO3BOJISIIOT B KAYECTBE €r0 MCTOUHMKA paCCMaTPUBATh JINTOC(HEPHYIO MAHTHUIO, COCTOSIIILYIO M3 MeTacoMa-
TU3UPOBAHHBIX U PELIMKJIMPOBAHHBIX MOPOJI. DTOT UCTOYHUK HOCWUJI pETMOHAJIbHBIN XapaKTep, ObLI TOMO-
reHHBIM B xumMmudeckoM (U-Th-Pb) 1 nzoronHom (Pb-Pb) oTHoIIeHMN 1 eMUHBIM IJIST BCEX MECTOPOXKIC-
Huii. Cpenu Apyrux npocTpaHcTBeHHO-0an3KuX TeppeitHoB LIACII, Bkmouas Kurtaiickuit Anraii, pyaHblit
cBuHel PynHo-Aunraiickoro TeppeitHa o6J1agaeT HauMeHee palMOreHHBIM COCTaBOM IO COAEPXKaHUIO BCEX
tpex usotornos 22°Pb, 27Pb u 2%8Pb. OtMeuenHoe paHee (Chiaradia et al., 2006) cucTeMaTHYecKOe YMEHb-
IIIeHUEe colepKaHusl paTlMOTeHHBIX U30TOTIOB B CBUHIIE Py M TTopon ykasaHHBIX TeppeitHoB LIACII B Ha-
MpaBJIeHUU C I0T0-3aMaaa Ha CEBepO-BOCTOK KOPPEIMPYETCsI C YMEHBIIIEHUEM B TOM XK€ HalTpaBJIeHUU POJIU
HVXHEM KOPBI B COCTaBe TEPPEMHOB, I1e B TOM YKCJIE YI4aCTBYIOT (DparMeHThI U OJIOKM TOKeMOPUiITCKOI KO-
pel. OCOGEHHOCTDh U30TOITHOTO cocTaBa Pb PymHo-Asraiickoro reppeitHa B OOIBIION CTEIICH! OIIPeIeIs-
€TCsI OTCYTCTBMEM B €ro CoCcTaBe 0JIOKOB TOKEMOPUIACKOI KOPHI.

KioueBble cioBa: n3zotorHbiit coctaB Pb, MC-1CP-MS MeTon, KojluenaHHbIE MeCTOpOXKIeHUsI, PynHbIi
AJlTail, ICTOYHUKHU BEIIEeCTBa

DOI: 10.31857/S001675252306002X, EDN: EMNCHT

BBEAEHUWE HEIX pyn (VMS deposits) — okoso 1000 MIH TOHH

PynHblii AnTail — ofHa M3 KPYITHEHLIINX TOPHO- (CmupnoB, 1979; becnaeB u ap., 1997; lepraues,
PYAHBIX TPOBUHIMI MUPOBOTO Kilacca ¢ cymmapHbl-  2010). 31eck Ha ruiomanu MeHee 10000 KM? CKOH-
MM 3a11acaMy ByJIKAHOTEHHBIX MACCUBHBIX CYJIb(MUI- LEHTPUPOBaHO 60 MECTOPOXIECHUIA MEIN, CBUHLIA U
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mMHKa. YeTBepTh M3 HUX OTHOCUTCS K paspsmy
KPYITHBIX U CYNIEPKPYITHBIX MECTOpOXKIeHU (0osee
25 muH ToHH) (Hepraues, 2010).

B coBpeMeHHbBIX METAJUIOTEHUYECKUX 0000IIEeHH -
SIX TOMUHUpYyoe B PynHoM AnTae KomyegaHHO-
MMOIUMETAJITINYSCKIE MECTOPOXACHMS Yallle KJIAaCCH-
dunmpyrorcs kak Tun Kypoko mim siliciclastic-felsic
VMS deposits (Franklin et al., 2005; Shanks et al.,
2012; Lobanov et al., 2014; I'acekoB, 2015). B To ke
BpeMsl, HaXOAsIIuecs] B aHA€3UTOUIHBIX OCaI0YHO-
BYJIKAHOTEHHBIX (hOopMaLIUSIX MECTOPOXICHUS MUO-
neHoBoro Ilosica 3enenbix TydoB (Kypoko) B mpene-
Jax SIMOHCKOI SHCHUAIUYECKOI IYTU MO METPOJIOTUN
BYJIKAHMYECKUX ITOPOJ 3aMETHO OTIMYAIOTCS OT Ta-
KoBoil ms1 PynHoro Anrast (MupoHoB u ap., 1999;
Bukenrtbes u ap., 2023). CymiecTByeT ToOYKa 3peHUs
(KynpsiBueBa, Kysnemnon, 2012) o HeoOXOaMMOCTH
BBIICJICHUSI MeCTOpOXAeHNI PymHoro Ajtast Bcamo-
CTOSTENLHBIN “pynHO-aNTalCKWii” THII, TJIAaBHBIM
00pa3oM, Ha OCHOBAaHUHM PE3KOT0 pa3Inuus MacIlTa-
00B KolM4yemTaHHOM MUHepaiu3auuu B PymHoMm Aj-
Tae oT 0ojiee MEJIKMX I10 3aIracaM pydbl 1 MEeTaJLIOB
MmecTopoxaeHunit Kypoko. PynoobpazoBanue B Pym-
HOM AJTae paccMaTpMBAaeTCsd KakK MpOILecC, CHUH-
XPOHHBIN C MPOSIBJICHMEM OMMOIAILHOIO 0a3ajbT-
PHOJMTOBOrO BYyJIKaHM3Ma OEBOHCKOTO BO3pacTa
(Bynkanorensnsie ..., 1978; I'acbkoB, 2002; Yeka-
muH, JdbsgukoB, 2013; Akinfiev, Vikentyev, 2020).
[1pu aTOM TIpUpOIa 1€ BOHCKUX BYJTKAHNIECKUX 1O~
PO M UX PYAOHOCHOCTU OCTAaETCsl IPEIMETOM JIUC-
kyccuu (ITpomeiciioBa, 2005; Kyitouma n ap., 2013,
2019; Koznos, 2015; Ky3sHewoB u ap., 2019; Kyiiou-
na, 2019). OmHUM 13 KII0YeBbIX BOIIPOCOB 00CYKIa-
eMOIi TIpoOJiIeMBbl SIBISETCSI MCTOYHUK METaJlJIOB
3TOM METAJIOTeHNYECKOM IMTPOBUHIIVN.

Pa3BuTre reoXxvMuM M30TOMOB MOBJEKIIO 3a CO-
0o0i1 MHOTME HCCIeIOBAaHUS, B KOTOPHIX pa3IMYHEIC
M30TOMHBIE XapaKTEePUCTUKU PYIHOIO BeleCTBA U
aCCOLMMPOBAHHBIX C HUM TOPHBIX IIOPOJ, UCITOIb30-
BaJIVICh KaK “MeTKN” 1 MAeHTU(PUKALTNA NCTOYHMU -
KOB PYIHOW MUHEpaJIu3alui B KPYMHBIX PYIHBIX
MPOBUHIIMSIX Pa3IAYHOTO IPOGUIS U OTIEIbHBIX
MecTtopoxaeHuil TruxookeaHCKOTo Iosica, I0To-BO-
CcTOuHOIT ABcTpanum, 3abaiikanbsi, BepxosHbs, Ypa-
Jia v npyrux peruoHoB. [TpoBonuBuieecs: B XX cTose-
THUH, OCOOEHHO MHTEHCUBHO B 1950—80-X IT., reoJio-
TMYEeCKOe M3yYeHHMEe KOYeTaHHBIX MECTOPOXICHUMA
PynHoro Antasi mpakTU4eCcKu He ObLIO TTOaIe p>KaHO
HCCIeI0BAaHUSIMU PAAUOTeHHBIX M30TOIOB IIPU pa3-
paboTKe BOIIPOCOB MPOMCXOXIECHUS MECTOPOXKIE-
HU 3TOI KpyIHENWIeil pyqiHO mpoBUHIIMU. Tak,
pe3yabTaThl eOWHUYHBIX, BBIIIOJHEHHBIX OoJiee
40 net Hazag paboOT, B KOTOPBIX aHAIU3UPOBAICS
M30TONHEIN coctaB Pb PynHoro Anrast, BBUmy HU3-
KO TOYHOCTHU ObLIM MaJio MH(GOPMATUBHBIMU (AK-
CEHOB U 1Ip., 1977; CeIpOMSITHUKOB U 1p., 1981; I'ach-
KoB, 2002).

[IpennpuHsaTOE B HAacTOsIIIEi paboTe cCUCTEMAaTH-
YyecKoe M3ydeHHre U30TOITHOIo cocTaBa Pb komuenaH-
HO-TIOIUMETAJTINYEeCKIX MECTOpOXaeHuil PymHoro
AJTast TIpoBEAEHO C IOMOIINBIO BBICOKOTOYHOIO (C
norpemrHocThio £0.02%) MC-ICP-MS Mmertona, Ko-
TOPBII IO TOYHOCTU Ha ITOPSIIOK IMPEBOCXOIUT Tpa-
IUIIMOHHO TIpMMeHSBINUiica paHee Metonm TIMS.
Meton MC-ICP-MS (Rehkdmper, Halliday, 1998) B
nocienHue 10—15 et ctaa HOBOIT METOOIUYECKOI OC-
HOBOM CBHMHIIOBO-M30TOITHBIX TI'€0-HCCIASIOBAHUM,
obecrneyuB 3aMETHBIN ITPOrpecc B MepBYIO OYepeb B
o0JlacTu M3ydeHUsI pyogHOro cBuHIA. OH MO3BOJIMII
npu HeonpeaeiaeHHocTtu Bcero 0.02% dukcupoBaTh
pa3auyurs U30TOITHOTO COCTaBa CBUHIIA B OOBEKTax
pa3IUYHOTO MaciuTada, BIUIOTh OO YPOBHS MUKPO-
KPUCTAJIJIOB PYIHBIX MUHEPAJIOB, U BBISIBJISITh Peajlb-
HYIO KapTUHY pacnpenejaeHusI B HUX U30TOITHOTO CO-
CcTaBa CBMHIIA. DTHU KayeCTBa METOAa, KaK yXKe IT0Ka-
3aJl ONBIT PETrMOHAIBHBIX CBUHIIOBO-M30TOITHBIX
WUCCJIENOBAaHUIN C HCITOJIb30BAHMEM BBICOKOTOUHBIX
MC-ICP-MS nmannsix (Kamenov et al., 2002, 2005;
YyraeB m ap., 2013; Standish et al., 2014; Yyraes,
Yepuniies, 2017; YepHbiies u ap., 2018), okasbiBa-
FOTCSI CYIIIEeCTBEHHLIMU IIPU BHIICHEHUM T€OJIOrMYe-
CKUX TIPUYUH PETrMOHAIBHBIX W JIOKAJBHBIX BapHa-
LI U3OTOITHOIO COCTaBa CBUHIIA U UJIEHTU(DUKAITUN
€ro UICTOYHUKOB.

ITonyyeHHBIE B HacToOsIIEel paboTe pe3yabTaThbl
HOCSIT, IIPEXIIe BCEro, perMOHAJILHEIN XapaKTep, IO~
CKOJIBKY OTHOCATCS K 20 MECTOPOXISHUSIM U PYIO-
MIPOSIBJIEHUSIM U3 YeThIpeX PYAHBIX PailoHOB — 3BIpsI-
HOBCKOro, JleHMHOropckoro, 3MEHMHOIOPCKOTO U
Py6uoBckoro, hopmupyromux B PynHoMm Anrae rmpo-
TsSDKeHHBIH (pumepHo 500 KM) mosic ceBepo-3arai-
HOro mpocTtupaHusi. KpoMme Toro, s OTaeIbHBIX Me-
CTOPOXIEHUI, Cpeny KOTOPBIX HambOojiee KpyITHbIE
KOJTYeTaHHO-TIOJIUMETATNYECKIE OOBEKThI TPOBUH-
min — Punnep-CoxkonbHoe, TuimmHckoe, 3bIpSHOB-
ckoe 1 HoBo-JleHnHOTrOpCcKOE, MOIydeHHbIE JTaHHBIE
HOCAT OoJiee JeTaIbHBIX XapaKTep, XapaKTepu3ysl Mac-
mTad BapMalyii MU30TOITHOTO COCTaBa CBUHIIA BHYTPU
MecTopoxaeHnii. Bcero B xome paboThl u3ydeH
61 pynHbIii o6pasel], B KaXIOM M3 KOTOPBIX HEITO-
CPEICTBEHHBIM 00OBEKTOM aHAJIN3a SIBJISIIICS TaJICHUT.
Bo3MOXHOCTE “CKBO3HOIO” MCIIOJIb30BAHMS Tajie-
HUTa — OJIaronpusaTHasE OCOOEHHOCTb MECTOPOXKIE-
Huii PynHoro AnTasi, IIOCKOJIBKY TaJICHUT MO PSIAy
MIPUYMH SIBJISIETCS OITHUMAJbHBIM MWHEPAJIOM IIpU
CBUHILIOBO-M30TOITHOM U3YYEHUU THIPOTEPMAIbHBIX
MECTOPOXKICHUIA.

B pesynbrare npoBeaeHHOII paOOTHI C BhICOKOIA
TOYHOCTBHIO U3MEpPEH M30TONHBIA COCTaB CBUHIIA B
20 KomyemaHHO-NOJUMETAJINYECKIX MECTOPOXAe-
HUSX U pyIOIposBIeHUsIX PynHoro Anrast, u3ydeHO
€ro0 peTuoHaJbHOE U JOKaJbHOE pacIlipelc/icHUE B
MPOBUHINK; Ha oCHOBaHNM Pb-Pb n3oTomueIx nan-
HBIX IOAKOpOBas JUTochepHas MaHTUS paccMmarT-
puUBaeTCsI KaK BO3MOXHBIM MCTOYHUK PYIHON MU-
HepaJIM3aluu.
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Puc. 1. [Tonoxenue PynHoro Anrtast Ha cxeMe TEKTOHMYECKOTO CTpOeHMsI 3anaaHoi yactu Anrtae-CasiHCKOM cKiianyaToii 06-
nactu (o (Bycnos u np., 2003; Cadonona, 2021) ¢ U3BMEHEHUSIMU aBTOPOB), PACIIOJOXEHHOM B LIEHTpaabHO# yacTu LleH-
TpasibHO-A3uatckoro ckiamgdaroro rosica (LLACIT — cm. Bpe3Ky). Llncdbpamu mokaszaHbl CABUTOBBIE 30HBI, pEaKTUBUPOBAHHbBIE
B no3nHeM naneo3oe: 1 — Yapckast, 2 — Upreiiickast, 3 — Yapsim-Tepektunckast, 4 — Kypaiickasi, 5 — bapibik, 6 — Maiiie,

7 — JlapnabyTe; p — pas3jioM.

T'EOTEKTOHMNYECKAA ITO3NLINA,
CTPOEHHME U I'EOJIOTUYECKOE
PASBUTHUE PYAHOI'O AJITAA

Pyono-Ansmaiickuii meppeiin

PynHo-Anraiickass MeTaJutoreHu4YecKasi IIpOBUH-
us1i otBevyaeT PymHo-Antaiickomy TeppeiiHy (by-
ciioB u 1p., 2000), KOTOpPEIit HAPSILY C APYTUMU AJTa-
ngaMmu BXOoIMT B coctaB lLleHTpanbHO-A3MaTCcKOTroO
ckinamgyaroro nosica (ILIACIT) (puc. 1). B reonoruue-
ckoii ctpykrype LIACII aTOT TeppeiiH paciiojiaracTcs
B l0TO-3anafaHoit yactu Antae-CassHCKOTO KoJjuiaxa
TeppeitHOB 0ro-3anagHoro oopamiaeHuss CuoMpcKo-
ro KOHTUHeHTa. PynHo-AnTaiicKuii TeppeiiH cocen-
CTBYET C PacIiOJIOKEHHBIMU ceBepo-BocTouHee [op-
HO-ANTalickuM U AJitae-MOHTOJILCKUM TeppeiiHa-
MU, a ¢ loro-3arnaaa OH orpaHudeH WMpTbllIcKoOi
30HOM CMSTHS, oTAesIoneil PynHeril AnTaii ot Tep-
peiiHOB CyTypHOU 30HBI OO0b-3alicaHCKOIro IMajaeo-
okeaHa (puc. 1).

®dyupameHT PynHo-AnTaiickoro TeppeiiHa CJIoXeH
(mo manHbIM (T'ocymapctBeHHas ..., 2019)) cknamua-
TBHIM KOMIUIEKCOM OPIOBUK-CUIIYPUMACKHNX (DIIMUIIION -
JIOB KOPOATMXMHCKOM CBUTHI, B KOTOPOM IIepecian-
BalOTCS KBapll — CEpULUT — (3MUAOT) XJIOPUTOBEIC
CJIaHIIbI, METAIICCUaHUKU 1 METAaJICBPOJIUTEL C pEll-
KUMU TIPOCTIOSIMA MPaMOPHU30BaHHBIX N3BECTHSIKOB.

TEOXUMUS Ne 6

TOM 68 2023

ITo nannsiM (Bycnos u ap., 2000), chopmMupoBaHHbIE
B TypOUAUTOBOM OacceiiHe (auiouabl MoacTuiia-
10TCS MeTaba3ajbTOBBIMU CJIaHIIAMU OKEAHUYECKOTO
OoCHOBaHUs. B mpoliecce akKpeluu OpJOBUK-CUITY-
puiickasi ToJillla, CyMMapHash MOIIHOCTb KOTOpOit
npeBbimaeT 10 KM, ucIibITana GUHAIBHYIO CKIaada-
TOCTh U MeTaMOp(hU3M Ha CUIIyp-pPaHHEIEBOHCKOM
pyoexe Bpemenu (Kozaxkos u ap., 2005).

Hnsi PynHo-AnTalickoro teppeifHa XapakTepHa
MOHVKEHHAsI MOIITHOCTH 3¢MHOI1 KOphl. B HeM Bhize-
JIsIeTCsI TPeOHEBUAHBIN MAaHTUIMHBIN BBICTYIT CEBEPO-
3aMagHoOTro MPOCTUPAHUSI, OCh KOTOPOTO MOIpy>KaeT-
cs Ha 1oro-Boctok (Ilep6a u op., 1998). OGocobeH-
HOCTh PymHO-AJnTaiickoro TeppeifHa 1o OTHOIICHUIO
K CMEXHBIM I'e€0JIOTMYECKUM CTPYKTypaM MOoauYepKu-
BaeTCsl MOJIOXKUTEIbHON aHOMAaIMeil OIS CUIIBL TSI-
KeCTN, MHTEHCUBHOCTh KOTOpOM B 2—2.5 pasa Ipe-
BBIIIACT TAKOBYIO CMEXHBIX CTPYKTYp, a TakKxKe IMOo-
BBIIIICHHOM MHTEHCUBHOCTHIO MAarHUTHOTO IIOJIS.

IlocmakkpeyuyuoHHbLIL Yexon
Pyono-Ansmaiickoeo meppeiina

CkiamuaTblii  paHHEIale030MCKUIT  KOMILJIEKC
PynHo-Anraiickoro TeppeitHa Ha O0JIbIIIeii ero YacTu
TMEPEKPBIT PYIOHOCHBIMY BYJIKAHOTEHHO-OCAAOYHbBI-
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MU 3MC-(PaHCKUMM TOJIIAMU U JIEKAIINMU BbIIIIE
0CagOYHBIMU U BYJKAHOT€HHBLIMU MOpogaMu (ppaH-
KaMEHHOYTOJILHOTO BO3pacTa. DMc-paHHePpaHCKUA
BYJIKAHM3M, IIPOSBUBIIMICS KaK OMMoOmajabHAasT aH-
TUAPOMHAas 0a3ajbT-pPUOJIUTOBAS accollUallys, pea-
JIM30BAJICS B MEJIKOBOIHO-MOPCKHUX YCIIOBUSIX B JIM-
HEMHBIX 30HaX PACTSKeHUsS — BYJKAHO-TEKTOHUYE-
ckux crpykrypax (BTC), mnpencraBieHHBIX Kak
JIETIPECCUM TIEPBOIO MOPSIAKA, COIPSKEHHEBIE C OTpa-
HUYMBAIOIMMMHA PymHo-AnTaiickuii TeppeifH pervo-
HaJbHBIMU 30HAMU CIBUTOBBIX AucoKaunii (Puma-
toB, Ilupaii, 1975; BynkaHoreHnsie ..., 1978; Bu-
KeHTbeB, 1994; Illepba u np., 1998; @unaros, 1999;
KysneuoB u ap., 2019 u ap.). MolIHOCTb BYJIKaHO-
TeHHO-0CAA0YHBIX TOJIII, BBIOJHSIONINX KpacBhIC
JIeTIpeccuy, JOCTUTaeT 2.5 KM.

BynkaHuTel IEBOHCKOII 0a3ajibT-pUOJUTOBOI
¢opmaniuu PymHoro Ajitas 1o T€OXMMHUYECKUM U
MEeTPOXUMHUYECKUM TTpU3HAKAM SIBJISIIOTCSI TIEPEXO]I-
HBIMU MEXIY TOJEUTOBOI U M3BECTKOBO-IIEIOYHOM
cepusimu (Imankux, 1992; MupoHoB u np., 1999). ba-
3aJIbTHI 110 cojaepKaHusIM Mg n La cOOTBETCTBYIOT
tonentaM COX, a mo Ca, K 1 60JbIIIeit 94acTy HeKo-
TEPEHTHBIX 2JIEMEHTOB — 0a3aibTaM OCTPOBHBIX IIYT,
TOrJga Kak Io coaepkaHuio Al — KOHTMHEHTAJIbLHBIM
rato6asanberam (MupoHoB u ap., 1999; [Tpomeicio-
Ba, 2005). U3MeHYNBOCTh METPOXUMUIECKUX XapaK-
TEPUCTUK BYJIKAHWYECKUX ITOPOJ dIMC-DpaHCKO OU-
MOOaJbHOIl aHTUAPOMHOM acCOLMAUU BBLICTYIIAET
KaK MHIMKATOP IFeOAMHAMUYECKOl OOCTaHOBKM MX
dopMUpoOBaHUsI, KOTOpasi MOXET OBITh CBsI3aHa KaK C
CyOOyKIIMei, TaK U ¢ BHYTPUIUIMTHBIMU (pU(TOTCH-
HbIMK) o6craHoBkamu (Illep6a, 1983; dwunaros,
1999; IlpomricioBa, 2005; CapaeB u ap., 2012; Kyii-
ouma u ap., 2015, 2019; Kyitounna, 2018, 2019; Ky3ne-
OB U 1p., 2019).

B mmocnennioio yerBepTh XX B. a3BOmonus PymHoro
AJTast B I€BOHE pacCcMaTpUBaEcTCs C MO3UIAI MOOU-
m3ma (®umaros, Iwupaii, 1975; 3oHeHINAkH U Op.,
1976; Potapam u np., 1982; Dobretsov et al., 1995;
upsit u op., 1999; BnanumupoB u ap., 2003 u ap.).
OO61muM 11 mpeacTaBieHUA OOJIbIIIMHCTBA aBTOPOB
SIBJISIETCSI BBIBOO, O (DOPMUPOBAHMU TTAJIEO30MCKUX

YEPHbLIIIEB u np.

CTPYKTYp peTrrMoHa B Mpeaeiax OCTPOBOMYKHOI CH-
CcTeMbI, Ipyu 3ToM MpThilicKas 30Ha CMSITUSI MHOTH -
MU OTOXIIECTBIISIETCA ¢ TTayieo30H0i Benboda.

B coBpeMeHHBIX Te0JMHAMUYECKUX U IIETPOJIOT U~
yeckux 06061eHus1x (XaHuyk u ap., 2019; Greben-
nikov, Khanchuk, 2021; Kpyk, 2021), B 4aCTHOCTH,
MoKa3aHo, UTO “IlecTpoTa” cocTaBa MOPO. IPOSIBIIsI-
eTCsI B MarMaTMYeCKUX accolualusix, copMupo-
BaHHBIX B TpaHC(OPMHOM peXHUME, B 0OCTaHOBKE
CKOJIbXXEHUSI TUTOC(HEPHBIX TUTUT HA TPAHUIIE “KOH-
TUHEHT-oKeaH”. YTo KacaeTcsl KOHKpeTHO PymHoro
AJTast, TO Ha OCHOBaHMM I'e0JIOTO-CTPYKTYPHBIX Ha-
omoneHuii (ITpombiciosa, 2005; Ky3HeuoB u ap.,
2019) u najeoreonMHaMUYeCKUX MocTpoeHuit (Bna-
IuMupoB u ap., 2003; Kpyk, 2021) npenrmoJsiaraercs,
4yTo (hopMHUpOBaHUE AEBOHCKUX BYJIKAHO-TEKTOHU-
YeCKMX OENpecCUuil IIPOMCXONWIO B YCIOBUSX Ie-
cTpykiuu PynHo-AJtaiickoro TeppeiiHa B pe3yjbTaTe
WHTEHCUBHBIX CIBUTOBBIX MEepeMEIeHUI BIOJIb Orpa-
HuyuBatoux ero C3 paznomoB Mpreiiiickoii u CeBe-
po-BocTo4YHOI 30H CMATHUS B peXKMMeE TTPOCKAaIb3bIBa-
Hus1 O0b-3alicaHCKON OKeaHUYECKOU IIJIMThI OTHOCH-
TeabHO Kpast CuOMpCKOTro KpaToHa.

PYAHO-AJITANCKAS
METAJUIOTEHNYECKAA ITPOBUHINA

Teonoeuueckoe noaoxcenue u munst
KOA4eOAHHbIX MECMOPONCOCHU

B psane teppeitHoB LIACII n3BecTHBI KoT4eaaH-
HbIE MECTOPOXIIEHUS Pa3IMYHbIX TUIIOB, BAPbUPYIO-
1II1€ TI0 BO3PacTy OT KEMOPUUIACKOTO 10 JEBOHCKOTO.
Cpenu Hux PymHo-AnTalickuii TeppeiiH, BKII0Yaro-
I AITalCKYIO METAJNIOTEHUYECKYIO ITPOBUHIIMIO,
SIBJISIETCSI HauboJyiee HACBHIIIEHHBIM B OTHOIIECHUU
KOJTUeTaHHBIX MeCTOpOXaeHU . JlaHHast MeTaiore-
HUYecKas MPOBUHIIMSA, B KOTOPO COCPENOTOUYEHO
okoJjio 70 KoJlueTaHHBIX MECTOPOXKICHUA, MPeaCcTaB-
JisieT co0Ooi IMHEHHO BBITSIHYTYIO 00JIacThb CeBEpO-
3aIragHOTO IIPOCTUPAHUS TJIMHOM MpuMepHO 850 KM,
Mpoxosinyto yepe3 Tepputopumn Poccun, Kazaxcra-
Ha u Kuras (puc. 2).

Puc. 2. [To3uuus KordegaHHO-NOJNMETA/UIMYECKUX MECTOPOXICHUI B CTPYKTypax PynHoro Anras. I — nokeMOpuiicKue
MeTaMopdUThI; 2 — noaeBOHCKMeE huionaHble hopmalnuu; 3 — CUIIyp-OpAOBUKCKUE MeTaMopdUUecKre cllaHlbl; 4 — Kap-
OOHaTHO—TeppUIeHHBIE (haru AeBoHa — KapooHa Kanba-HapbiMcKoi 30HBI; 5 — MPEUMYIIIECTBEHHO BYJKAHUThI HYXKHETO —
CpelHero neBoHa; 6 — HepacuJeHeHHbIe BYJIKAHOT€HHO-0CaI0YHbIe MOPOIbI IeBOHA pUGTOreHHON U OCTPOBOMYXKHOM 06-
CTaHOBOK (pynoo6pasyioiasi ¢popmaiiusi); 7 — U3BECTHIKOBO—TEPPUTeHHbBIE U (hIMILIOUIHBIE 00pa30BaHUsI BEPXHETo 1eBO-
Ha—HUXHEro KapooHa; § — pa3HOBO3pacTHbIe AMHaAaMoMeTamopduieckue caaHubl UpThIICKO 30HbI cMATHUS; 9 — Mosiac-
COBbI€ JIMMHUYECKHE YTIICHOCHBIE OTJIOXEHUS 10pbl; /0 — rpaHUTOUIHbBIE UHTPY3UM N€BOH-KAMEHHOYTOJIbLHOTO BO3pacTa
(KOJITM3UOHHBIE); /] — rpaHUTHI IEPMb-TPUACOBBIE (MTOCTKOJUIM3UOHHBIE); /2 — KapOOHATHO—TeppUTeHHbIE (haluu 1eBo-
Ha — KapOoHa 3anagHo- KajouHCcKoit 30HbI; /3 — pa3pbIBHbIE HAPYIIEHMSI: @ — IJIJaBHbIE JOCTOBEPHBIE, 6 — IJIaBHBIE MIPeAIioia-
raemble, 8 — BTOPOCTETIeHHbIe; /4— 17 — KomueqaHHble MECTOPOXKIEHUS: /4 — O4eHb KpyIHbIe, 15 — KpymHble, /6 — cpenHue,
17 — manble; 18 — pynonposisnenusi. Lindpamu Ha cxeme 0003HaYeHbI MECTOPOXKIEHMS U nposiBiieHust: 1 — CrernHoe, 2 — Tanos-
ckoe, 3 — Jlasypckoe, 4 — KopbanuxuHckoe, 5 — IletpoBckoe pynonp., 6 — pynonp. [Tpusert, 7 — KomuccapoBckoe pyaornp., 8 —
3aiteBckoe pynomnp., 9 — CemenoBckoe, 10 — 3apeueHckoe, 11 — 3menHoropckoe, 12 — Briie- MiBanoBckoe pymonp., 13 — Hly-
6uHckoe, 14 — Yekmapb, 15 — TummHckoe, 16 — EpmosaeBckoe pynonp., 17 — Honunuoe, 18 — HoBo-JlennHoropckoe, 19 —
Punnep-CoxkonbHoe, 20 — 3bipsiHOBcKOe. Paznombl: A — Anambaiickuii, b — Byrpunckuii, JI — JlokreBckuii, AT — Aneii-
cko-Turupexkckuii, Y — Yapwrmckmii, T — Tepektunckmii, KM — Kapa-Upteimckuii, BM — benoyounHcko-MapKakoJib-
ckuii, H — Hapeimckuit, KH — Kan6a-Hapeimckuii, 1 — MpThIickuii.

FTEOXMMHUA T1om 68 Ne 6 2023
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Paitonsr PynHoro Anras

Py6uioBckui 3MEeUHOTOPCKUt JleHnHOTOpPCKUIA 3BIPSTHOBCKUIA
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Puc. 3. Cxema Koppesiiiy pyJOHOCHBIX YPOBHEH 1€BOHCKOU cucteMbl B PynHoM Asitae u crpaturpaduyeckoe rmojaoxeHue
M3YyYEHHBIX KOJTYEeTaHHO-TTOJMMETA/UIMYeCKUX MECTOPOXACHU, ¢ yueToM naHHbIX (dy6aTonos u ap., 1980; Kosnos, [ybaro-
sioB, 1994; becnaes u ap., 1997; Llep6a u ap., 1998; I'yrak u ap., 2000). /—6 — npeuMyIeCTBEHHbII JTUTOJIOrO-MIeTporpadu-
YEeCKUI COCTaB OTJIOXKEHUM JeBOHA: /[—3 — ByJIKaHOTeHHBII (TTpeo0JianaoT: / — puomaluThl, 2 — 6a3anbThl, 3 — Ty(dbI KUCIOTO
cocTaBa); 4—6 — 0CcagoYHBbI TepPUTeHHbI (Ipeo61anaioT: 4 — aJleBPOJIUTHI, S — ECYaHUKU, 6 — KOHIJIOMEepaThl); 7 — U3BECT-
HSKU; § — 3eJIeHbIe CJIaHIbl; 9 — cTpaTurpadudeckue repepbiBbl; /0 — pymOHOCHbBIE YPOBHU; /] — KOTYeTaHHBIE MECTOPOX-
IIEHUS CynepKpyITHbIe (a), KpynHbie (6), cpenHue (8), Majible ¥ pyaonp. (2); /2 — cocTaB pyl: KoJlYedaHHO-TIOIMMETa/UTnye-
CKUii (a), 30J10TO-cepebpo-6apuT-noaumMeraindeckuii (6). Lludpamu Ha cxeme 0603HaYEHBI MECTOPOXKIACHUS U PYIOIIPOSIB-
neHus: 1 — CrernHoe, 2 — Tanosckoe, 3 — Jlasypckoe, 4 — KopbanuxuHckoe, 5 — IletpoBckoe pynornp., 6 — pynornp. [1puser,
7 — KoMuccapoBckoe pynorp., 8 — 3aiilieBckoe pynonp., 9 — CemeHoBckoe, 10 — 3apeueHckoe, 11 — 3MenHoropckoe, 12 — Bbl-
e-MBanoBckoe pynomnp., 13 — Ily6unckoe, 14 — Yekmaps, 15 — TuiumHckoe, 16 — EpmonaeBckoe pyaorp., 17 — JJoJIuHHOE,
18 — HoBo-JlennHoropckoe, 19 — Pumnep-CokonbHoe, 20 — 3bIpsTHOBCKOE.

TToMuMo pe3Ko mpeodIanarInmX 1€ BOHCKIX KOJI-
YeIaHHO-TIOJTUMETAJUTMIECKUX MECTOPOXKICHUIA, B
conpenenbHOM ¢ PymHbeiM Antaem M pThinickoii 30He
CMSITHS, K I0ro-3anamay oT MpThIIICKOro nryOMHHOTO
pasioMa, TaBHO M3BECTHHI IBA MEJIKUX METHO-KOJI-
JemaHHBIX MecTopoxkneHus Kapuura m BaBuion-
cKoe, mpubamkarmomuxcs K tTiuiry beccu M 0OBIYHO
paccMaTpuBaeMble B cocTaBe PymHo-AJnTalickoit
npoBuHIMK. [locnenHue 3ajgeraloT cpenm CHIBHO
MeTaMop(pU30BaHHBIX 0a3UTOB — CIIAHILIEB U aMpU-
00JUTOB U ABJSII0TCS HoaeBoHckuMu (IlomoB u mp.,
1995; Lobanov et al., 2014).

Pynonocen Ha PymHom Aunrae, OJIM3KMIT OCHOB-
HOMY sl Ypajla MarHUTOTOPCKOMY YPOBHIO, 3MC-
XKUBETCKUI cTpaTurpadpuidecKuii MHTEPBAJI KOIde-
JIAaHHOTO OpPYIEeHEHUsI, MTpUYEeM TaK Xe C MaKCUMaJlb-
HOI MPOIYKTUBHOCTBIO 3MC-3H(MEIbCKNX OTJIOXE-
Huii (Vikentyev et al., 2017). Ha PynHom Astae otMe-
yaeTcsd cTpaturpaduueckuif KOHTPOJb PYIHBIX
3anexeii. B pa3pese 0GazanbT-puonauToBOil (hopma-
unn 3idenb-PpaHCKOTo BoO3pacTa BbIIEJICHA Cepus
OOIIMX IIJIST BCETO pernoHa cTpaTurpadmIecKmux MH-
TEpBAJIOB KOHLIEHTpPALUW MOJUMETAIIINYECKUX Me-
cropoxaenuii (puc. 3). Ilepeviii u émopoii cmpamu-
Ne 6 2023
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Puc. 4. Mukpodotorpaduy B oTpakeHHOM CBETE Py HEKOTOPBIX N3YYeHHBIX KOTUeIaHHO-TTOJIMMETAa/UIMYECKUX MECTOPOX-
neHuii PynHoro Antast. a — mectopoxknenue Punnep-CokonbHoe; 6 — MecTopoxkneHre HoBo-JIeHMHOropckoe; B — MeCTOpOX-
nenve KopbanuxuHckoe; T — MectopoxneHue CrenHoe. Py — nuput, Ccp — XaJIbKOMMUPUT, Sp — cdaneput, Gn — rajieHur,

Otz — XBapil.

epaghuueckue ypoeHu pacIioNOXeHBI B IIpeaeax dMC-
oiibeNbCKUX U DU enb-KUBETCKUX OTIOXEHUI
Aneiickoit 1 CHMHIOIIMHCKONM BYJKAHOT€HHBIX TI'eO-
aHTUKJIMHAJIeH. Tpemuii unmepeéan NMPUXOIUTCSI HaA
CpemHEeXUBETCKIE 00pa30oBaHMsl, a HOCICIHUIA yen -
6epmulil — Ha TIO3MHEXUBET-paHHEe(DpPaHCKUE OTJIO-
XKEHUSI ceBepo-3aramaHoii (poccuiickoii) yactu Pyn-
Horo Anrast (BynkaHoreHHblIe ..., 1978; Lllep6a, 1983;
SxosieB u ap., 1984; Kysneuos u ap., 2019).

KomyenaHHO-noMMMeTAITIMYECKUE MECTOPOXKIES-
Hus PynmHoro Aunrast cBsi3aHBI C ITajeOBYJIKaHAMM
MEHTPAJIFHOTO THITA M BMEIIIAIOTCS By TKaHUTaMU OM-
MOJaJIbHOI 0a3aJbT-PUOJUTOBON CEepUHr, a TaKXKe
MEePEeKPHIBAIOIIUMU UX TEPPUTEHHBIMU U TEPPUTCH-
HO-KapOoHAaTHBIMU nopoaamu (puc. 3). PynHbie Tena
aCCOLIMUPYIOT C CYOBYJKAHUYECKUMU WHTPY3USIMU
KHCJIOTO COCTaBa U TMPeACTaBICHbI KPYITHBIMU CYJIb-
bUIHBIMU TMH3aMU U XKIWJIAMU, TIPOXKWIKAMH U TITO-
KBEpKOBBIMM 30HAaMH B JIeXkaueM OOKy PYOHBIX Tel
(I'puropbeB, 1934; Tomos u ap., 1995). IlmaBHBIMU pyI-
HBIMM MUHEpaJlaM B paCCMaTPHUBaEMBIX MECTOPOXIE-
HUSIX SIBJISTIOTCS TTUPUT, CHAJICPUT, TATICHUT, XaJTbKOITH -
PUT, TEeHHAHTUT-TETPARAPUT, A KWUJIbHbIE MMWHEPAaJIb
TMpeNCTaBIeHbI KBaplieM, CEPULIMTOM, XJIODUTOM U Oa-
putoMm (puc. 4a—4r). IlmaBHBIMM MOJIE3HBIMU KOMIIO-
HEHTaMU Pyl 3TUX MECTOPOXIEHUM SIBISIOTCS Zn,
Pb, Cu, Auu Ag, a CONyTCTBYIOLLIMMMU 3JIEMEHTaMU —
Pt, Pd, Cd, In, Sb, Se, Te, Tl, Bi, Ba, Hg.

TEOXUMUA Ne 6

TOM 68 2023

Pyner Mmecropoxnenuii kak cimabo (Pummep-Co-
KoJibHOoe, HoBo-JIeHMHOropckoe u ap.), TaK U CHUJIb-
Ho (3pIpstHOBCKOE, TuimmHcKoe, IlyouHcKoe u ap.)
MeTaMop¢hHr30BaHbI B pe3yJIibTaTte cTpecc-aedopMa-
muit (BukentoeB, 1987; MoxoB, BukeHTbeB, 1988;
Starostin et al., 1989; 3uHoBbEB U ap., 2016), a TakKe
WCHBITAJIA JTOKAJBbHBIM KOHTAKTOBBINA MeTaMOp(hu3M
(BynkaHoreHHbI€ ..., 1978; BukeHtbeB u ap., 1988).

YuuThiBas CBUHIIOBO-U30TOITHYIO HarpaBJieH-
HOCTbB HACTOSIIIEH CTaTbU, OTMETUM, YTO U3yYCHHbIC
HAaMU KOJTYEeJAHHO-TTOJIMMETAJUINIECKIE MECTOPOXK-
neHus PynHoro AnTtast oTIM4aloTcsl 3HAYMTEIbHO 00-
Jiee BLICOKMMU coliepXaHusIMu Pb B pymax — nepBbie
Mac. % ¥ BHILIE, TI0 CPABHEHUIO, HAIIPUMED, ¢ OJIN3-
KMMM I10 BO3pACTy KOJTYSTAHHBIMU MECTOPOKICHUSI-
MU Ypana, a TakKKe YIIOMSIHYTBIMU BBIIIE JTOJCBOH-
CKUMU MEIHO-KOIYeTaHHBIMU MECTOPOXICHUSIMU
MpTHILICKOI 30HBI CMSTHUSI, TlIe OHU KakK IPaBuUJIo,
coBceM Hu3KHUe (Cp, < 0.01 Mac. %). [No nanHBIM Ga-
JIAHCOB  3aIlacoB  KOJTYEIaHHO-TTOMMETAJUIMYECKIX
MecTopoxineHuii PymHoro Ajrast, ¢ yaeToM oTpadboTaH-
HBIX, cpenHee cooTHouieHue Cu : Pb : Zn cocrasisieT
16 :22:62.

Pyouste paiionwt

B PymHOM AJTae OTYETIIMBO TIPOSIBJIEHO Y3JIOBOE
pacripenejeHue MECTOPOXICHU M WX KOHIICHTpa-
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11 B TEPPUTOPUATIEHO 000CO0IEHHBIX PYIHBIX paii-
oHax (puc. 2), BeIpaxkeHHBIX B ITaJI€OBYJIKAHUYECKOMN
CTPYKType Kak nHauBuayanbHbele BTC mnu ux coue-
tanus (®unaros, 1999; I'ackkos, 2002; BukeHThEB,
2004; ITpomricioBa, 2005; KysnenoB u ap., 2019). B
CBOIO ouepedb pyIHbIC MO B ITAJCOCTPYKTYpeE paii-
OHOB OTBEYAIOT MIEIIPECCUSIM BTOPOTO MOpSaKa, KO-
TOpPBIE PA3NEISIOT ByJKAHUYECKUE MOCTPOMKHM 1IeH-
TPaJbHOTO TUNA M MOP(OIOTUIECKU IPOSIBIICHBI KaK
MEXBYJIKAaHUYECKNE, HAIBYJIKAHNIECCKNE U CKIIOHO-
Bbl€ ITPOTHUOBI, BBIMOJHEHHbIE TIJIMHUCTO-KPEMHU-
CTBIMU aJICBPOJIMTAMM U TlecdaHUKaMu. BHyTpeHHsIsT
CTPYKTYypa PYAHBIX MOJeii OOBIYHO OCJIOXKHEHA 3KC-
TPY3UBHBIMU, JTABOBBIMU KYITOJIAMU U COTIPSKEHHbBI-
MU C HAMHU BIIaauHaMu. B 4ucio Hambosee 3HA4YM-
TEJILHBIX I10 3aIltacaM KOJYeIaHHO-IIOJIMMETaUIIe-
CKMX Pyl BXOIST PYAHbIE paiioHbl 3BIPSHOBCKMIA,
JleHnHoropckuii (oHM HauboJjee KpyMHbIe), 3MeU-
HOTOpCKMit 1 PybrioBckuii. B HMX cKOHIIEHTpHUpOBa-
HO Oojiee 50 KoTYETAHHO-MOJIUMETAIUIMYECKUX Me-
CTOPOXACHUI W pymonposiBiieHuiil. Jlajee B TEKCTe
YIIOMMHAIOTCS TOJBKO T€ M3 HUX, KOTOpPBIE M3yda-
JIICh B HACTOSIIIEl padoTe.

3bIPSIHOBCKUI PYIHBIA PailoH, PACIIOIOXEHHBINA Ha
KpaliHeM 10ro-Boctoke PynHo-AnTaiickoil MeTajitore-
HUYECKOM MPOBUHIINU, OTBEYAET UHTEHCUBHO Iedhop-
mupoBaHHoM PepHrommrckoit BTC. MecropoxneHust
paifoHa JIOKaJIM30BaHbl Ha TpeX CTpaTUrparuyecKux
YpOBHSIX. Bojibliiasi yacTb MECTOPOXKAEHU, BKIOUast
OMHO M3 KPYMHEWIINUX B MPOBUHILMUU — 3bIPSIHOB-
CcKoe, TpUypoUYeHa K MaykKaM NIMHUCTO-U3BECTKOBU -
CTBIX BYJKaHOMUKTOBBIX aJ€BPOJIMTOB U TeCUaHU-
KOB TIO3[JHEAMCCKOTO-paHHe31(eTbCcKOro Bo3pacra,
KOTOpBIE TIEPEKPHIBAIOT TOMILY BYJIKAHUTOB PUOJIM-
TOBOI'O ¥ pUOJAIIMTOBOIO cocTaBa. Pynbl 3mech mpen-
CTaBJIEHBI COMJIACHBIMU U KOMOMHUPOBAHHBIMU 3aJIe-
>KaMU CIUIOIIHBIX, peXXe BKpaIUIEHHBIX KOJYeJaHHO-
MOJIMMEeTAJLTNYeCKUX pyl (AKCeHOB u Ap., 1977; KOnos-
ckas, 1984; BukentbeB, 1986; laspuierr, 1986).

JIeHMHOropCcKuid pyaHbIA paiioH pacCIIOJIOXEH B
neHTpe PymHo-AnTtaiickoif mpoBuHIIMM. B reomoro-
CTPYKTYPHOM IlIaHe palioH TpencTaBlieH HECKOJb-
kumu BTC, xotopbele oOpamisiioT CUHIOIIMHCKUA
rOpCT-aHTUKJIMHOPUA, B SApE KOTOPOTo OOHAXAIOT-
Csl TPAHUTOUIIBI U CIIIOAMUCTBIC CIAHIIBI paHHeNaaeo-
30lcKoro pyHmaMmeHTa PymHo-AJTaiickoro TeppeiiHa.
MecTopoxaeHUs acCOLIMUPOBAHbI C 3MC-XKUBETCKOI
BYJIKAHOT€HHO-OCAIOYHOM TOJILIEH, CIOXEHHON I0-
MUHMPYIOIIUMU KUCIBIMU ByJIKAHUTAMU TIpU He3Ha-
YUTEeIbHOM ydacTuu OazanbronaoB (BynkaHoreH-
HbIE ..., 1978; MoxoB, BukeHTbeB, 1988; Starostin et al.,
1989). MecTopoxIeHus JIOKAIU3YIOTCSI HA MHOXECTBE
(mo 8) murosoro-crparturpadpudeckux ypoBHsx (Llep-
6a, 1983; JlarmyxoB u ap., 1986; Buxkenrres, KapmMaHOB,
1989; I'arzkeHko u ap., 2018); Tpu U3 HUX IJIaBHbIE
(puc. 3). HuxHwuii, aMccKuii ypoBeHb XapaKTepeH
st cyommpotHoit JleHnHoropckoii BTC pazmepom
25 X 5 KM, BMellawllIeit, KpoMe KpymHENUIIero me-
cropoxaeHuss Punnep-CoKoabHOIO, TaKxKe MECTO-

poxnenust Hoso-Jleamaoropckoe m JdommaHoe. B
CpeIHel 4acTH BYJIKAHOTEHHO-0CAaJOYHOTO paspe3a
cpeau cpegHedM(eTbCKUX CI0EB, BBIMOTHSIIONINX
Y3Ky10, IpOTSLKeHHYI0 (0Komo 80 KM, IIpu IIUPUHE
2—8 kM) KenpoBcko-byraunxuHckyio BTC, nokanu-
30BaHO KpYIIHOE MeCTOpoxXiaeHue THIIMHCKOe.
Bepxuuii ypoBeHB, OTBeUalOIIMii BEepXHEM YacTh
a¢eabCcKOTO sIpyca, xapaktepeH s JIMcTBsSKHOM
BTC. 3nech cpenu ajaeBpOJIMTOB, IIEPEKPHIBAIOIINX
TOPU30HT BYJKAHUYECKHUX IIOPOH PUOJMTOBOIO CO-
CTaBa, JIOKAJIM30BaHbl pyAbl MecTopoxaeHuit Lly-
ounckoe u Yekmaps (Tpodumos, 1981; ITomos u np.,
1995). [nsg 3HAYMTENILHOM YacTU MECTOPOXICHUIA
JleHnHOrOpCKOIO paitoHa xapakTepHO MPUCYTCTBUE
OapuTa B pyJaxX U ITOBBIIICHHEIC COIEPXKaHMsI 3010Ta
n cepebpa.

3MeMHOroOpCKuii pyaHblii pailon HaXOOUTCS B Kpae-
BOM, ceBepO-BOCTOYHOM dYacTh PymHo-Airaiickoit
npoBuHIMU. PaiioH pazmepom 20 X 100 KM oTBeyaeT
BTC, conpsxennHoit ¢ CeBepo-BocTouHoil 30HOI1
cMaTud. it MeCTOpOXAEeHU oTMeuaeTcsl CTpaTu-
duKkauus pyagHbIX 3ajieXeid U UX MPUYPOUYEHHOCTh K
CEMMMEHTAIIMOHHBIM U BYJIKAHWYECKUM IIUKJIaM OT
aMca 10 ¢dpaHa BKIOYUTENIbHO. HuxXHU, aMcckuit
JIMTOJIOTO-CTpaTurpaduieckii ypoBeHb BKJIIOYAET
0apuUT-TIOJUMEeTANIMYECKE MECTOPOXIEeHUsT 3ape-
yeHcKoe, 3MmenHoropckoe, IlerpoBckoe u apyrue.
OpyneHeHue JOKaJIMU3yeTCsl B COCTaBE€ OCaIOYHOM
TOJILLIU, TIEPEKPBITOM KUCIBIMU ByJIKaHUTaMu. Cpen-
HUM, 3MdEenTbCKUl YPOBEHDb NPEICTaBIeH MEJIKMMU
KOJTY€TaHHO-TIOJIMMETAJUTMYECKUMU MECTOPOXKACH -
sSIMA, B OCHOBHOM aCCOIIMMPOBAHHBIMU C aJIEBPUTO-
MEeCYaHUCTHIMU OTJIOXEHUSIMU. BepxHuii, mo3nHexu-
BETCKO-paHHEe(hPAHCKUI JIMTOJIOrO-CTpaTurpaduye-
CKUI YpOBEHBb XapakKTepusyercsi 0oJyiee 3HAYMMBIM
MPOSIBJICHUEM OPYINEHEHUS KOJYENAHHO-TIOJIMMETAII-
JImyeckoro cocraBa (MectopoxaeHuss KopbaimxuH-
ckoe, JIazypckoe, IlerpoBckoe u apyrue). PynoBmerna-
FOLIIMU SIBJISTFOTCSI TEPPUTEHHBIE OTJIOKEHUSI, KOTOPBIE
cjlaraloT TOPU30HTHI cpeau O0a3ajbT-pUOJIMTOBOI ce-
pUU U XapaKTEepU3YIOT TIEPUOABI 3aTyXaHUSI AKTUBHO-
TO BYJIKAHW3MA Y PA3BUTUS TTOCTBYJIKAHUYECKOM THI-
pOoTEpMaJIbHOM €SI TEIbHOCTHU.

PyouoBckmii pymnblii paiion pasmepoM 30 X 60 kM
pacnoyioXXeH Ha ceBepo-3alaJHoM (JIaHIe MeTaJLJIO-
FeHWYeCKOl MPOBUHLIMM U OTBedaeT PyOLOBCKOit
BTC, obGneraromeit ¢ ceBepo-BOCTOKA AJleiickoe
ropcT-aHTUKJIMHAJIbHOE TOAHSATHE. PynoBmelaro-
Ui 3Mc-(ppaHCKUII paspe3 CIIOXEH MpenuMylle-
CTBEHHO TEPPUTECHHBIMU U TY(POTeHHO-0CAT0UYHBIMU
nmoponaMu. Toibko Ha paHHe-cpeaHehpaHCKOM
YPOBHE IIPUCYTCTBYET TOJIIA C JOMHHUPOBaHUEM
KHUCJIBIX BYJIKAHOT€HHBIX II0pon. BEISIBIIEHHBIE B
paiioHe 4 MeCTOPOXICHUS JIOKAIU3YIOTCS Ha JBYX
cTpaTurpaduyeckux ypoBHsX. Ha HUXHeM ypoBHe
CpeIHEeXKMBETCKAasl ocagodHasl ToJIa BMmemiaeT Ta-
JioBckoe n CTenHoe KojyedaHHO-MOoIUMeTaInye-
cKue MecTopoxnaeHusi. Ha BepxHeM, HUXHe-cpel-
He(paHCKOM YpOBHE IIPUCYTCTBYIOT PyOmosckoe n
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3axapoBCKO€ MECTOPOXIIEHUS, HE BXOAMBIIME B UYMC-
Jlo uzy4daBiuiicsas Hamu. B PyOiioBckom paiioHe, B
OTJINYWE OT APYTUX PAHOHOB, OTCYTCTBYET OPYIAEHE-
HY€ Ha HUXKHEJEBOHCKOM (9MCCKOM) YPOBHE.

Bospacm mecmopocoenuii

[Ipsimble ompeneeHnss Bo3pacTa THAPOTePMaIb-
HBIX PyJHBIX MUHEPAJIOB, HEOOXONUMBIE J1JIs1 JATUPO-
BaHUsI PYOHBIX IIPOILIECCOB, JIsI KOMYeAaHHO-ITOIME-
TAJUIMYECKUX MecTopoxaeHnii PymHoro Anras moka
otcyTcTByIOT. IlpeacraBneHust 00 mx Bo3pacTte ceifuac
0a3MpyIOTCs Ha KOCBEHHBIX JAaTUPOBKAaX — JETAIbHBIX
ouocrparurpadmyeckmx (Jlydaronos u ap., 1980; Kos-
JioB, Jlybatonos, 1994; I'yrak u ap., 2000), a Takxke
M30TONHBIX — JIJIST MHTPY3UBHBIX M BYJIKaHWYECKUX
MOpOI, ¢ KOTOPBIMUA aCCOLMMPYET PyLHASI MUHEpPa-
Jmzauus (Bragumupos u np., 2001; Kyiiobuna u ap.,
2009, 2013). B kauecTBe Te0JIOrMYECKOiT OLIEHKN BO3-
pacta oOCyXHaeMbIX MECTOPOXACHUI HPUBOIUTCS
uHtepBai 400—375 maH jet (Lobanov et al., 2014).
IMocnemHuii ykiaagpIBaeTCS B OWAIla30H 3HAYCHUIA
408—372 MutH J1eT (C OKpYIJIeHHEM 10 1 MIIH JIeT), KO-
TOPBI, CONIACHO COBpPEMEHHOM LIMMPOBOI IIKaie
(Cohen et al., 2019), oTBeyaeT pyIOHOCHOMY YYaCTKY
pa3pes3a IeBOHCKOM BYJIKAHOT€HHO-OCAIOUYHOI TOMI-
mu. C 3TUMU MHTEpBaJlaMy 3HAaUY€HUM B Mpeneiaax
IIOIPEITHOCT COBMECTUMbI HEIABHO ITOJIydeHHEIC
U-Pb matnpoBKH 10 IIMPKOHY TPeX 00pa3oB PHUOJIM-
ToB PynHoro Anras (391—378 muin niet) (Kyitouna u op.,
2019; Kuibida et al., 2020). IIpuBeneHHble UHTEPBAa-
JIBI BpeMeHU BechbMa IMpoku (15—20 MIIH 1eT) 1 Mo-
IyT paccMaTpUBaThCsl ceiiuyac JUIlb B Ka4ECTBE Ipy-
0oi1 OLIEHKM, yKa3bIBalOIleil Ha paHHE-CpeaHeae-
BOHCKMI BO3PACT MECTOPOXICHUM.

Pesynbratsl Re-Os natupoBaHusi NupuTa U3 Mel-
HO-Ko4degaHHoOro mecropoxaeHuss Kapuura (tun
beccu), 3aneraromiero B MpThIICKON 30HE CMSTUS
Pynuoro Anras (Lobanov et al., 2014), ¢ GombIoit
HEOIPENEJIEHHOCTbIO yKa3aJld Ha HEOINpOTepO-
30CKUI — paHHemnaneo3oickuit (590—470 MIIH JeT)
BO3pacCT MECTOPOXIeHU I aToro Tumna B PygHom AJi-
Tae. B paMkax ykazaHHON paOOTHI OBLJIO MTPOBEAECHO
IAr/YAr (o 6uoruty) u U-Pb (110 uupkoHy) usyde-
HHE, COOTBETCTBEHHO, BKpAIUJICHHBIX Pyl U PyIdO-
BMelIauX aMGUuOOIUTOB 3TOTO MECTOPOXKICHUSI.
YacTb 1aTUPOBOK, MOJYUYEHHBIX C TOMOIIIBIO KaX/10-
IO U3 TpeX MePeUNCISHHBIX METOIOB, JIEXKUT B UHTEP-
Bajste 370—350 MJIH JIeT, KOTOPHI aBTOPBI IUTHUPYE-
MOIi pabOThl paccMaTpUBAIOT B KauyeCTBE OLIEHKU
BO3pacTa perMoHaJIbHOIO MeTaMop(pu3Ma U oTMeda-
0T €r0 CUHXPOHHOCTH C 00pa3oBaHKeM KOJT4YeIaHHO-
MOIUMETATIMIECKIX MECTOPOXACHU (OIM3KUX TH-
nmy Kypoko) PynHoro Antasi. AHaJOTMYHbIE OLIEHKHU
Bo3pacTta MeTamoppu3ma paHee ObUIM cAeJIaHbl MO
LIMPKOHY B APYIMX Te€PpPEHaX BOCTOYHOI'O CErMEHTA
LHACII (bubuxkoa u ap., 1992; Ko3akos u ap., 2005).
OnHako HauboJiee HalIeXHBIM OIpeneieHUEeM BO3-
pacta Metamopdusma B 1ot yactn LIACII, B Tom
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yncie u st PymHo-Anralickoro TeppeiiHa, Io-BUIM -
MoMy, SBISTIOTCS BbIcOKOTOUHBIe U-Pb (ID-TIMS)
JaTupoBKU 374 + 2—360 * 5 MIIH JIeT, XapaKTepu3y-
IOIlME MO3MHUIT BHICOKOOAPUYECKUI SIIM301 MeTa-
Mopdu3Ma Kak Io3aHeaeBOHCKOe ((haMeH) coObITHe
(KozakoB u ap., 2005).

OnpeneneHHbId TEOXPOHOJIOTUYECKMIA acCIeKT,
KakK MBI ITojlaracM, HeceT B cebe IIMPOKO IpU3HAH-
HBII (paKT y3KO-JIOKAJIbHOTO pacIpeaeIeHAsI KoJrde-
JMaHHO-TIOJIMMETAJUIMYECKON MUHepanu3aluu Pym-
HOTO AJTasl B BEpTUKAJIbHOM pa3pese Mopo HUXKHEro-
CpEIHETo IeBOHA, T.€. (DaKT JIMTOJIOT-CTpaTurpagpuie-
CKOTro KOHTpOJIsI opydeHeHus (OBunmHHUKOB, bapa-
HOB, 1973; becniaeB u np., 1997). ITonb3ysce LHuppo-
BBIMM pPyO€XaMM OTAEJIOB U SIPYyCOB J€BOHCKOM CU-
crembl (Cohen et al., 2019), HeTpyTHO BUAETH BECbMa
3HAUYUTEJIbHYIO pa3HUILy B BO3pACTE€ MECTOPOXIE-
HUI, HaxXOISIIMXCS B TIpelesiaXx OIHOTO PYIHOTO
paiioHa, T.e. B ripeaenax equHoit BTC. Tak, B JleHu-
HOTOPCKOM paliOHE 3Ta pa3HUIIa COCTABJISIET OKOJIO
23 MJIH J1eT, a B 3MEMHOTOPCKOM paifoHe OHa JTOCTH-
raet 28 MiH jieT. [TomoOHast IIUTETbHOCTh HE CBOM-
CTBEHHA IIpoleccaM BYJIKaHM3Ma M CBSI3aHHOIO C
HUMM pyZooOpa3oBaHMsI, pa3BUBABIINXCS B paMKax
omgHoit BTC unu paxe 11e10ro BYJIKAHUYECKOTO paito-
Ha. [Ipomo/sKUTEIbHOCTh ILIMKJIOB AKTUBHOI KM3HU
BYJIKAHYECKMX PaiioHOB B (paHEPO30€ COCTABIISIET He-
CKOJIBKMX cOTeH ThIC. JieT (UepHsblieB u ap., 2006). B
OTCYTCTBUHU XOTSI Obl €AMHUYHBIX MPSIMBIX TaTUPOBOK
KOT4eTaHHO-TOJIMMETAJUIMYECKON MUHepaau3alluu
YOOMSIHYTasI BUPTYyaIbHasl IIATEIBHOCTH (hOPMHU-
poBaHUusg MecTopoxneHuit PynHoro Anrasi, cTporo
roBODSI, He UMeeT OMHO3HAYHOI UHTepIpeTauuu. Ec-
I TaKylo MPOHOJLKUTEIBHOCTh Pyd000pa30BaHUSI
CUMTATh PEaJIbHOI, TO €€ HYy>KHO OTHECTU K YMCITy Cy-
IIECTBEHHBIX crielindruIecKux ocobeHHocTeil PynHo-
ro Antasi. OnHaKoO BIOJIHE BEPOSITHO, YTO JIMTOJIOTH-
YeCKUil KOHTPOJIb OOYCIOBJIEH HE “TIOJIMXPOHHBIM”
3aXOPOHEHNEM CUHT€HETUYHOI MUHEpaIu3aluu, 00-
pa3oBaBlIlIeiicsl B TOBEPXHOCTHOM CJIO€ MOPCKOTO
ocajka, Kak 3T0 HaOJIrogaeTcs I “YepHBIX KypUJlb-
IIMKOB” : IPUYNHON BEPTUKAJILHOTO pacHpeaeIcHUS
MUHEpaJIM3alMK U 1IeJIbIX MeCTOpOXKAeHUI B PymHoM
AJnTae MOTJIO OBITh STTUTeHEeTUYECKOe (MO OTHOILICHUIO
K ocagkaM) IPOHMKHOBEHUE PYyIOHOCHOIO (honaa B
OJIaronpUsATHBIC IS 3TOIO JUTOGUIIMPOBAHHEIE CJIOU
AMC-paHHEePPAHCKOM TOMIIIN.

Takum o6pa3zoM, Bce UMEIOIIMECS ceifyac JaHHbIe
He SIBJISIIOTCSI IPSIMBIMU AaTUPOBKAMMU PYAHOI MUHE-
palmM3alliii ¥ TIOTOMY OKOHYATEJIbHO He pellaioT
mpobJieMy Bo3pacTa KoJdemaHHO-TOJIMMeTaITnye-
cKux MectopoxaeHuii PynHoro Antas. CioxXHOCTH
3TOM 3a1a9M, KOTOPYIO IMPEICTOUT PEIIaTh B OYIYIIEM,
MTOMIEPKUBAIOTCS HEOMHO3HAYHOCTHIO BEHITIICYTIOMSTHY -
TBIX pe3ynbTatoB Re-Os matupoBaHus mupura U3 Me-
cropoxaeHus: Kapuura, npeacrasisitoiiero B PygHom
AJTae Opyroif — MemHO-KOTYeTaHHbII TUIT MITHEPaJTH -
3alInU.
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METO/J BbICOKOTOYHOI'O MU3OTOITHOTI'O
AHAJIN3A CBMHLA

MHOroKo/UIEKTOpHasE Macc-CIIEKTPOMETPUSL C
WHIYKTUBHO cBsi3aHHO# Iuiaszmoil (MC-ICP-MS),
KOTOpasl B IIOC/IEIHEE ASCITUIETHE CTajla HOBOIM Me-
TOOMYECKOI OCHOBOI COBPEMEHHOI N30TOMHO I'eo-
XUMUM CBUHIIA, KaK U JJISI HEKOTOPBIX IPYTUX BJie-
MEHTOB, 00J1aJaeT LeIbIM PSIIOM JOCTOMHCTB. B co-
BOKYITHOCTM OHHU 00eCIIeUYnBaloOT pelieHne HaunboJjiee
CJIOXHOI MpOoO6JieMbl BBICOKOTOYHOTO H30TOMHOTO
aHaIM3a — BO3MOXHOCTb KOPPEKTUPOBAHUS PE3yIb-
TaTOB M3MepeHU Ha 3(PdeKT NpudopHOl Macc-
JIUCKPUMUWHALIUM MpU 0053aTeIbHOM YCJIOBUU
MIpOBeAeHUS aHAIM3a U3 MOHO3JIEMEHTHBIX PpaCTBO-
poB. B ciyyae aHanu3a CBUHIIA KOPPEKIIUS OCY-
IIECTBIISICTCS C MOMOIIBIO Tpacepa — M30TOIHOTO
orHowmeHus 2°T1/?%3Tl, usMmepsieMoro B Xone aHa-
J3a on line ¢ 130TOMHBIMY OTHOILICHUSIMU CBUHIIA.
OrtoT noaxon, npenjioxeHHbI B (Rehkidmper, Hall-
iday, 1998), peann3oBaH B KOHKPETHBIX METOAUKAX
aHaaM3a, OJHAa U3 KOTOPBIX pa3paboTaHa coaBTOpa-
mu Hactosmieir ctatbu B UTEM PAH (YepHbliies
u 1p., 2007), ¢ HEKOTOPBIMU U3MEHEHUSIMU MTPUME-
HeHa yXKe BO MHOTUX U30TOITHO-CBUHIIOBBIX UCCIe-
JIOBaHMSIX, BKJIIOYAsi HACTOSIIIYIO paboTy.

MN3yuyenune nzoronHoro cocrtaBa Pb merogom MC-
ICP-MS npoBoauioch B J1abGOpaToOpuud M30TOITHOM
reoxumuu u reoxponoyoru UI'EM PAH (Mocksa).
OT60p Tpo6 rajieHUuTa OCYIISCTBIISIICS TP ONITUYE-
CKOM KOHTpOJIe KaK M3 TSKEeJbIX MUHEpPaTbHBIX
dpakumii B BUe MUKPOKPUCTAILJIOB, TaK U HEMO-
CPEICTBEHHO W3 aHUUIM(OB C TMOMOILIbIO TBEPIO-
cryiaBHOM uribl. [ToaroroBka rajieHUTa 4151 U30TOII-
HOTO aHaju3a CBOJAWJIACh K PAaCTBOPEHUIO OTOOpaH-
Hoit Mukporpo6sl Maccoit 0.001—-0.003 r B karuie
10 M HNO; u nipurotoBjieHrto pabodero pactBopa
HeoOxonnmoit koHleHTparuu (3% HNO,). Hermo-
CPEICTBEHHO Tepen u3MepeHUusiMu K pabouemy pac-
TBOPY N00aBJISIA aIUKBOTY CTaHIApPTHOIO pacTBopa
tannus. JlaGopaTtopHasi KOHTaMUHAaLKs oOpas3ua B
XOJIe XUMUYECKOW MPOLETYPHI TTI0 JAHHBIM XOJIOCTBIX
onbITOB He TipeBkbilaia 0.1 Hr Pb.

HMcnonb3oBaics 9-KoaaeKTOPHBII Macc-CIeKTpOo-
metp tuima MC-ICP-MS NEPTUNE (ThermoFin-
nigan, I'epmaHus) 1 MeTOOMKA, TIOAPOOHO OIMCaHHAST
B padote (HepHsbiies u np., 2007). AHATU3UPOBAIUCH
pacTBOpEI ¢ KoHLIeHTpauueit Pb 100—200 Hr/r 1 KoH-
neHTpanueii T1 10—20 Hr/T B pexume “MOKpoii 1ia3-
MbI”, YTO 0OeCIeYnBaIo MHTEHCUBHOCTb MOHHBIX TO-
KOB 2BPb* 4—8 x 107" A u 2°T1" — 0.6—1.0 x 10~ A.
IToMumo nukoB uzotorioB Pb (komrekropst H3, H2,
H1 u L1) Takke mpoBoamIaCh perucTpansi MOHHBIX
TOKOB n3otonos XTI, 283T1 u 22Hg™ coorBeTCTBEH-
HO Ha KoyutekTtopax Ax, L2 n L3. Ilo mHTeHCUBHOCTH
nmuka 202Hg+ BBoauiach KoppekKlusi Ha UHTepde-
PEHLMOHHOE HAJIOKEeHKUE MOHOB n3oTtomna 2**Hg na 204
Maccy. M3oTonHbIl aHanU3 BKJIKOYAT PETrMCTpalUIO
27 Macc-CIeKTPOB IPY BpeMEHM MHTETPHUPOBAHUS Ha

YEPHbLIIIEB u np.

nukax 8 ¢c. Usmepenne “Hyns” 37eKTpOMETPUIECKIX
YCWINTEJIe U LIEeHTPOBKA MUKOB IIPOBOAMJIMCH Yepe3
Kaxble TpU criekTpa. O6paboTKa pe3yIbTaToOB U3Me-
peHuii MpoBOIMIACH C MOMOIIBLIO IIPOTPAMMHOTIO
obecrieueHust Macc-criektpomerpa NEPTUNE. Hop-
MUPOBAHUE W3MEPEHHBIX M3OTOITHBIX OTHOILEHUIA
CBUHIIA OCYLIECTBJISIOCH TI0 OIIOPHOMY OTHOILLIEHHIO
205T1/203T] = 2.3889 ¢ UCIIOIBL30BAHMEM SKCIIOHEH LIV -
aJIbHOTO 3aKOHa.

IMpaBUILHOCTH ¥ TOYHOCTH KOHEYHBIX PE3y/IbTaTOB
KOHTPOJIMPOBAJIACh MO TaHHBIM ITapajUTeIbHBIX aHa-
JIM30B CTAHIAPTHOTO 00pa3Iia M30TOITHOTO cocTtaBa Pb
SRM-981 u ob6pa3uoB rajienuTa. MtoroBast morper-
HocTh (+2SD) usmepeHusi otHouieHuit 2°Pb/20*Pb,
207Pb/294Pb 1 2%%Pb/?°4Pb ne npesbiana +£0.02%, a nis
otHowmeHwuii 2%®Pb/?°Pb u 297Pb/?°Pb cocrasisia co-
otBeTcTBeHHO +£0.01 11 £0.005%.

PE3YJIBTATbI

PesynbTaThl U3MEepeHMIT U3OTOTTHOTO cocTtaBa Pb
B rajeHuTe (Bcero 61 obpazen) u3 20 KoryegaHHO-
MOJIMMETAIJIMYECKUX MECTOPOXKIAeHU PymHoro Ai-
Tas IIpencTaBiieHbl B TaOmuie (Tadi. 1). Hapsay c
M30TONMHBLIMU oTHOEeHUAMU 22°Pb/204Pb, 207Pb /204Pb
u 28Pb/24Pb B Tabn. 1 mpuBEmEHBI BEIUYMHBI
207Pb/2%Pb u 2%%Pb/?%°Pb, koTOpblE B HACTOAILEH
paboTe TakxKe HCIOJb3YITCS TIPU MHTepHpeTaluu
CBUHIIOBO-U30TONHBIX TaHHbIX. Pe3ynbTaThl cTaTU-
CTHUUYECKOM 00pabOTKM MOJYYEHHBIX JAHHBIX CBEICHBI
B OTAEJIbHYIO Tabauily (TabJ1. 2), B KOTOPOl MPUBOIST-
csl CpeHUE 3HAYeHUS1 NU30TOIHBIX OTHOLIEHUM, BEU-
YU HBI X CPEIHEKBAAPaTUIHOTO pa3dopoca 1 Koadhu-

LUMEHTa Bapuatmu (V; 04, %)' 11 pyoHBIX paiiOHOB U
JJIs1 OTAENIbHBIX PYIHBIX MECTOPOXIEHUIl, KOTOpPhIE
HauboJee AeTanbHO (0T 6 10 17 06pa3oB 1151 KaXKI0Tr0o
MECTOPOXKACHMS) MPEACTaBICHbI B U3y4aBIIEHCs KOJI-
JIEKIIUU. DTO — KPYITHBIE U CYIIEPKPYITHBIE MECTOPOXK-
nenust 3pIpsiHOBcKoe, Pummep-CokonpHoe, THUmmH-
ckoe 1 HoBo-JIeHnHOTrOpCKoOE.

Ha Pb-Pb uzoromHbIx guarpammax (puc. 5, 6)
pa3Mepbl CUMBOJIOB TOUYEK, OTOOPAKAIOIINX BETNIM -
Hbl WM30TOIHBIX OTHOIIEHUI, MPUMEPHO COOTBET-
CTBYIOT 1 BO BCSIKOM cCJIydae He MeHbIIIe aHaIUTHIe-
CKOIf TIOTPEITHOCTA COOTBETCTBYIOIINX M30TOITHBIX
otHouieHuii. IlosicHeHUsI, Kacarlluecsl OLIEHKHU
TOYHOCTH BEJIMYMH BCEX MCITOJBb3YyEeMBbIX M30TOITHBIX
OTHOIIIEHUI naHbI B pasaeie 4 (Merox...), a TaKKe B
MpUMEYaHUsIX K Tao. 1.

OBCYXIEHME PE3VJIILTATOB

B PynHo-AnTaiicKoi MpOBUHIINY B 1I€JIOM BEJTNY-
HBI U30TOIHBIX OTHOWEHU 2°Pb/2%4Pb, 27Pb/24Pb n

! Vi/04 — KO2GbdHUILIMEHT BapUallii WX BRIPaXKEHHBIN B % cpel-
HEeKBaJpaTUYHbI (CTaHIApTHBIN) pa3dpoc B cepuy 3HAUYCHU
12/10380T0HH]>IX OTHOIIIEHUI CBUHIIA, I1€ i — U30TOIT 20 Pb, 207Pb,

Pb.
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Ta6mmma 1. M30TOMHBII cOCTaB CBUHIIA TaJIEeHUTA B PyIaX KOJYeTaHHO-TTOJUMETANTUMYECKMX MECTOPOXKIeHU PyaHoro
Anras™ (Poccust, KazaxcraH)

DBOJIIOIIMOHHBIE ITApAMETPBI

Ne|  O6paser MecTo- 200pp/ | 207pp, | 208pp, | 207pp, | 208pp/ Ty MCTOYHUKA [0 MOJIEJIH
b pO)KI[eHI/Ie*** 2O4Pb 204Pb 2()4Pb 206Pb 206Pb MUJIH JIET Crelicu— KpaMepca
Ty 1y @, Th/U
SvipsaHosckuil pyoHbLil paiiox

1[24-6 3bIpsiHOBCKoe | 17.7204 | 15.5028 | 37.6229 | 0.87486 |2.12314 489 9.43 36.2 3.84

49°44’ C

84°17’ B
2|25-1* To xe 17.7204 | 15.5032 | 37.6255 | 0.87488 |2.12329 | 489 9.43 36.2 3.84
3(26-3 To ke 17.7234 | 15.5060 | 37.6316 |0.87489 |2.12327 | 493 9.44 36.3 3.85
4124/3a To ke 17.7234 | 15.5047 | 37.6300 | 0.87482 | 2.12318 490 9.44 36.3 3.84
5127/36* To ke 17.7329 | 15.5063 | 37.6347 | 0.87444 | 2.12231 487 9.44 36.3 3.85
6| 1226* To xe 17.7294 | 15.5011 |37.6222 | 0.87432 |2.12202 | 482 9.43 36.2 3.84

Jlenunoeopckuil pyoHuliil pation

7| 1-122-3 Punnep- 17.8188 | 15.5175 |37.6490|0.87085 | 2.11288 442 9.47 35.9 3.79

CokonbHoE,

50°20" C

83°30’B
8| I1-323 To ke 17.8150 | 15.5154 | 37.6607 | 0.87092 | 2.11399 441 9.46 36.0 3.80
9 (2103-350 To ke 17.8232 | 15.5171 | 37.6668 | 0.87061 | 2.11336 438 9.46 36.0 3.80
10| 3F03-223 To ke 17.8212 | 15.5161 |37.6617 |0.87065 |2.11331 438 9.46 35.9 3.80
11 | P-C- (1) To ke 17.8219 | 15.5172 | 37.6671 | 0.87068 | 2.11353 439 9.46 36.0 3.80
12| P-C-(2) To ke 17.8132 | 15.5151 |37.6598 | 0.87099 | 2.11415 442 9.46 36.0 3.80
13| P-C-(3) To ke 17.8204 | 15.5170 | 37.6643 | 0.87074 | 2.11355 440 9.46 36.0 3.80
14| P-C-302.3 To xe 17.8176 | 15.5166 |37.6650 | 0.87086 |2.11392 442 9.46 36.0 3.80
15| P-C-286.7a | Toxe 17.8176 | 15.5169 |37.6656 |0.87087 |2.11395 442 9.46 36.0 3.80
16 | A-8 To xe 17.8225 | 15.5178 |37.6698 | 0.87069 |2.11361 440 9.47 36.0 3.80
17 [ JI-11 (8/9) To xe 17.8175 | 15.5174 |37.6660 |0.87091 |2.11399 443 9.47 36.0 3.80
18| I1-309 To xe 17.8182 | 15.5186 |37.6675 | 0.87094 | 2.11399 445 9.47 36.0 3.81
19| I1-331 To xe 17.8147 | 15.5177 |37.6633 | 0.87106 |2.11417 446 9.47 36.0 3.80
20 | 3K03-280 (cd) | To ke 17.8241 | 15.5189 |37.6706 | 0.87067 | 2.11346 441 9.47 36.0 3.80
21 | B-026(xT) To xe 17.8254 | 15.5194 | 37.6750 | 0.87063 | 2.11356 441 9.47 36.0 3.80
22 | B-072(cd) To ke 17.8249 | 15.5170 | 37.6675 | 0.87052 | 2.11320 437 9.46 36.0 3.80
23 | B-108(xiT) To ke 17.8198 | 15.5130 | 37.6520 | 0.87055 | 2.11293 432 9.45 35.8 3.79
2419-7-24 TummHckoe, 17.8233 | 15.5207 | 37.6801 | 0.87081 |2.11409 | 445 9.48 36.1 3.81

50°16’ C

83°20" B
25(10-7-3 To xe 17.8175 | 15.5160 |37.6624 |0.87083 |2.11379 440 9.46 36.0 3.80
26 | C-100-6 To xe 17.8175 | 15.5158 |37.6633 | 0.87082 [2.11384 | 440 9.46 36.0 3.80
27| T-1 To xe 17.8206 | 15.5162 | 37.6664 | 0.87069 | 2.11364 | 438 9.46 36.0 3.80
28 | T-2 To xe 17.8193 | 15.5154 | 37.6606 | 0.87071 |2.11347 438 9.46 35.9 3.80
29 T-210 To ke 17.8188 | 15.5155 | 37.6596 | 0.87074 |2.11348 438 9.46 35.9 3.80
30 | THU-1 To ke 17.8208 | 15.5153 | 37.6634 | 0.87063 | 2.11345 436 9.46 35.9 3.80
31| TH-5a To ke 17.8193 | 15.5159 | 37.6653 | 0.87074 | 2.11386 439 9.46 36.0 3.80
32| T-102.5 To ke 17.8200 | 15.5180 |37.6676 | 0.87082 |2.11378 443 9.47 36.0 3.80
33| T-110 To ke 17.8190 | 15.5146 |37.6646 | 0.87068 | 2.11373 436 9.45 35.9 3.80
34| 11-7a-11 To ke 17.8199 | 15.5169 | 37.6665 | 0.87076 |2.11373 440 9.46 36.0 3.80
351C-92-1 To ke 17.8237 | 15.5155 | 37.6611 |0.87050 |2.11298 438 9.47 36.0 3.80
36 | Ly-1 [y6uHckoe 17.8029 | 15.5092 | 37.6428 | 0.87116 |2.11442 | 438 9.43 35.8 3.80

50°2329” C

83°4034” B

TEOXUMHUA T1oM 68 Ne 6 2023



556 YEPHbLIIIEB u np.

Taomuua 1. TlponomkeHue

DBOJIOLIMOHHBIE TAPAMETPhI
Mecro- 200pp/ | 207pp/ | 208pp/ | 27pp; | 28pp/ | T, MICTOYHMKA [0 MOJIEJTN
Ne|  O6pasen wrx | 204 204 204 206 206 Creiicn—K
POXIEHUE Pb Pb Pb Pb Pb | mum et teiicu—Kpamepca
Ty 1 0, Th/U
37(4-39/32 YexkMmapb 17.8232 [ 15.5128 | 37.6566 |0.87037 | 2.11279 429 9.44 35.8 3.79
50°39"7” C
83°37°12” B
38| 1-25/4/548 JlonmuHHOE 17.8195 | 15.5173 | 37.6674 {0.87080 |2.11383 441 9.47 36.0 3.80
50°2014” C
83°43'26” B
39| 16066/108 HoBo-JlenuHo-| 17.8305 | 15.5170 | 37.6630 | 0.87025 | 2.11228 432 9.46 35.9 3.79
TOPCKOE
50°15°57” C
83°4031” B
40| 1610/941.5 To xe 17.8307 | 15.5172 | 37.6656 [ 0.87025 | 2.11240 433 9.46 35.9 3.79
41|1610/1053-1 |Tozxe 17.8214 | 15.5177 |37.6690 | 0.87073 |2.11369 441 9.47 36.0 3.80
4211610/1053-2 | To xe 17.8166 | 15.5172 |37.6641 |0.87094 |2.11399 444 9.47 36.0 3.80
43|1608/898.4 To xe 17.8307 | 15.5160 |37.6621 |0.87018 |2.11221 430 9.46 35.9 3.79
44| 1743a/775(1) | Toxe 17.8336 | 15.5168 |37.6707 | 0.87009 |2.11234 430 9.46 35.9 3.80
Pyodonposenenus 6 6ocm. wacmu JIeHUH020pCK020 pyOHO20 pailoHa
45| Ep-1 Epmomnaesckoe | 17.8252 | 15.5134 | 37.6581 | 0.87031 |2.11263 429 9.45 35.8 3.79
50°36°30” C
83°3929” B
46| B-1 (1) Bome-MBa- 17.7885 | 15.5091 | 37.6459 [ 0.87186 |2.11631 449 9.44 36.0 3.81
HOBCKOE
50°12"23” C
84°2'58” B
3meurnozopckuii pyouslil paiiox
47| 3M-2 3menHoropckoe| 17.8266 | 15.5219 |37.6811 | 0.87072 |2.11376 445 9.48 36.1 3.81
51°9'18” C
82°11’17” B
48| 3apeu-e 3-4 | 3apeuHoe 17.8357 | 15.5215 | 37.6929 | 0.87025 | 2.11334 438 9.48 36.1 3.81
51°109” C
82°7°10” B
49|636/542.3 ITerpoBckoe 17.8174 | 15.5198 | 37.6752 [ 0.87105 |2.11452 448 9.48 36.1 3.81
51°10'13” C
82°8’17” B
50| 436/505.6 To xe 17.8110 | 15.5186 |37.6690 | 0.87129 |2.11493 451 9.47 36.1 3.81
51| CH-5 CemenoBckoe | 17.8596 |15.5226 |37.6915 |0.86915 [2.11043 421 9.48 35.9 3.79
51°224” C
82°21'19” B
52| JIK-3 Jlazypckoe 17.8840 | 15.5228 | 37.7149 [0.86797 | 2.10886 403 9.47 35.9 3.79
51°5'34” C
82°2336” B
53| 485k/618 Kop6ammxun- | 17.8633 | 15.5209 | 37.7020 | 0.86887 |2.11058 415 9.47 35.9 3.79
CKOe
51°12’11”7 C
82°11'52” B
54|23BKk/498.1 3aiilieBCcKoe 17.8396 | 15.5214 | 37.6905 [ 0.87005 | 2.11274 434 9.48 36.1 3.80
51°6'12” C
82°11'4” B
55(248K/276.9 To xe 17.8406 | 15.5230 | 37.6903 | 0.87009 | 2.11261 437 9.49 36.1 3.80
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DBOJIOIIMOHHEIE TAPAMETPHI
Ne|  O6pasen Mecro- 206py, | 207pb/ | 28pb/ | 27Pb/ | 28Pb/ | T, VICTOUHUKA 110 MOJIENH
- poXIEHUE™** 204py, 204py, 204py, 206Pb 206Pb MUJIH JIET Creiicu—Kpamepca
Ty 1 0, Th/U
56(2936/394 Ipuser 17.8491 | 15.5245 | 37.7077 | 0.86976 |2.11258 | 433 9.49 36.1 3.81
51°10'59” C
82°1944” B
57| 198k/376.5 Komuccapos- | 17.8639 | 15.5218 |37.6951 | 0.86889 |2.11013 416 9.47 359 3.79
cKoe
51°7'18” C
82°18'13” B
Pybyoeckuii pyonwiii paiion
58| Tan-418/610.3 | Tanosckoe 17.9034 | 15.5297 | 37.7220 | 0.86742 [2.10697 | 402 9.50 35.9 3.78
51°25'59” C
81°55'B
59| C-106 CrenHoe 17.8950 | 15.5263 | 37.7200 | 0.86763 [2.10785 | 402 9.48 35.9 3.78
51°23'45” C
81°59'34” B
60| C-8B To xe 17.9008 | 15.5292 | 37.7280 | 0.86751 |2.10762 | 403 9.50 36.0 3.79
61| C-150/6 To xe 17.8955 | 15.5278 | 37.7237 | 0.86769 [2.10800 | 404 9.49 35.9 3.79

* Cpe)]Hee 3HAYCHUCE I10 pE3yjIbTaTaM JIBYX aHAJIN30B.

** OTHOCHUTEJIbHBIE TOIPEITHOCTY U3MEPEHHUSI M30TOMHBIX OTHOLIeHUM (£2SD, %) Mmetonom MC-ICP-MS: He Gonee £0.02% ms ot-

HOIIEHU I
207Pb/206Pb.

6Pb/204Pb, 207Pb/204Pb u 08Pb/204Pb u He 6onee £0.01 u £0.005% COOTBETCTBEHHO AJISI OTHOILIEHUI 208Pb/ °Pb u

*#* B cToyO1e ¢ Ha3BaHUSIMU MECTOPOXKICHNN yKa3aHbI X TeorpaduiecKre KOOPIUHATHI.

208pp /204Pb papwupyroT B npenenax 17.9034—17.7204,
15.5297—15.5011 u 37.7280—37.6222, COOTBETCTBEH-
HO. B OTHOCHUTENILHOM BBIpAXKEHUM IIMPUHA 3TUX
JIuarna3oHoB Bapuanuii cocrasiset 1.0, 0.18 u 0.28%
n, coorBeTcTBeHHO, B 50, 10 1 15 pa3 mpeBnImaeT
aHAJIUTUYECKYIO ITOIPENTHOCTD.

ITo Hanbosiee BapyaTUBHOMY M30TOITHOMY OTHO-
menuto 2°°Pb/24Pb makcumanbHo (Ha 0.98%) pasnu-
YyaloTcs cpeaHue 3HaueHUsI, xapakTepusylolue Pyo-
oBckuit (17.899) u 3wipsiHoBckuii (17.725) paitoHbl,
a MmuHuMaiabHO (Ha 0.14%) 1o 3TOMYy MOKa3aTelo
paznuyatotcss 3mMenHoropckuit (17.845) u JleHnHo-
ropckuii (17.820) paitoHbl. I1o M30TOITHBIM OTHOIIIE-
Husm 2Pb/?4Pb u 2%Pb/?**Pb maciurab “paiioH-
HBIX” pa3Inynil CpemHUX 3HAYCHUI OKMIaeMo B He-
CKOJIBKO pa3 MEHbIlIe U HaxoauTcs B npeneax 0.15—
0.04% nnsa ornowenuii 2’Pb/?4Pb u 0.25—-0.08%
s 2% Pb/204Pb.

IMonyuyeHHBIe NaHHBIE XapaKTePU3YIOT CTENEHb
TOMOTEHHOCTH — IF'eTepOreHHOCTY M30TOITHOI'O COCTaBa
Pb xomyemaHHO-IONMMMETAUIMYECKX MECTOPOXKIIE-
Huit PyoHoro Antast B Tpex Maciuradax: 1) pymHasi mpo-
BUHLIMS B LIEJIOM; 2) OTACIbHBLIC PyIHBIC paiiOHHI;
3) oTHenbHBIC MECTOPOKICHMSI.

1) B PynHo-AnTaiickoit pynHOI IpOBUHIIAY B 1€~
JIOM, KaK y>€ OTMEUYE€HO Bblllle, BIpaXkeHHas B MPO-
LIEHTaX IIWPUHA UHTEPBAJIOB Bapualiii U30TOMHBIX

TEOXUMUA Ne 6

TOM 68 2023

otHowmeHuit 2°°Pb/2%4Pb, 27Pb/204Pb u 208Pb/204Pb
cooTBeTcTBEHHO cocTtasiset 1.0, 0.18 u 0.28%. INpu
9TOM KOI(PGULMEHTBI BAPUALIUU V; /504 VIS COBOKYTI-
HOCTH 3HAaYEHU Il U30TOMHBIX OTHOWEHMT 22°Pb/2%4Pb,
207pp /204Pb 1 208Pb /204Pb, nsmepeHHEBIX B 61 06pasue

rajeHura, cooTrBeTcTBeHHO paBHbI (.22, 0.038 wu
0.063%.

2) CreneHb TOMOT€HHOCTM M30TOIIHOIO COCTaBa
Pb B penenax oTaeabHbIX PYIHBIX PAIOHOB OlLIEHEHA
10 JTaHHBIM aHAIM30B COBOKYITHOCTA OOpa3IoB ra-
JICHUTAa W3 MECTOPOXIEHWI, JTOKAIN30BAaHHBIX B
npenegax KOHKPETHBIX PYIHbIX pailoHOB. CpenHue
BHAYEHMS V; /504 TIO YETHIPEM paitoHam (TabJ1. 2) cocTaB-
nsoT 0.054% st 2°°Pb/2%4Pb, 0.012% s 2’Pb/2*“Pb u
0.019% nnst 2%%Pb/?°4Pb.

3) OneHka CTeIIeHU TOMOT€HHOCTU M30TOIITHOTO
cocrtaBa Pb B Macitade oTnebHBIX MECTOPOXKICHU I
0asupyeTcsl Ha TaHHbBIX U3yYeHUsI 00pa31i0B rajeHu-
Ta 1O YEThIPEM KPYMHBIM U CYNEPKPYIHBIM MECTO-
poxneHnsiM 3bIpssHOBCKOe (6 ob6pasuos), Pummep-
CokonbHoe (17), TummHckoe (12) u HoBo-JleHuHO-
ropckoe (6) (tabu. 2). CpegHee 110 HUM 3HaUYEHUE KO-
(D GUIMEHTOB BAPUALIVIM V; /504 JUISI PA3TTMIHBIX U30-
TOMNHBIX OTHOILIEHMIA COCTABJIAET V06,204 = 0.025%,
V207/204 = 0.010% n v208/204 = 0013% C 3TUMU 3Haue-
HUSAMH V;54 BIIOJIHE COTIACYIOTCs Gojiee TpyoOble
OLEHKM MacwTaba Bapuauuii v, < 0.02%, nony-
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Taomuna 2. CpenHue 3HaueHUs U KO3GhdUILIMEHTHI Bapua-
LHUKU* U30TOITHOTO cocTaBa Pb rajieHuTa B pyaHBIX paiioHax
U OTHEIbHBIX KOJNYeTaHHO-TOJUMETAIUTMIECKUX MECTO-

poxneHusx Pynnoro Antas (Poccust, Kazaxcran)

J11a Bcex MeCTOPOXK e HUii
206Pb/204Pb 207Pb/204Pb 208Pb/204Pb
Cpennee 3HaueHue | 17.820 15.517 37.669
MuHumaibHOe 17.7204 15.5011 37.6222
MakcumanbHoe 17.9034 15.5297 37.728
SD 0.0393 0.0058 0.0236
Vi/204, % 0.221 0.038 0.063
3bIPSIHOBCKMIA PYIHBIIA paiioH

Cpennee 3HaueHue | 17.725 15.504 37.628
SD 0.00508 0.00201 0.00505
V204 % 0.029 0.013 0.013

JleHHHOTOPCKMIA PyIHBIA PAiioH
Cpennee 3HaueHue | 17.820 15.516 37.663
SD 0.00736 0.00227 0.00711
Vi204s % 0.041 0.015 0.019

3MeMHOrOpCKMii pyIHbIiA paiioH
Cpennee 3HaueHUe | 17.845 15.522 37.692
SD 0.0220 0.0016 0.0135
Vi/204> % 0.123 0.010 0.036

PyOuoBckuii pynHblii paiion

Cpennee 3HaueHue | 17.899 15.528 37.723
SD 0.004 0.002 0.003
Vij204, % 0.023 0.010 0.009

MecTopoxaeHue 3bIpssHOBCKOE
Cpennee 3HaueHue | 17.725 15.504 37.628
SD 0.00508 0.00201 0.00505
Vi/204, % 0.029 0.013 0.013

Mecropoxnenue Punaep-CokobHoe
Cpennee 3HaueHue | 17.820 15.517 37.664
SD 0.0038 0.0017 0.0055
Vis204 % 0.021 0.011 0.015
Mecrtopoxaenue TumuHckoe
Cpentee 3HaueHue | 17.820 15.516 37.665
SD 0.0019 0.0016 0.0056
Vis204 % 0.011 0.010 0.015
Mecropoxnenre Hoso-JIenunoropckoe

Cpennee 3HaueHne | 17.827 15.517 37.666
SD 0.007 0.001 0.003
Vi/204, % 0.037 0.006 0.009

2
*QD = 1/20;17_1)() — cpenHeKBaapaTUYHbII pa3dpoc enuHUY-

HOTO 3HaUYeHMsI B cepuM 06pasLoB, rae: X;, X — MHINBULYaTb-
HBIE W CpeIHME 3HAYEHUST N30TOITHBIX OTHOILIEHHIT B CEpUM 00-
pasos, N — KOJIMYecTBO 06PasLoB; Vi 04, % — TO Xe, BbIpaKeH-
Hoe B %.

YEPHbLIIIEB u np.

YeHHBIE 10 JTaHHBIM U3YyYeHUS TPEX APYIUX, HeOOb-
KX [0 3aracaM MeTaJlJIOB MecTopoxkaeHuit — Crer-
Hoe, [TeTpoBcKoe 1 3alilieBCKOe, IS KOTOPHIX OBLIO
MpoaHATM3UPOBAHO 110 2—3 oOpasia raJjcHuTa.

IIpu paccMoTpeHUM pe3yJIbTaTOB U3YYECHUS N30~
ToITHOTO cocTtaBa Pb MmecTropoxnenuit PymHoro Air-
Tas MpexXIe Bcero oodpailaetr Ha ce0s1 BHUMaHUE y3-
KW Ouarna3oH BapuUalvdidi MU30TOMHBIX OTHOILUEHUIA
206pp/204pp, 207Pb/204Pb u 2%8Pb/2%4Pb  (cooTBeT-
CTBEHHO V206/204 = 022%, V207/204 =0.038% u V208/204 =
=0.063%) B pyIHOI IPOBUHIUM B LIEJIOM, KOTOPHI
coyeTaeTcs ¢ ellle 60Jiee TOMOTeHHBIM COCTaBOM, Ha-
OJ1r0HaeMBIM BHYTPHY BXOISIIIINX B COCTAaB IIPOBUHIINNA
PYIHBIX PAiOHOB (V296/204 = 0.054%, V17,204 = 0.012%
Y V08204 = 0.020%) 1 TOKaIM30BaHHBIX B HUX KOH-
KPETHBIX KOJIYeTaHHO-IIOJIMMETAUINYECKIX MECTO-
POXIOCHUAX (V206/204 = 0.025%, V207/204 = 0.010% n
V2087204 = 0.013%). Bapnauuu nzoronnoro cocrasa Pb
BHYTPH PYIHBIX PailOHOB 1 KOHKPETHBIX MECTOPOXK-
JIEHUI1 B OOJILIIIMHCTBE CIIy4acB COOTBETCTBYIOT Mac-
mTady aHaJuTudeckoii morpemrHoctu 0.02% uiau Ha-
XOJSITCSI HUKE 3TOTO YPOBHSI.

Yucao permoHoB, Oim3knx K PymHomy Anraio B
OTHOIIIGHUM TOMOTEHHOCTH M30TOITHOTO COCTaBa
PYIHOTO CBMHIIA, HEBEJIMKO, YTO OTYACTU OOBSICHU-
MO MOKa eIlle OTPaHNYEHHBIM KOJIUIECTBOM JI€Tajlb-
HBIX CBUHIIOBO-U30TOIHBIX MCCIEIOBAHUI, TTPOBE-
JIEHHBIX HAa OCHOBE BBICOKOTOYHOTO M3OTOIIHOIO
aHanm3a. K ncciemoBaHHBIM pernoHaM OTHOCHUTCS
Sn-Pb-Zn-pynHass npoBuHuMs FOxHoro Cuxora-
AJIMHS MO3MHEME30301CKOTO BO3pacTa, B KOTOPOit
001Ut Auana3oH n30TommHoro coctaBa Pb (0.8% mis
otHowmeHus 2°°Pb/24Pb, 0.3% s 2’Pb/***Pb u 0.5%
wig 2%%Pb/?4Pb) 61M30K K O3HAYEHHOMY BbIILIE HA
Pynnom Antae. OMHOBpEMEHHO C 3TUM BHYTPH OT-
JIEeJIbHBIX PYOHBIX PallOHOB U MecTopoxaeHuit KOx-
Horo CuxoTe-AIuHSI HaOJIIOOACTCSI TOMOTE€HHBIN
M3O0TOITHEIM cocTaB Pb, onpenessieMblit 411 BCeX Tpex
M30TOIHBIX OTHOIIEHU# Ko3(hdUullMeHTaM BapHa-
LUK V504, XapaKTEPHbIMU W It PymHoro Auras.
HaubGonee BhicOKa CTeNeHb M30TOITHOI TOMOI€HHO-
CTU CBUHIIA B KPYITHBIX KACCUTEPUT-CYJIb(MOUIHBIX Me-
cropoxaeHnsix ApceHbeBckoe u HOxuHoe (Chugaev
et al., 2020). ITomumo KOxHoro Cuxora-AnuHs Pyn-
HBI AnTaii IpUHILMIIMAIBHO aHAJIOTUYEH pacIipeie-
JIECHUIO M30TOIHOIO COCTaBa CBUHIA, 3a(pMKCHUPO-
BAaHHOMY B €Ille OMHOM M3BECTHOM PYIHOM ITPOBUH-
uun — KypamuHckoM pernoHe 3amagHoro TsHb-
Ilans, comepxaieM KpynmHOMacIITabHyo Au-Ag u
Pb-Zn-pyaHyio MuHepaiu3anuio.

bavxaiiimmii MetaaoreHU4ecKuii aHaiaor Pyn-
HOTrOo AnNTast — Ypajbckas KomdegaHHasi TPOBUHIIMS
0o0IagaeT 3HAUUTEJIbHO 0oJiee IIMPOKUM TI0 CpaBHeE-
HUIO ¢ PyogHbIM AJlTaeM pa3MaxoM 3HAYCHUIT M30TOM-
Horo coctaBa pyaHoro Pb (UYepnsmueB u ap., 2008).
B Ypannckoii mpoBMHIIMY 3TOT pa3Max B 2—8 pa3 s
pa3HBIX U30TOITHBIX OTHOIIEHUII IIMpe, YeM Ha Pyn-
HOM Autae (puc. 5), IpuyeM JaHHasi OliIeHKa OTHO-
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Puc. 5. MI30TONHBIC AMarpaMMbl 206Pb/204Pb — 208Pb/204Pb (a)u 206Pb/204Pb — 207Pb/204Pb (6) ¢ pe3yabTaTaMu U3MEPEHUIA
M30TOITHOTO COCTaBa CBMHIIA TaJICHUTA KOJYeIaHHO-MOJUMETALIMYSCKIMX MECTOPOXKIECHU I 3bIPSTHOBCKOTO, JIEHMHOTOPCKO-
ro, 3mMenHoropckoro u Py6ioBckoro pyaHbix paitoHoB PynHoro Anrasi. Pasmepbl cMMBOJIOB TPUMEPHO COOTBETCTBYIOT aHa-
nutudeckoil morpentHocty (£0.02%) oTo6paxkaeMbIX M30TOIMHBIX OTHOIIeHUI. Ha muarpaMMBbl yHKTUPHBIMU JIMHUSIMUA Ha-
HeCceHbI 3BoIIOLIMOHHBIE KpuBble Monenu (S—K) Creiicu—Kpamepca (1975), crioltHbIMU TUHUSIMU — DBOJTIOLIMOHHbBIE KPU-
Bble MojieNU TTIoMOoTeKTOHUKY (Z—D) 3aptmana—/loy (1981), ToueyHbiMU TUHUSIMU — Pb-Pb 130XpoHBI.

CUTCS KaK K IIPOBUHINSIM B I€JIOM, TaK 1 K CpaBHE-
HUIO MacluTtaba pa3inyuii M30TOIMHOTO coctaBa Pb
MEXIy KOHKPETHBIMU MECTOPOXACHUSIMU U LIEIbIMU
paiioHaMu (30HAMM) BHYTPU pacCMaTPUBAEMbBIX IBYX
PYOHBIX TTpOBUHLIMIL. YTO KacaeTcst CTEIeHU TOMO-
TeHHOCTU U30TOIHOro cocTaBa Pb, To BHyTpU ypajib-
CKMX MECTOPOXICHMIA OHA TakKXe 3aMETHO HILKE,
yeM B MeCTOpoXiaeHusX PymHoro Anras. B To xe
BpeMs HEKOTOpbIE KPYNHEHIINE ypaJbCKUE MECTO-
poxneHus — laiickoe m CadbrIHOBCKOE IO BCEM

TEOXUMUA Ne 6

TOM 68 2023

TPEM U30TOITHBIM OTHOIIIEHUSIM 00JIamafoT XapaKTe-
PUCTUKAMMU V; /504, OJTUM3KMMU WM AaHATTOTUIHBIMU Ta-
KOBBbIM B PynHom AnTae.

CohopMrpoBaHHBIC B METAJNIOTEHUYESCKIE DITOXH
daHepo30s1 pyaAHbIE TPOBUHIIMY U COCTABJISIONINE UX
MECTOPOXIEHHUS, B KOTOPHIX, COIJTACHO PACCMOTPEH-
HBIM KPUTEPMSIM, IpOsIBJIEHa perMoHajibHas U JIO-
KaJIbHasi TOMOTE€HHOCTb M30TOIHOTO coctaBa Pb,
pa3zHOOOpa3HbI IO TAKMM MapaMeTpaM KaK TeKTOHHU-
YyeCcKOoe IMOJIOXKEHME, BO3PacT, MUHEPaIbHbI COCTaB,
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Puc. 6. 3oTomnHas quarpaMma 207Pb/206Pb—208Pb/206Pb C pe3yJibTaTaMM U3MEPEHMUI M30TOIMTHOIO COCTaBa CBUHIIA FajieHUTA
KOJTYeTAaHHO-TOJIUMETAITMYECKUX MECTOPOXIEHUN 3bIpSTHOBCKOTO, JIeHMHOropckoro, 3MemHOropckoro u PyGiioBckoro
pyAHBIX paitoHoB PynHoro Airas. PasMepbl CMMBOJIOB 110 00eUM OCSIM TpadurKa MPpUMEPHO COOTBETCTBYIOT aHATUTUYECKUM
MOTPELIHOCTSIM OTOOpaXkaeMbIX M30TOIMHBIX OTHOLLIeHU, cooTBeTcTBeHHO +0.005 1 £0.010%.

MacllTadb MUHepaIu3aluu U HeKoTophle Apyrue. O0-
MM BaXXHEHIIMM MNpU3HAKOM (ITapaMeTpoM) M30-
TOITHO-TOMOT'€HHBIX MECTOPOXICHUI SIBIISIETCS UX
CcBSI3b ¢ MarMaTu3MoM. Yto kacaercs PymHoro Anras,
TO oOmpeaessioNias poiab paHHE-CPEIHEIeBOHCKOIO
MarmMaru3Ma B pyIoreHe3e KomdedaHHO-TI0IMMeTa Ul -
YeCKMX MECTOPOXIEHWI1 ceiliyac He BBI3bIBAET OOJIb-
IIIMX COMHEHMI, XOTsI, ITyOMHHAas1, MarMaTH4YecKast I1o-
CTaBKa PyJHOIO BEIIECTBA KOIYeTaHHBIX MECTOPOXK-
neHuit monaepxuBaeTca He Bcemu (Kosznos, 2015;
Simonov et al., 2010; Vikentyev et al., 2013). Oco-
OEHHO OMCKYCCUOHHBIMM OCTAIOTCSI BOIIPOCHI, CBSI-
3aHHBIC KaK C TeOJUHAMUYESCKUMU YCIOBUSIMU, TaK
1 MICTOYHMKAaMU PacIlJIaBOB PyA000Pa3yoLIero Mar-
MaTu3Mma.

BriBoabI, BEITEKAIOIINE U3 OOCYKIABIINXCS BBI-
I11e OCOOEHHOCTEM pacHpeaeeHusI N30TOITHOTO CO-
crtaBa Pb B Mectopoxnennsx Pynroro Anras, cocTo-
gt B caenytonieM. (1) B neBoHckoe BpeMsi, BO BCIKOM
ciiygae B Itepuofn (opMUPOBaHUS KOTYETAHHO-TIO-
JIMMETAJUIMYECKMX MECTOpPOXIeHuil, B PymHo-AJ-
TaliCKOM TeppeiHe CyILIeCTBOBAI OOIIMPHDINA, peru-
OHAJILHOTI'O MaclluTaba, IJTyOMHHBIA, TOMOTeHHEBII B
xumuueckoM (U, Th, Pb) u uzoronnom (Pb) oTHO-
LIEHUHU pe3epByap — UCTOUHUK MarM M MeTaJlJTIOHOC-
HbIX (aounos. (2) Juama3zoH U30TOIMHOrO cOocTaBa
Pb B KomyenaHHO-MOIUMETAULIMYECKUX MECTOPOXK-
neHusix PynHoro Antast (OTMETUM, HEOOJIBILION IS
KPYNHOI pyAHON NPOBUHIIMN), MPAKTUUECKH OITpe-

JCIACTCA pa3jIndyrusaIMun 3Ha4YeHU U N30TOMMHbBIX OTHO-
IIEHUMN, XapaKTEePHBIX IJIS1 OTAEJIbHO B3SITBIX DPYI-
HBIX pailoHOB U cooTBeTcTByIOmuX nM BTC. Bos-
MOXHBI€ TIPUUMHBI 3TUX Pa3IM4vii 00CYyXIaloTCs
Hmxke. (3) B mipenenax pymHbIX pailOHOB IIPOLIECCHI
00pa3oBaHUsI U MpeoOpa3zoBaHUS KOHKPETHBIX Me-
CTOPOXIEHUI (IBIKEHUE METANTOHOCHBIX PAaCTBO-
POB, PYOOOTIIOKEHME, MeTaMOPMU3M pyl) HE COMPO-
BOXIAJIUCH CKOJIbKO-HUOYIb CYIIECTBEHHBIMU CIABH-
raMy MCXOTHOTI0, XapaKTEePHOTO IJIST KaXKI0To palioHa,
M30TOITHOTO COCTaBa CBMHIIA, YTO M OOECIIEYUIIO
YHU(DOPMHOCTb U30TOIMTHOTO COCTaBa B MECTOPOXKIE-
HUSIX BHYTPU KaXXO0TO PyJIHOTro paifoHa.

BroisiBiieHHas1 ¢ TOMOIIBIO BHICOKOTOYHOTO M30-
TOITHOTO aHAJIM3a TOMOTEHHOCTb U30TOITHOTO COCTAa-
Ba CBUHIA BHYTPU KOJYEIAHHO-MOJIUMETAILUINYEC-
CKMX MECTOPOXIECHUIN U B Mpeaesiax LEIbIX PYTHBIX
paiioHoB PymHo-AJTaiicKoOi IIpOBUHIIMY MOXET CJIy-
XUTb OCHOBOI 11 HEKOTOPBIX OILIEHOK IIUTEIIBbHO-
CTH mpolleccoB pynoreHe3a. Cpeau U3y4eHHbIX B Ha-
CTosIIIEH paboTe HanboJee TTOAXOMSIIIUMU JIJTST TAKUX
OIIEHOK SBJISIIOTCSI  KOJTYETAaHHO-MOJUMETAJLTNYE-
CKH€ MECTOPOXIeHUs JIeCHUMHOTOPCKOTO palioHa, OT-
JIMYaloIuecs] BBICOKOU CTENeHbI0O TOMOT€HHOCTU
W30TOMHOTO cocTaBa cBMHIA. Cpeau HUX — ABa Cy-
MepKpyInHbIX MectopoxaeHus1 (Punnep-CokonbHoe
u TumwuHckoe) u ogHo KpyrHoe HoBo-JIleHnHorop-
CKO€, JIOKAJIM30BaHHbIE Ha pa3HbIX cTrparturpaduye-
CKHUX YPOBHSIX IEBOHCKOTO pa3pe3a PynHo-Auralickoii
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MPOBUHIIMM: B mopomax aMcckoro sipyca (Pumnep-Co-
KojibHoe U HoBo-JleHnHoropckoe) u cpeaHeit yactu
aiidenbckoro spyca (TullIMHCKOE MeCTOpOoXkKIeHUe)
(puc. 3). LndpoBbie rpaHULIbI IOApa3NeICHII TeBOH-
ckoii cuctemsl (Cohen et al., 2019) mo3BOSIIOT OLIEHUTH
BBIPAXKEHHYIO B MJIH JIET pa3HUILY B “cTpaTUrpaduye-
CKOM” BO3pacTe TpeX YIIOMSIHYTBIX MECTOPOKIACHUIA.
MecropoxneHue Punnep-CokonbHOE OKa3bIBACTCS
JIpeBHEE MECTOPOXKAeHUS TUILIMHCKOE IPUMEPHO Ha
20 MitH 16T 1 ApeBHee MecTopoxkaeHuss Hoso-JIean-
HOTOPCKOE COOTBETCTBeHHO Ha 10 MutH sieT. [I1s Bcex
TpeX MECTOPOXKAEHMWI B HACTOSIIIEH paboTe IojTyde-
HBI Hamboiee TIpencraBuTeabHBIe Pb-Pb m3oTomHbIe
JaHHbIE, UCKJIIOYAIOLIME CITyYaiiHbII XapaKTep BbIYMC-
JIEHHBIX CPEIHUX 3HAYEHWI N30TOITHBIX OTHOILIEHWIA 1
006eCITeurBalOIIe UX BBICOKYIO TOYHOCTb. ONTUMATh-
HBIM IJT1 UCTIOJIb30BaHMSI B TTOC/IECOYIONINX pacueTax 1
olLIeHKax sABigerca oTHoueHue 2°°Pb/24Pb, cpennue
3HAYCHUSI KOTOPOTIO B pacCMaTPpUBaeMbIX MECTOPOXK-
JEeHUSIX COBNAJAIOT B IIpenesiaXx OIHOCUTMOBOIO
(£1SD) pazopoca: Punnep-CoxkonbHoe — 17.820 *
+ 0.004, TumwuHckoe — 17.820 + 0.002, HoBo-JIenu-
Horopckoe — 17.827 = 0.007 (tabi. 2).

Hcnionb3ys pazHuny “crparurpadpudeckux’ BO3-
pacToB, C MOMOIUIbIO YPaBHEHUS, OMPENEISIONIErO
HaKOIUIEHUEe PaAuWOreHHOTO M30TONa CBUHIIA, MBI
paccuntanu BeauuuHy A(P°°Pb/2%4Pb),,, KoTopas
MpencTaBsieT TIPUPOCT BEJIUUYMHBI U30TOMHOIO OT-
HoweHust 2°Pb/204Pb B U-Pb crcTeMe NCTOYHUKA 3a
BpeMsI MeXIy COOBITUSIMU, UMEIOLIIMMU BO3pacT t; U t,.
Benuuuna At =t, — t, — padHuua “crpaturpaduye-
ckoro” Bo3pacta MectopoxaeHust Punnep-CokoJib-
Hoe (t;) 1 6oJsiee “MOJIOABIX” MECTOPOXIECHUI (t,), B
OIIHOM CJlyyae MeCTOpOXIeHMs1 TUIlIMHCKoe, a B Jpy-
roM — Hoso-JlenuHoropckoe. Kak nmokasbsIBaroT pac-
yeThl, yepe3 10 MIIH JIeT, MpolleAlue ¢ MOMEHTa, Korma
obpazoBasioch MecTtopoxineHue Punnep-CokoibHoe, a
BeJIMuMHa oTHoweHus 2°Pb/2%4Pb B rajieHUTE “3aCThI-
na” Ha ypoBHe 17.820, otHomeHue 2°°Pb/2*Pb B pyno-
HOCHOM MCTOYHMKE, €IMHOM ISl MECTOpOoXaeHnit Jle-
HUHOTOPCKOTO PYIHOTO paiioHa, BO3POC/IO Ha BeJIUYU-
Hy 0.015, a emtre yepes 10 MutH 1eT — Ha BesmuuHy 0.030.
Ipu pacyerax mpuHUManuch 3HadeHus 23U/24Pb
OTHOIIIEHUSI B UCTOUYHUKE, OLIEHEHHbIE U3 MOIEJU
Creiicu-Kpamepca niasg MectopoxneHuit PymHoro
Antas. Takum oOpa3zoM, B MOMEHTHI OOpa30BaHUS
MmectopoxaeHnuii HoBo-JleHmHoropckoe u TuimH-
cKoe BeJuurHa oTHouieHus 2°°Pb/2*Pb noymkHa 6bl-
J1a ObI 3ahbMKCHUPOBATHCS (“3aCTBITH”) COOTBETCTBEH-
HO Ha ypoBHsix 17.842 u 17.850. BecbMma 3HaYUTEIb-
Hoe (mo 0.17%) HecoOTBETCTBHE 3THX PACUCTHBIX
JIAaHHBIX U (paKTUUECKOTO, BECbMa TOMOT€HHOTO U30-
TOITHOTO COCTaBa CBMHIIA B MECTOPOXKACHUSIX OMHOTO
pyaHOro paiioHa — (pakT, KOTOPbIii OrpaHUYUBaeT
MPENNOI0XKEHUS WX B3NSl O NTUTETLHOM Pa3BU-
TUM KOJIYEIAHHOIO PyIOreHe3a B OTOENbHBIX pailoHax
PynHoro Ainras 1 B IpOBUHLIMM B LiejoM. Perast 06-
paTHylo 3aga4y (OLieHKa MHTepBaia At, COOTBETCTBYIO-
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LIETrO OIPENEIEHHOMY CIBUIY BEJIMUMHBI OTHOILIEHUS
206pp /204Ph), MOXHO MOKAa3aTh, YTO, HAIIPUMEp, pac-
CMaTpuBaeMble MECTOPOXIEHUs JIEHMHOTOpPCKOro
PYIHOTO paiioHa c()OPMUPOBATKUCH B TEYEHUE OTPE3-
Ka BpeMeHH He 0oJjiee 2 MIIH JIeT.

IlonyyeHHbIE CBUHIIOBO-U3OTOITHbIE JaHHbIE
MO3BOJISIOT OLEHUTh SBOJIIOLIMOHHBIE XapaKTepu-
CTUKU CBMHIIA 3TOTO0 TOMOTE€HHOro uMcToyHuka. Ha
auarpamMMe B KoopamHarax 2'0Pb/204Pb—207Pb/204Ph
(puc. 56) TOYKU U3OTOTTHBIX COCTABOB CBUHIIA raje-
HUTa U3YYEHHBIX MecTOpoxaeHuil PymHoro Antas
3aHUMAIOT JIMHEMHO BBITIHYTYIO 00JacTh, KOTOpas
JIEXKUT 3HAYUTEILHO HUXE CpeaHell 3BOMIOIIMOHHOM
KpUBOI1, omipeaeisieMoii Monenbio Crelicu—Kpamep-
ca (1975), n HuxKe OIM3KOM K HEM IMHUM OpOreHa 110
monenu 3aptMaHa—/loy (1981). IlomoxeHue 3Toit
00J1aCTH U30TOITHBIX COCTABOB CBMHIIA HA AUarpaMMe
orBeyaer 1o Moxaeau Creiicu—Kpamepca y3komy
JIUara3oHy 3HaYeHuii mapamerpa U, = 9.50—9.43, xo-
TOpbI€ 3aMETHO BbIllIe BEJIUUYMHBI W, = 9.2, xapakTe-
pUBYIOIIEN COINTaCHO M30TOMHO-TeOANMHAMUYECKUM
MOJIeJISIM acTeHocdepHyo MaHTUIo (Zartman, Doe,
1981; Zindler, Hart, 1986; Kramers, Tolstikhin, 1997).

Jpyroii 3BOJMIOLMOHHBIA NHapaMeTp MCTOYHMKA
CBMHIIa MecTOopoxaeHnil PymHoro Anrass — Mmoneib-
Hblil (o S-K) 27Pb—2%°Pb pospact (TMm) JeXUT B
IIMPOKOM nuana3zoHe 3HadyeHuit 493—402 MiH Jer,
KOTOpbIE CUCTEeMaTUYECKU ApeBHEee 3MC-(PpaHCKOTo
BO3pacTa KOT4eOaHHO-MOJINMETAJIINYECKNX MECTO-
poxnenuii. dimst pa3HpIx paiioHoB PymHoro Anrtas
9TU pas3iudusl cocTasisieT IpuMepHo ot 200 mo
30 MJIH JIeT; OHA MakKCHMaJbHO IIPOSIBJICHEI B pYyII-
HOM CBUHIIE 3bIPSTHOBCKOIO paiiloHa 1 MUHUMAJIbHO
B cBUHI1Ie Pyb1ioBckoro paitoHa. st PynHoro Anras,
B LI€JIOM, TaKO€ COOTHOIIIEHNE MOACIbHOro T™M BO3-
pacTa UCTOYHMKA CBMHIIA 1 BO3pacTa Ipoliecca ero
MUHepaJu3aluu, T.. Bo3pacTa pydoreHe3a, MOXeET
MHTEPIPETUPOBAThCI KaK CBUAETEILCTBO TOTO, UTO
IIpoLeccy MUHepaIu3alii CBUHIIA, KOTOPBI T'€0J10-
I'MYeCKM CUHXPOHEH MOMEHTY OTIEJIeHUsI CBUHIIA OT
U—-Th—Pb cucremMbl HCTOYHMKA, TNIpeallecTBOBaja
mmTenbHast, He MeHee 200 MJTH JIeT, M30TOITHAST 3BO-
JIIOLIMSI CBUHIIA B pe3epByape ¢ oTHoleHrem U/Pb, mo-
HWXKEHHBIM OTHOCUTEIbHO 3HAUYCHUI W, = 9.55—9.48.

M3oTonHbIe XapaKTepUCTUKU PYIHOTO CBUHIIA B
KOJTYeTaHHO-TOJIMMETAUIMYECKUX MECTOPOXKICHI-
ax PymHoro Anrtasg He comep:kaT MpsSMBIX, HE MCKa-
KEHHBIX U30TOITHBIX “METOK” MaHTUIHOIO (aCTEHO-
cepHOro) IpoMCXOoXIeHus. B 3ToM oTHOIeHUU
HaOJII0JaeTCsl CYILIECTBEHHOE OTIMYME M30TOIHBIX
XapaKTepPUCTUK OT TAKOBBIX B KOJIYEIAHHBIX MECTO-
poxneHusax Ypana (YepnbimeB u ap., 2008). 3Haue-
HuUs oTHoleHuit 2°Pb/2%4Pb u 27Pb/24Pb u onpene-
JiieMble UMM 3HauYeHUs MapaMmeTpa W, cBuHLA Pyn-
Horo AJTas COBMAJalOT TOJBKO C HEOOJBIION,
CpelHeil 4acThlo IIUPOKOTO CIEKTpa 3HAYEHUN U,
(9.83-9.28) B KOMUYEenaHHBIX MECTOPOXKICHUSIX Ypa-
Jna (puc. 5), KoTopas IIpeAcTaBlieHa Ha YpaJjie rpyr-
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MO MeCTOpOXIeHNI T MarHnToropcKoii 30HHI, 3aJie-
ralolInx B OTHOCUTEIBHO IIPUMUTHUBHBIX IO COCTABY
U HenosHo aud@epeHIMPOBAaHHBIX BYJIKaHUTaX
(AmiumeBa u ap., 2008; BukenteeB u np., 20000;
Kapniyxuna u np., 2013; Cepaskun, 2013). Cpenu pa-
Hee U3y4YaBIINXCS HaMU KOJTYeJaHHBIX MECTOPOXKIEe-
HUii Ypama, CBUHEL TOJBKO IBYX MECTOPOXICHUIA
Can-Jlonaro n KabaH, 1oKkanmM30BaHHBIX B Taruib-
CKOIi 30He, o0yanaer 3HaYeHUsIMU W, = 9.30—9.27,
T.¢. 00Jee HU3KMMU, YeM 00JIamaloT Bce 0e3 MCKIIO-
YyeHHSs KoJTueJaHHbIC MECTOPOXICHUS Ypana u Pyn-
Horo Anras. IToponsl pynoo6pasyrolmx TOJI 3TUX
IBYX MECTOPOXICHUI Ypajia SBIISIIOTCS IIPOU3BO/I-
HBIMH TOJIEUTOBOI Marmbl, OJM3KOI MO XapaKTepHU-
CTMKaM K 0a3ajibTaM CpeIMHHO-OKEaHUYeCKUX 00-
craHoBOK (BukenTheB u mp., 2000a), m oTBeyaioT
paHHEN cTaauy pa3BUTUSI OCTPOBHBIX OKEAaHUYECKUX
nyr (BukentbeB, 2004; KocapeB u ap., 2021). I1pu
nHTepIrpeTauuu Pb-Pb gaHHBIX B 110163y MAHTUITHOTO
MIPOUCXOXACHUSI 3TUX IBYX MECTOPOXICHUI Ypala
HY>KHO OTMETUTh TOT (PAKT, YTO TOUKHU WX U30TOITHBIX
coctaBoB Pb 00pa3yloT TMHENHBINA TPEH I, IIPOXOIs-
I Yepe3 TOYKY M30TOIMHOIO COCTaBa ACILIETUPO-
BaHHoOIT MaHTUU TUla DMM-A. I[1ogoOHbIMU MeTKa-
MU CBHHEII MecTopoxaeHuii PynHoro Anrast He 00-
JJagaer, WM IO psmy IokasaTejaeil (ITOHMKEHHOE
3HaueHue U/Pb, cpenHue W,, yapeBHeHHbie TM) B
Ka4eCcTBE €r0 BEpPOSITHOIO MCTOYHMKA MOXET pac-
CMaTpuBaThCsl MOAKOPOBasl JUTOCGhEepHass MaHTUS,
KOTOpasi MOXKET BKJTIOUYaTh PELIMKJIMPOBAHHOE Bellle-
CTBO IOpOI OKeaHM4YeCKOi Kopbl. Eile omuH apry-
MEHT B MOJIb3y TaKOH MHTEPIIPETALIMM JAcT aHaIu3
JAHHBIX B cucteMe 2°°Pb/204Pb—208Pp /204Pb,

B cucreme koopauHat 2°°Pb/204Pb—208Pb/204Pb,
TaK Xe Kak U B cucteme 2°°Pb/20*Pb—207Pb/204Pb,
TOYKM U3OTOIMHBIX COCTABOB OOpa3ylOT JMHEUHBIN
TpeHA. TpeHa ToUueK HaXOIUTCS BhIIIE CPEAHUX IBO-
JIIOIMOHHEIX KPUBBIX 110 MonenasiMm S—K u Z—D, Oy-
JIy4u 3HAYMTEJIbHO CMEIIEH B CTOPOHY JUHUU 3BO-
JIIOUMU CBMHIIA B HWXXHE Kope mo mopenu Z—D
(puc. 5a, 50).

IMomoxeHnue ToyeK B 3TOM CHCTEME KOOpIUHAT,
omnpezaensieMoe 1o moneau S—K mapameTrpamu ®, u
Th/U co 3Hayenussmu 36.3—35.9 u 3.85—3.78, coor-
BETCTBEHHO, YKa3bIBaeT Ha ellle OOHY OCOOEHHOCTh
MCTOYHMKA CBUHIIA MeCTOpoXneHuit PymHoro Au-
Tasi, KOTopasl 3aKjiouyaeTcs B JIeTJIeTMPOBAaHHOCTU
MCTOYHMKA YPAaHOM OTHOCUTEJILHO TOopus. ['eoxumu-
yeckas ppakiimoHMpoBaHHOCTh Takoro Tuna (Kram-
ers, Tolstikhin, 1997), cBoiicTBeHHa mopoaaM, KOTO-
pBI€ TIPOLIUIM CTAIUIO PeLIUKIMHTA (TIpeoOpa3oBaHMs)
npu P-T-yCcIIOBUSIX HUZKHEN KOPBI, 00ECIIEUMBIIINX Ya-
CTUYHYIO TIOTeplo ypaHa. JlaHHbIe BHICOKOTOYHOTO
n3ydyeHust Pb-Pb n3oromHoii cucreMaTuku, B JaH-
HOM ciIydae JIjIsd MecTopoxneHuii PymHoro Anras, n
nocjaenyouunit MoaenabHbiii pacyet Th/U oTHouie-
HUS ITOKAa3bIBaIOT, 4TO B McTouHuKe Pb mepuimr U B
otHomieHnn Th Ha poHe cpenHero 3HadeHUs 3.78 X0-

polro 3aMeTeH. DTOT nIeUITUT MUHUMAaJIEH B ICTOY-
HUKE MECTOPOXAeHUI PyO11oBCcKOro pyagHoro paiio-
Ha (Th/U = 3.78) u MakcuMasieH [is1 3bIpSTHOBCKOTO
paiiona (Th/U = 3.85).

OTMeTUM nmajiee WMCKIIOYMTEIFHO BBICOKYIO IUIS
Pb-Pb u30TOMHO-re0OXMMUYECKUX TAaHHBIX CTEIIEHb
JUHelHoi koppemsiuuu (R2 = 0.99) Touek U30TOI-
HBIX cocTaBoB Pb B koopauHartax 2YPb/?¢Pb—
208pp /206Ph (puc. 6). Dta Koppenaams GOpMaIbLHO AB-
JISIETCS CJIEICTBUEM MOA00USI OTMEUEHHBIX BBIIIE pac-
TIpeIeIcHUI TOYeK M30TOIMTHBIX COCTABOB BIOJb TPEH-
IoB (puc. 5a, 50), a reoJlorndeckuii (TeOXMMMIECKIin)
CMBICJT KOPPEISILIMK OMpenessieTcss TeM, YTo 0ba u30-
TonHbIX oTHOIEHUs 27 Pb/2°°Pb 1 2%8Pb/2°Pb kOHTpO-
JINPYIOT TIPHCYTCTBUE B MECTOPOXICHUSIX PymHOro
AnTasi CBUHIIA, IIPOUCXOMSIIETO U3 OTHOTO 1 TOTO Xe
MCTOYHMKA, a UMEHHO, UCTOYHUKA, JETJICTUPOBAH-
Horo ypaHoM. OtHoueHue 2’Pb/2°Pb koHTpOaupy-
€T ero BKJIaJ ITOCPEICTBOM MOIEITLHOTO SBOIOIINOH-
Horo mapamerpa U/Pb (unu u,), a OTHOILIEHUE

208pp /206pp — ocpenctsoM napamerpa Th/U. B o6oux
CIy4asiX TAKUM PETMOHATBLHBIM MCTOYHUKOM TIPEIITO-
JIOXKUTENILHO ABJISAETCA TUTOC(EPHAS MAHTHS.

JIMHElHBII TpeHJ TOYeK M3O0TOIHBIX COCTABOB
CBUHILIA B KoopauHarax 2°Pb/2%4Pb—207Pb /204Pb, ko-
TOPBIM 3a7aeTcs pa3Max 3HaueHU mapamerpa T, TTo-
gytr B 100 MJTH JIeT, He SIBASIETCS BTOPUIHOM M30XPO-

HOI42, TOCKOJIbKY TAHTEHC yIJla HAKJIOHA TpeHa (tg =
= (.139), onpeneasiiolIuii BO3pacT UCTOYHUKA CBUH-
11a okoJio 2.0 MJIpJ JIET, HE comIacyeTcsl ¢ TeM 00CTO-
STEeJIbCTBOM, YTO MOPOJBI TAKOTO BO3pacTa B Mpeae-
Jax reppeiitHa PynHoro Aitast He ycraHOBJIEHBI. Cpe-
I CyMMHUpOBaHHBIX B pabore (Kyiitbuma, 2019)
JIaHHBIX, KOTOpble MPOTUBOpEYAT NPUCYTCTBUIO B
PynHom AnTtae (pparMeHTOB JOKeMOpUiicKoro (pyH-
JlaMeHTa, TIOMUMO TeO0JIOTMYECKUX U MaJeOHTOJIOTU-
YeCKMUX HAOMONEeHMW I, HY>KHO OTMETUTh Sm-Nd n3o-
tontHble JaHHble (Kpyk u ap., 1999), a uMeHHO, 110-
JIOXKUTEbHBIE BEJIUYUHBL E€yg (1) WIS PUOJIUTOB U
OTHOCUTENBHO Mononble (<1 MJpHD JIeT) 3HaYeHUs
MonenbHoro Ty, Bo3pacTa.

OTHU Xe AJaHHbIe MOAAEPKUBAIOT 0a3UPYIOLIUIACS
Ha DPacCMOTPEHHBIX BbIllIe pe3yjbTaTax M3YYeHUS
M30TOITHOTO COCTaBa PYAHOTO CBUHIIA BBIBOI O TOM,
yTO JuTOocepHasi MaHTUSI, KaK TOMOTEeHHBI, 00-
IIUPHBIA O MaciTaby peruoHajbHbI MCTOUHMK
BEllleCTBa KOMYeJaHHO-TTOJIUMETALIMYECKUX MECTO-
poxneHuit PynHoro Anrast, OblJ1a OTHOCUTEIBHO MO-
JIOJIOM, HOBOOOPA30BaHHOI CKOpee BCero B paHHe-
Majaeo0301cKoe BpeMsl.

I1pu uHTEpTIpeTalI 0OCYKITAeMOT0 JIUHEHHOTO
TpeHJa TOYeK M30TOMHOTO COCTaBa PyAHOTO CBUHIIA,

2 IMpsimast nTuHMS Ha AMAarpamMmme 206Pb/ 2041:’b—20713’b/ 204pp, 06b-
eIMHSIONIAs TOYKU 00Pa3LIOB raJeHUTa, CBUHEL KOTOPBIX 9BO-
srotmoHupoBai B U-Pb cucrteMe enmHOTro KICTOYHUKA TIPU pas-
HbIX 3HaYeHUsiX U/Pb 1 ObUT reo10rnyecku CUHXPOHHO OTIe-
JIeH OT KICTOYHMKA BO BpeMs TIpoliecca pyJoreHesa.
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BBI3BAaHHOTO HEOOJIBIIINMMU €TI0 BapualusIMHU (puc. 5),
MOXHO paccMaTpuBaTh JBE BO3MOXKHbBIE ITPUYUHEL.
1) TpeHn gBAsgeTCS JIMHUEH CMEIICHUsI CBUHIIA MC-
TOYHMKA 1 CBUHIIA — KOHTAMWHAHTA, 3aXBa4Y€HHOTO
BOCXOISIIMMU MarMaMy U PyIOHOCHBIMU (ronna-
MU 13 TIOPOJ CKJIaI4aTOro KOMILJIEKCA M 0CaTOYHOTO
yexsua PymHo-Anraiickoro teppeiina. 2) TpeHn siBisi-
eTcs ciaeacTBueM n3orornHoii (Pb-Pb) n xumuyeckoit
(U-Th-Pb) reTeporeHHOCTH UCTOUHMKA.

Bnoab TpeHIa OTYETIMBO MpOosiBJieHA TPYTIIIHUPOB-
Ka ToueK M30TOMHBIX cOcTaBOB Pb B cOOTBETCTBUM C
MPUHAJJIEXKHOCTIO K YEThHIPEM KOHKPETHBIM pY/I-
HBbIM paitoHam PynHoro Anras. [TIpu aTom KpaiiHIo10
HVDKHIOIO-JIEBYIO TIO3MIIMIO Ha TpEeHAEe 3aHUMAaloT
TOYKHU, OTBevatolle 3bIpsiHOBCKOMY PailoHy, Mpen-
CTaBJICHHOMY B HAcCTOsIIEl paboTe CBUHIIOBO-U30-
TOMHBIMU JAHHBIMU 10 MECTOPOXKIEHUIO 3bIPSTHOB-
CKO€ — OJJHOMY U3 KpyITHEUIX B NpoBMHLIMU. Hau-
MeHee PaaMOTeHHBI M30TOMHBIM COCTaB CBUHIIA
3BIPSIHOBCKOIO palioHa (MECTOPOXASHMS) IO COAeP-
KaHUSAM Bcex Tpex u3oronos 2°Pb, 27Pb u 28Pb u
ornpezessieMble UMW 3HAYEHUST IBOJIIOIIMOHHBIX Ma-
paMeTpoOB MCTOYHMKA CBUHLA (U,, ®,, TM, Th/U)
MO3BOJISIIOT paccMaTpyUBaTh PYIHBIN CBUHEL 3TOTO
palioHa MO CpaBHEHUIO C APYIrMMU palioHaMU Kak
HanOoJee 013K IO COCTaBY K CBUHILY MICTOYHMKA,
KOTOPBIM, KaK MbI TIpefrnoaraecM, ObUIN AETIETUPO-
BaHHbIE ypaHOM TTOPO/Ibl TIOAKOPOBOI JIMTOChEepHOit
MaHTUU.

IMpuHUMas Takylo KOHLEIIWIO, BEpHEMCST K UH-
TeprpeTaluuy HeOOIbIINX PA3IUYMi U30TOMHOTO CO-
CcTaBa CBHMHIIA B MECTOPOXIEHUSIX PymHoro Anras,
OIpPEACIVUBIINX PETUOHAJBHBIN TPEHI M30TOIMTHOTO
cocTaBba.

KoHTamMuHanusi CBUHIIA perMOHaJIbHOIO MeTall-
JIOHOCHOTO UCTOYHUKA CBHMHIIOM IMOPOJ OCHOBAHUS
n yexyia PymHo-Anraiickoro TeppeiiHa B oomieM Oa-
JIaHCEe M30TOIMMHOTO COCTaBa PyAHOIO CBUHIIA HE WUT-
pasia cyliecTBeHHO# posiu. OCHOBaHUEM ISl 3TOTO
BBIBOJIa CJIYKUT, TMPEXIE BCEro, BBICOKOE BajlOBOE
comepxkanue Pb B pygax M3y4aBIIMXCS KOJTYEIaHHO-
MOJIMMETAJINUYECKUX MECTOpOoXIeHuit PyagHoro A-
tasg. OHn xapakrtepusyiorcss Cu-Pb-Zn MeTtaabHBIM
npoduiieM U BaJIOBBIMU conepkaHusMu Pb ot 0.8 mo
5.4 mac. % (Lobanov et al., 2014), 9To HECOMHEHHO
SIBJISIETCS TIPSIMBIM TTOKa3aTeJIeM BBICOKOTO coliepxKa-
Hus Pb B rugpoTepmanbHBIX pacTBOpax, epeMelian-
LIUXCS HEMOCPEICTBEHHO OT UCTOYHMKA B 30HY MU-
Hepanuzaluu. OTMETUM, UTO CYIIECTBYIOT JaHHbIE
npssMbIx omnpeneneHuid (BukenteeB u ap., 2012;
Audétat, 2019) comepxkaHusi CBUHIIA B TEPBUYHBIX
GIOMIHBIX BKIIIOYEHUSX, TTOJYUYEHHBIE C TTOMOIIbIO
LA-ICP-MS, B MarMaTu4ecKoM KBaplie, CBSI3aHHOM
C TpaHUTOUIHBIMU pacruiaBaMu. CorjgacHO 3TUM
IaHHBIM copepxkaHus Pb B MarmatuueckoM daronae
BeChMa BBICOKM U COCTABJISIIOT OT MEPBBIX JECATKOB
1o 8000 ppm. OuyeBUIHO, YTO 3(P(PEeKT M30TOMHOIO
0o0OMeHa TaKMX METAJZIOHOCHBIX PACTBOPOB € MOPOJa-
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MU, UMEIOIINMU coaepskaHne Pb Ha mmopsook HIke,
OymeT HE3HAYUTEIBHBIM: HOaxKe MNpU KOHTPaCTHOM
pa3HUIIe N30TOITHBIX COCTABOB CBMHIIA B paCTBOPE U
nopoje-KoHtaMmHaHTte B 0.5% cMellleHre N30TOM -
HOTO COCTaBa CBMHIIA B PacTBOpPE IIPEBBLICUT BEJIU-
yuny 0.02%, ecau J0J1s1 CBUHIIA U3 OCAJIKOB IPEBbI-
cut 5%. 3amMeTuM, 4YTO IPUHLIMIINATIBHO UHAsI CUTY-
als BCTpeYaeTcss MpW  JIeTadbHOM CBUHIIOBO-
M30TOITHOM M3YYEHUHU 30J0TOPYIHBIX MECTOPOXKAE-
HUI OpOTEHHOIO TUIIA, KOTIJa KOpoBasi KOHTaMUHa-
onsg MaHTUITHOTO Pb OKaswkIBaeTcsd XOpOIIO 3aMeT-
HOI BCJIEACTBUE, HA00OPOT, HU3KOTO conepxkaHust Pb
B pyZ1000Opa3yIolIeii CUCTEME, KOTOPbIIA COITPOBOXKIAIT
MOCTYIUICHUE AU M3 MaHTUiTHOTO ncTouyHuka (Yyra-
eB u 1p., 2020; Chugaev et al., 2022). Ipyroe orpaHu-
YyeHMe pOJId KOHTaMUHALIMM CBSI3aHO C XapaKTepOM
oApOOHO PACCMOTPEHHOIO BHIIIE pacHpeae/ICHUS
M30TOITHBIX cocTaBoB Pb B permone. Ecim xopoBas
KOHTaMUHAaI1sI CBUHIIA, B peTMOHAJIbHOM MacIlTa-
O0e, nMejia Obl MECTO U IIpHBeJa K HaOIogaeMbIM
pa3nIuYusIM CpeOIHUX M30TONHBIX COCTAaBOB CBUHIIA
OTIENbHBIX PYIHBIX PAliOHOB, TO HEOOBICHUMBIM
ocraercst (akKT BBICOKOI CTEIIEHU TOMOIeHHOCTH
M3O0TOITHBIX COCTABOB CBUHIIA BHYTPU PYIHBIX paii-
OHOB 1 OTIEIBbHBIX MECTOPOXICHUIA.

HanbGonee mnpemmmodTuTeIbHBIM OOBICHECHUEM
pasjiuuuii pyoHBIX PAOHOB KOJYEOAHHO-IIOJIUME-
TaJUIMYECKUX MECTOpPOXAeHN PynHoro AnTas mo ux
M30TOMHBIM XapaKTepUCTUKAM IPEACTABISIETCS N30~
tormHast Pb-Pb u xumuueckass U-Th-Pb HeomHopo-
HOCTb MCTOYHMKA PYAOHOCHOII OMMOIAJIbHOI 06a-
3aJIBT-PUOJUTOBOM accolManui. 3bIPSTHOBCKUIA, Jle-
HUHOHOTOPCKUII, 3MEeMHOropckuiit m PyO1oBckmit

pyIHBIE paiioHBI 00pPa3ylOT JTUMHEHHBIN nosic> 1oro-
BOCTOK-CE€BEpPO-3aMaJHOTO IIPOCTUPAHUS, SIBJISIO-
IIUICS OMHUM U3 JIATePaAIbHBIX 3JIEMEHTOB METaJLIO-
TeHNYeCKOil 30HabHOCTM PymHoro Airast. 3oHaiub-
HOCTb, OTpakalollasi reoJI0oro-BelIeCTBEHHYIO HEOIHO-
POOHOCTh PETMOHA, MPOSBISIETCS B CMEHE ITONTUIIOB
KomdenaHHbIX MecTopoxaeHuit (Zn-Cu, Cu-Pb-Zn,
Pb-Zn) ¢ yMeHbIlIEHUEM B UX COCTaBe COACPKAHUS
Cu 1 Bo3pacTtaHuM cojaepkaHust Pb B cTopoHy ceBe-
po-BocToKa PymHoro Anrasg. B 3ToM ke HampaBie-
HUU YBEJIMYMBACTCSI COllepKaHUe Kajius B BYJKaHU-
YyecKux nopogax (ABIOHMH U ap., 1987), a mo naHHBIM
M3MEPEHUI reopr3nIeCcKX ITapaMeTpOB, IIPOUCXOIUT
Bo3pacTanue TommuHbl Kopbl (ITormoB u mp., 1995;
becmaeB u ap., 1997; boabuioit Anraii..., 2000). Co-
IJIaCHO JaHHBIM (BynkaHoreHHBIE ..., 1978; ABHOHUH
u ap., 1987 u np.), Byn1kaHU3M “MUTPUPOBan” C BO-
CTOKa M I0ro-BOCTOKA Ha 3araj u ceBepo-3anaf (T.e.
B HaIpaBJICHUM IIPOCTHUpAHUS I10osica, B KOTOPOM
pacIIoJIOXKEHBI N3yYaBIIMecss HaM1 KOJIYeTaHHO-II0-
JIMMETAJUTMYECKME MECTOPOXICHMS), Pe3yIbTaTOM
Yero CTajii HabOjomaeMble B pa3pe3ax ByJKaHUYE-

3 B 3710T nosic KoTUeIaHHO-TIOTMMETATNIECKIX MECTOPOX]Ie-
HuUi BXoaAUT CHETMPUXUHCKUI PYyIHBIN pailoH, MECTOPOXIE-
HUSI KOTOPOTO B HACTOsI1Ielt paboOT He U3yYaJIUCh.
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CKOM (bOpMaL[I/II/I N3MCHCHUA B COOTHOIICHMHU OC-
HOBHBIX 1 KMUCJIBIX ITOPOI.

OnHa 13 IPpUYMH T'€0JI0ro-BellleCTBEHHON HEO-
HopoagHocTu PymHo-AJTaiickoit MpOBUHIIMU, BEPO-
SITHO, COCTOSJIa B Pa3IMYMsIX COCTaBa UCXOMHBIX TTO-
poOll, Y4aCTBOBABIIMX B BBIIUIABJICHMM MarM B XOJe
¢dopmupoBaHus PYAOHOCHOK OWMOJANbHOU Oa-
3aJIBT-PUOJIMTOBOM accouuanuu. I1pu 3ToM u3oTomn-
Ho-xumndeckasas (Pb-Pb m U-Th-Pb) HeomHOpom-
HOCTb MCTOYHHMKA MarM oOycjioBMJIa HaOII0IaeMble
HeoOompire (~1%) pa3nuuus PyIHBIX PaiiOHOB MO
M30TOMHOMY COCTaBYy CBMHIIA, KOTOPBIE, OyIy9r XO-
pOIIIO 3aMeTHHI Ha (pOHE ero o011Ieif TOMOTeHHOCTH B
MPOBUHIMU B LEeJOM, (paKTUUESCKU U OIPEIC/ISTIOT
BECh PETMOHAJILHBINM pa3Max €ro Bapuallrii. Xapak-
Tep HEOOTHOPOOHOCTU COCTaBa MCTOYHMKA PYIHOIO
CBUHIIA B pETUOHE, BEPOSITHO, 3aKOHOMEPHO U3Me-
HSUICS BOOJIb YIIOMSIHYTOIO PEeTMOHAJILHOIO IT0sICa
KOJTYeIaHHO-NOJUMETAIUINYECKUX MECTOPOXICHUMN
ceBepo-3aragHoOro MpoOCTUPaHUsl, O YEM CBUACTEb-
CTBYeT TOT (baKT, YTO ITOCJICAOBATEIbHOCTh pa3Me-
meHus 3BIpTHOBCKOTO, JIeHMHOropckoro, 3MemHO-
ropckoro u PyO1I0OBCKOro pyaHBIX pPailOHOB BIOJb
Iosica MOBTOPSIET MOCIIEeIOBATEIbHOCTD PACIOI0OKEe-
HMS TTOJIEN 3TUX palilOHOB Ha AUarpaMMe BIOJb TPEH-
Jla, OTPaKaloIIero MocTerneHHOoe U3MEHEeHUE N30TOM -
Horo cocTtaBa Pb (puc. 5, 6).

OTtMmeTuM, 4TO B KomuyenaHHBIX (Auene, Kekera-
ne) u apyrux (Au-W, Cu-Ni) mectopoxneHusix Ku-
Talickoro AJTasi, TOKaJIM30BaHHBIX Ha I0T0O-BOCTOY-
HOM TIPOJOIKEHUM paccMaTpUBaeMoro Tosica, u30-
TOMHBINA COCTaB CBMHIIA OTJUYAETCSI OT TaKOBOTO B
M3ydeHHBIX MeCTOpOKIeHnsIX PymHoro Anrast 6oiee
BBICOKMM COJCpKaHUEM paIUuOTeHHBIX M30TOIOB
206pp 1 27Pb. UzoTomnHbBIM cocTaB Pb MecTopoxae-
Huit Kuralickoro Antast MHTEpIIpETUPYETCs KaK pe-
3y/JIbTaT KOHTaMUHAIIUU I0BEHWIBHOTO MaHTUMHOTO
KOMITOHEHTa CBUHIIA CBUHIIOM, MOOWJIM30BaHHBIM
13 (hparMeHTOB JOKEMOPUMCKOIN KOHTUHEHTATbHOM
KOpBI, IPUCYTCTBYIOIIEH B 3T0i1 yacTn oporeHa (Chi-
aradia et al., 2006).

Kak yxe ormMedanoch BHIIIE, T€OTUHAMUYCCKUE
YCJIOBUS TIPOAYKTUBHOIO paHHE-CPEIHEIeBOHCKOIO
MarmMatu3Ma PynmHoro AnTasi ocTaroTcsi IpeaMeToM
muckyccuit (Lllep6a, 1983; ®dumaros, 1999; Ilpo-
MbIciaoBa, 2005; CapaeB u np., 2012; Ko3nos u ap.,
2015). B HegaBHO omyOJMKOBaHHBIX paboTax (Kyii-
o6uma, 2019; Kyitouga u np., 2019) Ha ocHOBaHUU
aHa/IM3a TeOJIOTMYECKUX M Te€OXMMUUECKUX TaHHBIX
9BOJIIOLMIO 0a3aJIbT-PUOJUTOBOIO ByJIKaHU3MaA AJl-
Tas Ha aKTUBHOI okpanHe CHOMPCKOro KOHTUHEHTA
npeajaaraeTcs paccMaTpUBaTh B paMKax ABYXCTaauii-
HOI MOJEIN CYOMYKIIMM U MUTPALIMU BYyJIKAHM3MA OT
KOHTMHEHTa K okeaHy. [Ipu 3ToM aBTOpOM Momeau
HE MCKII0YAeTCs] BO3MOXHOCTb AEMCTBUS OPYTUX
MPUYMH paHHETO pUdTOreHe3a: MAaHTUHOTO TUTIOMa
IO/ IACCUBHOI OKpanHOM WJIX BpallleHUs U apeiida
CubupcKoro KOHTHMHEHTA. AJbTepHATHWBHASI KOH-

YEPHbLIIIEB u np.

nenuus (Bmagumupos u aop., 2003; Ky3HeioB u np.,
2019; Kpyk, 2021) npenmnosiaraeT, 4To AEBOHCKUIA
MarMaTHh3M MIPOTEKaJ B YCIOBUSIX IeCTpyKuuu Pyn-
HO-ANTalCKOTO TeppeitHa, BEI3BAHHOUW CIBUTOBBIMH
nepemenieHusIMu OOb-3aiicaHCKON OKeaHWYECKOM
IUTATBI OTHOCHUTEIBHO Kpast CHOMPCKOro KpaToHa.

PaccMoTpeHHBIe B HACTOSIIIEH paboTe CBUHILIOBO-
M30TOITHBIE JAHHBIE OCBEIIAIOT HEKOTOPhIE CTOPOHDI
reHe3nca, B YaCTHOCTM, UCTOYHUKM BEIIECTBA KOTJe-
JTAHHO-TIOJINMETAJNTMIYECKUX MECTOPOXAeHU PymnHo-
ro AJjrasi, OTHAKO OHM HEOOCTATOYHBI IST paciumdg-
POBKU TeONMHAMMYECKUX YCJIOBUI pa3BUTUSI paHHE-
CpEeOHEIECBOHCKOTO MarMaTu3aMa M KOJYeOAaHHOTO
pynooOpa3zoBaHMs B 3Toil mpoBuHuMU. [Tomumo
JaHHBIX M30TOITHOTO COCTaBa PYIHOTO CBUHIIA 00-
CyXIeHHe Mpo0JeM pPerduoHaJbHOM TeOTMHAMUKUI
TpeOyeT MPUBJICYCHUS OTCYTCTBYIOIIUX I10Ka MIJIsI
PynHoro Ajtast CTOJIb XK€ CUCTEMAaTUYECKUX U DKBU-
BAJICHTHBIX II0 TOYHOCTH CBMHIIOBO-U30TOIHBIX
JaHHBIX 10 MarMaTUYeCKUM ITIopojaM TeppeiiHa, a
TakKe cucTeMaTudecKux Nd-1u30TOIMHBIX JTaHHBIX.

SAKJIIOYEHHME

Hacrosimee uccnegoBaHne MO3BOJIUIO BIIEPBBIE
YBUIIETb OCOOEHHOCTU U30TOITHOTO COCTaBa CBUHIIA
KOJTYenaHHoO#l mpoBuHLMM PynmHoro Anras u como-
CTaBUTb MX C M30TOMHBIMU XapaKTePUCTUKAMU Me-
CTOPOXIEHUM, JIOKUIM30BAHHBIX B JIPYTUX TEppEM-
Hax 30HbI Antaug IIACII. CormacHo 1aHHEIM U3y4e-
HUSI PYyOIHOIO CBUHIIA M CBUHIIA IIOPOHd TEPPEMHOB
HACII ot 3anmagHoro TsaHb-Ilans no Kuraiickoro
Autast, HaOJIOHaeTCsd CUCTEMAaTHMYSCKOe YMEHBIIIC-
HUE COIepKaHUS YpaHOTEHHBIX M30TOIIOB B HAIIpaBJIe-
HUM C I0ro-3amnaga Ha ceBepo-BocTok (Chiaradia et al.,
2006). Takoe n3MeHEHHE U30TOITHOIO COCTaBa CBUH-
Ia KOppEeaupyeTcsa ¢ YMEHBIICHHEM B TOM Xe Ha-
MpaBJIcHUN POJIM HUXKHEN KOPhbI B COCTaBe Teppeii-
HOB, IJI€ B TOM YMCJI€ y9aCTBYIOT (DparMeHTHI 1 OJIOKU
TOKeMOpHUIiCKOit Kopbl. M30TOMHEII cocTaB pyaIHOTO
cBuHLA PymHoro Anrtasi, onpenessieMblii B CpeTHEM
3HaYeHUssMU oTHoweHuii 22°Pb/?4Pb = 17.820 +
+0.039 (SD), *7Pb/?%Pb = 15.517 £+ 0.006 (SD) n
208pb/204Pb = 37.669 + 0.024 (SD), siBiIsieTcs HaMMe-
Hee paJMoreHHBIM I10 COIePXKaHUIO BCEX TPEX U30TO-
nos 2°Pb, 27Pb u 28Pb cpenu Apyrux TeppeitHOB
LIACII, Bkmouast Kuraiickmii Anrait. OH obGiagaet
BBICOKOI TOMOT€HHOCTBIO 1 HE COJIEPXKUT U30TOITHBIX
“MeTOK” CBHMHIIA IOBEHWJIBHOTO (acTeHOC(HepHOro)
MaHTUIHOTO mpourcxoxaeHus. [1py 3ToM U30TOMHBIH
cocTaB cBUHIA PynmHo-AJTaiicKoi MpOBUHIIUY BBISIB-
JISIET TaKME 3BOJIIOIIMOHHBIC XapaKTEPUCTUKA UCTOY -
HUKa KaK ero AeIJIeTUPOBAaHHOCTb YypaHOM M, Kak
cJIenCcTBUE, MOBBIIIEHHOe oTHOoIIeHue Th/U, yaopeB-
HEHHBIN MopenbHBIT Pb-Pb Bo3pact, ymepeHHBIC
3HauYeHUS MapaMeTpa W, (9.55—9.48), Kotopsie B co-
BOKYITHOCTHU JAalOT OCHOBaHHUE B KAUYE€CTBE BEPOSITHO-
ro MUCTOYHMKA pacCMaTpUBaTh JUTOC(HEPHYIO MaH-
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TUIO, COCTOSIIIIYIO U3 PELUMKIMPOBAHHBIX U METACO-
MaTU3MPOBaHHBIX ITopo. Takas uHTepnperaius Pb-
Pb 130TOMHBIX TaHHBIX COIJIACYETCs C paHee BbhICKa-
3aHHOI TOYKOI 3peHusi 00 yyacTUM BelllecTBa Mo-
KOpPOBO#1 JIUTOCGhEPHON MAaHTUM B IIETPOTeHE3MCe
KUCJIBIX PYIOHOCHBIX paciiaBoB (lacekoB, 2015,
Kysneuos u ap., 2019).

YHIDOPMHOCTS M30TOITHOTO cocTaBa Pb, KoTopas
MpU HEOOBITNX OTKIOHEHMSIX OT CPETHUX 3HAYCHUM
BBIIEPKUBACTCS BAOJb MPOTsixkeHHOTo (~500 kM) mo-
sica KoJTYeJaHHO-TTIOTNMETAJUTMIECKIX MECTOPOXKIIE-
Huii PygHoro Aitasi, onpeaeieHHO TOBOPUT O TOM,
YTO YITOMSIHYTHIII UICTOYHUK B TIepronI (popMHpOBa-
HUSI MECTOPOXIECHWI HOCWJI peTMOHAIBHBIN XapaK-
Tep, OBIJI TOMOTEHHBIM B XUMUYECKOM U U30TOITHOM
OTHOIIIEHWW W €OWHBIM JJISI BCEX MECTOPOXICHUIA.
V3kuii auamasoH Bapualldii M30TOITHOTO COCTaBa
CBMHLA (MaKCUMAJIbHO V06,204 = 0.22%) B pynHoii
MPOBUHIIMU B LIEJIOM COYETAETCs C eule bojiee ToMo-
TeHHBIM W30TOITHBIM COCTaBOM, HaGII0TaeMBbIM
BHYTPU PYIHBIX PalOHOB (MaKCHMAJIbHO V6204 =
= 0.054%) n NOKaJIM30BaHHBIX B HUX KOHKPETHBIX
MECTOPOXIEHUAX (MAKCUMATIBHO V6204 = 0.025%).
IMosToMy oOImMit pa3Max BapHalliii UI30TOITHOTO CO-
CTaBa CBUHIIA B W3YYaBIIUXCSI MECTOPOXICHUSX
oTpeneaeTCs PasIuIUsIMUA 3HAYCHU M30TOITHBIX
OTHOIIIEHWI B OTIOETBLHO B3STHIX PYTHBIX paifoHaxX M
cootBeTcTByIOIIMX MM BTC. B mpemenax pymHBIX
paitoHOB pa3IMYHbBIC TTO CBOEMY XapaKTepy Ipoliec-
CHI, CBSI3aHHBIE ¢ 0Opa3oBaHUEM W MeTaMopdude-
CKMM MpeoOpa3zoBaHreM KOHKPETHBIX MECTOPOXKIIe-
HUIA, HE COIPOBOXIAINCH CYIIECTBEHHBIMU (IO
KpaitHeit Mepe Ha ypoBHe TouyHOCTH 10.02% TIpmme-
HSIBIIIETOCSI BBICOKOTOYHOTO MeETOAa M30TOITHOTO
aHaJM3a) COBMTaMU M30TOIMHOTO COCTaBa CBHHIIA.
Bricokast cTelmeHp ero TOMOTEHHOCTH B Ipemesiax
PYIHBIX paliOHOB U MECTOPOXIEHUI OrpaHUYMBaET
IUTATETLHOCTD MX (OPMHUPOBAHUST OTPE3KOM BpeMe-
HY 2 MJIH JIeT.

INonyyeHHBIE JaHHBIE CBUACTENLCTBYIOT O HAJIM-
Y€ eIMHOro PEeruoHajJbHOTO MCTOYHHKA BellleCTBa
JUIST  KOTYEJAaHHO-MOJUMETAINIMYECKUX MECTOPOXK-
neHuit PymHoro AJjtasi, 4TO OOBSICHSIET TMTaHTCKUIA
MaciTad MpOSIBJIEHHON B permoHe KOJMdeJaHHOM
MUHepaJn3alun, 6JM30CTh TEOXUMUUYECKUX U CBUH-
LIOBO-M30TOITHBIX XapaKTePUCTUK JTOKATM30BaHHBIX
3[€Ch MECTOPOXICHUI AaHHOro Tumna. Pe3yiabTaThl
HUCCIeI0BAaHUM MOATBEPKIAIOT BEICOKUI PECYPCHBIM
noreHOuaa PymHo-AnTaiickoii MpOBUHLIMM U TIEp-
CIIEKTHUBBI OTKPBHITUSI HOBBIX PYIHBIX 3aJIEXKEA.

Asmoput 6aaeodaprbl akademuky H.C. bopmuukogy
3a noddepiucKy Hauleli pabomsl 8 pamMKax YKaA3aHHO2O0
epanma u ceoum koareeam no aadopamopuu HUITEM
K. H. lllamaeuny u H.B. Cepdroky 3a nomowb 6 npose-
denuu pabomol.

Aemoput svipacarom npuznamenvHocms B.B. Ky3-
Heyosy u C.B. Ky3ueuyosoli 3a npedocmaeienue 045 uc-
CAe008aHUI YACMU KAMEHH020 Mamepuana, a maxoice
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3a pekomeHOauuu npu Nood2omoske cmamou. Aemopol
baazodapam pPYKOBOOCMBO U 2€0A02UYECKYI0 CAYIHCOY
TOO “Ka3zuyuuk” 3a docmyn K KepHy U 6 NnoO3eMHble
20pHble ebipabomiu mecmopoxcoenuil Jlenunoeopckoeo
PYOHO20 paiioHa, eeon0208 Pudodepckoeo I'OKa (npexcoe
6ceeo, B.U. Mamuna) u Aamaiickoeo eeon020-3kon0eu-
ueckoeo uncmumyma (I./l. Tanscenxo) 3a codeticmeue
8 npogedeHuUU NOAebIX pabom U noayueHue o6pasy06
Dpyo0. Aémopui évipasicarom 64a200apHOCMb AHOHUMHOMY
DEUeH3eHmMy, 4bll YeHHble 3aMeHanHuss ChocoOCmeosanu
VAYHUWEHUIO UM0208020 6APUAHMA CIMANbU.

Hccnedosanus evinoanenvt npu UHAHCOB0I NOO-
depoicke epanma Munucmepcmea Hayku U vicuie2o 00-
pazosarus P® No 13.1902.21.0018 “Dynoamenmans-
Hble npobaemMbL Ppa3eumusi MUHEPAaAbHO-CbIPbeBol 0a3bl
8bICOKOMEXHON02UHHOU NPOMBIUAEHHOCIU U DHEpeemU -
xu Poccuu”.
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