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HccnenoBaHbl nmpenctaBuTeIbHbIE 0Opa3llbl MArMaTUYECKUX TTOPOJI, Claraloliux BTOPOil MO BeJIMYMHE B
Maiimeua-KoTyiicKoit IpOBMHLIMY TUITMYHBIM KOJIbIIEBOM 1IEJI0YHO-YIBTPAOCHOBHOM MacCUB ¢ KapOoHa-
tutamu OpuxunHyuy. st cpaBHeHUsT orpenesieHbl Takxke Sr—Nd M30TOMHbIE 3HAUYEHMST TPAIIIOB apbl-
JKaQHTCKOM CBUTHI M BMEIIAIOIINX TOJTOMUTOB. Rb—Sr n3orormHas cuctema oronuTa M KajabliuTa U3 Kap-
6onatuta Od-16-19 maccuBa OnuxuHYa HapyIlIeHa, ITOJIyYEHHBIN BO3PACT [0 MUHEPAIbHON N30XpOHE —
245 + 3 MuIH JIeT — OJIM30K KO BpeMeHU popmupoBaHrst CHOMPCKUX TPAIIIOB M ITOPOI YJIbTPAOCHOBHOTO-11Ie-
JIOYHOTO MaiMeua-KOTYiCKOTO KOMILUIEKCa, OMHAKO OOJIbIION pa3dpoc aHammTnIecKux Touek (CKBO = 22) He
MO3BOJISIET CYUTATh ATY ATy HanexHoU. HapyllieHue 3aMKHYTOCTU U30TOITHOM CUCTEMbI BO3MOXKHO CBs13a-
HO C T€M, YTO B IPOIIECCEe aBTOMETACOMATUYECKOM (hJIOTONMUTU3AIUM KapOOHATHUTA HE ObLIO MOCTOSTHHBIM
U30TOMTHOE OTHOIIeHUe cTpoHIUs BO (itonne. U—Pb nzoTonHas cucteMa TMTaHUTA M IEPOBCKUTA M3 TOTO
ke obpasia kapooHarura Od-16-19 Takke okazanach HapyIIEHHON: aHATUTUICCKUE TOUKU OOPa3yIOT JIM-
Hum nuckopauu. I[TonyuyeHHoe 3HaueHue U—Pb Bo3pacrta mist TuTaHUTa cocTaBiisieT 244 + 5 MJIH JieT
(CKBO = 1.8), s nepoBckuta — 247 * 18 muta tet (CKBO = 4). [1o-BuoguMomy, COmIacyIonInecs MeXKIy
co00ii 3HaYeHUST BO3pacTa 110 00erM M30TOITHBIM crucTeMaM (245 + 3 muiH teT mo Rb—Sru 247 + 18, 244 +
+ 5 mutH et o U—Pb) oTpaxaloT BpeMsl MeTaCOMaTUYECKUX ITPOLIECCOB — (DIIOTONUTU3ALIMY U UIHOJIUTH -
3auuu. Pesympratel mccienoBanust Rb—Sr 1 Sm—Nd M30TOIMHBIX CUCTEM YIIBTPAOCHOBHBIX-IIEIOYHBIX
WHTPY3UBHBIX IMOPOJI ¢ KapOOHAaTUTaMU MaccuBa OQMXUHYA Y BYJIKAHUTOB apblI’KAHTCKOW CBUTHI yKa3bl-
BalOT Ha 00OTrallleHHbIA, OTHOCUTEIBHO COCTaBa KOHBEKTUPYIOIICH MAHTUMU, Y U30TOITHO-T€TePOTreHHBI
UCTOYHMK UX MaTEPUHCKUX PACIUIaBOB. DTOT UCTOUHUK MOT TIPEACTaBIATh CO00I coueTaHue yabTpaoc-
HOBHBIX MAaHTUHHBIX IIOPOJI U IIOPOII OCHOBHOTO cocTaBa (6a3uToB). [locnenHue urpaau poab odoraiieH-
Horo KomroHeHTa. [Ipu3HaKOB KOHTaMUHALIMU PACILJIABOB BMEIIAIOIIMMU OCaIOYHBIMU ITOPOIAMU i Situ
He OOHapyXeHO, OTHAKO Bapualllu U30TOMHBIX OTHOIIEHUI CTPOHIUS M HEOIMMa B TOPOJAaX MaccHUBa
OnuxvHYa MOTYT CBUAETEIBCTBOBATh O TOM, UTO B MPOLIECCE BHEAPEHUS INTyOMHHBIX MarM MpoA0JIKaIoCh
X B3aMMOJICHICTBHE U BEIIECTBEHHbIII OOMEH C OKPYXXAIOIIUMU MOpoaaMM JTUTOCHEPHI BIJIOTh 10 MeCTa
IMOJIHOTO 3aTBEPAECBAHUS PACIIJIABOB, HA YTO YKA3bIBAET XapaKTep JJIOKATbHOW U30TOMHON ITeTepOTeHHOCTH
MOPO/I B Mpenesiax MHTpy3uBa OauxmHya.

KimoueBblie cnoBa: MaiiMeua-KoTtyiickass IpOBUHIINS, KApOOHATUTHI, YILTPAOCHOBHBIE IIEJIOYHEIE IIOPO-
nbl, Rb—Sr, Sm—Nd, U—Pb, OnuxuHua, u30TOIMHOE JaTUPOBAHUE, MAHTUIHBIC UICTOUHUKHU
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MHorue KapOOHAaTUTEI BO BpEMEHU 1 B IIPOCTPaH-
CTBE€ CBSI3aHbI C KPYIHBIMUA MarMaTU4ECKMMU IIPO-
uHLussMU — LIP (Ernst, Bell, 2010). B yactHOCTH,
Cubupckasa LIP Bkiaodaer B cebsl KpyITHEHIIyIO B
mupe Maiimeda-KoTyiicKyio MIeIO9HO-yIBTpaocC-
HOBHYIO-KapOOHAaTUTOBYIO NpoBHHIIMIO. KapOGoHa-
TUTBI, KaK U KUMOEPJIUTHI, SIBJISIIOTCS IIPOU3BOMTHbI-
MU HanboJjiee NIyOMHHBIX MarM, ITOCTYMNAaIOIINX W3

MaHTUHW B BepXHHWE TOPU3OHTHI KOPHL. MMetommecs
SKCTIIEPUMEHTAJIBHBIE W TEOXMMHWYECKHWE TaHHBbIE
CBUICTEJBbCTBYIOT, UYTO OJIM3COJMUAYCHBIE COCTaBBhl,
oGpa3syrolmrecs IMpy HU3KUX CTEITCHSX IUIaBICHUS U3
KapOOHATU3WPOBAHHOTO TEPUIOTUTA TIPU AaBIEeHU-
sx 6osiee 3 I'Tla UMeroT cocTaB UMEHHO KapOOHaTUTA
(Alibert et al., 1983; Dalton, Wood, 1993; Dalton,
Presnall, 1998).
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Maiimeua-Koryiickast yaIbTpaoCHOBHAsI ILEJIOYHAS
nmpoBuHLIMS (pUc. 1) BKIoUaeT B ce0st 35 HEOOIbIIMX
WHTPY3UBHBIX TeJ IIEJIOYHBIX IIOPOJI C KapOOHATUTAMU
(Eropos, 1969; Kogarko et al., 1995), o6bemuHsIEMBIX B
MaliMeda-KOTYHCKIUIT KOMIUIEKC W pa30pOCaHHBIX Ha
Tepputopun npuMepHo 200 Ha 300 KM Ha ceBepHOI
okpanHe Cubnpckoii ratgopMEl, K 3amany oT AHa-
6apcKoit aHTEeKJIN3bI, B OCHOBHOM B Mpeesax ee 3a-
MagHOTro KphLja.

YcraHOoBJIeHHE BpeMeHHU MPOSIBJICHUST MarMaTu3Ma
Maiimeua-KoTyiickoif yIbTpaOCHOBHOM IIETOYHOMN
IMPOBUHLIMU TIPEICTABIISIET MHTEPEC C Pa3HBIX TOYEK
3peHus. BaxkHO MOHMMAaTh, HACKOJBKO IMTEILHBIM
(11 KpaTKOBpEeMEHHBIM) ObLT Imporecc (hopMHUpOBa-
HUS IECATKOB MHTPY3MBHbBIX T€JI, OMHOTUITHBIX IO Ha-
0Oopy caralomyx mopod U pa30dpOCaHHBIX Ha OTPOM-
HOIl TeppuTOpMM Ha CeBepo-BOoCTOKe CHOMPCKOIA
rtaTopMbl. CTOJIb 3Ke BaxkKeH IS TOHUMAaHUSI TeHe-
31Ca 3TUX ITOPOI, BOIIPOC O CUHXPOHHOCTH TPAIIIIOBO-
ro MarMaTu3Ma, IIPeuMyIIeCTBEHHO TOJIEUTOBOTO CO-
CTaBa, CO IIEJOYHBIM. YTOOBI pEIIMTh 3TU BOIPOCHI
pETMOHAILHOIO MarMaTh3Ma, HeOOXOIMMO IIPOBECTU
KaK MOXHO 0oJjiee TPEeLM3MOHHOE NaTUPOBAaHUE OT-
JIEeTbHBIX UHTPY3UBHBIX TeJI, BXOISIINX B COCTaB Maii-
Me4a-KOTYICKOrO KOMILUIEKCA, YCTAaHOBUTD IIpEIeIIbl
JIJTATETHOCTU X (POPMUPOBAHUSI.

OpHa U3 MIaBHBIX 3aragok 3TUX HOpOo, KOoTopas
elle Jajieka OT pa3pelieHrs] — YTO ObLIO UCTOYHM-
KOM 3THX pacIUIaBOB, M KaKOB MEXaHU3M MX CUH-
XPOHHOIO 00pa30BaHUsS OTHOCUTEIBHO MAaJIBIMU
MMOPLIMSIMU Ha OOJILIIIOM yIaJIeHUU IPYT OT Apyra, KO-
IJa PacCTOSIHUS MeEXAY WHTPY3UBHBIMU TeJIaMU
MHOTOKpPAaTHO (Ha IOPSIKM) OOJIbIIIE X pa3MEPOB.

MarmartusMm B 9TOi MPOBUHIIMY PA3BUBAJICS B y3-
KOM UHTepBaje BpeMeHu 252—250 mitH jieT (Pokrovs-
kiy, Vinogradov, 1991; Kamo et al., 2003; Kogarko,
Zartman, 2007).

Campblit KpyITHBIM MaccuB MaiiMmeua-KoTtyiickoit
npoBuHMu — I'yauHcKuit — cornacHo (Eropos,
1991) npeacraBiasieT coboif ByJKaHO-TUIyTOHUYE-
CKUi1 KOMILIEKC, X OOJIBIIMHCTBOM aBTOPOB CUHXPO-
HU3UPYETCS BO BPEMEHU C MAWMEUYMHCKOM CBUTOM,

KOCTHULBIH u np.

KOTOpasi BEHUaeT ByJKaHUYEeCKMii pa3pe3 Mailimeua-
Koryiickoit mpoBuHIIMU. [YIMHCKWI TUIyTOH JIOKa-
JIM30BaH Ha rpaanne Cndbnpckoit miaatdOpMEI C Me-
30301 CKO-KaifHO30MCKUM XaTaHICKUM IIPOTrMOOM.
IIpu omnpeneneHun ero Bo3pacTa MCCIEIOBATENN
CTOJIKHYJIMCH C psiAoM TpyaHocTeit. [1o MuHepanbHbIM
dpaxkuusIM HMpKOHA 1 OamaeaenTa u3 KapooHarura [y-
JuHckoro uHTpy3uBa U—Pb metomom (Kamo et al.,
2003) noyrydmim AMCKOPAAHTHBIE Pe3YJIbTaThl, B KOTO-
PBIX, C OMHOU CTOPOHBI, UMEIOTCSI TIPU3HAKM YaCTUY-
HOI MoTepy PaAMOreHHOTO CBUHIIA, C IPYTOil — UMeeT
MECTO TUCKOPJAHTHOCTb, KOTOPYIO IO MPEAIIOJIOXEe-
HUIO aBTOPOB 3TOM pabOThl MOXKHO OOBSICHUTh HApy-
IIIEeHUEeM paBHOBECHS B psImy pacliajga ypaHa-235 3a
CUeT 3HAYUTEJIbHOTO UCXOAHOTO N30bITKA MPOTAKTH -
Hus-231. I1o aToit mpuynMHe BO3pacT KapOoHaTUTA B
9TOi1 paboTe paccyuTaH TOJBKO IO OTHOIIEHUIO
206pp /238U y cocraBu 250.2 + 0.3 muH set. C aTuMu
K€ TPYIHOCTSIMU CTOJIKHYJIMCbh U aBTOPbI HENaBHEN
pa6oTsl (Ivanov et al., 2021), ripu NoMbITKe MpoaaTH-
poBath [ yIMHCKIIT KapOOHATUT TT0 OaIICICUTY.

I'ymaHckuMit MaccuB mJToIIaabI0 MpUMEpHO 35 Ha
45 KM, TIO-BUAUMOMY, OOTHOBPEMEHHO SIBJISIETCS U
caMbIM  KPYIIHBIM  YJIbTPAOCHOBHBIM-IIIEIOYHBIM
MaccuBoM B mupe (Kogarko et al., 1995), npyrue ux-
TPY3MBHBIE TeJIa IPOBUHLUUU UMEIOT 00Jiee CKPOM-
Hble pa3Mepbl — OT MEPBBIX COTEH METPOB 10 MEPBBIX
KWJIOMETPOB. DBOJBIIMHCTBO WHTPY3UBOB HMEET
MPOCTYIO IITOKOOOPa3HyIo GOPMY U B CTPOSHUHU BCEX
9TUX TeJl IPUHUMAIOT yyacTue 0oJjiee Uiu MeHee Ofl-
HOTUIMHBIE TPYIIBI MOPOA: HAaUMHAeTCsl UX popMu-
pOBaHME C TUNEPOA3UTOB, TPOIOIKAETCS OPOAAMU
METbTEHTUT-YPTUTOBOI CEpUU U 3aBeplIaeTcs Hede-
JIMHOBBIMU U 1IEJIOYHBIMU CUEHUTaMU, (hOCKOpUTA-
MU 1 KapooHatutamu (Eropos, 1991).

B ocHOBaHUU ByJKaHWYECKOTO pa3pe3a B mpeae-
nax Maiimeda-KoTyiickoii MpOBUHLIMK JieXaT IIe-
JIOYHBIe 0a3ajbThl apPBIIKAHTCKOM CBUTHI, BO3pacT
KOTOPBIX, OIPEICIACHHBIA IO CPEeIHEB3BELICHHOMY
otHoueHuo 2°Pb/?8¥U B 13 aHanm3ax NepoOBCKUTA,
coctaBuia 251.7 £ 0.4 man jet (Kamo et al., 2003).

Puc. 1. Cxematuueckas reojorndeckas kapra Maiimeua-Kotyiickoit Mmarmatuaeckoit mposuninu (Eropos, 1991). 1 — me30-
30MCKO-KaifHO30MCKI1Ee OTJIOKeHUs; 2— 7 — ByJIKaHUYeCKUe 00pa30oBaHUsI paHHETPUACOBOTO BO3pacTa: 2 — MEMMEYUTHI U I1Ie-
JIOYHBIE METAITMKPUTBI MATMEUMHCKOM CBUTHI, 3 — Tpaxmuba3ajibThl, aHIE3UTHI U APYTHE BYJKAHUTHI BEpXHEASIbKAHCKOM Mo -
CBUTBI, 4 — yIBTPAOCHOBHbBIEC (DOMIUTHI HUXKHEIECTbKAHCKOM MTOICBUTHI, 5 — KOTOTOKCKAsI CBUTA (a — Tpaxnuba3aibThl M TPaXu-
aHe3UTO0a3abThl BEpXHEN MOACBUTHI, 6 — 0a3aJIbThl HUXXHEHN MOACBUTHI), 6 — YIbTPAOCHOBHbIE (hOUIUTHI, IIEJTOUYHbBIE
MUKPUTHI U BBICOKOKAJIMEBBIE 1LIEJIOYHbIE JIEIKO0A3aJIbThl apbIIXKAHTCKOW CBUTHI, 7 — MUPOKJIACTUYECKHE OTJIOXKEHMS Mpa-
BOOOSIPCKO# CBUTBI; § — CYILIIECTBEHHO KapOOHATHBIE OTJIOKEHUS Majie030sl; 9 — KapOOHATHBIE U TEPPUTEHHbBIE OTJIOKEHUS
pudes u BeHaa; 10 — KpucTasInuyecKue rMopoibl apxesl U HUXKHETO NMPoTepo3ost; I /— 14 — uHTpy3uBHbIE 00pa30BaHUs paH-
HeTpracoBoro Bo3pacTta: /1 — KUMOepJuThl (a — TpyOKU B3pbIBa; 6 — Aaiiku), /2 — NOPOIbl MHOIUT-KapOOHATUTOBBIX MaC-
CUBOB (@ — YIBTPAOCHOBHBIE; 6 — IIEJIOYHO-YJIBTPAOCHOBHBIE U IIEJIOUYHBIE TTOPOIBI, (POCKOPUTHI M KapOOHATUTHI), 13 — 111e-
JIOYHO-YJIbTPAOCHOBHbBIE (POUAUTHI, 1IETOUHBIC MUKPUTBI, HEDETUHUTHI U (DOHOJIUTHI (@ — NalKU; 6 — CUIJLIBI 1IEJTIOYHO-YTb-
TPAOCHOBHBIX (pounuToB), /4 — 0Ga3aJbThl U OOJEPUTHI (@ — Jaiilku, 6 — CWJUIbI U CEeKYIlMe ILUIaCTOBble MHTPY3Uun); 15 —
JTOJIEpUTHI pUdeicKoro Bo3pacra; /6 — pa3jaoMbl U AaiiK1 MPEAITOI0XKUTEIbHO HIEJT0YHO-YIBTPAOCHOBHBIX ITOPO IO JaHHBIM
nemndprpoBaHus a3poOTOCHUMKOB. MaccuBbl 1 KUMOepUToBbIe 1oJist (Ludpbl Ha Kapre): 1 — ['ynuHekuii. 2 — ATBIpASIK,
3 — Pomanuxa. 4 — Yaunrur, 5 — Cenerte, 6 — Jlanbbixckasi rpyIina MUHTpY3uil 1 KuMbepauToBoe mnoje, 7 — bop-Ypsx u Kapa-
Menu, § — Ecceit, 9 — Kpectsix, 10 — Onuxunva, /1 — Kyrna, /2 — Apsi-Mac, 13 — Cona u Cona-3amanHasi, /14 — YypOyka,
15 — Ivorapoo, 16 — Maran, 17— blpaac, 18 — lebkora, /9 — Hemakur, 20 — Xapamaiickoe KUMOEpJIUTOBOE TTOJIE.
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HM3oTOommHBIE UCCIEOOBAHUS MEMMEYUTOB WU
MMUKPUTOB, TTO-BUAUMOMY, HauboJjiee OJIM3KUX I10 CO-
CTaBy K IIEPBUYHBIM BEIIIJIABKAM CAMOI'0 KPYITHOTO B
Maiimeua-Koryiickoit mpoBuHIIMM  [yamHCKOTO
maccuBa (Korapko et al., 1988) mo3Boauin olieHUTh
WX BO3PACT JIMIIb B JOBOJBHHO IIMPOKOM MHTEpBaJe
BpeMeHH 239 & 61 MIIH JIeT ¥ IPEANOI0KUTh ITPOUC-
XOXKIIEHNE MX MAaHTUMHOIO UCTOYHMKA B pe3yJibTaTe
CMeEIIeHMs BellleCTBa U3 00eIHEHHOTO MAaHTUIMHOTIO
WCTOYHMKA C HEKMM 00O0TrameHHBIM JINTOMDMILHBIMUA
aeMeHTaMu cyoctpartoM. pyrast Turmore3a mpouc-
XOXIIEHUS UX UCTOYHMKA MPEANOoJIaracT JJIUTEIbHYIO
I depeHInannio IPUMUTUBHOTO MaTeprajia MaH-
TUW, BKJIOYAIOUIYIl0 MHOTOKpPaTHOE IUIaBJIEHUE,
¢pakIMOHUPOBaHUE TBEPALIX (Pa3 U IUCTUILISLIAIO
JIeTydnx KoMnoHeHTOB (Alibert et al., 1983). [Tocnemy-
fo1re n3ororHble ucciaenoBanus (Kogarko, Zartman,
2007; Kogarko, Zartman, 2011) onpeaenwiu Bo3pact
nopon I'yimHckoro maccuBa Kak 250 = 9 MuiH JeT, a
KOMOWHMpPOBaHHAasI U30TOITHAsI cucteMaTtuka Pb, Sr n
Nd B Cubupckux tpanmnax (SFB) u 11e104HbIX Mopo-
nmax ['ynmHcKoro maccmBa ITO3BONIMJIA 3THUM aBTOpaM
MPENNOJOXUTh HECKOJIbKO HAUCKPETHBIX MCXOMHBIX
KOMITOHEHTOB MCTOYHMKA. [lepBBIiI — OOemHEHHBIM
WCTOYHMK. BTOpOI1 KOMIIOHEHT, IIpEICTaBIISIOLINIA
OOJIBIITYIO YaCTh TPAIIIOB, JEMOHCTPUPYET 3aMETHYIO
XUMUYECKYIO Y M30TOIHYIO OMHOPOTHOCTDH C M30TOII-
HBIM COCTaBOM HeoarMa, OJIM3KMM K XOHIPUTOBOMY,
Ha OCHOBAHMWU Y€TO 3TU aBTOPHI CBA3BIBAIOT €I0 C HUXK-
Hell, NpUMUTUBHOI MaHTHEl; TpeTuit U 4eTBepTHIA
KOMITOHEHTHI MIEHTU(PUIINPYIOTCSI MU KaK KOHTa-
MUHHUPOBAHHBIE B pa3HOM CTENIEHN MaTepuajioM BepX-
Hel 1 HIDKHEeM Kopbl. HakoHel, M30TOIMHEIE XapaKTe-
PUCTUKI HEKOTOPBIX mopon MaccuBa Iy u Cubup-
CKUX I1J1aT0-0a3aJIbTOB C MOBBIIIIEHHBIM COJIEP>KaHUEM
SiO, OOBSICHSIIOTCS MPEANOIOXUTETbHO METACOMAaTH -
yeckumu 1poueccamu (Kogarko, Zartman, 2007).

JJ1st BTOpOTO 110 BEIMYMHE MacCUBa IMPOBUHIIA —
OoUXyHYN — OMYyOIMKOBAHHBIE TEOXPOHOJIOTMYECKIE
JlaHHbIE, TToJlydeHHble K—Ar MeTomoM, MeHee OIHO-
3HAYHBI IO IPUYMHE IIMPOKOTO pa3dpoca 3HAaUCHUI
Bo3pacTa: 1o (JIOTOITUTY M3 OMBUHHUTA — 225 MIH
JIET, U3 TIETMAaTOUIHBIX JUOTICUIOBBIX 3KV U U3 U0~
Jut-tiermatuta — 245 miH jget (ITpoxopoBa u ap.,
1966); o HedelnHy U3 ypTUTA U MeEIbTeiruTa —
255+ 10 1 256 + 10 MJIH JIET, COOTBETCTBEHHO, a 110
diroronuTy U3 KapoboHaTUTa M (PIOTOIMUTU3NPOBAH-
HOTO OJIUBMHUTA — 262 + 8 1 264 + 8 MIIH JIeT COOT-
BeTcTBeHHO (KoHoHOBa u ap., 1973). I1o daoronuty
M3 OJIMBUHUTA OIpelescH Bo3pacT 215 MiIH jeT; u3
SIKYIIUPAHTUT-TIErMAaTUTA U U3 UHOJIUT-TIerMaTUTa —
233 MJIH JIeT, a MO JaiKe IIEJIOYHOIO CHUEHUTa —
204 muH net (Eropos, 1991). CyiiectBeHHO Gosee
TOYHBIN M HagexXHbIN Bo3pacTt U—Pb MeTtomom 1o
rpaHaTy M3 NerMaTougHOI mopoabsl MaccuBa Onu-
xuHYa 250 = 1 MJIH JieT ObUI TIoJydeH B pabore (Sal-
nikova et al., 2019).

B Hacroseii pabore Mbl ucciegoBain Rb—Sr u
Sm—Nd wn30TOIMHBIE CHUCTEMBI IIPEACTABUTEIBLHOMN

KOCTHULBIH u np.

KOJUIEKIIMU MMOPO]I, cliararoiiux MaccuB OauxmuHya —
BTOPOTO IO BEJIMYMHE WHTPY3UBA MaiiMeya-KOTYW-
CKOTO KOMIIIEKCa — W MIEJTOYHBIX 0a3aJIbTOB apbl/l-
JKQHTCKOM CBUTHI, UTOOBI OLIEHUTb XapakTep UCTOY-
HUKOB MX MaTEPUHCKUX PACTIABOB U MEPY Pa3JINYUSI
WIA CXOICTBA WCTOYHUKOB Pa3HbIX UHTPY3UBHBIX
Mopoa MaiMeda-KOTYHCKOTO KOMITJIEKCA.

CXEMA OITPOBOBAHUMA

WNutpy3uss OnmxuHYa SIBISICTCSI TTPEICTaBUTENb-
HbIM TUIWYHBIM KOJIBLEBBIM IEJIOYHO-YJIbTPAOC-
HOBHBIM-KapOOHAaTUTOBLIM MAaCCHMBOM B COCTaBe
KpynHeimeil B Mupe Maiimeua-Koryiickoit nienod-
HO-YJIbTPAOCHOBHOI MPOBUHILIMU. MacCUB pacmoJo-
KeH Ha Bomopaszeie p. Koryit u p. MenBexnbeii cpe-
IV TOJIOMUTOB MaliCKOTIO sipyca CpemHEeKeMOpPUIACKO-
ro Bospacrta. Ero ruromanb cocraBiasieT 56 Km?
(byrakoBa, Eropos, 1962; Eropos, 1969). Maccus
o0pa3oBaH B HECKOJIbKO (a3 BHeapeHUs (puc. 2).
I1epBoii ha30ii SBASTIOTCS OTUBUHUTHI U IIMPOKCEHI -
Thl, COXpAHUBIIIKUECS B BUIE KCEHOJUTOB B ITOCIIEIY-
oux guddepeHimarax. Bropas ¢asza npencrasie-
Ha MEIWINT-COIePXKAIIUMK IIOPOJaMU — YHKOMIIA-
rpuTaMu, TypbsiMTaMM U okautaMu. OHU 00pa3yioT
JIBa KPYMHBIX Teja (0K0JIo 8 KM) BOJIM3M BOCTOUHOIO
KOHTAaKTa, OTHOCHUTEJIbHO KpPYIHOE TeJIO OKauTa
(okono 1 KM) B LIECHTpE MaccuBa U MHOTOYUCJIEHHBIE
MeJIKMEe KCEHOJIUThI B MMUPOKCEH-HE(hETMHOBBIX MO~
pomax TpeTheil (a3bl BHEAPEHUS: SKYIUPAHTUTE,
MeJbTeUruTax, nitonruTax u uitonuT-yptute. Bee atu
MOPOIbI CEKYTCS XKMIaMU He(eIMHOBBIX CUEHUTOB 1
KapOoHatuToB. M Bce mepedncieHHbIe TTOPOAbI MH-
TeHCUBHO dioronutusrpoBanbl. Hanbosee pacnpo-
CTpaHEHbI B MACCUBE MIOJIUT-MEILTCIUTUTHI, COOCP-
Kalllie MHOTOUYMCJIEHHbIE KCEHOJIUTHI OJITMBUHUTOB U
MEJIVIUTCOIEePXKAIIUX TTOPO/I.

B npenenax MmaccuBa HaMM BCTpeueHbl KapOOHa-
TUTHI IBYX BUIOB: CPEIHE3CPHUCThIC KaJIbIIUTOBBIC
KapOOHATHUTHI C BKparJIeHHUKaMM (PJIOTOIIMTA U TIe-
pOBCKHUTA (B IOXKHOM 4aCTU MacCHBa) U IerMaTOM/I-
HBI€ KaJIbIIMTOBBIC XWJIbI C TMTAHTCKUMM KpUCTajljla-
mu paoronuta, 6osee 10 cM B mortepedHnKe, 1 IIOP-
JjoMuTa (B LIEHTPAJILHOM YaCcTHM MacCHUBa, B LIMPKE).
OcHoBHast Macca kapooHatuta Od-16-19, BCKpbITOro
KaHaBOII B IpaBoOM 00pTY pydbs D0e-I0psix (puc. 2),
CJIOXKeHa KaJbLIMTOM C HEOOJBIIUM KOJIUYECTBOM
pa3pO3HEHHBIX AUOMOPGHBIX KPUCTAJIIOB (DJIOTro-
II1ATa U PEIKOTO NePOBCKUTA. MBI IIPEATIPUHSIIN 10~
MBITKY YCTAaHOBUTH BpeMsI KpUCTa/UIM3aluu Kapoo-
HatuTa 110 paorormuty Rb—Sr meromom n U—Pb me-
TOJIOM II0 TUTAHUTY (C(PeHY) 1 IEPOBCKUTY.

B mnpenmemax wmaccuBa OBUIM  OIPOOOBAHBI U
OCTaJIbHbIE Ha3BaHHBIE BBIIIE MOPOIbI: (DIOTOTIUTO-
Bbl€ OJIUBUHUTBI, YHKOMITATPUTHI U MEJTUJIUTOIUTHI,
MEIbTEHATUTHI U UHOJUTHL 1 KapOOHATUTHI (Ta0I. 1).
Hwuxe no teyenuto p. Kotyii, B ee jieBoM OopTy, B
3.5 KM HIIXe YCThs p. MenBexXbsI MBI OTOOpaJI JIMM-
OypruThl U MEJIUJIUTOBBIE MOPOABLI apbLIXKAHTCKOM
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Puc. 2. Cxematndeckasi reojiorndeckasi Kapra untpysun Onuxunya (Eropos, 1969) ¢ Toukamu onpo6osanust mopon. Homepa 06-
pasuoB yKa3aHbl 6e3 nHaekca Od (tabu. 1). YcioBHbIe 0003HaYeHUS: /| — MHOJIUTHI-MEIbTEUTUTHI (@ — MEIBTEUTUTBI, 6 — U0~
JIUTBI, UAOJUT-YPTUTHI, 6 — MEJIAHUTOBBIEC UOUTBI), 2 — SIKYITMPAHTUTBI-MEIBTEHTUTHI, 3 — METMJIUTOBBIE IIOPOIbI (d — YHKOM-
MarpuThl, 6 — TYPbSIUTBI, 8 — OKAUTbI), 4 — OJIUBUHUTHI, 5 — IOJIOMUTBI CPETHETO KEMOPUSI, 6 — U3BECTHSIKU HUXKHETO KeMOpUs,
7 — IOJIOMUTHI BEPXHETO KeMOpHsi, § — Opeos KOHTAaKTOBOTO MeTaMopdusma, 9 — pa3inomsl, /0 — 3ajeraHue 0CafOuHbIX MMOPO]I.

cBuThl. KoopnmHaTel ToueK 0oTOOpa 00pa31ioB IprBe-
neHsbl B Ta0. 1. CocTaB ITopo/1 B OTHOLIEHUY METPO-
TeHHBIX OKCUAOB U 3JIEMEHTOB-IIpUMeCeil ITpUBeNeH
B Tab. 2.

METOINKA NCCIELOBAHUA

M3oTomHbIe MccnenoBanus BhIogHeHB B TEO-
XU PAH Ha TepMO-MOHN3AIIMOHHOM Macc-CITEKTPO-
metpe Triton TE (anamutuku H.I. IlnemaxkoBa u
A.P. LIxoBpe6oBa).

H3amepenue nuzoromnHoro cocraBa Nd u Sr ¢ omHO-
BpPEMEHHBIM OITpenieaeHueM coaepkanuns Rb, Sr, Sm

TEOXUMHUA T1om 68 Ne 12 2023

1 Nd B moponax 1 MuUHepajax IIpoOBOIMINA METOAOM
M30TOITHOTO pa36aBjIeHUsI C TPUMECHEHUEM CMEIIaH-
HbIX TpacepoB 2Rb + 34Sr u °Sm + °Nd. Hasecknu
oOpasua BeanuuHoii 20—30 Mr u TpacepoB MoMelra-
JI1 B Te(PJIOHOBBIEC OIOKCHI ¢ 1 MJI cMecH a30THOI U
MJIAaBUKOBOI KMCJIOT B COOTHOlIeHuHu 1 : 5, 3aTeM
OIOKCHI YCTaHABJIMBAIU IMOJ MH(MPaKpacHYIO JaMITy
Ha IIeiiKkep Ha Tpoe CYTOK. 3aTeM pacTBOPHI BbIIapu-
BaJIM 1OocyXa, NOOABJISLUIA MO 1 MJI KpenKoil COJISTHOM
KHCJIOTHI M BbINApUBaIn Ioa MHGppPaKpaCcHON J1aM-
ot 6e3 KUIleHUsI. DTy NpoLeaypy NOBTOPSIIN TPU-
KB IJIsI TIOJTHOTO pas3ioxkeHus GTOPUIOB U TTIOJTHOTO
ynajeHus1 prop-aHnoOHAa. 3aTeM B OIOKCHI TOOABIISIIIN
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Taomuna 1. Koopaunarel (WGS84) u HoMeHKIIaTypa uc-
cJIeDOBaHHBIX 00Pa3LoB MOPOL,

Oo6paszerr | °c.ur. | ° B.o. ITopona

HonoMutsl Maiickoro sipyca (€,,,)
Ku-11-14{70.696 |103.486 | JonoMur

Ku-12-14{70.638 |103.369 | MpamMopr30BaHHBI TOJIOMUT
ApBIIKaHTCKUH 11IeJI0YHOI 6a3aabT

71.182
71.182
71.183

Ad-1-14
Ad-2-14
Ad-2a-14

102.590| OnMBUHOBBIIT METMIIUTUAT
102.588 | TumOyprut

102.588 | JImMOyprut ¢ MUHIAIMHAMU
KaJIbLIUTa

MaccuB OnuxrH4a
0Od-3-14
0Od-7-14

70.892(103.145 | BUOTUTOBBIN OTUBUHUT
70.9381103.122 | [TupokceHUT

0d-4-14 |70.907|103.169 | YakOMOarpur
0d-9-14 |70.943]103.101
0d-10-14{70.943|103.101 | Okaut
0d-6-14 |70.936|103.153 | AkynupaHTUT
0d-12-14|70.929|103.037 | Uitomur
0d-15-19|70.895|103.137 | Uitonur
0d-17-19{70.893(103.095| Uitonur
0d-1-14 |70.896|103.105 | Mitomut
0d-11-14|70.941|103.053| YpTut
0d-13-14|70.917
0Od-5-14 |70.933
0d-8-14 |70.938
0d-16-19|70.895

YHKOMIIarput

103.035| HedpemmHOBEBIIA CUEHUT
103.172 | Kap6oHaTuTt
103.111

103.136 | Kap6oHaTtuT cpenHe3epHU-
CTBIA

Kap6oHaTuT nerMaToMIHbINA

mo 1 mia 2.2 H CONSTHON KUCIOThI, KOTOPAsl CIY>XKUT
DIIIOEHTOM IIPY XpoMaTorpacuueckoM pasleeHUn
2JIEMEHTOB IepBoii cryneHn. BoimenaeHnune Rb, Sr u
cyMMbl Sm 1 Nd ¢ IpyruMu penKo3eMeIbHBIMHU 3JIe-
MEHTaMM IMPOBOIAMINA METOIOM KOJIOHOYHOI Xpoma-
Torpacdmnn. g 3TOTO MCIIONB30Ban Te(DIOHOBBIC
KOJIOHKM BHYTPEHHUM OMaMeTpoM 6.2 MM, 3arioji-
HEHHbIE MOHHO-00MeHHOI1 cMoJioit Dowex 50 X 8 no
BBICOTHI cTOI0a 90 MM. DiIroupoBaHKE NPOU3BOIIN
crynenyaro: B 2.2 H HCI Beigesnsiiiu ppakimio pyoun-
JIvsl, TIepe BBIXOIOM CTPOHIIUS 3II0CHT CMEHSIJIN Ha
3.9 H coNsIHYIO KHUCJIOTY, B KOTOpOit cobupanu ¢ppak-
M CTPOHLIMSI M PEOKO3EeMEIbHBIX 2JIeMeHTOB. Ile-
peln HaHeCEHUEM pacTBoOpa ¢ 00pa3lioM Ha KOJIOHKY
ero HeHTpUYrupoBaau, MPU 3TOM KakK IpPaBUIO
0caJiok He ooHapyxxuBancs. Beimenenmne Sm u Nd u3
MMOIYYeHHOI CMeCH MPOBOIWIN TaKXKe METOIOM KO-
JIOHOYHOI XpomMaTorpauu ¢ MOHHO-OOMEHHUKOM
HDEHP (cmoma Ln-spec) Ha KOJTOHKaX BHYTPEHHUM
ITaMeTpoM 4 MM M BBICOTOM cTO0a cMOJIBI 80 MM.
Bce ncnonb3yeMbie KUCIOTHI IPEeABAPUTEIILHO OU-
1AM TEeperoHkoit 6e3 kureHus. Bomy ouuianu
TPEXCTYNeHYATO MEPErOHKOMN C KUIIEHUEM.

KOCTHULBIH u np.

ITpu Rb—Sr uccienoBannm MuHepajioB KapOoHa-
TUTA C LIEJIbIO OIIpeAeIieHUs ero Bo3pacTa aHaJIM3U-
poBajii OTAEAbHbIC KPUCTAJJIBI KaJblIUTa U (PIoro-
nura (Tada. 3). OTHOCUTENbHO KPYITHBIE KPUCTAJLIBI
cmonsl, 6onee 30 MI, pacUICIUISIIM CKaJlbIleJieM Ha
HECKOJILKO YacTeil U aHAIU3UPOBaId MHIANBUIYaIb-
Ho. X anam3pI B Ta0aM1Ie 06003HaYeHB HOMEpaMM C
JIeCITUYHBIMU 3HakamMu. PaznoxeHue daoromnura
IIPOBOIMIN TaK K€, KaK 1 pa3JIoXKeHUE MOPOI B 1Ie-
oM. KpucTamipl KajabpluTa pacTBOPSIIM B KOHIIEH-
TPUPOBAHHON COJISIHOM KUCJIOTE.

M30TONHBINA aHAIU3 CTPOHLUS ITPOBOIMIN B OJI-
HOJIECHTOYHOM peXnMe ¢ nodaBiaeHrneM Ta aMuTTEpa
¢ ¢pochopHOIT KUCTIOTOM, OCTabHBIE DJIEMEHTHI — B
IBYXJICHTOYHOM PEXMME, BCE Ha PEHUEBBIX JICHTAX.
U3MepeHHbIE M30TONHbLIE OTHOLUEHUS HEOAMMA
HOPMUPOBaIM II0 OTHOWIeHUIo '®Nd/*Nd =
= (.241572, ctpoHuus — 1o 3°Sr/38Sr = 0.1194. Uzme-
pEHHBIE U30TONHLIE OTHOLIEHUS PyOUIUsl KOPPEK-
TUPOBAIM OOLIMM HOPMUPOBAHUEM, NMPUHUMAH B
NPUPOIHOM pyouauu ortHouieHue S Rb/YRb =
= (0.386354 (Villa et al., 2015). I[1pu pacueTax Bo3pac-
Ta UCIIOJIb30BAJIM KOHCTAHTY pacnazna ’Rb, paBHyIo
1.3972 x 10~ ner~! (Villa et al., 2015).

[MorpemHocts m3mepeHuss Rb/Sr oTHoleHusT B
1% olLieHMBaeTCs HAMU U3 MapajuleIbHBIX aHAJTU30B
pacTBOpOB. Bee ncronb3yeMble B HacTosIIeH pabore
TTOTPEITHOCTH OTBeYaloT 95%-Holl ITOBepUTETbHOM
BepoSITHOCTH. [1paBUIBHOCTB MOJTyYaeMbIX U30TOITHBIX
OTHOIIICHNIT KOHTPOJUPOBAIM IIyTEM PETYJISIPHOTO
aHaiim3a crannaptoB SRM-987 u JNd1 (ta6:. 5). BHyT-
PEHHSISI CXOAVWMOCTh B OTHEIbHO B3SITOM OIIBITE
(cyeTHasT CTAaTUCTUKA) TIPU U3MEPESHUUN M30TOITHOTO
cocrapa ctpoHIus (~0.001%) u neoguma (~0.002%)
B OOJIBIITMHCTBE CJIy4yaeB 3aMETHO MEHBIIIE, YeM BOC-
MIPOU3BOANMOCTD CTAaHAAPTOB CTPOHIIMS W HeOaMa
B HE3aBHCUMBIX OITBITAX 32 BECh ITEPUOI IIPOBEICHUS
uccnemoBanuii: okoso 0.002% 111 CTpoOHLMS U
0.004% nnst Heonuma (ta6i. 5). [osTomy mist 60716~
e 0O beKTUBHOCTH TTOTPEITHOCTD KaXKIIOTO aHaJI-
3a B TaOnuiax 3 U 5 paccunMTaHa Kak KBaJgpaTUdHas
cyMMa 060X BUIOB MOTPEIITHOCTH.

CrarucTuyeckyro o6paboTKy M30XPOHBI MPOBO-
nun MetonoM Mopka (York, 1966).

Hnss U—Pb m3oTOmHOro mcciaegoBaHUsSI IIEPOB-
CKHMTa U TUTaHWUTa M3 KapboHatuta Od-16-19 kpu-
CTaJUIbI OBLTU OTOOPAHBI MPSIMO B TI0JIE TTPU OMPOOO-
BaHMHU, T.K. pa3Mep HUX COCTaBJISUI IIEPBble MUJLIM-
MmeTphl. Hns anamu3za metogoM LA-ICP-MS onm
OBLIM MOMEIIEHBI B 3MOKCUAHYI0 cMmodny. [llamka ¢
oOpa3namu OblIa OTMBITA B YJIBTPa3ByKOBOI BaHHE C
padouumM pactsopoM (0.5H HNO;), mis ynanenus no-
BEPXHOCTHOTO 3arpsi3HEHUsI OOBIKHOBEHHBIM CBUH-
oM. CocTaB akKlIeCCOPHBIX MUHEpPaJoB B oOpa3slie
MIPeIBaAPUTEIbHO ObLT U3yUYeH C MOMOIIBIO DJIEKTPOH-
Horo Mukpockorna TESCAN MIRA-3 B 'EOXUA
PAH. MI30TOMHKBIN aHaIN3 3€peH MPOBOIWIIN HA IIPHU-
oope Element XR ¢ wmcronbp3oBaHueM Jia3epHOMN
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KOCTHULBIH u np.

Taomuna 3. PesynbraTel uccienoBaHusi Rb—Sr n30TOMHON cUCTEMBI OTIEbHBIX 3epeH KaJIbLUTa 1 (hJIOTOTIUTA U3 Kap-

6onatura Od-16-19

O6pasen Rb, MKr/T Sr, MKT/T 87Rb/8Sr 87Qr/86Sr +20

3epHa KajblUTa:

0d-16-19-C1 0.349 9300 0.000108 0.703550 +14
0d-16-19-C2 0.041 10400 0.000011 0.703583 +12
0d-16-19-C3 0.035 9660 0.000010 0.703554 +12
0d-16-19-C4 0.031 9780 0.000009 0.703565 +12
0d-16-19-C5 0.020 8680 0.000007 0.703569 +13
3epHa ¢ioronura:

0Od-16-19-Fl-1.1 185.8 701 0.766 0.706251 +13
0d-16-19-FI-1.2 L 202 308 1.892 0.710284 +13
0d-16-19-F1-1.3 186.1 703 0.766 0.706295 +12
0Od-16-19-F1-2.1 213 548 1.121 0.707484 +15
0d-16-19-F1-2.2 L 181.4 440 1.193 0.707574 +13
0d-16-19-Fl1-2.3 219 583 1.086 0.707371 +13
0Od-16-19-F1-3.1 197.8 250 2.29 0.711367 t14
0d-16-19-FI1-3.2 L 183.3 447 1.187 0.707672 +15
0d-16-19-FI-5 221 363 1.764 0.709482 +13
0Od-16-19-F1-6 165.0 525 0.715 0.705931 +13
0Od-16-19-F1-7 224 171.6 3.77 0.716616 +12
0d-16-19-FI1-8 178.4 253 2.04 0.710463 +13
0Od-16-19-F1-9 178.4 373 1.382 0.708128 +14
0d-16-19-FI-10 165.8 367 1.306 0.708072 +13
0Od-16-19-Fl-11 153.1 506 0.875 0.706541 +17
0Od-16-19-FI-12 187.1 434 1.247 0.707999 +15
0d-16-19-FI-13 207 356 1.677 0.709460 +14

TTpumeuanusi. [TorpetHOCTA OTHOCATCS K MOCASAHUM LIM(bpPaM U30TOMTHOrO OTHOIeHUs. L — 0O6pa3ell OTMBIT B JICASTHON YKCYCHOM
kuciore. HoMmepa ¢ aecatuaHoit Toukoit (Hamp., 2.1, 2.2, 2.3) — aHaJIM3bI pa3HbIX YaCTEU OJHOTO U TOTO Xe KpUcTajuia (hbJIoToImuTa.

ycranoBku LSX-213 G2+ (FTEOXU PAH), ananutn-
yecKuit rmonxon onucad B padore (Koctunbia, AHO-
coBa, 2013). [TomumMo uccienyeMbiXx 00pas3ioB, Kax-
nasi TOCIenoBaTeIbHOCT, M3MEpPEeHUI BKITIOUajia B
cebs1 cranaapthl upkKoHa GJ u 91500. brutn Ucmosb-
30BaHBI CJICIYIOIINE TTapaMeTphl M3MEPEeHUIA: YacToTa
WMITYJIbCa JIa3epHOTO U3aydeHus 6 Hz, nmameTp myq-
Ka 40 MKM, ra3oBble MTOTOKM: Ar (OXJIaXXOAroImInii) —
16 n/mMuH, Ar (BcrioMoraTebHbIi) — 1.95 1/MuH, Ar (¢
o6pastom) — 0.975 n/c, He — 0.9 n/mun. [MonydeH-
HbIE JaHHBIC 00PA0ATHIBAIM C TIOMOIIBIO ITPOTrpaMMBbI
Glitter (van Achterbergh et al., 1999).

PE3VIIBTATBI MCCIIEJOBAHHNA

Rb—Sr u3oronHasi cucrema GioronuTa M KajabIUTa
u3 kapoonatura Od-16-19. JIng omnpeneiieHUsT BO3-
pacta cpemHe3epHUCTOro KapooHatuta Od-16-19,
BCKPBITOTO KaHaBOI B MpaBoM 00pTy p. D6e-FOpsix
(puc. 2), 61 OpeanpuHATel Rb—Sr M30ToIHEBIE HC-
CJIeTOBAaHNSI MUHEPAJIBHBIX (PpaKIii KapOoHaTUTa —

5 3epeH KanbluTa u 12 — poromnura, B 3 13 KOTOPBIX
Rb—Sr n3otonmHast cucreMa n3ydyeHa B pa3HBIX (ppar-
MeHTaX KpucTajaioB (tabi. 3). Pe3ynbraThl usmepe-
HUS MokKasanu, YTo Rb—Sr uzoromnHas cucrema Ha-
pyiuieHa (puc. 3), cpenHuit KBagpaT B3BEILIEHHBIX OT-
kinoHeHuit (CKBO, wiu MSWD) paseH 22, yTo
OIpeAeeHHO yKa3biBaeT Ha HApYLLIEHHOCTh U30TOII-
HOIi cucteMmbl MuUHepayioB. I[Ipu 3TOM Aucnepcus
aHAJIUTUYECKUX TOYEK OTHOCUTENbHO JIMHWUM Hau-
JIY4IIIEr0 COOTBETCTBUSI ropa3fao OoJbliie sl KpU-
CTaJJIOB (hJIOTOTIUTA, YEM JIJIS1 KPUCTAJVIOB KaJIbILIUTA,
XOTSl U B U30TOIHBIX OTHOLLIEHUSX CTPOHIIUS KaJlb-
LI1Ta HabomaeMblii pa3dopoc B 6.7 paza GobIIIe MO~
IPELIHOCTU U30TOMHOTO aHaIn3a.

Ha pwuc. 36 npencraBieH T. H. TpapuK OCTATKOB —
OTKJIOHEHUE aHAJIMTUYECKUX TOUEK OT alllIPOKCUMMUPY-
folleil (PyHKINK, B JAHHOM CJIydae — OT M30XPOHBI.
I'paduk ocTaTKOB OBIBACT MOJIE3EH IJIST BHISIBJICHUS OT-
JICJIbHBIX PE3KMX OTJICTOB WIIN U1 OOHAPYKEHMST HEKMX
3aKOHOMEPHOCTEN B pa3zdbpoce aHATUTUYECKUX TOYEK,
KOTOPbIE MOTYT OBITh HE BUAHBI HA N30XPOHHOI T1a-
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Ta6mma 4. Pesynpratel uccienoanuss U—Pb cuctembl nepoBckuTa (Prv) u Tutanuta (Ttn) us kap6onaturta Od-16-19
metonoMm LA-ICP-MS

O6pasen 1h, Y. Pb, Th/U |27pb/206pp| +lc |27Ph/2U| *lo |2Pb/28U| +lc | Rho
ppm | ppm | ppm

Od-16-19-Prv-1 (3760 | 622 153 6.04 0.422 0.005 4.74 0.07 | 0.0814 0.0010 |0.69
Od-16-19-Prv-2  [1793 | 646 134 2.77 0.441 0.006 5.15 0.08 | 0.0845 | 0.0011 |0.69
0d-16-19-Prv-3 (1965 | 679 140 2.89 0.444 0.006 5.12 0.08 | 0.0837 0.0012 | 0.69
0d-16-19-Prv-4 |1836 | 435 126 4.22 0.505 0.006 712 0.10 | 0.1022 0.0013 |0.70
Od-16-19-Prv-5 [2088 | 468 94 4.46 0.381 0.004 3.95 0.06 | 0.0751 0.0010 |0.70
0d-16-19-Prv-6  |1745 594 142 2.94 0.465 0.006 5.80 0.09 | 0.0903 0.0012 |0.68
0d-16-19-Prv-7 1842 | 421 125 4.37 0.512 0.006 726 |0.10 | 0.1029 0.0014 | 0.71
0d-16-19-Prv-8 | 900 356 74 2.53 0.444 0.005 5.13 0.07 | 0.0838 0.0011 |0.71
0Od-16-19-Prv-9 {1721 558 117 3.08 0.424 0.005 4.95 0.07 | 0.0845 0.0011 |0.70
0Od-16-19-Prv-10 | 709 374 71 1.894 | 0.438 0.005 4.85 0.07 | 0.0803 0.0011 |0.71
Od-16-19-Prv-11 (1602|293 65 5.46 0.405 0.005 4.27 0.06 | 0.0764 0.0010 |0.71
0d-16-19-Prv-12 (1055 313 83 3.37 0.500 0.006 6.89 10.10 | 0.1000 0.0014 {0.70
0d-16-19-Prv-13 |2328 524 131 4.44 0.466 0.005 5.72 0.08 | 0.0891 0.0012 |0.71
Od-16-19-Prv-14 [1553 342 67 4.54 0.414 0.005 4.14 0.06 | 0.0726 0.0010 |0.70
Od-16-19-Prv-15 {1070 456 83 2.35 0.431 0.005 4.49 0.07 | 0.0757 0.0010 |0.69
0d-16-19-Prv-16 | 874  |455 80 1.920 | 0.432 0.005 4.50 |0.07 | 0.0755 0.0010 |0.69
Od-16-19-Prv-17 | 748 | 432 75 1.733 | 0.429 0.006 4.38 |0.07 | 0.0740 0.0010 |0.69
0d-16-19-Prv-18 (1971 346 71 5.70 0.381 0.005 3.64 |0.06 | 0.0693 0.0009 |0.69
0Od-16-19-Prv-19 {1671 282 75 5.93 0.468 0.006 5.76 0.09 | 0.0894 0.0012 |0.69
0Od-16-19-Prv-20 [1134 478 73 2.37 0.365 0.005 3.40 0.05 | 0.0676 0.0009 |0.69
0d-16-19-Prv-21 | 809 305 57 2.65 0.420 0.005 4.37 10.06 | 0.0754 | 0.0010 |0.70
0d-16-19-Prv-22 (1860 | 403 80 4.61 0.374 0.005 3.77 0.05 | 0.0731 0.0010 |0.69
Od-16-19-Prv-23 | 742 359 69 2.07 0.444 0.005 4.88 0.07 | 0.0797 0.0011 |0.70
0Od-16-19-Prv-24 | 617 375 64 1.644 | 0.414 0.005 4.28 0.06 | 0.0751 0.0010 |0.69
0Od-16-19-Prv-25 |1197 395 65 3.03 0.366 0.004 3.47 0.05 | 0.0688 0.0009 |0.69
0d-16-19-Prv-26 2076 | 307 68 6.77 0.384 0.005 3.83 |0.06 | 0.0725 0.0010 |0.69
0d-16-19-Prv-27 (1402 387 68 3.62 0.369 0.005 3.55 0.05 | 0.0697 0.0009 |0.69
0Od-16-19-Ttn-1 12.1 | 32 1.54 | 0.380 | 0.110 0.005 0.61 0.03 | 0.0400 0.0008 |0.59
0Od-16-19-Ttn-2 5.3 5.0 0.26 | 1.069 | 0.080 0.011 0.44 |0.06 | 0.0399 0.0015 |0.56
0d-16-19-Ttn-3 48 11.2 1.91 | 4.30 0.379 0.015 343 |0.13 | 0.0657 | 0.0016 |0.61
0d-16-19-Ttn-4 .10 1.85| 0.37 | 0.594 | 0.51 0.04 6.03 0.40 | 0.086 0.004 |0.60
0d-16-19-Ttn-5 56 62 3.7 0913 | 0.133 0.003 0.782 10.021 | 0.0426 0.0007 |0.63
0Od-16-19-Ttn-6 63 50 2.7 1.259 | 0.088 0.003 0.477 |0.017 | 0.0391 0.0007 |0.60
0d-16-19-Ttn-7 55 88 4.0 | 0.626 | 0.082 0.003 0.447 |0.014 | 0.0394 0.0007 | 0.61
0d-16-19-Ttn-8 77 62 3.2 1.239 | 0.077 0.003 0.408 |0.014 | 0.0385 0.0007 |0.60
0d-16-19-Ttn-9 5.8 5.5 0.26 | 1.046 | 0.073 0.009 0.39 0.05 | 0.0389 0.0013 | 0.55
0d-16-19-Ttn-10 | 27 21 1.19 | 1.327 | 0.100 0.006 0.59 0.04 | 0.0425 0.0011 |0.58
0Od-16-19-Ttn-11 | 54 Sl 3.4 1.071 | 0.148 0.004 0.937 |0.025| 0.0460 | 0.0008 |0.63
0d-16-19-Ttn-12 | 50 52 32 10966 | 0.134 0.004 0.814 | 0.024 | 0.0442 | 0.0008 |0.61
0d-16-19-Ttn-13 | 76 66 3.5 1.159 | 0.083 0.003 0.462 |0.016 | 0.0406 | 0.0007 |0.60
0d-16-19-Ttn-14 | 46 39 2.00 | L1168 | 0.082 0.003 0.446 |0.017 | 0.0396 0.0007 |0.59
0Od-16-19-Ttn-15 35 2.6 0.157| 1.354 | 0.093 0.016 0.56 0.09 | 0.0434 | 0.0019 |0.55
0d-16-19-Ttn-16 5.2 4.6 0.22 | 1.127 | 0.062 0.010 0.34 |0.05 | 0.0395 0.0013 | 0.54

ITpumeuanusi. Rho — ko3 dulLIMeHT KOoppessiliiy MOrpelIHOCTeM IJ1sl OTHOIIEHU 207Pb/235 Un 206Pb/238U.
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Puc. 3. 3oxponHast nuarpamma (a) mist kapooHatuta Od-16-19 no oTaeabHbBIM 3epHaM KajabLUTa U (DJIOrONUTa, U “rpaduxk
ocTaTKoB” (0) /s 9TUX e JaHHbIX. Rb—Sr cucreMa MUHEpasoB HapyllleHa U pacoyioXeHUe aHATUTUYECKUX TOUEK He TPo-
TUBOPEUUT TOMY, YTO BO3pacT KapOoHaTHTa O0JIM30K K 250 MIIH JIeT.

rpamMe. OgHakKo B JAHHOM CJlyyae MOXHO BUIETb
OeccucTeMHBI pa3dpoCc aHATUTUYECKUX TOYEK BO-
KPYT IWHUYW HAWJIYYIIETO COOTBETCTBUSI, UTO, TTO-BU-
IMMOMY, yKa3bIBaeT Ha 0oJjiee UM MeHee paBHOMED-
HBII XapakTep HapylIeHUA U30TOMHON CUCTEMBI BO
BCEX TTPOAHAITM3UPOBAHHBIX 36pHAX MUHEPATIOB.

U—Pb n3oTonnas cucreMa nepoBCKUTA U TUTAHUTA
u3 Kapoonatura Od-16-19. 1o pesyabraraM ucciie-
noBaHust U—Pb U30TOMHONM cucTeMbl ABYX KPUCTaJI-
JIOB IIEPOBCKMTA U OMHOTO KPUCTAJIa TUTAHUTA ObI-
JIM IOCTPOEHBI AUarpaMMbl ¢ KOHKopauei (puc. 4).
Ha rpacgukax BUIHO, YTO aHAIUTUYECKUE TOUKHU HE
MonangaioT Ha JIMHUIO0 KOHKOPOUM, HO 00pa3yIoT JIu-
HUU auckopauii. HukHue nmepecedyeHUsT IMCKOPINA
¢ KOHKOpAMEN O0TBeYaloT, Kak MbI TTojlaraeM, Bpeme-
HU 3akpbiTusa U—Pb cuctemel MuHepanos. Ilepeceue-
HYE TYCKOPIWIA C OChIO OPIMHAT OTBEYaEeT U3OTOITHOMY
otHomieHnio 2Pb/?%°Pb  0OLIKHOBEHHOTO CBMHIIA,
MPUCYTCTBYIOIIETO B 3TUX MUHEpaiax, T.e. TUCKOp-
IV B TaHHOM CJIy4yae IIPEACTaBIISIOT COOOM JTMHUU
CMEIIeHMsI PagMOreHHOIo CBHHIIA C OOBIKHOBEH-
HBIM, BBITIOJIHSIIOIIM POJIb KOHTAMUHAHTA.

B niepoBckute (puc. 4a) B ieiom U/Pb oTHo1e-
HHe HIXe, yeM B TutaHure (puc. 40). Pe3ynbTarhl
aHajii3a TIePOBCKUTA PACHOJIOXEHBI KOMIIAKTHO B
cpenHeii yacTu rpacduka (puc. 4a) U 3aMeTHO yIaJICHbBI
OT KOHKOPIWHU, B pe3yJbTaTe Yero 3HauYeHUe BO3pacTa
0 3TOMY MUHEPAJTy TTOJYYeHO C OOJMbIIIEi ITOrpelHo-
CThIO — 247 * 18 MuIH JieT. BenurHa cpenHero KBaapa-
Ta B3BEILIEHHBIX OTKJIOHEHUI TaKKe HECKOJIBKO MOBBI-
mieHa, paBHa 4.0, T.e. B 3TUX aHAJIM3aX IMPUCYTCTBYET
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HEKUN TOTOJIHUTEABHBIN “IITyM” MOMHMO aHaJIUTH-
YeCKOM ITOTPEITHOCTU.

IMonyuyennoe 3nauenne U—Pb Bo3pacra njist Tuta-
HUTa cocTaBisieT 244 * 5 MJIH JIeT IpU YMEPEHHOM
BEJIMUYMHE CPeIHEero KBagpaTa B3BEIISHHBIX OTKJIO-
HeHuit — 1.8, Ha OCHOBaAHUU YETr0 MOXHO IT10JIaraTh,
YTO BCE U30TOITHBIC JaHHbIE JJIsl 3TOr0 MUHEpaa co-
IJIAaCOBAHBI MEXKIY COOOIL.

Tleoxumusa uzoronoB Sr u Nd. PesynbraThl uccie-
noBaHugd Rb—Sr 1 Sm—Nd M30TOIMHBIX CUCTEM I10-
poI MHTPY3UBHOro Ttena OIMXUHYa, BMELIAIOLINX
BEPXHEKEMOPUIICKMX JOJIOMUTOB U 0a3aJIbTOB apblJI-
JKAQHTCKOI CBUTHI IIPEICTABIICHBI B Ta0JI. 5.

Hauvanenbie (250 MJIH JIeT Ha3aa) U30TOMHBIE OT-
HOIIIEHWSI HEoOMMa U CTPOHIMS B MarMaTUYeCKUX
noponaax maccuBa OnuxuH4a BapbUpyroT: €xny(T) — OT
+1.1 mo +4.5, (¥’Sr/3¢Sr), — 01 0.7033 10 0.7046. [pn
9TOM B M30TOIMHOM COCTaB€ CTPOHILIMS MEXAY Tpe-
CTaBJICHHBIMU TpYHOIIaMKA TOPOI CUCTEMATUYECKUX
pa3muuMii He BBISIBIICHO (pHC. 5a), Torma KakK B M30TOII-
HOM COCTaBe HeoauMma Mpu OKaidiieM paccMoTpe-
HUU 0OHAPYKMBAIOTCS Pa3IMUMS MEXKIY HeeJIMH-CO-
JIepKalllMMU Pa3HOCTSIMM, C ONHOM CTOPOHBI, U
OCTaJIbHBIMU ITOPOJAMHU — € IPyroil. I30TonHbIE OTHO-
IICHUSI HeoauMa B HedelMH-colepKalluX mopoaax
(nifonurax, SIKyIIMpPaHTUTE, YpTUTE, He(peIMHOBOM
CUEHUTE) BapbUpYyeT B ropasao 0oJjiee Y3KUX Mpee-
Jax, €yq(T) oT +1.1 mo +1.8, yeM B OCTAIbLHBIX TUIAX
MOpOI, BKIIOYAass MEIWINT-coaepxKale (YHKOMIIA-
TPUTHI, OKaWT) U OE3MEIMJIMTOBBIEC YILTPaOa3UTHI
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Puc. 4. [luarpammbl Tepa-BaccepOypra ¢ pe3yibTaTaMu aHaJIM3a KPUCTAJLIOB IMEpPOBCKKTA (a) M TUTaHUTA (6) M3 KapOoHaTUTa

0Od-16-19 maccuBa OnuxmHYa.

(OJTMBUHUT U IMMPOKCEHUT) a TAaKKe KapOOHATUTHI. B
3TUX 0Opa3lax CyLIeCTBEHHO OoJice IIUPOKUE Bapu-
anuu €ny(T): ot +1.7 o +4.5.

MccnenoBaHHbIe 00pa3libl apbIIKAHTCKOU CBUTHI
OKa3aJIuCh JOBOJILHO OOHOPOIHBEI IO M30TOITHOMY
cocTaBy HeoiuMa U cTpoHUUS: €yy(T) BapbupyeT ot
+3.8 no +4.3, (¥’Sr/*Sr), — ot 0.70347 mo 0.70355.
OrmnpoboBaHHOE HAMU OOHAaXXKEHME HAXOIUTCS Heaa-
Jieko oT paspesa 3 us padotsl (Fedorenko et al., 2000),
M HAIIA Pe3yIbTaThl XOPOIIO COMTACYIOTCS C JAHHbI-
MU LIMTHUPYEeMOI1 pabOThI IO 3TOMY pa3pesdy. Obpas-
bl (Fedorenko et al., 2000) u3 nByx Apyrux pa3pe3on
(1 1 5) UMEIOT HECKOJIBKO OTIMYHBIE M30TOITHBIE OT-
HOIIIEHUSI, HO B 1I€JIOM IMAara30H Bapualiuii Heoaruma
U CTPOHIIYS B ByJIKAHUTaX apbIIXKAaHTCKOM CBUTHI Ba-
PBUPYIOT B TeX 3Ke MpeAesax, YTO U B METUIIUT-COIep-
XKaiumx rmopoaax OauxuH4uu (puc. 5a).

B 11etoM HavanmbHBIE HM30TONMHBIE OTHOIICHUS
HeonmMMa M CTPOHIIMS B o0Opaslax apblIKaHTCKOMN
CBUTHI, MaccuBa OIMXWHYM, a TaKKe KapOOHATUTaX
maccuBoB ['yiu n Ecceit (Morikiyo et al., 2001) yka-
3bIBAIOT HA OTHOCUTEILHO O0OTallleHHBI NCTOYHUK
MX BElIEeCTBA B CPABHEHUU C COCTABOM KOHBEKTUPY-
folei MaHTUH (puc. 50), mpeacTaBiIeHHOM Oa3anbTa-
MU CpeIMHHO-0KeaHnueckux xpeoToB (MORB). He-
pEIKO BCE M30TOMHBIE OTHOIIIEHUSI HEOAMA C BEJIU-
guHaMU €ny(T) > 0 accOoMUPYIOT ¢ TeOXMMHUIECKHU
00egHEeHHBIMU NCTOYHUKAMM, cnenysa Monenu (De-
Paolo, Wasserburg, 1976), 4T0, KOHEYHO XK€, SIBJISIET-
¢ 3a0my>xneHneM. Huske MBI BepHEMCS K 3TOMY BO-
pocy.

OBCYXJIEHHWE PE3YJIbTATOB
Teoxpononoeus

Rb—Sr cucrema munepaioB KapooHatura. Pac-
CMOTPMM BO3MOXHBIC TIPHUYWHBI HapyIIeHUs 3a-
MKHYTOCTH Rb—Sr m30TomnHoi# cncTeMbl MTHEPAIOB
kapooHatuta Od-16-19. [IprynHaAMU 3TOr0 MOILJIA
cTaTh: (a) M30TOITHO-TeTEPOreHHOE BEIIEeCTBO (pac-
nnaB/¢aonun), M3 KOTOPOro KpHUCTA/UIM30BaINCh
MUHepaJibl KapooHaTuTa u/wnu (0) OoJibIasi AIu-
TEJIBLHOCTD Mpollecca OTIOXKEHHUS MIUHEPAIOB U/ MIN
(B) HallOXXE€HHBIE MeTaMop(pUuIecKre nmpeodpa3oBa-
HUsI, 3HQUUTEJbHO OTOPBAaHHbIE BO BPEMEHHM OT MC-
XOITHOTO (POPMHUPOBAHMUS TTOPOIHI.

IIpmn3HaKOB MO3MHUX BTOPUYHBIX ITpeoOpa3oBa-
HUIl KaJabLMUTa M, Mpexae Bcero, Ioronura Impu
MHKPOCKOIMUYECKOM M3yYeHUW MUHEPaJIOB MbI HE
obHapyxxmmm. K ToMy Xe, BBICOKHME COICp>KaHMS
CTPOHIIMS B KpUCTaJUTaX KajabluTa, 8—10 ThiCS4 MKT/T
M HU3KWE comepXaHus pyommusi, MeHblne 1 MKT/T
00yCIOBUIIM KpaliHe HU3KHEe BeJIUYUHBI Rb/Sr oT-
HOLLIEHUS B HUX, oT 2.4 X 107® 10 3.8 x 10~>. Bce 370
nenaeT Rb—Sr M30TONHYIO CHUCTEMY KPUCTaJLIOB
KaJblIUTa YCTOMYMBOM K HAJIOXEHHBIM TepMaslb-
HBIM COOBITHSIM B MO3OHEN MCTOPUM MOPOABI, TaK
KaK paauoreHHast 1o06aBka B KaJIbLIUTE 3a BCe TMPO-
menme ~250 MIIH J1eT MHOTO MEHBbIIIe IIOIPeIIHO-
CTH M30TOMHOTO aHaJn3a CTPOHIIUS.

B 1O Xe BpeMs, MBI BUIMM, YTO U KPHUCTaJIbI
¢iroronuTa, U KpUCTAJUILI KaJIbLIMTA COMEPKAT U30-
TONHO-TETEPOreHHbIM CTPOHLIUI: BaprMalluu Hauajlb-
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Puc. 5. Msoronnsle otTHOmeHust Heoquma (B Buze €nq(T)) u ctponuns (a) — B memmimT-conepxamnx (Me-bearing), Hede-
JH-conepxaiux (Ne-bearing), yIbTpaOCHOBHBIX ITOpoJiax U KapOoHaTUTax MaccuBa OnMXuHYa, a TakkKe KapOoHaTUTax Mac-
cuBoB Ecceii (Essey) u I'viiu (Guli) (Morikiyo et al., 2001), u meJiouHbIX 0a3aabTaxX apblIXKaHITCKOM CBUTHI, BKJIIOYasi JaHHbIE
(Fedorenko et al., 2000). [TyHkTHpHAas TUHUS OTBeYaeT KPUBBIM Ha puc. 7; (0) — Te ke maHHbIe B cpaBHeHUU ¢ faHHbIMU (Ko-
ctuubiH, 2004, 2007) o 6a3anbraM cpeaMHHO-OKeaHm4Yecknx xpeoroB (MORB) nu Cubupckum tparnmam (Lightfoot et al.,
1993; Wooden et al., 1993; Hawkesworth et al., 1995; Arndt et al., 1998; Krivolutskaya et al., 2012; Kiselev et al., 2014; Reichow
et al., 2016), Tak>ke UCITOIb30BaHbI HeomyOanKoBaHHbIe faHHbIe FO.A. KoctuisiHa u H.A. KpuBosnyiikoii. [TokazaHbl cocTaBbl
BMEILAIONIMX MACCUB CPETHEKEMOPUICKUX T0JIOMUTOB (Tabur. S). st MORB nipuBeneH 1ByXCUTMOBBII 3JUIMIIC UX pa3dopoca.
1npoKuMU CTpesIKaMM YKa3aHO BO3MOXKHOE IMOJIOXKEHUE IPEBHUX 000TallleHHbIX MICTOYHUKOB M3HAYaJIbHO MAHTUITHOTO U30-
TOITHOTO COCTaBa, HO C JIeMEHTHBIMU XapakTepructukamu (Rb/Sru Sm/Nd), oTBeuaonmmMm KOHTUHEHTAILHOM 3eMHOI KOpe
(Taylor, McLennan, 1985) — CC (kpacHas cTpesiika), MeIMaHHbIM COCTaBaM TOJIEUTOBBIX Oa3aybToB U rabdbpo — Thol (cepast
CTpeJiKa) U IeJ0YHbIX mopoa — Alk (cuHsist cTpenka). JIJist mocieIHUX ABYX IPYIII IIOPOL ITOKa3aHbl MOJIs ¢ Y4ETOM FreTepOreH-
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Hoctu Rb/Sr 1 Sm/Nd oTHOMIeHWT B HUX (Tab1. 5) TaK Xe CepbIM U CUHUM IIBETaMM ).

HOT'0 M30TOITHOTO COCTaBa CTPOHILIMS B OOEHX I'PyI-
MaXx MUHEPAJIOB B HECKOJbKO pa3 IpEeBHIIIACT IMO-
TPEeIIHOCTh ero omnpedeieHus. I[lo-Bumumomy, B
KayecTBe OCHOBHOM IIpUYMHBI HapyiieHus Rb—Sr
M30TOMHOM CHUCTEMBI CJIeIyeT HEMOCTOSIHCTBO M30-
TOITHOTO COCTaBa CTPOHLIMS B MUHEpPAIOOOpa3ylo-
meM paciuiaBe/duonnae Bo BpeMs (OpMUPOBaAHUS
nopobl. [Ipu3Haky MeTacoMaTUYECKUX U3MEHEHUIA
(bnoronuTu3zanus, nitonuTusalus) mopoa OaUxXH-
yu n apyrux tea MaiiMmeua-KoTtyiickoit mpOBUHIINHA
onucansl JI.C. EropoBeiM (Eropos, 1991). OnnHaxko,
HEJIb3s1 TaKKe MCKIIOYUTD U IUIMTEJIbHOE (hopMUpPO-
BaHME MUHEPAJIOB KapOOHATHUTA.

ITonygenHoe 3HaueHure Bo3pacTta 245 £ 3 MuIH JieT
(puc. 3a) cogepKUT B cebe HEU3BECTHBII reoornye-
CKUi1 1yM, 9To oTpaxaetcs B BeanunHe CKBO =22,
U 3TOT PE3YJIbTAT HE MOXET ObITh IPUHST B KAYECTBE
HaZeXHOIT olleHKM Bo3pacTta Kapbonaruta Od-16-19
U TeM 6ojiee MmaccuBa OnuxuHYa B 1iejoM. Pacrionio-
XXeHne (UTYpaTHMBHBIX TOYEK Ha “rpaduKe OcTaT-
KOB” (puc. 30) He IPOTUBOPEUUT TOMY, YTO BO3pacCT
KapOoHaTuTa 0JM30K K 3HadeHuIo 250 MIIH JIeT, HO
OoJblllasl 4yacTh Pe3yJbTaTOB M30TOIMHOIO aHajiu3a

TEOXUMHUA T1om 68 Ne 12 2023

MWHEPAJIIOB “OMOJIOKEHBI” BCJICACTBUE WX IJINTENb-
HO1 KpUCTaJuIM3alluy U3 paciuiaBa/dironaa.

PucyHok 3 moMuMO MpoYero HANISIAHO MOKAa3bI-
BaeT, YTO AByXTO4YeuHble Rb—Sr “m30xpoHbI” 110 1Ma-
pe MUHEpaJIOB UM MUHEpaIy W ITOPOoAE B LIEJIOM, a
TakXXe M30XPOHBI, HAKJIOH KOTOPHIX OIIpeNeIsieTCsI
BCEro JIUIIIb OMHUM MUHEPAJIOM C BBICOKUM OTHOIIIE-
Huem Rb/Sr, B ciyyae HapylleHUs] 3aMKHYTOCTHU
N30TOITHOM CUCTEMBI (PJIOTOMUTA UJIU APYTOTO BBICO-
KOpYyOMIMEeBOIO MHHEpaja 4peBaThl OIIMOKaMMU,
IIpUYEM JajIeKO 3a IpeaeaaMy ITOrPelTHOCTe i n3Mepe-
HUS M30TOITHBLIX OTHOLIeHWit. Tak B paborte (Bag-
dasaryan et al., 2022) npuBoAsATCS OLIEHKM BO3pacTa
kapboHatuta OguxuHuyu B 258.0 = 0.6 MJIH JeT Ho
KaJIbIUTY, (DIOTOIMTY M TsKeJION dpakimm (araTu-
Ty). OTMETHUM, UTO pacyeT ¢ aKTyaJbHOM KOHCTAaHTOMN
pacnaga 8Rb (Villa et al., 2015) o ucxongusim Rb—Sr
JIIaHHBIM, TPUBEIEHHBIM B 3TOi1 paboTe, JaeT BO3pacT
262.3 £ (0.7 MJIH JIeT, OMHAKO 3TO PACXOXIEHUE BPSII
JIV CYLIECTBEHHO, €CJIM UMETh BBUY Pa30pOC aHAJIH -
TUYECKUX TOoYeK WISl (ppakumii iaoronuTa, Mpen-
cTaBJieHHBI Ha puc. 3. Ecnu paccuntath UHIUBUAY-
aJIbHBIe 3HAYEHUSI BO3pacTa Mo KaXKIOMY 13 HalllMX
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aHaIM30B (hJIOroImMTa Ha pUC. 3 OTHOCUTEIBHO Kalb-
1IMTa, TO IIOJIyYUTCS BeChbMa IIMPOKMIA AUara3oH
3HavyeHuit oT 231 mo 255 muH net. Eciu u B npyrux o6-
pasiiax KapooHatntoB MaiiMeua-KoTyiickoit I poBrH-
muu Rb—Sr cuictema MuHepaJioB HapyllieHa B TOH Xe
Mepe, 4yTo U B obpasne Od-16-19, To onybankoBaH-
Hble 3HaueHnsT Rb—Sr Bo3pacra (Bagdasaryan et al.,
2022) comepxaT HeomnpeneJeHHy0 omuoky. Ha sty
HeOoIpeneIeHHOCTh YKa3hIBaeT TaKKe M BHICOKAST BE-
JIMYMHA CPeOHEero KBaapara B3BEIIEHHBIX OTKIOHE-
Huii (CKBO = 58) nis “m30XpoHBI” O MUHEpPaJIb-
HBIM (ppaKIUSIM U IOPOZE B 1LIEJIOM allaTUTOBOTO 31~
puHMTa MaccuBa MaraH, BO3pacT KOTOPOT'O 110 JaHHBIM
3TOI pabOTHI MpUHMMaeTcs Kak 247 + 7 miH et (Bag-
dasaryan et al., 2022).

U—Pb naTupoBanue ¥ NONpaBKu HA 0OBIKHOBEHHBII
cBuHen. CMBICIT TOJTydeHHBIX HaMu 3HaYyeHuit U—Pb
BO3pacTa I10 TTIePOBCKUTY ¥ TUTAHUTY MOXXHO TTOHSITh
MPU CPAaBHEHUU C NPYTMMU T'€OXPOHOJIOTUYECKUMU
TaHHBIMU IO TTOpoaaM M MUHepajiaM MaccuBa Omm-
XUHYA. JHAYUTETbHAS 9aCTh OMyOJIMKOBAaHHBIX T€0-
XPOHOJIOTUYECKMX AaHHBIX TonydyeHa U—Pb merto-
ITIOM TIO aKIIECCOPHBIM MUHEpajaM (IIEPOBCKUTY, TH-
TaHUTY, TpAHATY U JAP.), COAEPXKAIIUM Ty WJIN MHYIO
JIOJII0  OOBIKHOBEHHOTO, 3arpsi3HSIIOIIEer0 CBUHIIA,
YTO TpeOOBAJIO OT aBTOPOB ITUX MCCICIOBAHUM BHE-
CEHUsI COOTBETCTBYIOIIMX MOMpaBoK. PaccmoTpum
KpaTKO TMOTeHIMAIbHbIEe UCTOYHUKU OIINOOK, BO3-
HUKAOIITNUX MIPY BHECEHUS TAKUX ITOIIPaBOK.

Cpeny yIOMSIHYTBIX BBIIIE aKIECCOPHBIX MUHE-
paJIOB IIEPOBCKUT OOBIYHO CONEPKUT HANMOOIBIIYIO
Jomo oObIKHOBeHHOro cBuHuIa (Kramers, Smith,
1983; Heaman, 1989; Wu et al, 2013; Anosova et al.,
2019; Reguir et al., 2021), 4TO 9acTO IPEISITCTBYET
MOJIyUYCHUIO TOUYHBIX 3HAYEHMII BO3pacTa Ipu JIO-
KaJIbHOM aHaju3e METOAaMM JIa3epHOM abIsauuu 1
Macc-CIeKTPOMETPUU BTOPUYHBIX MOHOB. [lpume-
HeHue Kinaccuueckoit metoguku ID-TIMS c BHece-
HUEM TMOIPaBOK Ha OOBIKHOBEHHBIN CBUHEL, WC-
nonb3yst curHan 2%4Pb, (Kramers, Smith, 1983;
Heaman, 1989; Kamo et al., 2003; Reguir et al., 2021)
Ha MepBBIi B3IJISIA TTO3BOJISIET MOJIYYUTh 3HAYUTEb-
HO MEHbIIINE BEJIMYUHBI OIPELIHOCTE, OMHAKO U B
5TOM clIydae IojlydaeMoe 3Ha4eH1e BO3pacTa CTaHO-
BUTCS CUJIBHO 3aBUCUMBIM OT CITOCO0a BHECEHUSI TTO-
MPaBOK Ha OOBLIKHOBEHHBIN CBUHELL, MPEXIE BCETO,
OT JOMYIIECHWI, KaKUM ObLI €ro M30TOIMHbII cOCTaB
npu (GOpMUPOBAHUM MUHepaja, Iog4ac BeCbMa
CHOPHBIX. B Takux ciaydasgx KaxKyllasicsl BbICOKas
TOYHOCTh T€OXPOHOJOTMYECKOTO pe3ysbTaTa MOXKET
ObITb OOMaHuYMBa. Hepenko njist BHECEHUST MOTIPaBOK
WCIOJIb3yeTCsl MOMACIbHBIII cocTaB cBMHLIA. Ecin,
HampuMep, “IpHMBS3aTh’ OUCKOPIWIO Ha pUC. 4a K
M30TONMHOMY oTHoweHuto 2YPb/2¢Ph = 0.852 B co-
OTBETCTBUM C COCTABOM OOBIKHOBEHHOTO CBUHIIA ITO
(Stacey, Kramers, 1975) Ha 250 mMJaH JIeT Ha3an, To,
NPy 3aMaHYMBOM [JIsI aHAJIMTUKA 3HAYUTEIHLHOM
YMEHBIIICHEM TOTPELIHOCTH, 3HA4YeHHEe BO3pacTa

KOCTHULBIH u np.

T10 TIEPOBCKUTY CUJIBHO U3MEHUTCSI Y COCTABUT 266 *
+ 4 MJIH JIET, 4TO, Ha HaIll B3IJISIA, C BHICOKOM dOJIEi
YBEPEHHOCTH YyKa3bIBaeT Ha OIIMOOYHOCTH TaKOIO
oaxoAa — BHECEHMSI ITONPaBKX Ha OOBIKHOBEHHBIN
cBuHell 1o moaeau Creiicu-Kpamepca.

Hackonpko mMpoKKM Bapyalliy M30TOITHOTO OT-
HoweHnuss 2’Pb/X°Pb B wucrounuxke CHOUMPCKUX
TPAINoOB U LIEJIOYHBIX IIOPOI, MOKXHO BUACTh HA PH-
cyHKe 6. OHU B HECKOJIBKO pa3 II1Mpe MOIEIbHBIX 10
Creiicu-Kpamepcy Bapuaumii 2’Pb/2°°Pb s Bcero
daHepo30s U Jaxe He 00pa3yloT KaKoro-jimbo cry-
IIIeHUsI JAaHHBIX B paiioHe 250 MJIH JIET Ha 3TOI MO-
IenbHOM KpuBOii. KpomMe TOro, BCSI COBOKYITHOCTH
JaHHBIX, BkIouyass MORB, HaxoguTcsi 3aMEeTHO B
CTOpOHE OT MOJEJIbHON JTMHUHU, T.€. 3Ta MOACIbL He
OTpaxKaeT COCTaB UCTOYHUKOB 3TUX nopox. [Tosaromy
OYEBUIHO, YTO BHECEHUE MOIPABOK Ha OOBIKHOBEH-
HBI CBUHEIl, IPUHUMASI €r0 U30TOITHBIN COCTaB 110
monenu Creiicu-Kpamepca (Salnikova et al., 2019;
Reguir et al., 2021; Bagdasaryan et al., 2022) B o011eM
cilydae MOXET ITPUBOIUTH K CYIIIECTBEHHBIM UCKaKe-
HUSIM BO3pacTa, BEpOSITHOCTD CITyJaifHOTO COBITAIe-
HUSI MOJIEJIbHOTO M30TOITHOIO COCTaBa CBUHIIA C pe-
aJIbHBIM €ro COCTaBOM B MAaTEPUHCKOM pacIliaBe HU-
YTOXXHO MaJja. Bo3MoXHOe HcKaXeHHe BO3pacTa
OymeT TeM OOJbIIMM, 4YeM BbIIIE JOJSI IIPUMECHU
OOBIKHOBEHHOTO CBUHIIA B aHanu3e. CeayeT Takke
MMOHUMATh, YTO BHECEHNE MOMPABKN HAa OOBIKHOBEH-
HBI cBUHEL B KjiaccuueckoM ID-TIMS ananuze u
“IpuBsA3Ka” OUCKOPANU K (PUKCUPOBAHHOMY OTHO-
menuio 2’Pb/?°°Pb Ha ocu opaMHAT IIPU JIOKAIEHOM
aHanmmse MerogamMu LA-ICP-MS wau SIMS 1o cytu
SIBJISIIOTCSI OMHOM M TOM XXe MpoLeaypoit 1 B 000UX
cJIydasix IIpMMeHeHMEe MOJIEJIbHBIX COCTaBOB JIJISI BHE-
CEeHMSI TIONPABOK MOXET IMTPUBOIUTH K HEKOHTPOJIH -
pyEeMBIM OLIMOKAaM MpPU KaxyllieMcs TOUHOM OIlpe/ie-
JIECHUM BO3pacTa.

Hdna BHeceHWS IIONMPABOK Ha OOBIKHOBEHHBIN
CBUHEI €r0 M30TOIHBIM COCTaB MOXET ObITh yCTa-
HOBJICH MPU aHaJIM3e CUHTe€HETUYHBIX PABHOBECHBIX
6e3ypaHoBbeIx MuHepanoB (Kamo et al., 2003), onHa-
KO W TIpY aHAJIM3€ CUHTEHETUYHBIX MUHEPAIOB I0-
JIe3HO yOenuThCsl, YTO pa3Hble MUHEpalbHbIe (ha3bl
comepKaT TOMOTEHHBIN CBUHETI, C OMMHAKOBBIMU Ha-
YaJIbHBIMY U30TOITHBIMU OTHOIIIEHUSIMU. B mpoTuB-
HOM cjlyyae BbICOKasi TOUYHOCTb pe3yJibTaTa MOXKET
0KazaTbCsl KaXyIelcs, epeolleHeHHOM.

Haubonee HameXHBIIT METOI BHECEHMS TOIIPABOK
Ha OOBIKHOBEHHBII CBUHELL — METOJI, TPEXMEPHOI TUC-
kopnuu (Ludwig, 2003), ogHaKo 111 €r0 IIpUMEHEHUS
HeoOXOIUMO OYeHb TOYHOE n3MepeHue 2*“Pb, urto na-
JIEKO He BCEM aHAIMTUYECKM METOIVKAM IO CUITY.

U—Pb cucrema MUHEpAJIOB KaApOOHATHTA, U3YyUYCH-
HBIX B HACTOSIIIEH padoTe, TaK XKe JajieKa OT Ueallb-
HOT'O COOTHOIIEHMS MEXITY MAaTEpPUHCKMMU 1 PaInO-
TeHHBIMU U30TOIIaMU, KaK U Rb—Sr — nmerotr Mecto
¥ HapylIeHUE 3aMKHYTOCTH U30TOITHOI CUCTEMBI, U,
KaK yX€ OTMEYEHO BBbIIlIE, IPUCYTCTBUE OOJBIION
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0.052 0.054

0.060
204Pb/206Pb

0.056 0.058

Puc. 6. Bapuaiuu uzorornHoro cocraBa cBuHila B Cubupckux tparnmax (Sharma et al., 1992; Lightfoot et al., 1993; Wooden
etal., 1993; Czamanske, 2002; Arndt et al., 2003; Carlson et al., 2006; Krivolutskaya, Rudakova, 2009; Manuy u ap., 2010;
Krivolutskaya et al., 2012) 1 meTo9HBIX MOpoIax MaiiMeda-KoTtyiickoro komruiekca (M-K alkaline rocks) (Sharma et al., 1992;
Carlson et al., 2006; Kogarko, Zartman, 2007). JIjiss cpaBHEHMSI IPUBEIEHBI TAK3KE JaHHbIE ISl 6a3aIbTOB CPEIMHHO-OKEaH ! -
yeckux xpe6toB (MORB) u3 pa6or (Koctunpia, 2004, 2007) u coctaB MoaenbHoro ucrouyHuka (S-K) mo (Stacey, Kramers,
1975). Lludpbl 0K0JI0 KPMBOIT OTBEYAIOT MOCIIBHOMY BO3pacTy CBMHIIA B MJIpI JieT o Moaenu Creiicu-Kpamepca. [TokazaHbl
TaKKe HaIlpaBJIeHUsI Ha cocTaBbl UCTOYHUKOB ¢ BbicokruMmu (HIMU) u Huskumu (LOMU) orHomeHusimu U/Pb.

JIOJIU HepaauoTeHHOTro, OOBIKHOBEHHOTO CBUHIIA B
aHa/M3axX Kak TUTAaHUTA, TaK U IepoBCcKuTa (puc. 4).

Bricokast u ci1abo BapbMpylolas I0JsI Hepaguo-
TeHHOTO CBUHIIA B IIEPOBCKUTE MPUBEIA K TOMY, UTO
TOUKM Ha IuarpaMMme ¢ KOHKopaueu (puc. 4a) jgexar
JIOBOJIbHO KOMITAaKTHO, B pe3yJIbTaTe YE€ro YriIoBOM
KO3(PULIMEHT IUCKOPAWUM, IIPOBEIEHHON uepes
HUX, UMEET OTHOCUTEIBLHO IIIUPOKUE Mpeaesbl KOJe-
0aHMilI U IIOJIydeHHOE 3HauyeHMe BO3pacTa B CBOIO
oyepedb OTITOIIEHO OOJBIIONM ITOTPEIIHOCTHIO —
247 * 18 MUTH JIeT.

U—Pb maHHBIE IO TUTAHUTY, IIPUBEICHHBLIC Ha
puc. 40, TakKKe IeMOHCTPHPYIOT, 9TO B 3TOM MUHEpa-
Jie IOMHUMO PaJUMOreHHOro CBMHIIA IIPUCYTCTBYET U
OOBIKHOBEHHBIN. TUTAHUT OOBIYHO COAEPKUT MEHb-
111e OOBIKHOBEHHOTO CBMHIIA, YeM IEPOBCKUT, U TOJISI
paIuMOreHHOro MHOTIa MOXET Ipuomkarses K 100%
(Simonetti et al., 2006; Storey et al., 2006), uTo 1 Ha-
omomaetrca Ha puc. 46. JIuckopaus, mpoBeacHHAas
yepe3 TOYKM, OTBeYalollie aHajlu3aM TUTAHUTA, 1103~
BOJISIET OLIeHUTHh Bpems 3akpbituss U—Pb cucrembr
3TOro MUHepaja Kak 244 + 5 MuIH JerT.
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IMonyyennbsie Hamu 3HayeHus1 U—Pb Bo3pacTta no
MEePOBCKUTY U TUTAHUTY B IIEJIOM XOPOIIIO COBITAAaeT
C pe3yJIbTaTOM, IToJydeHHBIM Mo Rb—Sr n3otonHoit
cUCTeMBbl IJIsl (pioronuTa U KajabllUTa U3 3TOTO Ke
oOpa3sua KapooHaTtuta — 245 £ 3 muH jtet. [1pu aToMm,
Kak oTMedeHo BbIIle, Rb—Sr cucrema MuHepanon
HapyllieHa, CKopee BCEero B pe3yJsibTaTe IJIUTEIbHOTO
npoirecca ux (popMUpOBaHUS B TOM YHCJIe Ha MeTa-
comatuueckoM atamne. Ckopee Bcero U—Pb cucrema
MEPOBCKUTA U TUTAHUTA He M30exkajaa TaKoro ke
BIAWUSTHUS JUIUTEILHOCTU KpUCTAJUIM3allud MUHEpa-
JIOB KapOOHAaTHTa, MO3TOMY MBI IMoJjlaraeM, 4To 00e
M30TOIHbIe cucTeMbl — 1 Rb—Sr, u U—Pb — B MuHe-
panax kapoonatuta Od-16-19 oTpaxkaroT BpeMs Me-
TacOMaTUYECKOIo IIpoliecca, a He MEPBUYHON KpU-
CTaJIM3allMu KapOoHaTUTA.

Bonee TouHBIe TEOXPOHOJIOTUYECKUE PE3YIBTATHI
no OpguxuHue IMojaydeHbl B padote (Salnikova et al.,
2019). B Heit knaccuueckum U—Pb merogoM mpo-
aHATM3WPOBAHKI ABe (hpaKIMK rpaHaTa U3 MO3THUX
MEerMaTOMIHbBIX XWJI IIEJIOYHOTO cOocTaBa U, MOCHe
BHECEHHST HeOOIBIITNX ITOIPaBOK Ha OOBIKHOBEHHBI
CBUHEI, MOJYYEHO KOHKOPAAHTHOE 3HAY€HUE BO3-
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pacrta 249.8 = 0.5 MJIH JIeT. DTOT pe3yJIbTaT Ha CEero-
JHSIIHUWI I€Hb, MOXAaJyid, JIy4lle BCEro COracyeTcs
¢ naHHbiMu (Kamo et al., 2003) 1o apblIKaHTCKOM
csute (251.7 £ 0.4 MutH 1€T), KOTOpAasl, KaK MoJaraior,
HaunOoJIee 0;11M3Ka Mo BpeMEHM K 00pa30BaHUIO MHTPY-
3UBHBIX IOPOJ MaiiMe4a-KOTYHCKOIO KOMILIEKCA.

PanHue reoxpoHoiornyeckue gaHHbie 1 Onu-
XUHYM HEe OYEHb XOPOIIIO COIIACYIOTCS MEXIY COOOIA.
B onmnoit 13 Hambosee cTapbeix padot mo K—Ar matn-
poBaHuIo MuHepasioB MaccuBa OnuxuHya (KoHoHO-
Ba U Ip., 1973) no HedenuHy U3 ypTUTA U METBTEUT U -
Ta OBUIN TOJYIeHBI 3HAUYeHUS Bo3pacTa 255 + 10 m
256 £ 10 MJIH JIET COOTBETCTBEHHO, YTO B IIpeaeIax
IOrPEIIHOCTE IIepEeKPHIBACTCS U C HAILIUMMU PE3Yiib-
TaTamMu, U ¢ JaHHBIMH (Salnikova et al., 2019). I1pu
3TOM I10 (BJIOTOIIMTY U3 KapOoHATUTA U (DIOTOITUTH -
3MPOBAHHOTO OJIMBUHUTA MOJIyYeHBI 3HaueHUST K—Ar
Bo3pacTa 262 = 8 u 264 £ 8 MJIH JIET COOTBETCTBEHHO,
YTO IIPOTUBOPEUYUT OXHUIAEMOI ITOCIeI0BaTEIbHO-
CTU COOBITUI.

barnmacapssu ¢ koyuteramm (Bagdasaryan et al.,
2022) omnyonukoBaiu U—Pb BospacT mnoszaHero,
KWJTBHOTO KapOooHaTtuTa 266 + 29 MIIH JIeT 1o araTh-
TY C OOJIBLIUM KOJUYECTBOM OOBIKHOBEHHOIO CBUH-
I1a, TIOJIydeHHBIII METOIOM JIa3epHOI abainu, a
takke “’Ar-¥Ar Bospact 267 & 5 MiH J1eT 110 uIOro-
IUTY 13 3TOTO Xe 06pasIa.

Hcmounuxu MamepuHCKUux pacnaiaeoe

IIpoGaema o00eTHEHHBIX M OOOTAIIEHHBIX MAHTHIA-
HbIX MICTOYHUKOB. [IprBeneHHBIE B Ta0J. 5 U Ha pucC. 5
U30TOITHBIE JaHHbBIE TTOKA3BIBAIOT, YTO ITOPOIBI AaKe
TaKOTO OTHOCUTEIBHO HEOOJIBIIIOTO0 MATMATUYECKOTO
TeJsia, Kak OauMxrHYa, U30TOITHO TeTePOreHHBI: 3Have-
Hus €y(T) Bapbupyer ot +1.1 1o +4.5, (¥Sr/%¢Sr), — ot
0.7033 10 0.7046. I1pu 3TOM U30TOITHBIE OTHOLLIEHUS
HeonmmMa, 3HaYeHMST €yny(T) KOTOpBIX BBINIE HYJIS,
MHOTHE aBTOPHI ACCOLIMUPYIOT C 00eTHEHHBIMU MaH-
TUWHBIMA HCTOYHMKaMmu. Tak wucciemoBarenun Iy-
ymHckoro MaccuBa (Kogarko, Zartman, 2007; Kogarko,
Zartman, 2011), anamusupys Bapuaunmu Nd—Sr—Pb
M30TOMHOTO COCTaBa CJIAralolIrX eTo ITOpo, 3aKIIIO-
YWJIN, YTO OMHUM U3 UICTOYHUKOB MaTEPUHCKUX pac-
IUIaBOB ObLJIa 00eIHEHHAsI MAaHTHUS. DTO JOCTATOUYHO
TPaAULIMOHHOE TIPEANOJI0XEHUE IJISI TIOPOJI, UMEIO-
mux €ng(T) BBINIE HyJIEBOTO 3HAYEHWSI, KOTOPOE C
nerkoii pyku (DePaolo, Wasserburg, 1976) npumnm-
CBIBAETCSI XOHAPUTOBOMY OJHOPOIHOMY pe3epByapy
(CHUR). Ecnu B nopone €yy(T) BbllIe Hyns1, 3TO
03HA4YaeT, YTO B UCTOYHUKE 3TOM MOPOALI OBIIO MO-
BeiieHHOe Sm/Nd otHoeHue (Hu3Koe La/Lu), uto
OTBeYaeT 00eMHEHHBIM XapaKTepUCTUKAaM BelllecTBa.
Ecnu xe B mopomne €yny(T) HIke HysIsI, TO B UICTOYHM -
ke Sm/Nd oTHolleHre OBbLIO MOHMKEHO (BBICOKOE
La/Lu), 4To OTBEeUaeT reOXUMUYECKH OOOTallleHHO-
MY BelllecTBY. Bormpoc B TOM, YTO CUMTATh TOUKOM OT-
cyeTa, MIPUMUTUBHBIM COCTaBOM, OTHOCUTEJIBHO KO-
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TOPOTO TO WM WHOE BEIIECTBO Mbl OylIeM CUMTaTh
obenHeHHBIM WM oborameHHBIM. JlelTaono u Baccep-
Oypr IIPEAITOA0XKMIIN, YTO JIJIsI 36MHOI MAaHTHUU TIPUMM--
TMBHOIO COCTaBa CJeAyeT NPUHATH XOHIPUTOBYIO MO-
nenb (CHUR) ¢ Sm/Nd = 0.325.

JoxkazarenbpcTBO cymiectBoBaHuss CHUR B Hen-
pax 3eMJIM OCHOBaHO, KaK MBI 3TO ceifiuac ToHUuMa-
€M, Ha COBEpPIICHHO HEJOCTOBEpHOM Mmarepuaie. B
pabore (DePaolo, Wasserburg, 1976) Ha TMHUIO 3BO-
JIIOLMU XOHIPUTOB JICTJIM YEThIpe TOYKU, OTBEYAIO-
e coBpeMeHHOMY 0a3anbTy ¢opManuu Columbia
River (BCR-1), nua6asy Benukoii naiiku Ponesun
(RHO) n nByM o0GpasiiaM Hopoj KHUCJIOro COCTaBa:
rpaHonuoputa RN 3 u3 6aronura [Ipeiicak-JlakopH B
npenenax npopuHMM Ceioniepuop, Kanama n rHeit-
ca (OGG) rpaHoIMOPUTOBOTO cocTaBa (opMaluu
Amurcok 3amamHoii I'pennanguu. O4YeBUOHO, YTO
TOUKM, OTBEYAIOIlMe TI'pPaHOAMOpMUTaM, MOMalu Ha
JIMHUIO 3BOJIIOLIMM XOHJPUTOB CJIy4aifHO, ITOTOMY
YTO 3TO HOPOIBI OIIPEACICHHO He MAHTUIHOTIO IIPO-
ucxoxneHus. M3oronHeie uccienoBaHusl Benukoii
naiiku Ponme3ny nmokasaju, 4To B cjaralolinx ee rad-
O0po-nuabazax BennuuHa €ny(T) Bapbpupyet ot —0.03
no +4.68 (Oberthiir et al., 2002), T.e. B paborte (De-
Paolo, Wasserburg, 1976) cooTrBeTCcTByIOILIAsT TOYKA
nonayia Ha iuHuio CHUR onsith ke ciayyaitHo. M Ha-
KOHEeIl, OOIINPHBIE N30TOITHBIE UCCIIETOBAHUS MUO-
1eHOoBBIX 0a3ayibToB Columbia River, Bxoasiumx B co-
CTaB TUTAaHTCKOM MarMaTU4eCKOM IIPOBUHIIMY HA 3a-
nage CeBepHOli AMEpHUKM, TakKe IOKa3zall UX
MpeaesibHO BBICOKYIO H30TOIHYIO TeTepPOreHHOCTh
(Carlson et al., 1981; Brandon et al., 1993; Hooper,
Hawkesworth, 1993; Day et al., 2021), exq(T) Bapbu-
pyet ot —17 no +7.8 equnuil. TakuM oOpa3oM JoKa-
3aTeIbCTBO TOTO, YTO IMPUMUTHUBHASI MaHTUS 3eMJIU
OTBEYAET XOHAPUTOBOMY OTHOPOTHOMY pe3epByapy,
ocHoBaHoO B pa6ote (DePaolo, Wasserburg, 1976) Ha
YeThIpeX CIydalHBIX aHAJTUTUYECKMX TOYKAaX, IBE U3
KOTOPBIX HE OTBEYaloT IIOPOJaM MAaHTHIHOIO IreHe-
31ca, a ABE, OTBeYalollie MaHTUMUHBIM IepuBaTaM,
MPENCTaBISIIOT BeCbMa reTeporeHHbie 00pa3oBaHUsI.
Tak 9To Ha COBpeMEHHOM YpOBHE HAIlIMX 3HAHUIA
MPEeAIoaoXeHue 00 UASHTUYHOCTU 3eMHOI MaHTUU
n CHUR B Sm—Nd MU30TOITHOI CUCTEME HE MOXKET
CUMTaThCSI 000CHOBAaHHBIM. OHO TakKkKe HUKOIIA HE
OBLIO MOATBEPKICHO To3nHee. bonee meraabHO He-
COOTBETCTBHE COCTaBa 3¢eMHOI1 MaHTUM B Sm—Nd u
Lu—Hf n30TOonHBIX crcTeMaX XOHAPUTOBOMY OIHO-
pomHoMY pe3epByapy oocyxknaercs B padote (Koctu-
biH, 2004), Toe, B YaCTHOCTH, TOKAa3aHO, YTO COBpe-
MEHHEBIM COCTaB NPUMUTHMBHOKM MaHTHMX B Sm—Nd
MU30TOIMHOM cucTeMe OIU30K K Eng(0) = +9, Sm/Nd =
=~ (0.350. CooTBeTCcTBEHHO, 00Jiee BBICOKME M30TOII-
HBIC OTHOIIEHUSI HEOIMMa OTBEYaloT OOCTHEHHBLIM
WCTOYHMKAM, a 00j1ee HU3KKUE — 00OramieHHBIM.

Ha cynepxonapuroBoe Sm/Nd oTHOIIeHHE TIpU-
MUTHUBHOM MaHTHUM YKa3bIBAIOT TAKKE UCCIIEIOBAHUS
KOPOTKOXMBYILEN U30TOMHOMN cucTeMbl #0Sm—142Nd
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MonenbHbIM UCTOYHUK Rb/Sr Sm/Nd
Kongsektupytomass mantus (uctouHuk MORB) (Koctuupia, 2004) 0.020 0.350
KonTtunenranbHas kopa (Taylor, McLennan, 1985) 0.123 0.219
KoHTUHEHTAIbHBIE TOJIEUTHI:
Menuana (2-i1 KBapTUIb) 0.059 0.258
1-it 1 3-if KBapTUIN 0.028—0.105 0.233-0.284
N= 11829 6702
KoHTHHeHTaIbHbIE IIEJOYHBIE TTOPOIbI:
MenuaHa (2-if KBapTHJIIb) 0.045 0.180
1-i1 1 3-i1 KBapTWIN 0.026—0.080 0.146—0.212
N= 743 477

(Boyet, Carlson, 2005; Caro et al., 2008; Frossard et al.,
2022), mpuyeM KOPOTKHMI IIepHon IIoJypacrHaga
146Sm ompenesleHHO CBUIETENBCTBYET, UYTO Pa3Indns
B BesmmunHax Sm/Nd oTHOILIEHUS MeXIYy CUIIUKAT-
HOM 4acThI0 3eMJIM M XOHAPUTAaMU BO3HUKIIO €1lIe Ha
craguu GOPMHUPOBAHUS TUIAHETHON CUCTEMBI, a HE B
pesynbTaTe nnddepeHIInali 3¢MHOTo BelIeCTBA.

B utore mpuxoauTcst KOHCTaTUPOBATh, UTO JIMHUS
SBOJIIOLIMU TIPUMUTUBHBIX (HEOOOTallleHHBIX U He-
00eqHEHHBIX) MAHTUITHBIX UCTOUYHUKOB XapaKTepu-
3yercs napameTpamu: €yy(0) = +9, Sm/Nd = 0.350.
COCTaBbI BBIIIIE TOU JMHUU SIBJISTIOTCS OGeﬂHCHHbI—
MU, HAXE Hee — 00orallleHHBIMU.

W cToOYHHKH MATEPHUHCKHX paciiaBoB OIMXUHYM.
M3oTonHbIe OTHOIIEHUSI CTPOHLIMS U HEOAMMA WC-
CJIeJOBAaHHBIX TIOPOJ  IEJIOYHO-YJIBTPAOCHOBHOI
dopMalLm, Kak OBIJIO OTMEUYEHO BHIIIE, YKAa3bIBAIOT
Ha OTHOCHUTEJILHO 00O0TrallleHHBI UICTOYHHUK MX MaTe-
PMHCKUX pacniaBoB (puc. 56) B CpaBHEHUH C COCTa-
BOM KOHBEKTHUPYIOIIE MaHTUU, IIPEACTaBJIICHHOM
CBOMMM IJ100aJTBHO PACIIPOCTPAHEHHBIMU ITPOIYKTa~
MU MarmatusMma B BHUie 0a3aJbTOB CPeAMHHO-OKea-
HUYECKUX XpeOTOoB. To ecThb, B MCTOYHUKE Marm,
chopMupoBaBIINX MaccuB OOUXUHYA U BYJKAHUTHI
apBIIKAHTCKOM CBUTHI, MPUCYTCTBOBAJI OOOralleH-
HBI1 KOMIIOHEHT, KOTOPbIi JJINTEIbHOE BpEeMs IMEJT
MMOHIDKEHHBIEe BeTUIMHBI Sm/Nd OTHOIIEHUS U 110-
BhIIeHHBIE — Rb/Sr, Ha 4TO yKa3bIBalOT HECKOJIBKO
0oJiee BBICOKME MU30TOITHBIC OTHOILIEHUSI CTPOHLINS U
3aMETHO MOHWKEHHbIE U30TOITHBIEC OTHOIIIEHUS HEO-
JI1Ma B 3TUX nopojax 1mo cpaBHeHnio ¢ MORB.

C ompeneneHHOM Toaei YCITOBHOCTH MOXKHO Ce-
JIaTh BBIBOJ, O XapakTepe 000rallleHHOTO KOMIIOHEH-
Ta B UCTOYHUKE MaliMeua-KOTYHCKUX yJIbTPAOCHOB-
HBIX-IIEJTOUHBIX Topona. Ha rpacduke puc. 56 crpen-
KaMU MOKa3aHbl TPEHIBl COIJIACOBAHHBIX Bapualluii
U30TOTTHBIX OTHOLIIEHU HEOAMMa U CTPOHLIMS B TpeX
MOTEHIIMATbHBIX TUIIaX 00OTallleHHBIX TOPO, KOTO-
pble MOTJIM TIPUCYTCTBOBaTh B (pyHmameHte Cuoup-
CKOI maatdopMBl. DTO MOTJIM OBITh OTHSINBIINECS
HEKOrJa paHee OT KOHBEKTUPYIOIIEH MaHTHUU MOPO-
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eI, (i) oTBevarolIde CpeagHEMY COCTaBy KOHTHMHEH-
tanbHOM Kopbl (CC) 1o oueHke (Taylor, McLennan,
1985), a Takxke MarmMaTU4eCKre€ MOPOAbl MAHTUITHOTO
MIPOMCXOXKACHMSI, CPEIU KOTOPBIX PACCMOTPUM JIBE IO~
TeHLMAJIbHbIE KOHTPACTHBIC TPYNIIBI (ii) TOJIEUTOBOIO
u (iii) menoyHoro cocrtapa. JlaHHBIC IJIs TIOJydEeHUSI
MeIMaHHBIX OLICHOK 3TUX MarMaTU4eCKUX ITOpO, B3sI-
TBI U3 HAIlIe} N30TOITHO-TEOXMMMYIECKOI Oa3bl JaHHBIX
(Koctuueiz, 2004, 2007). 'eoxuMuyeckue napaMeT-
pbI 3THUX O0OTAIlllEHHBIX NCTOYHMKOB BMECTE C COCTa-
BOM KOHBEKTHUPYIOIIE MAHTUY CBEICHBI B TAOIUILY 6.

CTpesiKu U CeKTOPbI pazdpoca Ha puc. 56 MoCcTpo-
€Hbl B MMPENNOJI0XKEHNU, UTO OTIEJIUBIIEECS OT KOH-
BEKTUPYIOLIEN MAaHTUX MOPOAbI, U3HAYAILHO UMEIU
U30TOITHbIE OTHOLIIEHUSI HEOAMMAa U CTPOHLIMSI, OTBE-
yaollue 3TOMY UCTOYHUKY, OTHAKO CO BPEMEHEM UX
U30TOITHBIE OTHOIIIEHUS CTAHOBSTCS BCe OoJiee U 60-
Jiee aHOMAaJIbHBIMU B pe3yJibTaTe pPaauoaKTUBHOIO
pacnaga 'YSm u ¥’Rb, nmpuuem TeM cuUIbHEE, YeEM
0o0JIbliIe TTPOIIIO BDEMEHU C MOMEHTA OTIEeHUS TTO-
pOAbl OT MAHTUHHOIO MCTOYHMKA U YE€M CUJIbHEE
Rb/Sr u Sm/Nd oTHouIeHUs B HEll OT/IMYAIOTCSI OT
MaHTUIHBIX.

JJ1st HaISIAHOTO TIpEeACTaBICHUSI XMMUYECKOi1 re-
TEPOTreHHOCTU 3TUX OOOramieHHBIX MCTOYHUKOB I10
Rb/Sr 1 Sm/Nd oTHolIeHUSIM, KOTOpasi CO BpeMe-
HEM oTmpeaesisieT U UX U30TOMHYIO TeTepOreHHOCTb,
MBI HCIIOJIb30BaJIi 3HAYEHUS IIEPBBIX U TPETHUX
KBapTWJIEH MMerolIeiicss B HalIei 6a3e JaHHBIX COBO-
KYIMHOCTH 3HayeHui (tabi. 6). Mcrmonb3oBaTh miist
ATUX 1IeJIEl TaKKe ITapaMeTphl KaK CpeaHee M CTaH-
JIapTHOE OTKJIOHEHME HEeTIPaBMJILHO B CUIIY TOTO, YTO
CTaTUCTUYECKUE paclpeiesieHUsl coaepXKaHuil ae-
MEHTOB-IIPMMECEH B MarMaTUIEeCKMX IIOPOAax He SIB-
Jsriotcst rayccoBbiMu (KocTuiisia, 2007) 1 Tem 6ojiee
OTHOIICHUSI 3TUX DJIEMEHTOB HE TTOAYMHSIIOTCSI HOpP-
MajJlbHOMY 3aKOoHy. B maHHoOM ciydae ciemyeT IIpu-
MEHSTh HeIlapaMeTpUYeCcKylo cTaTMCTuKy. s xa-
PaKTEPUCTUKU LIEHTPAJTbHOTO 3HAUCHUST COBOKYITHO-
creit otHomenuit Rb/Sr m Sm/Nd B Tabn. 6 Mbl
HMCMOJIb30BaI MEeIMaHHbIC 3HAUYCHMS BEIOOPOK, IS



1236

XapaKTEepUCTUKU pa3dpoca — MEepBbIA U TpeTUid
kBapTuiau. [1pu aHanuse pa3dpoca Bceil COBOKYITHO-
CTH, He cJIeAyeT 3a0bIBaTh, YTO MEXKIY IIEPBLIM U Tpe-
ThUM KBapTUJISIMU HAXOAUTCI TONbKO 50% maHHBIX,
TOrAa Kak 1Mo 25% nx HaXOOUTCSI HXE IIEPBOTO U BbI-
IIIe TpeThero KBapTuJsi. [loaToMy arana3oHbI Bapua-
LIV 3JIEMEHTHBIX OTHOIIICHWIA B Ta0OJ1. 6 U TPaHULIBI
CEKTOpPOB pa3dpoca Ha puc. 56 — BecbMa HECTPOTH.

I'padbuk Ha puc. 56 Moka3bIBaeT, YTO OOJIBIINH-
CTBO AJaHHBIX M0 CHOMPCKUM TpammaM HaXOmTUTCS
MEXAY TPEHIaMU, OTBEYAIOIINM OOOTalIEHHBIM UC-
TOYHMKAM TUIIA TOJEUTOBBIX 0A3a7IbTOB U YCPEIHEH-
HOMY COCTaBy KOHTHMHEHTalbHOM Kopbl 1o (Taylor,
McLennan, 1985), T.e. B MICTOUHMKE MX MAaTEPUHCKUX
pacIuiaBoB B KaueCTBe 00OTallleHHbIX KOMITOHEHTOB
MOTJIH IIPUCYTCTBOBATh 3TU ABa TUIIA COCTAaBOB. Tou-
KM, OTBeYalollue IIeJI0YHBIM WHTPY3UBHBIM MOPO-
JaM OOUXWHYU Y BYJKAHUTAM apblIKaHTCKOW CBM-
ThI, Ha Tpaduke 50 Jiexar Mexny TpeHmamu 71hol n
Alk, T.e. B IX NICTOYHMKE OOOTallleHHbIE KOMITOHEH-
Thl MOTJIM OBITh MPEACTABICHBI MPEUMYILIECTBEHHO
JIPEBHUMU OCHOBHBIMU ITOPOJAMU — TOJIEUTOBOTO U
IIIEJIOUHOTO COCTaBa. BinusgH1e KOMIIOHEHTa, OTBeYa-
IOIIIETO CPEeAHEMY COCTaBy KOHTMHEHTAJIbHOM KOPHI B
X UCTOYHUKE IBHO He3HAYUTEILHO. Takske U3 3TOTro
pUCYHKA BUIHO, YTO IEBOHCKME TOJIOMUTHI HE MOTJIU
OBITh UICTOYHMKOM KapOOHATHOTrO BelllecTBa KapOo-
HatuToB OIUXUHYM, 0COOEHHO C yUeTOM ropas3nao 60-
Jiee HU3KUX COIEpPXAaHUM B OCAIOYHBIX HOJOMMTAX
HeoaMMa M CTPOHIIUS B CpaBHEHUU ¢ KapOoHaTUTa-
mu OpuxuH4uu (Tad. 5).

3ameTum, uto Rb/Sr u Sm/Nd oTHOIIEHUS B UH-
IUBUAYAJIBHBIX aHAJIM3aX IIEJIOYHBIX U TOJICUTOBBIX
OazajibTax BapbUPYIOT B IIMPOKUX Ipeaeiax U B 3Ha-
YUTEILHON Mepe MepeKphIBAIOTCSI, OMHAKO MeIUaH-
HbIe M CpelHUe 3HAUYCHMS PasIndaloTCs 3aMEeTHO U
3aKOHOMEPHO (Tabu. 6). DTO HaeT HaM OCHOBaHUE
Mpeanojarath, YTo B 00pa30BaHUU IIEJIOYHBIX Mar-
MaTtudecknx rmopon Maiimeua-KoTtyiickoit ipoBrH-
LIMX MOTJIO UMETh MECTO HacjieAoBaH1Ee paciIaBaMU
0CODEHHOCTEI cocTaBa UCTOYHUKA — B HEM MOT IIPU-
CYTCTBOBATh OOOTaIIeHHBIN 00siee IPEeBHUI KOMITO-
HEHT ILIEeJIOUHOTO K& COCTaBa.

I[Ipuban3nUTEILHO MOXHO OLICHUTH BpeMsi (op-
MHUPOBaHMS 3TUX 00OTraleHHBIX ITOPOI MCTOYHMKA,
ncxXonsd M3 BeMW4YMH nByctagnitHoro Sm—Nd Mo-
JIEJILHOTO BO3pacTa MCCIeAOBaHHBIX 00pa3IoB, KO-
TOpBI BapeupyeT B npeaenax ot 0.63 go 0.96 miapn
Jet (tabia. 5). OgHakKo HEOOXOAMMO IIOMHUTH, UTO B
pacyeTe ABYCTaAMHWHOTO MOIEIBHOIO BO3pacTa IS
IEPBOI CTAagWHU, T.€. CTAOUM DBOJIIOINN MCTOYHMKA
MaTepPUHCKOIO pacIllaBa, MCIIOJb3YETCS BEJIMYMHA
Sm/Nd oTHolIeHMs1, oTBevyalollass KOHTUMHEHTaIb-
HOI 3eMHOI1 Kope. Eciii XXe B MICTOYHUKE MaTepUH-
CKUX paciuiaBoB OOUXWHYM U apbIIKAHTCKOI CBUTHI
npeo0byagarolInii odoraleHHbIiI KOMIIOHEHT OTBe-
Yyajl IIEeJOYHBIM IOpoJaM, T.€. C HECKOJBKO Oojiee
Hu3koi BennunHoit Sm/Nd orHotreHnus (0.180), uem
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B KOHTMHEHTaIbHOI 3eMHOIi Kope (0.219), To o1ieHKa
BpPEMEHHM OTACICHUSI 3TOr0 KOMIIOHEHTa OT KOHBEK-
TUPYIOIIE MAHTUM JIOJDKHA OBITh HECKOJIBKO HIIXKE,
0.55—0.80 mipm net. OmHAKO, 0OOTaIleHHBIN TOJIEH -
TOBBIM KOMITIOHEHT, KOTOPHI TOXKE MOT OBITh B MC-
TOYHUKE 3TUX Topond (puc. 50), UMeeT, HAIlpOTUB,
ooJtee Beicokoe Sm/Nd otHotrenue (0.258), n TakuMm
00pa3oM, CMeCh IIEJTOYHOTO M HEIIeJOYHOTO 00ora-
IIIEHHBIX KOMITOHEHTOB MOTIJIa HE CUJIBHO OTINYaTh-
cs1 o BesmunHe Sm/Nd OTHOIIEHUS OT CPETHEKOPO-
BOIO 1 TOTJa OLIEHKM MOJEIBHOTO BOo3pacTa obora-
IIIEHHOI'O UCTOYHMKA B Ta0/IULIE 5, TO-BUANMOMY, HE
CUJIBHO MCKa>KeHBI.

JIoKanbHbIEe BAPHAIIMHA M30TOMHOI0 COCTaBa Sr U nd
B npeesiax MaccuBa. B 11e1oM, KaK OTMEUYEHO BHIIIIE,
BapualMy U30TOIMHOIO COCTaBa CTPOHILIMS U HEOM -
Ma B MICCJIeIOBaHHBIX 0Opa3ax MaccuBa OnuxuH4a Ba-
PBUPYIOT HE OYeHb IIpoKo. OIMHAKO, U B 3TUX Bapua-
LUSIX YIAJTOCh OOHAPYKUTb CBOM 3aKOHOMEPHOCTHU.

IIpexne Bcero ciaeayetr OTMETUTDh, YTO HedeTuH-
colep:Kallyie pa3HOCTU ITOpoJ 00Jiee TOMOTeHHBI 10
HavyaJbHOMY W30TOMHOMY OTHOIIEHUIO HEOoauMa,
yeM MeJIMJIMT-coaepxkaliue nopodsl (puc. 5a). Ilo-
JOOHBIE Pa3Iuuusi He MPOSBISIOTCS B M30TOITHOM
COCTaBe CTPOHIIMS, YTO MOKET OBITh CBSI3aHO C B 1Ie-
JIoM 0OoJiee IMPOKUMM BapUallMsIMU HadaJlbHOTIO
HU30TOITHOIO COCTaBa CTPOHLIVS (B CPAaBHEHUH C IO~
IPELIHOCTSIMUA M3MEPEHUSI U30TOMHBIX OTHOIIEHUIA
ATUX 2JEMEHTOB), YeM IJjis HeonuMa. HedenuH-co-
JepxXalire pa3HOCTU Topon U Ha OguxuHye, U Ha
Ipyrux MaccuBax Maiimeua-KoTyiickoit mpoOBUHIINHT
SBJISIOTCS OoJiee IIO3THMMM OOpa30BaHUSIMU I10
CPaBHEHUIO C MEJIWIUT-COAEPXKAIIUMU TMOPOAAMU
(Eropos, 1969, 1991). Bo3moxHO, 4TO B Ipolecce
SBOJIIOLIMKA MAaTEePUHCKMX MarM OT paHHUX K I03JI-
HUM IPOUCXOINUIA TOMOTEHU3AINsI U30TOITHOTO CO-
cTaBa HEOJUMa B HUX.

APpBIIXaHTCKUE BYJKAHUTHI TOXE pacramaloTcs
Ha JIBE TPYINbI 10 U30TOMMHOMY COCTaBy HeoIuMa.
JInMOYpPrUTHI, TUKPUT W OJUBUHOBBIM MEIUIUTHUT
colepXaT HeOouM ¢ 6oJiee BBICOKMMM 3HAYCHUSIMU
€ng(T), Torma kak MesnaHedETUHUTEL, B T. Y. U MEJIU-
JIUT-coAepxKalurii, copnagatot no €yy(T) ¢ HedbenuH-
comepXamumMu mopogaMu OIUXUHYM.

Kakx ormeueHO BbIllle, BapHallMM HAYaIbHOTO
U30TOMMHOTO OTHOULIEHUSI HEOJUMa B MEUJIUT-CO-
JIepxXalux u 6oJjiee paHHUX MOpoaax (OJIUBUHUTHI,
MUPOKCEHUTHI) BapbUPYIOT B HE OYEHb IIUPOKUX
npenenax, Eyq(T) Mmensercs ot +1.7 no +4.5. OnHako
U B 3TUX HEOOJBIIMX BapUallUusIX OOHapyKMBaOTCS
MPOCTpaHCTBEHHbIE 3aKoHOMepHOCcTU. Ha pucyHke 7
MOKa3aHO paclpeieieHne U30TOMHbIX OTHOIIEHUN
Heonuma (puc. 7a) u ctpoHuus (puc. 706) B 3aBUCHU-
MOCTHU OT PACCTOSIHUS TOYKM OMPOOOBaHUS A0 cepe-
JIUVHBI IeTpeccui (T. H. IUpKa) B ICHTPAJILHOM YacTU
MaccuBa. O6pasibl U3 LEHTPAIbHOW YacTW LUpKa
(mupokcenur Od-7-14, kapoonatutr Od-8-14, yH-
kommarput Od-9-14 u okaut Od-10-14) umeror ca-
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Puc. 7. 3aBUCMMOCTh HAaYaJIbHBIX U30TOITHBIX OTHOIIIE-
HUIT HeonuMa (a) U CTpOHLUS (6) OT PACCTOSIHUSI 10 LIEH-
TpaJbHOM YacTh LMpkKa Ha rope OauxuH4ya. Meauaut-
conepxanue (Me-bearing) mopoasl Ha 06oux rpadukax
00pa3yIoT TUIEePOOIMYECKYIO KPUBYIO, K KOTOPOI oTya-
CTH TSTOTEIOT KapOOHATUTHI U YILTPAOCHOBHBIE ITOPOJIbI,
Torna Kak HedenuH-conepxamue (Ne-bearing) mopomst
HE CJIEOYIOT 3TOM reorpaduyeckoil 3aBUCUMOCTH.

Mbl€ BBICOKKME U30TOIHbIE OTHOIIEHUSI HEOAMMa U3
BCEI KOJJIEKILIMHU 1 B OCTaJIbHBIX 00pa3liax Mopos U30-
TOITHBIE OTHOILIIEHHMS HEOAMMA IJIABHO TTOHMXKAIOTCS IO
Mepe yIaJIeHUsT OT CEpeAUHBI IUpKa (puc. 7a), mIpudeM,
B J1I000OM HampaBiieHuu (puc. 2). DTU Xe Iepedunc-
JIEHHBIE BbILIE MOPOIbl U3 LIEHTPAJbHOMN YaCTU LIUP-
Ka UMEIOT HanboJjiee HU3KHUE N30TOITHBIC OTHOIICHUS
cTpoHLS (puc. 70), XOTSI OTHOCUTENbHEBII pa3opoc
U30TOIHBIX OTHOIICHUI CTPOHIIUSI OCTAJIbHBIX 00-
pas3110B ropaso II1pe, YeM Ha pUCyHKe 7a.
TEOXUMUS Ne 12
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Takoe pacnpeneiieHre W30TOIMHBIX OTHOIICHWIA
HEOJMMa XOPOIIO COIIAcyeTcsl C M3BECTHBIM CHM-
METPUYHBIM CTPOCHHEM OOJILIIMHCTBA MAaCCHUBOB
Maiimeua-Kotyiickoit mpoBuHIIMM, (HOPMUPOBaB-
LIUXCSI KAaK MHTPY3UBHBIE Tejla LIEHTPAJIbHOIO TUTIA —
IITOKM, OCJIOKHEHHBIE KOJIbLEBBIMU MJIN MOTYKOJIb-
LEeBLIMM MHTPY3USIMU GoJjiee MO3OHUX (a3 BHEIpe-
Hus (Eropos, 1991). ITpu aTom Ha ipumepe OnuxuH-
YY1 MBI BUAMM, YTO IOPOJbI, TATOTEIOIINE K LIEHTPY
MaccuBa, XapaKTepusyloTcss Hauboyiee NMPUMUTHUB-
HbIMU (MAHTUMHBIMK) U30TOMHBIMU OTHOILICHUSIMU
HeoaMMa U CTPOHIIUS, TOLIa KakK K nepudepuu Bo3-
pactaeT BKJad W30TOITHO-OOOrallleHHOTO KOMIIO-
HeHTa. [To-BuIMMOMy, MaTepUHCKUI pacIiaB MaH-
TUIAHOTO MPOUCXOXKICHUS 10 Mepe MPOABUKEHUS B
BEpPXU KOHTUHEHTAILHOI TNTOCGhEephl aCCUMUIUPO-
BaJI €€ BEIEeCTBO, MMeEBIlee OoJjiee OoOOTralleHHBIC
M3O0TOITHBIE XapaKTEPUCTUKM IO CPAaBHECHUIO C €ro
UCXOAHBIM U30TOITHBIM COCTABOM.

BbIBOJ bl

Rb—Sr uzoronHas cucrema ioronura U Kajib-
mura u3 kapoonarura Od-16-19 maccuBa OguxuHYa
HapyllleHa, MOJIyIeHHBIIT BO3pacT MO0 MUHEPATbHOM
n30XpoHe — 245 * 3 MJIH JieT — OJIM30K KO BpEMEHU
dopmupoBannsts CHOMPCKUX TPAIIIOB U ITOPOI YIb-
TPAOCHOBHOTO-IIIEJIOYHOTO  MaiiMeda-KOTYICKOro
KOMIIJIeKca, OAHAKO OOJIBIION pa3dpoc aHAJIUTUYE-
ckux ToueK (CKBO = 22) He m03BOISIET CUUTATD 3TY
nmaty HameskHoit. HapyimeHne 3aMKHYTOCTH M30TOMI-
HOI1 cucTeMbl BO3MOXHO CBSI3aHO C TEM, YTO B IPO-
ecce aBTOMETacOMaTMYeCKOW (hJIOronuTHU3alun
KapOoHaTUTA He OBIIIO IMTOCTOSTHHBIM M30TOITHOE OT-
HOIIIEHWE CTPOHIIMS BO Itone.

U—Pb u3ororHas cucreMa TUTAaHUTa U [IEPOBCKUTA
113 TOTO ke 00pasiia kapooHartura Od-16-19 Takke oka-
3aJIach HApYIICHHOI: aHAJIMTUYECKIE TOUKU O0pa3yioT
JmaIM guckopaun. IlonygenHoe 3HaueHe U—Pb Bo3-
pacta ST TUTaHUTA cocTaBisieT 244 + 5 MJIH JieT
(CKBO = 1.8), nns mepoBckura — 247 = 18 MiIH neT
(CKBO =4).

Ilo-BuaMoMy, comiacymliuecss Mexay coboit
3Ha4YE€HUs BO3pacTa [0 00eUM U30TOIMHBIM CUCTEMAM
(245 + 3 mutH stet mo Rb—Sr u 247 + 18, 244 + 5 maH
Jer mo U—Pb) orpaxkaioT BpeMsi MeTacoMaTu4ecKux
npoueccoB — (hJIOronuTU3aLMU U UIHONUTU3ALNU,
MPU3HAKXA KOTOPBIX IIMPOKO MPOSIBIEHBI B MOPOIaX
maccuBa OnuxuHya.

IIpencraBiaeHHbIE pe3yabTaThl UCCAEIOBAHUS
Rb—Sr 1 Sm—Nd M30TOIHEIX CUCTEM YIBTPAOCHOB-
HBIX-IIIEJIOYHBIX MHTPY3UBHBIX ITOPOI ¢ KapOOHATH-
TaMu MaccuBa OauXMHYA U BYJIKAHUTOB apblIKaHT-
CKOIf CBUTHI YKa3bIBAIOT Ha 0OOTAIIEHHBII, OTHOCH-
TEIbHO COCTaBa KOHBEKTHpYIOIICH MaHTUM, U
U30TOIMTHO-TETEPOreHHBIM HMCTOYHUK WX MaTepUH-
CKHX pacIuiaBOB. DTOT UCTOYHHMK MOT ITPEACTaBIISATh
co00I1 coueTaHue yIbTPAOCHOBHBIX MAHTUITHBIX TT0-
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POl ¥ IIOpOI OCHOBHOTO cocTaBa (6a3uToB). ITocuen-
HYI€ UTPaJIM POJIb OOOTraleHHOrO KOMITIOHEHTA.

I[Ipu3HaKOB KOHTAMMWHALIMK PACIJIaBOB BMEIIA0-
IIMMM OCAJOYHBIMU MTOPOJAMMU in Situ He OOHapyKe-
HO, OOHAKO BapHalUuXd W30TONHBLIX OTHOIICHUI
CTPOHLIMS 1 HEOaMMa B ITopoaax MaccuBa OnuxmH4a
MOTYT yKa3bIBaTb Ha TO, YTO B ITPOLIECCE BHECAPCHUI
DIYOMHHBIX MarM MpOIOJDKAaJIOCh MX B3aMMOJIeii-
CTBUE U BEIIECTBEHHBIN OOMEH C OKPYKAIOIIMMHM 10~
poramMu JuTocGepsl U 3eMHOI KOPHI BIUIOTh 10 MECTa
MOJIHOTO 3aTBepAeBaHUSI PACILIaBOB, HA UYTO YKA3bIBAET
XapaKTep JIOKAIbHOM M30TOITHOM TeTePOre HHOCTH T10-
pon B IIpenenax MHTpy3uBa OnuxmuHya.

Asmopur npusznamenshot 10. /1. Ipuyenko u O.HU. Ipu-
UEHKO 3a NOMOUWb 8 NPOBeOeHUU NOAEBbIX PAOOM NemoM
2019 eooa, a makce 08yM GHOHUMHBIM PEUCHICHMAM U
A.B. Yyeaesy, ubu 3ameuanuss NoMoaau yay4uumos nep-
soHauanvHulll mexkcm cmamou. Mol makoce 6aazodap-
Hot K. M. Pazanyegy 3a nomouyb 86 nposedeHuu uccaedo-
BAHUIL HA INEKMPOHHOM MUKDPOCKONE.

Paboma eévinoanena 6 pamiax eoczadanuii TEOXHU
PAH u UTEM PAH.
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