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Kax yumuposams 3my cmambuio. MOpO3KUHCKOE 30J10TOPYAHOE MECTOPOXK/EHHUE (10skHas SIKyTHs): BO3PACT U HC-
TouHHKH pyaHoro BemiectBa / B.E.I'yzeB, A.B.Tepexos, P.I1I.Kpemckuii, b.B.bemsuxuii, A.B.Morganos // 3anucku
T'opHoro unctutyTa. 2021. T. 252. C. 801-813. DOI: 10.31897/PM1.2021.6.3

Annomayus. B paboTe IIpe/ICTaBIEHbI PE3YILTATH KOMILIEKCHOTO H30TOMHO-reoxumuueckoro (Re-0s, Pb u §%S) uc-
cre1oBaHus CyIb(GOUIHON MUHEpann3anui MopO3KHHCKOTO MECTOPOKACHHUS. Py/iHBIE 30HBI MECTOPOXKICHNUS JTOKAJIH-
30BaHBl B CHEHUTOBOM MaccHBe ropbl PyqHast, KOTOPBIH pacronokeH B npenenax LieHTpanbHO-ANIaHCKOTO PyIHOTO
paiiona (ro>xHast SIkyTust). 30JI0TOpYAHAS MUHEPAIU3AIHS IPEICTAaBICHA IPOKIIKOBO-BKPAIUIEHHOH, peke KUINbHON
MUHEpAM3aliedl U IPOsBICHa B KHCIOTHBIX HU3KOTEMIIEPATYPHBIX MeTacoMarutax — Gepesurax (Qz-Ser-Ank-Py).
Briepsbie nosydeHa olieHKa BO3pacTta 30JI0TOro opyaeHeHus ~ 129 + 3 MIIH j1eT, KoTopas CBUIETENILCTBYET O CHHXPOH-
HOCTH T'HIPOTEPMaJIbHOTO PYAHOTO Ipouecca B Gepe3urax, copMUPOBABIIEro MECTOPOXKACHHE MOPO3KUHCKOE, U
MarMaTH4ecKoH KpUCTAIM3alu CHeHUTOB Topsl Pynuas (~130 muH net Hazax). HavanbHbIH H30TONHEIA cocTaB
OCMHUSI M3YYEHHBIX CYIb(HUI0B YKa3bIBaeT HAa CMEIIAaHHBIH, MAHTHHHO-KOPOBBIH, NICTOYHHK BELIECTBA CyIb(pHUIHOM
MUHepaiau3anuu. HoBble TaHHBIE 0 M30TOIIHOMY COCTaBy CBHHIA CHEHHTOB CBHIETEILCTBYIOT O HpeoOialaHun
CBHMHIIA MAHTUHHON PUPO/IBI U HECYIIIECTBEHHOM pOJIM CBUHIIA HU)KHEH KOPBI, TOTla KaK H30TOTHBII COCTaB CBUHIIA
MMUPUTA YKa3bIBaeT HA IPUCYTCTBHE BEIIECTBA BEPXHEKOPOBOTO HCTOYHUKA ITPH T€HE3HCE PyJHOTO MUHEpana. 3Ha-
uennst 5S cynbdhunos mzmenstorest ot —2,3 10 +0,6 %o M yKa3BIBAIOT HA TIPEUMYIIECTBEHHO MATMATHYECKH HC-
TOYHHK CEpHI B py/ax.

Knrwouesvie crosa: MOpO3KHHCKO€ MECTOPOKIACHUEC, TOpa Py)IHaH; BO3pacT, Re-Os nzoronHoe JaTUPOBaHUE; U30TOII-
HBIN COCTaB CBHHIIA, M30TOIHBIN COCTaB CEPhI

Ipunsma: 30.11.2021 Onaaiin: 00.00.2021 Onyénuxosana: 27.12.2021

BBenenne. AngaHckuil IUT — KpynHeHmui BeicTyn pyHaamenTa Cubupckoii miardopmsl, B mpe-
Jiesiax KOTOPOro B IMO3JHEME30301CKOe BpeMsl IIMPOKO MPOSBUIICS KaJTHEeBBIH MarMaTusm, chopMupo-
BaBIIMH AJITAHCKYIO BEICOKOKAITUEBYIO MIETOYHYIO MPOBUHIKIO [18]. OHMM U3 AEBATH 30JI0TOPYTHBIX
paiioHOB 3TOI MpoBHHIMH siBisieTcs LlenTpansHo-Annanckui [6, 7, 11], B cocTaB KOTOPOro BXOAUT U
UHTPY3UBHBIM MacCUB CUEHUTOB ropsl PyjqHast ¢ HeJaBHO OTKPBITBIM MOPO3KHHCKUM 30J10TOPY/IHbIM
MecTOpokAeHueM ¢ 3amacamu 17,3 T 3omo0ta. OpyneHeHHE NPUYPOUYEHO K 30HaM Oepe3uTH3aluH
(Qz-Ser-Ank-Py) n npeicTaBIeHO MPOKUIKOBO-BKPAIICHHON ¥ KHJIBHOW MUHEpaIN3aiei, JOKaIn30-
BaHHOHM B KPYTONAIAIOMINX CYOMEpHUIHMOHATBHBIX 30HaX APOOJICHHUs] BHYTPH UHTPY3uH. VcTopus usyue-
HUSI, N30TOIMHO-TEOXMMUYECKHE UCCIIEIOBAaHNS CHEHUTOB ¥ YaCTUYHO NEeTPorpado-reoXuMHUIecKue 0co-
OEHHOCTH THUAPOTEPMATBHO-METACOMATUYECKUX OOpa30BaHMN MECTOPOXKICHHS IMPUBEICHBI B paHee
onmyOnMKoBaHHBIX padorax [8, 10, 13]. HecMoTps Ha BBICOKYIO CTETIEHb H3YUYS€HHOCTH 00BEKTa, HEKOTO-
pble IPUHLUIINAIBHBIE BOIPOCHI, KACAIOLIMECS BO3PACTa PYAHOM MUHEpalIM3alUd U UCTOYHHUKA Bellle-
CTBa, OCTAIOTCS HepelleHHbIMU. B pabote [13] Ha 0OCHOBaHMH JIOKAJIBHOTO ypaH-CBHHIIOBOTO JJaTHPOBA-
uust nupkoHoB (SHRIMP-1I) 6buto ycraHoBIeHO Bpemsi MarMaTHYeCKOW KPHCTAIUIM3AIMUA CHEHUTOB
ropel Pynnas ~130 muH net Hazaa. OOpa3oBaHHe PyAOHOCHBIX METAaCOMATUTOB (OEpE3UTOB) MPOUCKO-
WO Ha 3aBEpIIAIOUIEM d3Tale KPUCTAUIM3alUM 0 Mepe OCThIBaHMsA HMHTPy3uH. IIpum 3TOM Henb3d
HCKITIOYaTh TOTO, YTO pyJHAst MUHEpalIu3alus B Oepe3urax Moria ObITh CBA3aHa ¢ Ooee MO3AHUMH ITPo-
[IECCaMU M HaKJIaJbIBAIacCh Ha yXKe c(hOPMUPOBAHHBIE PaHEEe METACOMATHUTHI.
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Jlis yTouHeHusl Bo3pacTa HEMOCPEACTBEHHO THAPOTEPMAIBbHBIX MPOIECCOB U UCTOYHHUKA PYIHOTO
BELIECTBA AaBTOPAMH IPOBENEHbl KOMIUIEKCHBIE H30TOIMHO-TEOXUMUYECKHE M TE€OXPOHOJOTUYECKHE
(Re-Os, Pb u §3*S) nccnenoBanns pyaoHOCHEIX METaCOMATHTOB. Pe3y/IbTaThl 9THX HCCIEIOBAHHIA 03-
BOJISIFOT MOJJOWTH K PELISHUIO BOIIPOCA O BO3pacTe pynooOpa3oBaHusl, HCTOUHUKE MHHEPAIHLHOTO Bellle-
CTBa U BOJIIOLIMH MPOLECCOB Py1000pa30BaHUs M MarMaTH3Ma ropsl Pyinas.

Ieosiornyeckasi XapakTepucTHKA MecTOpPOKIeHus1. Pynnbie Teira MOpO3KHMHCKOTO MECTOPOKIe-
HUS JIOKAJIM30BaHbI B CHEHHUTOBOM MAacCHBE TOpbl PymHasi, KOTOpHI pacroioxeH B mpexaenax LleH-
TpaJIbHO-AJIIAHCKOTO PYAHOTO paifoHa BOMM3M nocenka Jlebeaunbtii (puc.1). [TonpoOHO reomornveckoe
CTpOEHHE TEPPUTOPUH rOpbI PyaHas paccmoTrpeno B paborax [8, 10, 13].

B cTpyKTypHO-TEKTOHMYECKOM IJIaHE MAacCUB COBMAAAeT ¢ TOMMOTCKOM MarMo- U PyJIOKOHTPO-
JUpPYIOLIEH 30HOM pa3ioMOB, KOTOpasi BhICTyMasa B POJIM MOABOAAIIMX KAHAJIOB IJIsi MAarMaTHYECKHUX
paciuiaBoB B mo3aHemMe3030ickoe Bpems [9]. MHTpy3us mpopbiBaeT mopoas! GpeqopoBCKoil ToIH (aM-
(dhubomnoBeie, TUMEpCcTeH-aM(PUOOTOBBIC, ABYIUPOKCEHOBBIE THEWCHI W KPHCTAUIMYECKUE CIAHIBI) H
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Puc.1. T'eonoro-crpykrypHast cxema L{eHTpanbHO-ANaHcKoro pyaHoro paiiona [9]

1 — panHeTOKeMOpPUIICKHIT KPUCTATUTMYECKUI (YHIAMEHT; 2 — BeHA-HIKHEKeMOPHHUCKHIA TIaT(OPMEHHBII 4€X0l; 3 — TEpPUTEHHBIE OTIOKEHUS

HIDKHEH ¥ cpefHel I0pbl; 4 — HHTPY3HH U TaiiKH (5) IEeT0YHOr0 U yMEPEHHOIIEIOYHOTO COCTaBa; 6 — Pas3ioMbl; 7 — IPaHUIBI OJIOKOB!

a — MOJTHATHI, 6 — BiajuH; 8-12 — Te0JI0ro-MpOMBIIUICHHBIS THITBI MECTOpOXKIeHHUsL: abkoHCKHH (Au-U) (8), psiounossiii (Au-Cu) (9),
ne6enunckuii (Au) (10), kypanaxckuii (Au) (11), camonaszosckwii (Au) (12); 13 — monoxenue LeHTpanbHO-ANIAHCKOTO PYIHOTO PaiioHa,;
14 — u3yqaemas teppuropus. Hanbonee kpymnHble HHTpY3UBHBIE MaccHBBI (IHQPHI B KBajpaTnkax): 1 — MuarmHCckuit, 2 — ToMMoTCKHi,

3 — SIkokyrckwii, 4 — JkekoHTUHCKNH, 5 — bliuteimaxckuit, 6 — FOxTunCcKHi, 7 — PIOHHOBBIH.
Hawnbonee xpynHble nuHeiHbIE Pa3noMbl (HHGPEL B kKpyxkax): 1 — Tommorckuit, 2 — FOxTuno-Ilypukanckuii, 3 — CeBepo-AnIaHCKUIA,
4 — Jxekonauuckuid, 5 — KOxyxTuHckuii, 6 — baitanaii-blieimaxckuid, 7 — Kypanaxckuit, 8 — Lentpansno-Kypanaxckuii
(battanaii-Kypanaxcxuit), 9 — FOxynrpunckuii, 10 — FOsxusrii, 11 — Cox-Comooxckuit
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I'PAaHUTOUABI PAaHHENPOTEPO30iicKOro Bo3pacTa (pUc.2) MU YACTHUYHO MOJCTHUIACTCS MaJOMOIIHBIMU
IUIaCTaMHU BEH[-HIDKHEKeMOpHiCKHX osoMuToB [6, 15]. UHTpy3us umeer Gopmy JakKoIuTa, MaKCH-
MaJjibHasi MOLIHOCTB KoToporo nocturaet 180 m [10]. CrnoxxeHn MaccuB MO3AHEME3030MCKUMU U Topdu-
poBUIHBIMH cueHuTaMu. Iloposabl MaccuBa IpopBaHbl 0oJiee MO3JHUMU JalKaMu U CHJJIAMHM CUEHUT-
HoppHUPOB M M3BECTKOBO-LIEIOYHBIX JIAMIPO(UPOB, MPOTAKEHHOCTh KOTOPBIX JOCTHraeT 1 kM Impu
MOIIIHOCTH B HECKOJIBKO METPOB.

BHenpeHue CHEHUTOBOrO paciulaBa MPUBENIO K 00pa30BAHUIO KOHTAKTOBO-METACOMATHYECKUX U
THAPOTEPMATIbHO-METACOMATHIECKUX acconrauii. I1o cTpyKTypHO-BeIIeCTBEHHBIM XapaKTepPUCTUKAM H
MHHEpPaJIbHBIM [TapareHe3ucaM Bce METaCOMATUTHI Pa3/ieieHbl Ha MATh TPYMIT: (enbamnaToauThl, Ipo-
IWIUTBI, CKAPHOUJIBI, TyMOEUTHI U Oepe3uTsl. OOpa3oBaHUE METACOMAaTUTOB MPOUCXOUIIO HA BCEX ITa-
[ax CTAHOBJICHUS MAacCHBA: OT MOMEHTA BHEPEHUsI CHEHUTOBOTO paciuiaBa ((enbAnaTolInuThl, CKapHoO-
UJIBI, TIPONMJINTBI) JI0 €r0 KpUCTaIUTH3auy (Oepe3uThl U TyMOEUTHI) KaK BO BMEIIAFOIINX ITOPOAAX, TaK U
B IIOpO/iax caMoii HHTpy3uu. [IpoMbIIIIeHHOE 3010TO€ OpYACHEHNE IPIHYPOUEHO K 30HaM Oepe3nTH3aLuH
(Qz-Ser-Ank-Py) Ha yyacTkax HHTEHCHBHOW METaCOMATHYECKOM MepepabOTKH IIOPO]] BIOJIb KPyTOIa/ia-
IOIIUX PA3JIOMHBIX CTPYKTYp BHYTpU MHTpY3uu [8]. Hanboiee mpoTsHkeHHBIE M MOIIHBIE 30HBI, 3aKIIIO-
yaromue He MmeHee 90 % pecypcos 30110Ta Ha MecTopoxkaeHun: Kpyrasa-KomnekrtusHas, Bospoxnenue u
I'panutHas-Pynnas-1, 1l (puc.2). B npenenax pyaoHOCHBIX 30H pa3BuTa Cyab(QuHas (IUPUT, XaIbKOMHU-
PUT ¥ apCEHOIMPUT) NPOXKIWIIKOBO-BKPAIICHHAS U *KUJIbHAsI MUHEpaIM3aLus, ¢ KOTOPOI mapareHeTuye-
CKH CBSI3aHO 30J10TO.
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Puc.2. Biok-auarpaMma reosiornueckoro crpoeHust ropst Pyaaast [8, 10]

1-3 — nopoxs! GperopoBcKoit ToNIM: | — KPHCTALINYECKUE CIIAHIIBI, 2 — INIATHOTHENCHI, 3 — THEHCHI; 4 — MaNeonpoTepo30iCKIe IPaHuTH;
5 — cueHHTHI; 6 — BeHI-HIKHEKeMOPUIICKIE JOIOMHUTEL; 7 — 30J0TOPYAHbIE KPYTONAIAIONIHe KIIIBI X CyOrOPH30HTAIbHbIC TEHTOBHIHBIC
¥ IUIaCTO0OpasHbIe 3a5IeXKH; 8 — CyOropHu30HTAIBHBIC 30JI0TOPYAHBIC Tela Jebeanackoro (Au) tuma; 9 — pyIoHOCHbIE
THAPOTEPMAIIbHO-METaCOMaTHYECKHE 00Pa30BaHNU: @ — 30HBI OEpe3UTH3ALMH, 6 — 30HBI HHTEHCUBHO OEPE3UTH3UPOBAHHBIX M OPEKYHMPOBAHHBIX
nopof; 10 — mpoeKIus reoIoruueckoro pazpesa Ha JHEeBHYIO HOBEPXHOCTh; 11 — MecTa otOopa 06pa3nos
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CoruacHo onyonukoBaHHbIM faHHBIM [10], 3amacer Mmectopoxxaenust 17,3 T 3010Ta P CPeTHEM CO-
nepxanuu 1,6 r/T. [To XuMHUYeCKOMY COCTaBy 30JI0TO MPEACTABISAET CO00I 30JI0TO-cepeOpsHBIN CILIaB,
npoOHOCTh KOTOpOoro B cpeaHeM coctasisier 870 %o. ['mupoTepmanbHO-METACOMATHUECKUI XapaKTep
PYIHOM MUHEpaIM3allii, HAJIMYMe 30H APOOJICHUS U BTOPUYHOTO 00OTaeHus] B OKUCIUTENbHBIX YCIIO-
BUSIX THUIIEpreHe3a, MPOKUIKOBO-BKPAIUICHHAs! TEKCTypa METaCOMaTUTOB — BCE CBUAETEIBCTBYET O IO-
nucTaguiiHoM (popMupoBaHU MOPO3KHHCKOTO MECTOPOKACHHUS, KOTOPOE aBTOPaMH OTHECEHO K 30J10TO-
MeaHO-ophupoBoMy THIy [8].

MeToauka U MeTObI HCCIeN0BAHU. AHATUTHYCCKUE HUCCIEA0BaHMS ObLUIH BRIMIOTHEHBI B [leHTpe
n3otonHbix uccinenopannii PI'bY «BCEI'ENy» (Cankt-IleTepOypr). Re-Os matupoBanne pyaoHOCHBIX
Oepe3uTOB MPOBOIIIOCH 110 MOHO(MPAKIMSIM IMUPHUTA U3 IBYX MPEICTaBUTENLHBIX 00pasnos ['P-1 u ['P-2.
O06pa3siiel oToOpansl B 300 M Ipyr oT Ipyra U3 IMeHTPabHON YacTH Haubosee KPYIMHON U MPOTSHKEHHON
pynonocHoii 30ubI (Kpyras-Komnekruaas) Mopo3KHHCKOTO MECTOPOXKACHUS, TJI€ PACIPOCTpaHEeHa 30-
noTopyaHas MuHepanuzanus. OOpasipl IpeCTaBIsIOT COO0H KBapIl-CEPUIIT-aHKEPUTOBbIE MeTacoMa-
TUTHI C IUPUTOM M XaJIBKOIUPHUTOM, Pa3BUTHIE IO OPEKYUPOBAHHOMY CHUEHHTY. [IMpuT BCTpeyaercs B
CyIb(GUAHBIX MTPOKHUIKAX B aCCOLMAIMH C XaJIbKOMTUPUTOM U B paccessHoi (popme B KBapIl-aHKEPUTOBOM
arperate MaTpHIbl MeTacoMatuTa. 13 00pa3ioB BpyuHyIO M0 OMHOKYISPHOM JTynoi ObLTH OTOOpaHbI
npoObl MoHOGpakuuii uputa. [lpn u3ydeHnu nupura 0codoe BHUMaHHUE yIENSIIOCH BBISBICHUIO BKIIIO-
YeHUH; eciiu OHM ObLIH, CyJb(UAB N3 MOHO(GPAKIKHY yransaauck. M3 kaxaoro obpasna oroupanock 1o
sATh HaBecoK cynbdunaa ot 190 no 255 mr. PacTBopeHre MUHEpPaAIOB OCYIIECTBIISIIOCHh B MPSIMOW U 00-
paTHOI HapCKOil BOJIKE ¢ MOCIEAYIOIIEH cernapanneil OCMUs U peHHS € HCIIOIb30BaHUEM OPOMOBOIT IKC-
TPAKIIUK, MUKPOJIUCTUIUISIIAY M )KUAKOCTHOM SKCTPAKIMHK ¢ H30aMuIoBbiM crimptoM [20]. Onpenencaue
KoHIeHTpanuii Re n Os u orHomenns 2'Re/*%0s nmpons3soanmocs MeTo0M H30TOMHOTO pa30aBiIeHNs C
HICTIOJIB30BaHUEM KaTHOPOBAHHOTO H30TomHOro 2°Re-1*°0s nnmukaTopa, KoTopblii 106aBIsIICA K HABECKE
cynbduma 1o paznoxxkeHus: npoOsl. M3mepeHuss H30TOMHOrO COCTaBa MPOBOAWIN B JHHAMHUYECKOM pe-
’KUME PETHCTPALMK: OCMUsI — Ha HOHHOM CueT4YnKe Macc-crnekrpomerpa Triton (Thermo Scientific) B ot-
PHILIATENIEHO 3aPSKEHHBIX HOHAX, & PEHUS — U3 TPEXIpoIieHTHOTro pactBopa HNO3 mpu HU3KOM paszperie-
HUM Ha DJIEKTPOHHOM YMHOXKHUTEJIE MAacc-CIIEKTPOMETpa ¢ MHAYKTHUBHO CBs3aHHOH ruiazmoit Neptune
(Thermo Scientific).

W3mepenus H30TOMHOTO coctaBa Pb BeINOHEHBI Ha Macc-criekTpoMeTpe Triton B craTndeckoM MHO-
TOKOJJIEKTOPHOM PEKUME PETUCTPALMU HOHHBIX TOKOB M OJIHOJICHTOYHOM BapHaHTe BBOZA MPOOBI B HC-
TouHUK. Kakplii aHamm3 H30TOMTHOTO COCTaBa CBUHIIA COCTOST M3 TIOCIIEIOBATEILHOTO N3MEPEHHUS N30-
TonHkIX orHOmenuit (2%°Pb/?%*Pb, 2°7Pb/?**Pb u 2°8Ph/?*“Pb) 50 610K0B 110 10 CKaHOB IpH TeMIEpaType
1300°C u Toke Ha neHTe ucnapurens 2,2-2,3 A. VI3mepuresnbHas ceccusi HAUMHAIACH C U3MEPEHUS CTaH-
napra — 50 ar SRM-981 (?°°Pb/?*Pb — 16,9374; 2"Pb/?**Pb — 15,4916; 2°8Pb/?**Pb — 36,7219), 10 cocTaBy
KOTOPOTO OCYIIECTBISIACH TOCIEAYIOMAast KOPPEKIMs U3MEPEHHBIX OTHOIICHH B PpoOax Ha mpudop-
HOe Macc-(hpakunonupoBanue. Benuunnaa 6manka Pb (X010cTo# 0nbIT) BO BpeMsi IPOBEJICHUS aHAIHU-
30B He TpeBbimana 0,2 Hr, a ero cocTas 06l crenyrommM: 22°Pb/2%Ph — 18,120; 2°’Ph/?*Pb — 15,542;
208pp/204ppy — 37,354. CooTHOMEHNE CBUHIA GIaHKA ¥ NpoOk! He TpeBbimano 1/200000, mosToMy 1o-
MpaBKa Ha COCTAB M COJIEP’KaHUE XOJIOCTOTO CBUHIIA JUTSI BHITIOJTHEHHBIX aHAIM30B HE BBO/IMIIACH.

OnpeneneHre U30TOMHOIO COCTaBa Cepbl B CyNb(PHIaX BHIIOIHEHO C UCIOJIB30BAHUEM MPOLEYD,
onucaHHbIX B crathe [14]. O6pasen cynbduaa (20-30 mr) cmemuBanu ¢ V205 U TOTYCHBIM KBapIEeM B
nponopuuu 1:10:10 1 momemanu B peakTop U3 IUIaBIeHOro kBapua. OKUCIeHue cepbl IPOU3BOAUIOCH
npu temmeparype 850 °C. M30TommHbIi cOCTaB cepbl U3MepsuIcs Ha Macc-criekTpomerpe Thermo Finnigan
Delta B pexume qBoitHoro Hamycka. KOHTpoiIb KOPPEKTHOCTH U3MEPEHH TPOBOAMIICS 1O CTAHJAPTHBIM
oOpasiam ¢ W3BECTHBIM H30TOIHBIM COCTABOM B JTMATIA30HE %S or —15,1 10 +21,8 %o OTHOCHTEIIBHO
tpounura u3 Canyon Diablo (CDT) (BKitouas MesxxayHapoaHbie cTannapTsl: NBS-123 — §*S = +17,44;
u NBS-127 — §*S = +21,8). Bocnpou3BoauMOCTh H3MEPEHHOTO H30TOMHOTO COCTAaBA CEphl, BKIIIOYAS
TIOArOTOBKY 06pasua, He Xyxke 26 + 0,1 %o a1 63*S. Benmmuuner §°*S paccunTaHbl OTHOCHTENBEHO CTAH-
napta CDT.

Pe3yabTaTsel u o0cyxaenue. Re-Os oamuposanue. PesynbtaTel Re-Os H30TOIMHOTO aHau3a MUPUTa
o6pasnos ['P-1 u ['P-2 pynoHocHBIX 6epe3uToB MOPO3KHHCKOTO MECTOPOXKACHUS TTPUBEACHBI B Ta0. 1.
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Tabauya 1
Pe3yabTaThl Re-Os H30TONHOr0 aHAIN32 MOHO(PAKIMIA MUPUTA U3 PYAOHOCHBIX Oepe3suToB MoOpPO3KHHCKOI0 MECTOPOKACH s
ConeprxaHue, Mr/T
O6pasen Howmep Hagecka, Mr 187Re/*®0s +26, % 1870s/*880s +26,% | Tma, MJIH JIET
HaBECKH Re Os

TP-1 1 255,5 1,053 0,061 87,035 0,542 0,50550 0,004 261
2 216,3 1,691 0,053 163,67 0,155 0,67454 0,006 201
3 202,8 1,722 0,120 71,601 0,514 0,44923 0,007 270
4 199,2 0,938 0,182 25,453 0,294 0,37038 0,006 573
5 249,1 1,639 0,027 318,19 0,123 0,99408 0,014 163
TP-2 6 198,0 11,26 0,236 881,47 0,169 22,0269 0,247 1473
7 229,1 12,19 0,304 566,06 0,150 15,0660 0,083 1564
8 234,0 10,41 0,287 422,69 0,134 11,1138 0,038 1540
9 187,6 12,73 0,379 355,72 0,127 9,40346 0,069 1545
10 205,3 12,90 0,261 1078,8 0,075 27,3467 0,017 1496

N3yueHHble MOHO(PAKIIUK TUPUTA IBYX 00pa3L0B XapaKTEPU3YIOTCS 3HAUUTEIbHBIMU Pa3IMIUsIMU
KaK B COJIEp>KaHUM PEHUsI U OCMMUsI, TaK U B UX cooTHoleHuu. Ecinu conepkanue perus B nupure ['P-1
m3mensiercs ot 0,938 mo 1,722 mr/t, a ocmust ot 0,027 no 0,182 mr/t, To muput ['P-2 oboraiieH 3Tumu
anemeHnTamu B 2-10 pa3 Gonbine: conepikanue penus Bapsupyet ot 10,4 1o 12,9, a ocmust — ot 0,236 1o
0,379 mr/t. Ilo conepkaHUIO OCMHUS N3YUYEHHBIE MUPUTHI COIIOCTABUMBI C ITMPUTOM 30JI0TOPYIHBIX Me-
CTOPOXICHUH, aCCOIMUPYIONINX C KOHTJIOMEpaTaMHy, U OTINYAIOTCSA HA OPSA0K OT MUPHUTA THAPOTEP-
MaJIbHBIX CYJIb(QHUIHBIX MECTOPOXKIACHHIA 30710Ta (B OOJIBIIYIO0 CTOPOHY) M MECTOPOXKICHUH 30JI0Ta B KO-
MaTUHTax (B MEHBIIIYIO CTOPOHY) (puc.3).

M30TOMHBII cOCTaB OCMUS H3Y4E€HHBIX MOHO(PAKIMIT MUPUTA TAaKXKE 3HAYUTEIBHO Pa3IMYaeTCs JUIs
JIBYX 06pas1ioB MeTacoMatuToB. Tak, eciu B upute I'P-1 Benmunna nsmepentoro otHomenus &’ 0s/1%80s
Haxoqurcsi B unTepBaie 0,37-0,99 u ornmuaercs kak oT kopoBbix (>1,0 [28]), Tak ¥ OT MaHTHIHBIX
(=0,1286 [24, 27]) BennuuH, TO 17151 uputa odopasua ['P-2 oHo u3mensiercs ot 9,4 10 27,3 1 COOTBETCTBYET
THITYHO KOPOBBIM 3HAYEHHAM. BBICOKHE BETMUMHEI H30TOMHOTO oTHOmeHus 8’ 0s/*®0s apnsrores cnen-
CTBHEM HAKOILIEHHS PaJHOreHHoro n3otomna 8’0s 3a cueT paaHoaKTHBHOTO pacmlaja peHus in Situ B Mat-
puie cynbpuia, a TakkKe MEPBUYHO PAJAMOTEHHOrO XapaKTepa M30TOIHOTO COCTaBa OCMMS MCTOYHHKA
BEILIECTBA, 3@ CUET KOTOPOTO (POPMHUPOBATUCH CYNb(UABI THIPOTEPMAIBHBIX METACOMATUTOB (HAIIpUMep,
KOpoBbI€ Opo/ibl). COOTBETCTBEHHO, CMEIIEHHE BEIIECTBA PA3IMYHBIX 110 COCTABY M COJACPIKAHHIO OCMUS
WMCTOYHHUKOB (HampuMmep, KOphl H
MaHTHUH) B Tporiecce GOpMUPOBAHUS
PYJIOHOCHBIX O€pe3UTOB TaKkkKe OYIET 10000 -
CKa3bIBaThCs Ha BEJIIMUYMHE HaAdallb-

Os, mr/T [

3onoro Bureatepcpania

HOTO OTHOLICHUS H30TONOB OCMUS 1000 |~
nupura [31].
Ha n3oxpoHHBIX quarpaMmax B 100
xoopnuHarax 8’Re/'®80s-18"0s/1880s 10 - e :
0JIOTO
M30TOIHBIE COCTaBbl THpPHTA 00- MO

pasuoB I'P-1 u I'P-2 oGpa3ytor nu- 1 .
HeliHble TpeHabl (puc.4). Tak, ais - /0'/HMpHTLI picha Creis
obpasma ['P-2 mo Tpem u3 T aHa- 01 s
1308 (puc.4, a) MOKHO pacCCUUTATh \_\ ) > Ilupursi puda Berrepcaopn
JIMHEWHYI0O KOPPEAIUI0, HAKIOH 0.01 " Srrepmansioe son0m0 THAPOTEPMATBHOE 3010TO
KOTOPOH COOTBETCTBYET BO3PACTY o ooq Lot oo I Pmer, 1 PaspbIx THIIOB | ,
1468 + 4 MuIH JIeT TP BEJIUYUHE 0,01 0,1 1 10 100 Re, mr/t
CKBO (cpennwuii kBajpat B3BEIICH-

N Orp-1 Orp-2
HBIX OTKJIOHeHHH) 1,7 W HaYaITbHOM
U30TOIIHOM OTHOIIEHUU OCMUA Puc.3. [Tonoxenne Mmonodpakuuii muputa Mopo3KHHCKOTO
(18708/18808)0, PaBHOM 0,6320 + 0,057. MECTOPOXACHUS Ha JUarpaMMe pacipeie/ICHUs COAepIKaHusl PEHUS U OCMUS

. B PYIHBIX MUHEpAJIax 30JI0TOPYAHBIX MeCTOposkaeHui [19, 25]
Paccunrannbii BO3pacCT 3HAYUTCIBHO
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Puc. 4. N3oxpounbie Re-Os quarpaMmebl 171st MOHO(ppakiui muputa MOpPO3KHHCKOTO MECTOPOKAeHuUs: a — obpaszer I'P-2,
M30XpOHA IOCTPOEHA MO TPEM aHaIM3aM (YeThIpe TOUKH); O — oOpazer ['P-1

OTJIMYAeTCsl OT U3BECTHBIX JATHPOBOK PYAHON MUHEpaM3alMi U MarMaTH3Ma B mpenenax LleHTpanbHo-
AJTaHCKOTO PyIHOTO pailoHa U HE MOATBEPIKIACTCS MPSMBIMU T€0JIOrMYECKIMHU HAOIIOJCHUSAMU CTPYK-
TYpPHO-TEKCTYpHBIX ocoOeHHocTel py. [Io cocTaBy u copeprkaHuto peHust U1 ocMus mupuT obpasua I'P-
2 OTHOCHUTCS K TPYIIIE TaK HA3bIBAEMBIX BRICOKOPAAMOTEHHBIX C HU3KUM COJIEpyKaHHEM 0ObIYHOTO (Hepa-
auorenHoro) ocmust (low-level-high-radiogenic, LLHR [31]) cynbdunos. [IporucxoxaeHue Takux Cyiib-
(buI0B 10 CHX TOP HE SICHO, OJJHAKO, YIUTHIBAsl BEICOKYIO BeandunHy Re/OS OTHOLICHHS, IPUCYIIYIO 3THM
cynbduaaM, 1 UCTIOIB3YS UX PEHUH-OCMHEBYIO H30TOIHYIO CUCTEMATHKY, YaCTO MOXKHO TIOJTYYHUTh OUEHb
TOYHBIE JTATUPOBKH MUHEPAIN3AINY (aHAIOTHYHO IPUMEHEHHIO PEHUIT-OCMUEBOM CUCTEMBI B MO0 1e-
HUTAax), HO IIPU 3TOM, KaK IPaBUJIO, C BEICOKOW HEONpPEIeIeHHOCThI0 Ha4aIbHOTO U30TOIHOTO COCTaBa
OCMHSI B MOMEHT 00pa30BaHusi H30TOMHOM cuctembl [31].

Bce 370 B MosiHO# Mepe OTHOCUTCS K M30TOIMHOM CUCTeMaTHKe ocMusl muputa oopasima ['P-2: conep-
xanne *8’0s, B koTopoM BapeupyeT B peaenax 0,17-0,21 Mr/t, a coneprkanue 0GBIMHOTO OCMHUS COCTAB-
JISIeT MEHbIIIE TIOJIOBUHBI 3TOT0 3HaYeHus1. [Ipu 3TOM HEoIpeIeIeHHOCTh HAaYalbHOTO U30TOITHOTO OTHO-
IIEHUS] OCMUS 0 TIOCTPOEHHIO M30XPOHBI cocTasisieT 10 %, Ho naxe npu u3menennu Ha 10-20 % srtoit
BEJIMYMHBI OIICHKA BO3PAcTa MEHIETCSl HE3HAYUTENBHO, B Ipeenax +10 miH ner.

Ecnu npearnonoxurh, 4To COCTaB OCMHSI IUPUTA B MOMEHT 00pa30BaHUsI COOTBETCTBOBA MAaHTHIi-
HeIM xapakteprcTukam (¥70s/'%0s ~ 0,1286), To MaKCHMaIbHBIH BO3PACT CHCTEMBI YBEIHUHTCS JIO
1565 muH net. bBonee Toro, eciau UCMOIB30BATH U1l pacyeTa JIMHEHHOTO TPEH A BCE MSTh aHATH30B ITH-
puTa 1aHHOTO 00pa3la, TO HAKJIOH MOIy4YE€HHOH 3pOXpOHBI OyaeT cooTBeTcTBOBaTh 1451 + 96 miH ner
TIPH HAaYaJIEHOM M30TOIHOM cocTase ocmus (1¥70s/*%0s), 0,8 + 1,2 u CKBO, pasrom 33.

JIOTIOTHUTENIEHBIM apTYMEHTOM B T0JIb3Y 3HAYMMOCTH MOJYYEHHOTO JINHEHHOTO TPEH/1a Ha U30-
XPOHHOU JiMarpaMMe CIIy)KHT U BeTMunHa MojenbHoro Re-Os Bo3pacTa H3y4eHHBIX MOHO(PAKIIHHN OT-
HOCHUTEIIBHO XOHIPHUTOBOTO pe3epByapa (Tma): ot 1473 no 1564 mun ner (cm. tabm.1). B 20 xm Ha
CEBEPO-BOCTOK OT M3ydaeMoro oobekTa [26] panee OblIH 3aUKCUPOBAHBI CXOHBIC MPOSIBJICHUS Mar-
MaTH3Ma C anmaTUTOBBIMH pyaamu (Cenuraapckoe MEeCTOPOKACHHE), BO3PACT KOTOPHIX HAa OCHOBAHUH
K-Ar metona natupoBanus Haxonutcs B uHTepBaie 1400-1500 mun net. Bo3moxkHo, pynoobpasyromuit
durona, MOCTYNMBIIMK B 30HY pasrpy3kd B OCHOBHYIO CTaJMI0 ME3030HCKOrO MarmMaTH3Ma OKOJIO
130 muH et Hazazd, GOpMHUPOBAJICS KAK 3a CYET OCTATOYHOTO BEIIECTBA MArMaTHYECKOTO pacijiaBa cue-
HHUTOB, TaK M 3a CYET peMOOWJIM3AIMU BEIIECTBA M3 BMEIIAIOUINX MOPOJA BEH[-HWKHEKEMOPUICKOTO
wIaTGOPMEHHOT0 YexJia WM THEHCOB U KpHCTaJUIOCTaHIeB GpyHaamMeHTa. [Ipu 3ToM OCHOBHBIM MCTOY-
HHKOM OCMUSI CYITb(MHIHON MHHEpAIN3aIMK ObLT MAaTEpPHaI KOPOBOTO MporcxokaeHus [31]. B atom ciy-
yae HayaIbHBIIA H30TOMHBIHA cocTaB ocmust (1870s/*%0s)y dpaximii muputa KomKeH OBLT BAPHUPOBATH B
npenenax 25,00-8,63 B MoMmeHT kpuctasumzanumu nuputa 130 MuH J1eT Hazad, WIM B CPEAHEM
15,554 + 6,4. Ctonb BRICOKas BeMUnHa H30TomHOro otHomeHns (*870s/*¥0s)o mis BepxHeit Kopsl — 1,2,
anst mwokHer — 0,8 [24]) morna chopmupoBathes B uctounrke ¢ Re/Os coorHomenuem 120-530 3a
500-700 muH neT. B xadecTBe MCTOYHHMKA OCMUSI MOTJIM BBICTYNATh CYJIb(HIBI BMEIIAIOMNX MOPOJ
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w1aT(OPMEHHOTO YexJa, A KOTOPBIX XapaKTepeH GpaKIMOHNPOBAaHHBIN XapaKTep PEHUI-OCMUEBOTO
OTHOIIEHHs BILIOTH 10 10° 1 Goree B cltydyae IPHCYTCTBHSA B HUX MOTHOAeHHTA. KpoMe TOTo, U BRICOKas
BAapUATUBHOCThH HAYAIBHOTO U30TOMHOTO OTHOLIECHUSI OCMUS JJI U3YUCHHBIX (DpaKIMii MUPHUTA XOPOII O
COTJIaCyeTCs C OCaJ0YHBIM MPOUCXOXKICHUEM CYIb(UA0B, IPU KOTOPOM OTCYTCTBYET IpEIBAPUTEIIb-
Hasi TOMOT'€HU3alHs U30TOITHOI'O COCTaBa PEHUI-OCMUEBOM CUCTEMBI.

Jls upura o6pasma ['P-1 Re-Os m30xpoHa mocTpoeHa MO BCEM ITSATH BBITIOJTHCHHBIM aHAIA3aM,
BennuuHa cpeaHekBaapatuunoro otkinonenus (CKBO) paBna 2,1, HadaibHOE H30TOITHOE OTHOIIIEHHE OC-
mus (1870s/*%0s)y 0,3176 + 0,0052, HAKIOH M30XPOHBI COOTBETCTBYET Bo3pacTy 129 +3 MIH JieT
(puc.4, 6). Hecmotps Ha oTHOCHTENHHO BhICOKYIO BenuunHy CKBO, 3Ta onenka 0:1m3ka BO3pacTy KpH-
CTaJUTM3AIlIH CUEHUTOB TOpPhI PyTHast, KOTOpKIH OBLT TOTydeH aBTopamu pabotsl [13] Ha ocHOBe naTH-
POBOK IIMPKOHA YpaH-CBUHI[OBBIM JIOKaNbHBIM MeTo oM (SHRIMP-I1I). B 310ii paboTe Ha OCHOBaHHU
aHaJln3a PeIKOAIEMEHTHOTO COCTaBa ObLIO BBIIETICHO /IBa KOHTPACTHBIX TI0 COCTaBy M OOJIMKY (Marma-
TUYECKUH U THAPOTEPMAIbHO-METACOMATUYECKHi1), HO OJHOBO3PACTHBIX, TUIIA [IMPKOHA, U CJEJIaH BbI-
BOJI 0 OJIM3KOOAHOBPEMEHHOM XapaKTepe MarMaTHYeCKON KPUCTAJUTM3AIMA CHEHUTOB ropbl PymHas u ux
¢dmronHOM nepepadoTke. [lomydeHHas oreHKa Bo3pacTa cyab(UI0B XOPOILIO COrNIacyeTcs U C BO3PaCcTOM
PYIOHOCHBIX ryMOenToB PssOuHOoBOro Mectopoxaenus (129 £ 1 mMitH 5iet), ¥ BpeMeHeM OCHOBHOM pyI0-
NPOIYKTUBHOM CTaIMU MarmMaTu3Ma B mipenenax [leHrpanbHo-Anganckoro pyaHoro paiiona [16]. Takum
obpasom, Re-Os uzoxponnbiit Bospact (129 + 3 mus siet) nupurta obpasua ['P-1 MokHO paccMaTpuBaTh
KaK re0JIOTHYECKH 3HAUMMBI, a MarMaTHYECKYI0 KPUCTAJUTM3AIMIO CUEHUTOB Topbl PynHas u ¢popmupo-
BaHHE PYAHON MUHEpaIN3aliK B Oepe3uTax — CyOCHHXPOHHBIMH.

Hzomonnviii cocmas PD. I30TONHBINA cOCTaB CBUHIIA OBLI H3y4YEH B YSThIpEX 00pa3iiax CHeHUTA U B
TpeX MOHO(MPAKIUAX MUPUTA U3 PYAOHOCHBIX Oepe3uTOB MOPO3KMHCKOTO MECTOPOKACHHS. Pe3ynbraTe
M3MEPEHUI H30TOITHOTO COCTaBa CBUHIIA, MOJICIIBHBIN BO3PACT M IMapaMeTphl HCTOYHHKA CBHHIIA IO MO-
nenu Creiic — Kpamepca [30] npuBenens! B Ta0i1.2, a Ha4alIbHbIC H30TOMHBIC XapPAKTEPUCTUKH, PACCUH-
TaHHbIC HA BpeMs MpeaIogaraéMoi KpucTauin3auuy uHTpy3uu ~130 mutH siet, — B Tabm.3.

M3MepeHHbIe BEIMUMHBI H30TOMHBIX OTHOIIEHHI CHEHHTOB BapbUPYIOT B AuanasoHax: “°Ph/*%Ph
ot 16,775 no 17,399; *Pb/**Pb — ot 15,308 no 15,444; ®Pb/**Pb — ot 36,743 no 37,686. Ceunen
MUPUTA XapaKTEPU3yeTCsl CyLIECTBEHHO MEHBUIMMHU BapHalMsIMU M30TOITHOIO COCTaBa U 0ojiee pajguo-
TEHHBIM COCTaBOM TI0 CpaBHEHHMIO ¢ cueHuTamu: 2°Pb/?%*Pb — ot 17,369 no 17,521; 2'Pb/?%Pb — or
15,450 no 15,537; 2%Pb/?**Pb — or 37,680 mo 38,178. B koopmunarax 2°°Pb/2*Pb-2"Ph/?%“Pb (puc.5)
TOYKH M30TOITHOTO COCTaBa CBHMHIIA U3YYEHHBIX 00Pa3I0B HAXOAATCS HUKE JTMHUU IBOJIOLUU H30TOI-
HOTO COCTaBa CBUHIA 3eMJiH 1o AByxcTaauiiHoi moaenu Creiicu — Kpamepca [30] u ieBee reoxpoHsbl,
o0pa3ys OTYETIMBBINA TMHEHHBIN TPEeHI (3a HCKITIoUeHHeM o0pasiia muputa ['P-1), KoTOpbIil MOKET UMETH
KaK T€OXPOHOJIOTHYECKOE 3HaUeHHe (ecau OH 00pa3oBaH MPEUMYIIECTBEHHO 3a CUET paclaja ypaHa H
HaKOIUJICHUSI paJAMOTEHHOT0 CBUHIIA in situ), TaK ¥ CBUIETEIILCTBOBATH O CMEIICHUH BEIIECTBA KaK MHHU-
MYM JIByX UCTOYHHMKOB C Pa3JIMYHBIM H30TOMHBIM COCTABOM B IIPOLIECCE KPUCTAIIM3AMU IOpoA U (op-
MUPOBaHUs CyIbQHUI0B. PaccunTaHHbIe TPEH B! YKA3bIBAIOT HA MMO3HEAPXEHCKUN BO3PACT POPMHUPOBA-
HUSI CBUHIIOBOM M30TOITHOW CUCTEMBI CHEHHTOB U ITUPUTOB — OKOJIO 2,6 MIIpJ JIET Ha3axd (Ha puc.S moka-
3aHa CBEpOYHas M30XpoHa ¢ Bo3pacToM 2589 + 110 muH jeT, paccunTaHHas MO YETBIPEM TOUYKAM IIPH
CKBO =13). AnbTepHaTUBHBIM OOBSICHEHHEM MOXET OBITb (POPMUPOBAHHE H3OTOMHOW CHCTEMBI
130 MuTH JTeT Ha3aJ 3a cUeT CMENIEHHs KOPOBOTo cBUHIA 2°°Ph/2%4Ph 18,505, "Ph/?*Ph 15,619 n HmxHe-
KOpOBOTrO-MaHTUIHOTO ¢ Bo3pactoM 2400 miH nieT u coctaBoM 13,88 u 14,82 coorBeTcTBEHHO (pHC.S).
[Ipu 5TOM OYEBHIHO, YTO 0JISI HUKHEKOPOBOIO-MAaHTHUIHOTO CBUHIIA JIOJIKHA COCTABIIATH B CMECH HE
MmeHee 20 % (o 40-60 %), npuHMMas BO BHUMaHUE MIPEUMYILIECTBEHHOE KOHIICHTPUPOBAaHUE CBHUHIIA B
BEPXHEKOPOBBIX MOpoax (CpemHsisi KOHIIGHTpAIKs B YeThIpe pas3a Bbillle, ueM B Mantuu [28]) u coaep-
’KaHHe CBHHIIA B U3y4eHHbIX o0pa3uax (15-20 r/t). YpaH-CBUHIIOBbIC OTHOILICHUS |2 B U3YYCHHBIX 00-
pasiax CUEHHUTOB BapbUPYIOT B OTHOCUTENLHO Y3KOM Auana3oHe 8,87-9,36, Ho cama BeIMYMHA OTHOIIIE-
HUS CYILIECTBEHHO HIDKE 9,74 (cpenHee 3HaueHue As cuinukaTtHou 3emiu moaenu Creiicu — Kpamepca
[30]), uTo MOKeT yka3pIBaTh HA OTHOCHTEIILHOE UCTOLICHUE YPAHOM MArMaTU4eCKOro MCTOYHHUKA CHe-
HUTOB. B TO e Bpems /17151 mUpUTa BEIMYMHA |12 CYIIECTBEHHO BbIlIe, nocturas 9,70 B oopasue I'P-1, uro
MO3BOJISIET OLEHUTh MOZEIBHBIN BO3pPACT ypaH-CBHHIIOBOM cucTeMbl 3Toro mupura B 790-800 muH et
(puc.5) cortacHO MIBYXCTaJMWHON MOJIEITH 3BOIIOIIMH H30TOITHOTO cocTaBa cBuHIA Creiicn — Kpamepca.
3HaYeHHS 2 U )2 B CHEHUTAaX BapbUPYIOT B IMpOKuxX npeaenax: 15,0-31,0 u 1,51-3,52 cooTBeTCTBEHHO,
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YTO OTpaXXacT MOBBIIICHHYIO ITOJABUXXHOCTD YpaHa XU TOPpHA OTHOCUTCIILHO CBUHIIA B HICTOYHUKE pacIilia-
BOB U IIPpU KPUCTAJUIM3AUX ITOPOA 3a CUCT BIUAHUA (1)J'II-OPII[HOI>1 KOMIIOHCHTHI.

Tabauya 2

H30TONHBII cOCTAB CBHMHLA (M3MePEeHHBIIi) B CHEHHTAX U MOHOQPAKIMAX MUPUTA MOPO3KHHCKOI0 MECTOPOKIEHHS
Houep 200pp/29ph + 25 207pp/24pp + 2 208pp/20%Ph + 2 T, M ner” e o X
obpasua

CueHHTHI

1212 17,3987 + 6 15,4185+ 7 37,6861 + 24 570 9,15 26,0 2,63

1213 17,1965 + 3 15,4042 +3 37,1994 + 11 700 9,15 15,0 1,51

1214 17,1744 £ 6 15,4443 £ 6 37,3495 + 20 800 9,36 21,0 2,07

r-1 16,7748 £ 2 15,3084 + 2 36,7432 +5 850 8,87 31,0 3,62

Cynb¢uas! (MUpuT)

I'p-1 17,4171+ 4 15,5368 £ 5 38,1783 £ 17 790 9,70 - -
I'pP-1/1 17,3688 +3 15,4496 + 3 37,8907 £ 7 650 9,30 - -
I'p-2 17,5206 + 3 15,4553 +3 37,6802+ 6 550 9,28 - -

* MogaenbHbli Boszpact u napamerpsl w1 (28U/2%Ph), o (232Th/2%4Pb), y (%32Th/?%8U) paccuunransl no aByxcraauiinoil Moaemnu [30]
¢ ucrnone3oBanueM Isoplot, Version 3.70".

Tabnuya 3
HavyanbHble H30TOMHbIE XapPAKTEPUCTUKHU U3YYEHHBIX 00pa31ioB MOpPO3KHHCKOI0 MECTOPOKAEHUS],
pacuyMTaHHBIE HA BpeMs MpeanojaraeMoii kpucraaiuzauuu ~130 miH jer
Homep 206p /204 207p /204 208p /204 * * *
obpasia U,ppm | Th, ppm | Pb, ppm Pb/2%*Ph Pb/?%*Pb Pb/?**Pb n ® X
CueHHTHI
1212 3,01 7,93 14,4 17,1356 15,4057 37,4592 12,9 35,2 2,72
1213 1,60 2,42 19,0 17,0915 15,3991 37,1474 5,15 8,05 1,56
1214 1,28 2,65 18,2 17,0865 15,4400 37,2900 4,31 9,23 2,14
Ir-1 2,48 8,73 26,4 16,6593 15,3028 36,6101 5,67 20,6 3,64
Cynbduas! (TUpUT)
I'p-1 - - - 17,4171 15,5368 38,1783 — - -
TP-1/1 - - - 17,3688 15,4496 37,8907 - - -
I'pP-2 - - - 17,5206 15,4553 37,6802 - - -
o0 ' v =13 g
4550 mitH et
[z [e]4
15,8
130 mi et /
206/204: 18,505 /
207/204: 15,619
Puc.5. [luarpamma u3MepeHHBIX COCTaBOB
2 /o D. 207pp 204}y 51 206p/204Phy
z 15,6 800 - / pne=9,7 JUISL CHEHUTOB H CYJIb(GHIOB (TIMPUTHI)
S /“/ ; MOpO3KHHCKOTO MECTOPOIKIECHHS.
5 1200 — e KpuBbIe 3BOJIOIMH H30TOTHOTO cocTaBa Pb
O 74 s
o — paccuuTaHbl IPU Pa3InYHBIX COOTHOLIEHUSAX YpaHa
154 / 800 /D /'4T He=90 Y CBUHIIA B UCTOYHHUKE |12 COTJIACHO MOJIENHU
— . Creiicu — Kpamepca [30]
1200 — .~ O
L 2 1 — cBepouHas n30xpoHa ¢ Bo3pactom 2589 + 110 muH et
15 2 207/204; 14:82 /0 T10 Y€TBIPEM TOYKaAM (Tp" aHalJin3a CUCHHUTOB, OJIHH
’ 400 O cynbpuna, CKBO — 13); 2 — mapameTps! H30TOITHOTO
800 _— p—— M2 = 8’01," COCTaBa ¥ BO3pacT KOHEYHBIX KOMIIOHEHTOB CMEUICHUS
—— /4450 mnH net BeIIIECTBA IPU 00pa30BaHNUK HAOII0OAAEMOr0 TPeH A
15,0 [ 4 B M30TOIHBIX KOOPANHATAX; 3 — H30TOMHBIH cocTaB Pb
16,0 16,4 16,8 17,2 17,6 18,0 18,4 18,8 B CHCHHTaX; 4 — B Cylb(HAAX; 5 — TEOXPOHBI
206pp,/204ph ¢ Bo3pacToM 4450 u 4550 M 1eT

* Ludwig K.R. User’s manual for Isoplot. Version 3.70. A geochronological toolkit for Microsoft Excel. Berkeley Geochronology
Center, Special Publication, 4, 2008. 77 p.
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Ha muarpamme B koopauHaTax
207pp/204pp-295pp/294Ph  (puc.6, a)
TOYKH HAYaJIbHOTO W30TOIHOTO CO-
CTaBa CBHMHILA (C TONpaBKOH Ha
HAKOIJICHUE PAJIMOTEHHOTO CBUHIIA
3a 130 MuTH JIeT ¢ MOMEHTa 00pa3o-
BaHWs) o0OpasnoB cueHuta (00-
pasusr 1212, 1213, 1214) o6pasytot
KOMITAaKTHYIO TPYIIY BOJHM3H KpU-
BOM 9BOJIIOLIMY MAHTUH U TIOJISI 000-
ranienHoi mantun tina EM I [32].
Touka, oTBeyaroIas H30TOMHOMY
cocTaBy cBHHIa obpasua -1, pac-
MOJIO’KEeHA 3HAUYNTEIILHO HIKE U CO-
OTBETCTBYET KPHBOH OBOJIOINH
HIDKHEH KOpBI. DTH Pe3yNbTaThl HE
NPOTUBOpPEYAT BBIBOAAM, IIOJIY-
YCHHBIM MPU U3yYCHUH CTPOHIIUHI-
HEOJMMOBOW M30TOIHON CHUCTEMA-
tukn  LleHTpanbHO-ANIaHCKOTO
paiiona [4, 33]. Hawanbubiii u3o-
TOMHBIA COCTaB CBHHIIA JIBYX 00-
pasnoB muputra (I'P-1/1 u T'P-2)
ONMM30K COCTaBy CHEHHUTOB M Ha
JyarpamMme pacrojiaraeTcsi Ha Kpu-
BOM DBOJIFOIIMM MaHTHH B T10JIE U30-
TOMHBIX  COCTaBOB  0azajbTOB
MORB [34]. ®uryparuBHas TOuKa
MoHodpakuuu tmpura ['P-1 cnBu-
HYTa OTHOCHTEIILHO COCTaBa JPYTHX
M3YYEHHBIX 00pa3lioB M PacIoiio-
JK€Ha HENOCPEICTBEHHO y KPHUBOM
pa3BUTUS W30TOMHOTO COCTaBa
ceuua Crelicu — Kpamepca wim
«Oporen» MOJIeNU THTFIOMOOTEKTO-
HUKH [23] ¥ COOTBETCTBYET COCTaBY
cBuHIa Bo3pacta 790-800 mutH JieT.

Ha nuarpamme B koopauHaTax
208py/204p-205ph/204Phy  (puc.6, 6)
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15,8
15,7
o 156
o
S 155
o
T 154
15,3
15,2 ; . , : . ‘
17,0 175 18,0 18,5 19,0 19,5
206ppy/204ply
395 ¢ KpaTOHI/BI/IpOBaHHaﬂ/qJ Mww%’%ﬁ%;if;
39,0 xopa i s
oo

38,5

HexpaTonusupoBanHas
Kopa

38,0
37,5

OkeaHHYECKHE
BYJIKQaHUYECKHE
TOPOJIBI

208Pb/204pb

37,0
36,5

Manrtus

36,0 : : : : : : !
17,0 17,5 18,0 18,5 19,0 195 20,0

206 P b /204p b
ol o2 o3

Puc.6. JluarpaMmbl 3aBECHMOCTH HauallbHBIX H30TONHBIX cocTaBoB 27Ph/204Ph
ot 26PP/2%Ph (a) u 2°8Pb/2%Pb ot 2%Ph/2%Pb (6) anst cueHUTOB U CyIb(GHIOB
(muputoB) MOpO3KHHCKOTO MecTopoxaeHus. [lonoxeHne noneif cocraBo
MaHTHIHHBIX HCTOYHHKOB 110 [23, 32]: DM — nennetHpoBaHHAs: MAHTHS;
PREMA — npeo6nanaromast Mautusi; EM | — o6oramennas mantus | tuna;
EM Il — oboramennas mantus Il tuna; MORB — 6a3ansTsl cpequHHO-
okeannveckux xpeoTos [3]. KpuBbie 2BOMIONMH H30TOMHOTO
cocraBa Pb B ManTHH, HcTOUHUKE THA «Oporen», HmwkHeH (HK)

u Bepxueii (BK) kopsI moka3zaHbl COriiacHO MOJIENH TIOMOOTEKTOHUKH [23],
a kopsl C-K — cornmacHo monenu Creiicu — Kpamepca [30]

1 — u3orommbIit coctaB Pb B cuenntax; 2 — B cynbdumax; 3 — MarMaTHIeCKux
nopozax Ker-Karickoro 3omoropysoro paiiona [3]

TOYKH U30TOIHBIX cocTaBoB Pb cuenntoB u mupura (I'P-2) 00pa3yroT TMHEHHBII TPEH MEXTY TPEeHIaAMH
sBosonnu HukHEH kopsl (HK) u kopsr Creiicu — Kpamepca (C-K). Bee Touku U30TOMHBIX COCTABOB, 3a
HCKJTFOUEHHEM HEeCKOJIbKuX 00pa3ios (1213, I'-1), pacnonokeHs! B 0J1e KPATOHU3UPOBAHHOM KOHTHHEH-
TanbHOU KOpbI [3]. HauanbHbIe M30TOIHBIE XapaKTEPUCTUKKM CBUHI[A CUCHUTOB ropbl PyaHast CXOIHBI C
aHaJIOrMYHBIMU XapaKTeprcTUKaMu Marmatudeckux nopoa Ker-Kanckoro 3onotopynHoro paiiona (pacmo-
noxeH B 400 kM roro-socrounee LleHTpanbHO-ANIaHCKOTO paiioHa), 11 KOTOPBIX MAHTUHHBIN UCTOYHUK
tunia PREMA (nipeo6nanatoniast mantus [32]), kak ycraHoBiieHo B pabore [3], urpan Baxknyto poiib. Ot-
JUYUTENBbHON 0cOOeHHOCTBhI0 MarMaTuToB Ker-Kamckoro paiioHa siBisieTcs: Takke yd4acTue BELECTBa
C U30TONHBIMU XapPaKTEPUCTUKAMU BEPXHEKOPOBOTO HCTOYHMKA B ()OPMUPOBAHUU MarMaTU4ECKHX
pacmiiaBoB, B TO BpeMs KaK €ro poJjb JUIsl TeHe31ca CHEHUTOBBIX MarM ropsl PyaHast He3HauuTenpHa.
Takum 00pa3oM, M3ydyeHUE M30TOIHOIO COCTaBa CBUHIIA B CUEHUTaX U MOHO(MPAKIMAX MUPUTA
MOpPO3KHHCKOTO MECTOPOKACHUS MO3BOJISAET UAECHTH(PULIUPOBATh UCTOUHUK BEIIECTBA MarMaTU4eCKUX
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pacIuiaBoB M COMYTCTBYIOIIMX UM PYIHBIX KOMIOHEHTOB. JIMHEWHBIN TpeH 1, moka3aHHblil Ha Pb-Pb u3o-
TOMHBIX Juarpammax (puc.6), CBUAETEIbCTBYET O FE€TEPOr€HHOM HM30TOIHOM COCTaBE CBHHIA U CYIIE-
CTBEHHOH pOJIH B (POPMUPOBAHUU MarMaTH4eCKUX IMOPOJI CBHHIIA MAHTUH M HIDKHEH KOpbI. M30TONHBIN
COCTaB CBMHIIA MUPUTA UMEET ONM3KUI K CHEHUTaM MAaHTUHHBIA MCTOYHUK BELIECTBA, YTO MO3BOJISIET
MpeIosiaraTb JOMUHUPYIOIIYIO POJIb MarMaTHuecKux Guirona0B B GOpMUPOBAHUU OpyAeHeHus. B To xe
BpEMs B COCTAaBE MUPUTA IPUCYTCTBYET CBUHEL], U30TOMHBIN COCTaB KOTOPOI'0 yKa3bIBa€T HA BEPXHEKO-
POBBII HCTOYHHUK BelIecTBa (WM HCTOYHHK TUna «OporeH») mpu reHe3nce pyaHoro MUHepaa.

H3zomonuwiii cocmag cepwl. I30TOMHBIN cOCTaB cepbl U3y4eH B cylb(uaax Mopo3KHHCKOTO MECTO-
POKICHHS PYIOHOCHBIX Oepe3nuToB, ObLTO BEITIOIHEHO 16 ananu3oB: 10 — mupuTa (Py), 3 — Xanpkonupura
(Ccp), 3 — apcenommpura (Apy) (ta6m.4). HecMOTpst Ha OrpaHHYEHHOE KOMYECTBO ONpeeneHuii 534S,
MOJTy4YeHHbIE PE3YJIbTAThI MO3BOJIIIN OXapaKTePU30BaTh YCIOBUS (OPMUPOBAHUS CYIbPUIHON MUHEpa-
JU3alUU Ha U3Yy4aeMOM MECTOPOKICHUH.

Tabauya 4
H3oTonHbIi cocTaB cepsl B cyabpuaax MecTtopoxaennss Mopo3KuHcKoe
Homep obpasua Munepan 3%, %o
I'P-1 Py 0,2
I'P-1/1 » 0,3
I'P-1/2 » -0,4
I'P-1/3 » 0,6
I'P-1/4 » -0,3
I'P-1/5 » -0,1
I'P-2 » -19
I'P-2/1 » -1,7
MT-152 » -2,3
I'P-2/3 » -1,2
I'P-1/7 Cep 0,3
I'P-2/2 » -0,7
MT-152/2 » -0,9
I'P-1/6 Apy 0,5
I'P-2/1 » -0,3
MT-152/1 » -0,4

3naueHns 5°*S cynmb(UIOB M3MEHSIOTCA oT —2,3 110 +0,6 %o, IPH TOM MHTEpBaJ Bapuamui &6°*S
nmupura ot —2,3 10 +0,6 %o, xanpkornupura ot —0,9 mo +0,3 %o, u apcenonupura ot —0,4 10 +0,5 %o
(puc.7, a). O4eBUIHO, YTO MHTEpBAN 3HAYEHHiT 5°'S MUpHUTA MHUpe, HO, BO3MOXKHO, 3TO 00YCIOBJIEHO U
OOJIBLIIMM YMCIIOM U3MEPEHUI COCTaBa nMupuTa. B 1enom, Bapuaiyy U30TOIMTHOTO COCTaBa CEPhI B M3Y4eH-
HBIX Cylb(UAaxX HE3HAYUTEIbHBI. [ 3TO TOBOPUT B MOJIb3Y TOMOI'€HHOTO COCTAaBa Ooyara pyJIO0HOCHBIX
Marm u 0 MarMaTH4eCKOM MCTOYHHUKE cephl B pynax. OTHAKO MOTHOCTHIO HCKITFOYHUTH BIIUSHUAE 0Ca04-
HOM KOMIIOHEHTHI 33 CUET MOOMITU3AIIUH CEPBbI U3 BEH I -HUKHEKEMOPHIICKIX I0JIOMUTOB IIPU KOHTAMU-
HaIMM pacIulaBa HEJb3s, HO M30TOMHBIN COCTaB CEPbl MOJCTHIAIOMIMX JOJIOMHUTOB OCTAJICS MOKA HE
M3YYEHHBIM.

W3oTonHeIil cocTtaB cepbl U3 CyabhuaoB MecTopoxkaeHuil LleHTpanbHo-AngaHCKOrO pyIHOTO paii-
OHAa paHee HEeOHOKpaTHO u3ydaics [2, 5, 17]. CpaBHUTENbHBIIM aHATU3 PA3THMYHBIX 00BEKTOB B Mpe/eiax
HentpansHO-ANJaHCKOTO PYAHOIO PalioHa MOKa3aJl 3HAYUTENIbHbIE BAPUAIIMHM W30TOITHOTO COCTaBa Cephbl
B cynbduuax (puc.7, 6). Cuutaercs, uTo Bapuamyy 5°'S Cyab(OHI0B U3 THAPOTEPMATLHO-METACOMATHYE-
CKHX MECTOPOKJICHUH SIBISIFOTCS CJIEACTBHEM MPOSBICHUS PA3IMYHBIX MArMaTHYECKUX U MOCTMAarMaTH-
YECKUX IPOIECCOB: KOHTAMHHAIMU MarMbl BEIIECTBOM BMEIIAIONIUX ITOPOI, MUTPAIIUU TIOABHKHBIX
KOMIIOHEHTOB, M3MEHEHHUS! OKHCIHUTEIbHO-BOCCTAHOBUTEIHHOIO IMOTEHIMAa MUHEPAIo00pa3yromero
¢daronna, 0OMEHHBIMH peakLMIMU B Ipoliecce pynooOpasoBanus u ap. Kpome Toro, B O1HOM U TOM ke
MarMaTHYeCKOM ILHUKJIE MOTJIM NMPUHAMATh Y4aCTHE «CHEIUAIN3UPOBAHHBIE) M0 M30TOIHOMY COCTaBY
Cepbl pa3IMYHbIe YIaCTKU MarMel, GopMupyoIIne, COOCTBEHHBIE THIPOTEpMAaIbHbIe pacTBOPEI [1, 22, 29].
HecMoTpst Ha cyliecTBeHHbIE Bapualldd HW30TOIMHOTO COCTaBa CEPbl B CyIb(UIaX MECTOPOKICHUMN
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3 Puc.7. V3oTonHEIi cocTaB cephl B Cynbhuaax

3t MeCTOPOXKAeHHsSI MOpO3KHHCKOE (a)

u LeHTpanbHO- ANIaHCKOTO pyaqHOTO paiiona [2, 5, 17],
2t MECTOPOKIEHHI Pa3ITHIHBIX
TeHETHYECKUX TUTIOB 30i0Ta [1, 21, 25] (6)

Yacrora

1 1 — nuput, 2 — XanbKOMUPHT, 3 — APCEHOMHUPUT

25 2 15 -1 05 0 05 1
5%, %

LlenTpanbHO-ANJaHCKUIA PyIHBINA paiioH:

TI'opa Pyouas —_—
Jlebeounoe
Psbunosoe

Camonazoeckoe

Kypanaxckoe

Toozoneunoe —_—

DnvkoHckoe

PazniyHbIe 30J0TOPYIHBIC MECTOPOXKICHY:
OnumepmansvHvie 6 0CA0OUHbIX HOPOOAX

DnumepmanvHvie 6 8YIKAHUYECKUX NOPOOAX —  —
Topgpuposvie mecmopoicoenus _— T —
OpoceHHble 8 0CA00UHbIX NOPOOAX — -
K . Marmartuueckue I'maporepmanbHO-0CaI0YHBIE Mopckoit
OPOBbIM UCTOYHUK
TOPOJIBI Cynb(HIBI cynbdar
T T T T T T
-25 -20 -15 -10 -5 0 5 10 15 20 25
8%S, %o

LleHTpanbHO-AJNJAHCKOTO PYAHOTO pailOHa, OYEBHIHO, YTO B MPEENIaX U3y4aeMOi TEpPPUTOPHH cepa B
3HAYNTENBHON CTENIEHN MMEeT MarMaTuueckoe npoucxoxaenue (84S = 5%o, puc.7, 6). OaHaKo, reo-
JIOTUYeCcKasi 00CTAaHOBKA M CTPYKTYPHO-TEKCTYpHAsi 0COOCHHOCTD PY/I YKa3bIBAIOT, YTO (POPMUPOBAHUE
30JIOTOPYIHBIX MECTOPOXKACHUH MPOUCXOMIO B MIPUITOBEPXHOCTHBIX YCIOBUSX C BOBJICYEHUEM B IPO-
[IECC MUHEPAT000pa30BaHUs U CEPhI 0CAJI0UYHOTO MPOUCXOXKACHUS. TaK, U30TOMHBINA COCTAB CEPhI CYIIb-
dunos u3 pyn Kypasaxckoro Mectop oxaerns (5°*S ot +11 10 +30 %o) HOATBEpKIaeT NPEUMYIIECTBEH-
HOE 3aMMCTBOBAHHUE CEPbI PYJIOHOCHBIMHU PACTBOPAMH M3 TEPPUTEHHBIX M KapOOHATHBIX mopo. [1o ycio-
BUSIM (DOPMHUPOBAHUS PYAHON MHUHEpaIu3anuu (TIPOKUIKOBO-BKpPAIICHHBIE OpY/ACHENbIe O€pPe3UThl 30H
ApoOsIeHNsT CHEeHUTOB) MOpPO3KHHCKOE MECTOPOKICHUE 3aHUMAET MPOMEKYTOYHOE IOJI0KEHHE CPean
30JI0TOPYAHBIX 00BEKTOB LIeHTpabHO-AJIAHCKOTO PYJHOTO paifoHa, YTO OTPENENSeT H COCTaB y4acT-
BYIOILIEH B MpoIlecce MUHEPATO00pa30BaHUsl CEphl, U MPEUMYIIECTBEHHO MarMaTU4YeCKUN XapakTep ee
UCTOYHUKA.

3ak/oueHune. Pe3ynbTaThl IPOBEICHHBIX UCCIIEIOBAHMUI TIO3BOJISIIOT C(HOPMYITUPOBATH CIICTYIOIIHE
BBIBOIbl 1 HAMETUTh HAIIPABJICHUS JaJIbHEHIIINX UCCIIETOBAHHA.

Re-Os m3oromHoe maTupoBaHWE CyIbGOUIHON MHHEPAIN3ANHUU 30JOTOPYAHOTO MECTOPOKICHUS
MOpPO3KHHCKOE BIIEPBBIE MTO3BOJIUIIO MOJYYUTh HA/ICKHYIO OLIEHKY BO3pacTa COOCTBEHHO 30JI0TOTO OpY-
nenenust 129 + 3 mun net. Takum 0Opa3oM, rHIPOTEPMATBHBINA PYAHBIN MPOLIECC B Oepe3nTax MeCTo-
poxeHus MOpO3KWHCKOE U BHEIPEHUE MarMaTH4eCKUX PacIiulaBOB CHEHUTOB Topbl Pyanas (~130 muH
JIeT Ha3a/1) MPOUCXOANIHN MPAKTUYECKA CHHXPOHHO.

HavanbHbII M30TOMHBIA COCTAB OCMHUSI M3YYEHHBIX CYIb(UIOB yKa3blBaeT Ha CMEUIAHHBINA, MaH-
TUHHO-KOPOBBIH, ICTOYHUK BEIIECTBA CYIb(OUIHON MUHEpATH3AIIIH.
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M3oTonHbIi coCTaB CBUHIIA CUEHUTOB CBUIECTEILCTBYET O MPHUCYTCTBHM CBUHIA MAaHTHHHON MpH-
POIIbI, IPUYEM caMa MaHTHSI TOJDKHA OBITh APEBHEH — MajeonpoTePO30MCKOM WK Jake HeOapXeHCKOT,
TOrJa KaK pojib CBUHLA HIKHEN KOPbI He3HauuTeabHa. M30TOMHBIN cOCTaB CBUHIIA TMPUTA YKa3bIBAET Ha
OJIM3KUI 1O COCTaBYy MaHTHIMHBIM HCTOYHUK, HO C Y4aCTHEM BEPXHEKOPOBOTO BEIIECTBA MPHU IeHE3UCE
pYIHOTO MUHEpAa.

N3oronuslii coctaB cepbl cynbpuaos (ot —2,3 no +0,6 %o) MMeeT OTYETINBO MarMaToreHHbIN
Xapakrep.

Bcst COBOKYMHOCTB MOTy4€HHBIX M30TOMHO-TEOXUMHUYECKUX XaPaKTEPUCTUK CYJIb(PUIHBIX MUHEpa-
JIOB PYAHBIX METACOMATUTOB YKa3bIBaeT Ha OJIM3KUN COCTaB UCTOYHHKA CHEHUTOBBIX PaCIlIaBOB MacCHBa
ropsl Pynnas u pynonocusix ¢uronos. OHaKO, MPEeUMYIeCTBEHHAs! KOHIIGHTPAIHS 30JI10Ta B OKHUCIICH-
HBIX 30HaX MUHEPAIN30BaHHBIX METACOMATUTOB YKa3bIBaeT Ha 3HAYUMOCTh ITPOIIECCOB BTOPUYHOTO 000-
rameHus, u JUid OUEHKU UX POJH HEOOXOAMMO JalibHEeiIIee U3ydeHHe CyIb(PUIHON MUHEpaIU3aIiH,
BKJIIOYAsl XapaKTePUCTUKY M30TOIHOTO COCTaBa MEH U KeJie3a, UYyBCTBUTEIILHON K OKUCIUTEIHHO-BOC-
CTaHOBUTEJIbHBIM YCIOBUSAM 00pa30BaHMUA.
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