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Ha ocHOBe M30TOMHO-TEOXPOHOJOTMYECKOTO UCCIeIOBAaHUSI MAaCCUBOB-MECTOPOXKIAEHUI XaHTUIaiiCKOTO
pynHoro y3ia B Bocrounom 3abaiikaibe ¢ pa3iuyHONi METAJIOTeHUYECKO crieliuain3aliveil ycTaHOBIe-
HbI BO3PACTHBIE COOTHOIIEHUSI MeX Iy (hOPMUPOBAHUEM MaTEPUHCKOTO MacCUBa U KpUCTALIM3AIIME CBsI-
3aHHOU ¢ HUM pyaHOI MuHepanu3aiuu. B OpioBckoM maccuBe Li-F rpanutoB BpeMsi Kpuctaaaiu3aluuu
KoiymOuTa-taHTanuTa (145 = 1 muH net) u kaccureputa (144.2 = 0.3 muH aet) (U-Pb meton, ID-TIMS)
COIMOCTAaBMMO CO BpeMeHeM KpucTauim3aiuu nupkoHa (145 = 1 muH set, U-Pb meton, CA-ID-TIMS) —
BO3pacTHOTO MapKepa (popMUPOBAHUS MACCHUBOB, YTO TMOATBEPKAAET MarMaTOTEHHYIO MPUPONIY PElTKOMe-
TajbHOU MUHepanu3aluu. B CiokoitHUHCKOM MaccuBe — “CTaHIapTHBIN TUIT” PEIKOMETAIbHBIX TUTFOMAa3UTO-
BBIX TPAaHUTOB — MEXIy BpeMeHeM chopMupoBaHust MaccrBa (146.9 + 0.7 mutH siet, Rb-Sr n3oTonHast cucrema) u
KpucTaum3atueii Bonbdpamura (141.8 + 0.6 mitH sieT, Rb-Sr n3oTorHas cuctema) BhISIBIIEH BpeMEeHHOM UH-
TepBai B 3.8 MJIH JieT. BO3MOXHO, 3TOT MHTEpBaJ COOTBETCTBYET BpeMeH! (pOpMUPOBAHUS TUAPOTEPMalb-
HOIi CUCTEMBI, C KOTOPOU TeHETUYECKHU CBSI3aHO BOJIb(DpaMOBOE OpyJeHEHME.

Karoueeswie crosa: peikoMeTaabHble TPAHUTHI, pyAHAS MUHEPAIU3aLUsl, KOTYMOUT-TAaHTAIUT, KACCUTEPUT,
BoJibpamuT, BocTtouHoe 3abaiikanbe, U30TOIMHO-I€OXPOHOJOTMYECKME MCCIIeIOBaHU S
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BBEAEHWE

PacummgpoBka wmTeTbHOCTA (hOPMUPOBAHUS Py~
HBIX MECTOPOXKICHUI SIBJISIETCSI OMHOI M3 KITIOUEBbIX
3a1a4 MpU pellIeHUU COBPEMEHHBIX ITPo0JieM pya000-
pasoBaHus. OcoObIii MHTEPEC MPEACTABISIOT U30TOM-
HO-T€OXPOHOJIOTMYECKHE U U30TOITHO-Te€OXUMUYECKIEe
KCCIIEAOBAaHUS CJIOXKHBIX PYIOHOCHBIX MarMaTOreHHO-
rugporepMalibHbix cucteM (PMC), cBsI3aHHBIX C
nuddepeHIMPOBaHHBIMU MaCCUBAMU PEAKOMETATb-
HBIX roMa3uToBbix rpanuToB (PIIDN). Takue cucre-
Mbl XapaKTepU3YIOTCSI MHOrooOpasreM MeTajiore-
Huaeckoit cnenunanu3anuu (Li, Ta, Nb, W, Sn, Be) u
reHEeTUYECKUX TUNOB. B Hanbosee 1oaHoOM MoIeTbHOM
BapMaHTe TaKOU TUIT PyJ000Opa30BaHUsI COOTBETCTBYET
PMC c 3akoHOMEpHOI IIPOCTPAHCTBEHHOI JIOKa/IN3a-
LIMell OpyJeHeHUsI OTHOCUTEIbHO MaTEPUHCKOIO Mac-
cuBa: Ta, Nb, Li (=Sn) KoHIIEHTpUPYIOTCA B IIpeAeiax
MaTtepuHCKoro MmaccuBa — Li, W, Sn, (Mo, Be) B aH-
JI0-2K30KOHTAKTe (Tpeii3eHbl, METaCOMAaTUThI) — Sn U

W (£Mo) B KBaplieBO-XIWILHOM (popMalliy apeajia
maccuBa PIII' — Pb u Zn (cynbhunHoe opyneHeHue).
TaHTaioBoe opyaeHeHUe (GopMUpPYETCs B Ipeaenaax
MaccHBa B BUe MenKo3epHucToil Ta-Nb MmuHepanmmza-
1K (KOJIyMOMT-TaHTAIUT, MUKpPOaIUT). Kak n3sect-
HO, YPOBHU KOHIIeHTpauuii Ta u Nb B pacniase He
JIOCTUTAIOT IIPEIeIOB HACBIIICHMs, HEOOXOTUMBIX
IJI1 KpUCTAJUIM3allMi KOJIyMOWUTA-TaHTaJIUTa Ha Mar-
matudeckoM 3Ttane (Yesbruesaon, 2013), 4To MO3BOJISIET
MPEaIojiaraTh X KpUCTA/UIM3alIMIO Ha ITO3IHeMarMa-
taeckom atare u3 Al-Na-F pacnnaBa (bagmanuHa u
ap., 2010) unu B mipolecce MeTacoMaTU4YeCKOTo Ie-
pepacnopenencHus (3apaiickuii, 2004). B mpenenax
maccuBoB PIIT" mpoucxomuT Takke HEKOTOpOe Ha-
KOILIEHUE OJIOBa U BoJib(hpama, Mpu 3TOM HEOOXOA1-
MOTI'O HACHILIEHUS B pacIulaBe ISl KpUCTaIn3alun
BoJb()paMHUTa U KacCUTEpUTa HAa MarMaTU4eCKOM
aTare 31ech Takke He focturaercs (baganunHa, 2008;
Ceipuno u 1p., 2018). OgHako, B OTJIMYKE OT TaHTajIa
1 HUOOUSI, IJIsl 3TUX 3JEMEHTOB XapaKTePHBI BHICO-
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K1re 3HadyeHHus Kod(p(UIIMEHTOB pacIIpeAccHUs B
cucrteMe ¢ona—pacmiaB (Yeswsruenon, 2013), uyrto
CITOCOOCTBYET UX Iepexoay Bo (GIioua M BEIHOCY BO
BMEIIAIONINE IOPOIBI, IIe 00pa3yeTcs ABa THUIIa KOH-
LEHTpaluii: B 9HI0-3K30KOHTAKTOBbIX I'peiizeHax u
MeTacoMaTUTaX M KBaplieBO-XXWILHOM OpYICHCHUU
BO BMeEIIAOIINX ITopomax apeaiia maccuBoB PIIT.
IIpyuynHbBl TPOSIBACHUS MPOCTPAHCTBEHHOMN 30HAJIb-
HOCTHU OPYICHEHUSI C Pa3IMYHOIl METAUIOTeHIYECKOM
crienuanm3anmeii B apeanax MmaccusoB PITT MoryT Haii-
TN OOBSICHEHHE B 3aKOHOMEPHOCTSIX 3BOTIOLNU (PU3U-
KO-XMMHWYECKOIO COCTOSTHUSI (hIIOMIOHACKHIIIIEHHOTO
pacIuiaBa B CBsI3M ¢ u3aMeHeHneM P-T yciaoBuii, pexu-
Ma KMCJIOTHOCTU—IIIEJIOUYHOCTH 1, KaK CJIEACTBUE, MO~
CJIeIOBATEILHOCTU OTHCJICHUST Pa3IMYHbBIX JIETYIUX —
KOMIUIEKCOOOpa3zoBarteieil LI IepeHoca pPeaKuX dje-
MeHTOB. DOpPMUPOBAHME PATUYHBIX T€HETUYECKUX
TUIIOB OPYASHEHMsI IIPU NPOCTPAHCTBEHHOU pa300-
IIEHHOCTH B IIpeesiax apeajloB MaCCUBOB, OTpaXKalo-
11I€€ pa3jnyMe B YCIOBUSX KPUCTAJUIU3ALUU PYAHOM
MUHepaIn3allii, COo3IaeT MNPEIIOChUIKMA IS IOCTa-
HOBKH 33241 BBISIBJICHUSI BO3PACTHBIX Pa3IM4IUil OT-
JIeJTBbHBIX 3TaroB ¢popmupoBaHus Takux PMC. Mcxons
W3 U3BECTHBIX T€HETUYECKMX IIPENCTABICHMIA, OCHO-
BaHHBIX Ha M3Y4EHUH HEITOCPEICTBEHHO MIUHEPAIO00-
pas3yIoNIrX cpel, oopa3oBaHUe YKa3aHHBIX MUHEPAJIOB
oTpaxkaeT OOJIBIION TeMIlepaTypHbIil THTEPBaJI BOJIIO-
MY CMJIMKATHOTO pacIUlaBa, BKJIFOYasi MarMaTOT€HHO-
TUAPOTEPMAJIbHBIN MEPEXOM: OT TTO3MHEMarMaTHIecKo-
IO 3Talla — KPUCTA/UIM3alMs KOJIyMOuTa-TaHTaIuTa 13
AJIIOMOCWJIMKATHOTO pacIjlaBa WM COJIEBOI CyO0-
CTaHLIMU — JI0 TPEeH3eHOBOIO Mmpoliecca — KpUCTali-
Jm3auus U3 (Qaonuga KaCCUTepuTa — U COOCTBEHHO
TUIPOTEPMAJILHOIO Mpollecca — KPUCTAJUIM3alus 13
TUIPOTEPMAJIBHOTO pacTBopa Bojibpamurta. OcoObIit
MHTEpeC MPEICTaBIsIIa OLICHKA BpeMEeHU KpUCTaJLIN3a-
LMY HETIOCPEACTBEHHO PYIHBIX MUHEPAJIOB: KOJTyMOM-
Ta-TaHTaJMTa, KACCUTEPUTa, BOJIb(PpaMmUTa U UX COOT-
HOIIIEHUSI CO BpeMeHeM (OpMUPOBaHUSI BMEIIAlO-
IIIETO rpaHuTA.

KPATKAA 'EOJIOTMMYECKASA
XAPAKTEPUCTUKA MOAEJIBHOTO
OBBbEKTA

ITonpITKa OLIEHMUTH BO3PACTHBIE COOTHOIICHUS
¢opMHUpOBaHUS MATEPUHCKOM IIOPOABI U PYTHOM
MUHEepaJIu3alluyu IIpeAlpruHITa HaMU Ha IMpuMepe
MECTOPOXKIASHUI XaHTWJIAICKOIrO PyOHOIo y3Jia B
Bocrounom 3abaiikanbe (puc. 1), mpeacTaBIeHHBIX
caTeJUIMTaMU XaHTWJIAiCKOro MHTPY31Ba C Pa3InIHON
TEOXMMUYECKOM M METAUIOTCHMYECKOM CIleain3a-
mueit: OpioBckuii MaccuB Li-F aMa3oHUTOBBIX rpaHy-
TOB C TAaHTAJIOBBIM opylneHeHueM U CHOKOWHUHCKUIA
MAacCHB aJIbOUTU3MPOBAHHBIX U TPEii3eHN3NPOBAHHbBIX
TPaHUTOB C BOJIL(PPAMOBBIM OPYICHEHUEM.

ComnnacHo U-Pb reoxpoHoJIOTM4ecKrM HcCaeaoBa-
HusM tpkoHa (SHRIMP, BCET'EN), Bce Tpu maccu-
Ba C(OPMUPOBATIUCH MPAKTUYECKU OITHOBPEMEHHO:
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BO3pacT GMOTUTOBBLIX I'PAHUTOB XAHTMJIACKOTO Mac-
cuBa — 140.3 £ 2.6 MJIH JIeT; IPOTOJIUTHOHUTOBBIX I'pa-
HuToB OpJoBckoro MaccuBa — 140.6 = 2.9 MuH ner;
MYCKOBUTOBBIX TpaHUTOB CITOKOMHMHCKOIO MacCH-
Ba — 141.3 = 1.8 mutx et (AdymkeBud, Ceipuiio, 2007).
ITonyyeHHBIe BO3pacTHBIC TaHHBIE HAXOISTCS B XO-
poIIIeM comtacuu ¢ pe3ynbratamMmu Rb-Sr natnpoBaHus
ropox XaHTWIaiiCKoro MHTPY3UBa, BHIMTOJIHEHHBIX pa-
Hee FO.A. Koctunbiabim (Koctuibia u ap., 2004). Co-
[JIACHO 3TUM KCCJIEAOBAaHUSIM, BIIEPBBIC ObLJIA BHISB-
JIeHa BO3pacTHasi CHHXPOHHOCTb 00pa30oBaHUS TPEX
MacCHMBOB XaHTUIAWCKOIrO PYIHOTIO y3Jia, U Ha 3TOM
OCHOBE BBICKA3aHO IpeAcTaBlIecHEe 00 UX TeHeTHuYe-
CKOM €JIMHCTBE.

MN3-3a npuypoyeHHOCTH XaHTUIAaliCKOro MHTPY-
3UBa K 30HE Pe3KOT0 CTPYKTYPHOI'O HECOTIaCUS yKa-
3aHHbIE CaTeJJIMThI MIPOCTPAHCTBEHHO pacmnojiararoTcs
B Pa3HOBO3PACTHBIX TOJIIAX BMEILAIOLINX MOPOI:
CIIOKOMMHUHCKMIT MacCuB — B MECYAHO-CIIAHILIEBOIL
Tomme pudest, OpaoBckmii — B ciraboMeTaMoppru30-
BaHHBIX aJIeBPO-TIeCYaHbIX OTJIOKEHUSIX IEBOH-KAMEH -
HOYTOJILHOT'O BO3pacTa, YTO MO3BOJISLIO IIpeanoaaraTb
paznmmune B cyocTpaTe TUIaBJICHUST M ICTOYHHWKE BeIe-
CTBa.

B cooTBeTCTBUM C M30TONHO-TEOXMMUYESCKUMMU
nccienoBanusiMu  (Dolgopolova, Seltmann, 2005;
AoymkeBud, Creipuiio, 2007), OpUMEHUTEIBHO K
XaHrujaiickomy pymaHOMY Y3JIy B KayecTBE TaKOIo
cybcTpaTa MOXHO paccMaTpuBaTh BMEIIAIOIIME OCa-
JIOYHO-MeTaMOP(hUIECKIE TOJIIIU 3yH-IIMBUMHCKOMN
CBUTHI, M30TOIHbIC METKM KOTOPBIX CBUACTEILCTBYIOT
0 KopoBoii npupoze Bemectsa (22°Pb/2%4Pb = 18.06—
19.07, 27Pb/?4Pb = 15.51—15.60), €yy(140) = —8.7,
—6.9). HecootBeTcTBUe 3HaUeHU €ny(T) Tipeamnosna-
raeMoro cyocTpara u Tpex MacCUBOB XaHTUJIaiiCKOTO
MHTpY3uBa (Tadj. 1) MoOXeT OBITh OOYCIIOBJIEHO pa3-
JIMYHOI CTEIeHbIO BO3ICICTBUS Ha paciuiaB iounaa,
MMEIOIIETO0 MAaHTUITHbIC XapaKTePUCTUKI U SIBJISIIOLIC-
rocsl MPOM3BOOHON MaHTHIHOTO muarnupa (AOyIke-
Bu4, Cripuiio, 2007). BaxkHoe 3HaUCHME IS CYKICHUS
00 ocobeHHOoCTsIX (hopMupoBaHUsi OpJIOBCKOTO caTes-
JINTa UMEET €TI0 IPOCTPAHCTBEHHASI IIPUYPOYEHHOCTD K
MOKPOBaM MaJIE030MCKUX TPAXUPUOAALIUTOB Exg(235) =
= —6.7, TPEICTaBISIONNX COOOI crienndUIecKrue
“Tena MpOoIUIaBJIEHMsT” BMEIIAIOIIMX IIeCYaHO-CIaH-
1eBbix mopox (Ceipuiio u ap., 2001; bananuHa u np.,
2008), a Takke oOuWIMe B apeajie UMEHHO 3TOro Mac-
cuBa JacK CyOIIeJOYHBbIX 0a3aJIbTOMIHBIX IOPOI
(nmamripodupsl, 1Madas3bl, 1OJEPUTHI) U IIITOKOB Cy0-
IIEJIOYHBIX TAOOPOUI0B BO3pacTHOro nHTepBasia 320—
149 MutH 5teT, €34(320) = 2.9, £34(149) = —0.1. Cnieun-
am3anus TPaxXUpUOAALMTOB MO JTUTO(MWILHBIM PE-
KMM 3JIeMeHTaM, TUINUYHbIM 115 Li-F rpanutoB, — Li
10950 r/T, Rb mo 2400 v/, F mo 0.18 Mac. % u nx 060-
raleHHOCTb BBICOKO3apsIAHBIMU 3JeMEeHTaMUu — Zr
10 90 r/T, cymma P33 no 227 r/1, Th no 43 r/T, Xxapak-
TEPHLIMU IJIs 0a3aJIbTOMIHBIX MOPOI HAaiKOBOTO
KOMILIEKCa, MO3BOJISIET IIpeariojiaraTb BEPOSITHOCTh
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Puc. 1. Cxematnyeckas reojiorndeckast Kapra XaHruaaiiCKoro pyaHoro y3ia no (Adymkesud, Ceipuiio, 2007).

1 — 4eTBepTUYHBIE OTJIOXKEHMUS; 2 — BEPXHEIEBOHCKNE—HIDKHEKAMEHHOYTOIbHBIE TPaBEINTHI, TIECUAHUKHU, aJIeBPOIUTHI; 3 —
BepxHepudeiickre necyaHUuKU 1 ajieBpOIeInThl; 4 — paHHEKaMeHHOYTOJIbHbIE (?) cyOuIesouHble radbopo (11TokM MHKMXKUH);
5 — MO3IHEIOPCKHUE TPAaHUTBI KYKYJTBOECKOro KoMIUIeKca (XaHTMIalicKIil MHTPY3UB); 6—9 — ITOpoIbl NaiikoBOro KOMILIEKCa:
6 — Mmo3aHerepMCKe—pPaHHETPHACOBbIE TPAXUIALIUTEI M TPAXUPUOJIUTHI, 7 — IMMO3AHEITEPMCKIEe—PaHHETpUAacoBbIe (?) muada-
3bl, § — CpeHeIOpCKUe JaMIpodupbl (KEPCAaHTUTHI, CIeCCapTUTHI), 9 — cpenHelopckue noneputsl. 10, 11 — pa3pbIBHBIE Hapy-
weHus. [laitkoBble Teaa JaMnpodupoB U 10JIEPUTOB TOKa3aHbl BHE MaclITaba.

CMeEIIeHMsI KOPOBOIo U 00Jjiee NIyOMHHOTO MaHTUI-
HOTO BelecTBa. bM30CTh reOXUMUYECKOTO COCTaBa
(cymmapHoe coaepxxanue P30 u xapakrep ux pac-
npeneiacHNs1) YHACIeIOBAHHBIX sIep HUPKOHOB Op-
JIOBCKOTO MacCHBa Y IUPKOHA TPaXWPUOIAILUTOB,
COITOCTABUMOCTh BO3pacTOB HMX KpUCTaIU3aluu
(254 + 51 235 + 2 MuTH J1eT, COOTBETCTBEHHO) IOITYC-
KaloT OOITHOCTh B UCTOYHMKE MarMoreHepanuu Li-F
pacIjiaBOB U PUOJUTOBBIX OYaroB.

Co BpeMeHU OTKPBITUSI MECTOPOXICHUN PEeaKUX
MeTaJUIOB, cBsI3aHHBIX ¢ PIIT (60-¢ Tomsl Ipommioro
BeKa), U 110 HACTOsIIIIee BPEMSI B OTEUECTBEHHOM U 3a-
PYOEXHOIT TUuTEepaType 3TOMY UHTPY3UBY YyOEJSIeTCS
UCKJTIOYUTENIbHO OOJIbIIIOE BHUMaHUE, UTO OIpele-
JIsieTcsl, MpeXe BCEro, MpUypOUYEHHOCTHIO K OTHOMY
MaTEepUHCKOMY MacCHBY OMOTUTOBBIX TPAHUTOB IBYX
MacCHBOB-CaTe/UIMTOB, MPEACTaBISIONIMX COOO
pasmuuHbie TeoxuMudeckne Tubel PITT. ITytn peme-
HUS 3TOU TPOOJIEMBI OIPEAETSIIUChE U3MEHEHUEM
METOOB U MOAXOA0B B U3YYEHUU PYJOHOCHBIX TPaHU-
TOWJHBIX CHUCTEM: MMHEPATbHO-TIOPOIHbBIM YPOBEHb

(Banarikosa, 1969; Ceipuiio, 2002), sKcriepuMeHTATb-
Hoe (Yesbruenosn, 2013) u pacuernoe (Ceipuiio u ap.,
2001) MonmenpoBaHu€e, U30TOIMHO-T€OXUMUYECKUE UC-
cnepoBanust (Koctumeia, 2004; Dolgopolova et al.,
2005; AbymkeBud, Ceipuno, 2007) 1 n3ydyeHue Mu-
Hepajoobpasytoux cpen (bananuna u ap., 2010). B
MOCJeIHUE TOAbl aKTUBHO OTpadaThIBAIOTCSI U30TOM-
HBIE METOAUKU JATUPOBAHUS HEMOCPEACTBEHHO PY/I-
HBIX MUHEPAJIOB. YUUTHIBasE MHOrooOpa3ue IpoIiec-
COB pya000pa3oBaHUsI HA paccMaTpUBaeMbIX OObEK-
Tax, NPeACTaBISIIO UHTEPEC BBISIBUTH X BO3PACTHEIE
pasiInyusl.

BHyTpeHHee CTpOoeHME PYIOHOCHBIX MAaCCHUBOB
MHTPY3UBa HEOMHOKPATHO PAaCCMaTPUBAIOCh B JIUTE-
paType, B TOM 4YMCJI€ B YKa3aHHBIX BBIIIIE pa0oTax.
HMcxonst u3 pesysibTaToB 3TUX padot, crpoeHue Op-
JIOBCKOI'O MaCCHUBA MPEICTaBISIETCS CIIeIYyIOIIUM 00~
pasoM. Hambonee mryOokme TOPHM3OHTHI MacCHUBa
CJIOXEHBI IBYCTIOASTHBIMU OP(OUPOBUIHBIMU TPAHU-
Tamu ¢ Li-cunepoduaaurom u MyckoBuToM. Bpliiie
o paspely 3ajeraloT NnopdrpoOIaCTOBBIE MUKPO-
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KJIMH-aJIbOMTOBBIC TPAaHUTHI ¢ “snow-ball” kBapieM n
Li-denrur-myckoBuToM. Pe3knii KOHTaKT 3TUX IO-
POl C HUKEJIeXKaIlMMU ABYCJIIOASIHBIMUA IPaHUTAMMU,
KOHTpPAacTHOE UX oboramieHue JUTODMIbHBIMU pell-
KUMMU 3JIEMEHTaMU, B TOM 4YMCiie PTOPOM U JIUTHEM
(bamanuna u ap., 2010), naroT OCHOBaHUE paccMaTpu-
BaThb 3TU IIOPOAbI B KAYECTBE CAMOCTOSITEIILHOI (ha3kl,
SIBJISTIOILICICST pe3yIbTaTOM OTILIEIUIEHUSI OCTaTOYHOTO
(GIIOMAOHACKHILIEHHOTO paciulaBa XaHTWJIaiCKOM
MarMaTH4ecKoil KaMephl. Brlliezaseraiomye pa3Ho-
BUIHOCTH TIOPOI, B TOM YMCJIE MUKPOKIMH-JIBOUTO-
BbI€ TPAHUTHI C 3€JIEHBIM MYCKOBUTOM U PYJOHOCHbIE
JIMTUOHUT-aMa30HUT-aJIbOUTOBbIC TPAHUTHI, TPE-
CTaBJISIIOT COOOI pe3y/IbTaT Mo3IHe-MocTMarMaTuye-
CKMX IpeoOpa3oBaHMii paciuiaBa opGupooIacTOBBIX
TPaHUTOB: TIPOSIBJICHNE KNIKOCTHBIX CUJIMKATHBIX HE-
CMECHUMOCTE W/WJIM IMOCIeMarMaTu4ecKoro MeTa-
comaroasa.

Pynnas muHepanusauuss OpJOBCKOTO MaccuBa
MpencTaBjieHa KOJYMOUTOM-TAaHTAIUTOM, B MEHb-
1Ieii Mepe MUKPOJUTOM, 00pa3ylolMMU TOHKO3ep-
HUCTYIO BKPArJIEHHOCTb B aMa30HUTOBBIX I'paHUTAX
anukajabHOi yacTu MaccuBa. Copa3MepHOCTh U Ma-
pareHeTudecKasl accoumalivs KoJiyMOuTa-TaHTaJIuTa
C aKleCCOPHbIMU MUHepajiaMu (LIMPKOH, MOHAIIMUT)
MOCTyXX1ja B CBOE BpeMsl MPEANOChUIKON st Mpem-
CTaBJIEeHUSI O MarMaTOreHHOM TeHe3uce KOoJlymMOuTa-
TaHTaUTa. {7151 KaccuTepuTa IOMUMMO BKParIeHHOCTH
XapaKTepHbI CETPErMpOBaHHbIE KPYITHBIE BbIACJIEHUS B
KBaplIEBbIX MPOXWIKAX U B IMHHBAJIBAUT-TONA30BOM
rpeiizeHe. Hanbosee KpynHble arperaTbl KAaCCUTEPH -
Ta (10 7 Kr) ObUIM OOHApYXXEeHbI B IMHHBAJIbAUT-TO-
Ma3-aMa30HUTOBBIX Jailkax 9K30KOHTaKTa MacCUBa.
Bonbdpamut OGosiee penok B TpaHUTe, OOpasyeT
JKUJIbHO-TPEN3EHOBOE IIITOKBEPKOBOE PYAOIPOSIBIIE-
HYE B CEBEPO-BOCTOUHOM IK30KOHTAKTE MaccuBa —
DdepbepuToBOE.

B CnokoiiHMHCKOM MaccuBe€ OCHOBHOI 00ObeM
PYIHOTO BEllIeCTBA CBSI3aH C MEJIKO3EPHUCTHIM BOJIb-
¢dpaMUTOM MHTEHCUBHO aJIbOUTU3UPOBAHHBIX U TPEii-
3€HU3MPOBAHHBIX TPAHUTOB U TPEH3EHOB, U JIUIIIb HE-
GombInast 9acTh (4%) — ¢ KBapleBbIMU XXIIaMU SHIO-
9K30KOHTAaKTAa.

[IpencraBisyioch MHTEPECHBIM ONPEACIUTD BPEMS
KPUCTAJUIM3AlMH IJIaBHBIX PYIHBIX MUHEPAJIOB 000MX
MacCCHBOB, X COOTHOIIIEHHE C BO3pacTOM (DOpMUPO-
BaHMS BMEIIAIOIICH MTOPOIBI M B IICJIOM OLICHUTD TN -
TEJIbHOCTb (DOPMUPOBAHUS Py1000Opa3yIoIIeii CUCTe-
MBI. [17151 KOPpEKTHOTO COTIOCTaBISHMST BO3PACTHBIX
JaHHBIX JIAHUPOBAJIOCh IPOBECTU aHAJIUTUYECKIUE
UCCJIeJOBAaHUSI ITOpOAd W MHUHEPaJOB Ha OCHOBE
U-Pb uzoromHoi cucrteMsl. B otinyue ot Rb-Sr na-
TUPOBAHUS BEIOOP 3TOM METOOUKM BHOCHJI OTpaHU-
YeHUS Ha BO3MOXHBIC TTOTPEITHOCTH, CBSI3aHHBIC C
NpOSBIIEHNEM HAaJOXXEHHBIX METAaCOMaTHUYECKHNX
MPOLIECCOB.

BAJAHWUHA u np.

METOANKA AHAJIMTUYECKHNX
NCCIEOIOBAHUU

Brinenenue mpKoHa IMTpOBOIMIIOCH IO CTAHIAPTHOM
METOJINKE C WCTOb30BAaHUEM TSDKENbIX Xuakocteil. K
COXaJICHUIO, B PYIOBMEIIAIONTNX aMa30HUTOBBIX Tpa-
HUTaX IIUPKOH, HEOOXOIMMBIH JIJIST TeOXPOHOJIOTUYEe-
CKUX HCCJIeOBaHUI, OTCYTCTBYET. B HIKenexalmx
MopUPOOIIACTOBBIX TPAaHUTAX, IO KOTOPBIM Pa3BU-
BaeTcs JIETMMIOJUT-aMa3OHUTOBBIN TTapareHe3uc,
IIMPKOH 0Ka3aJicsl BEICOKOYpaHOBEIM (10 10 Mac. %
UO,) 1 HETTOOXOASIIIVM IJIsT JTaTUPOBAHUS JTOKAb-
HbIM U-Th-Pb metogom (SHRIMP). B cBs13u ¢ aTuM
obuTn npoBeneHbl U-Pb reoxpoHoornyeckue uccie-
TMOBaHMS IIMPKOHA, BKITIOYAOIITHE TTPEIBapUTESIIBHBIIN
BBICOKOTEMIIEPATYPHBIN OTXXUT W KUCJIOTHYIO 0Opa-
60T1Ky (CA-ID-TIMS).

Briopannbie mist U-Pb reoxpoHOJOTMYECKUX UC-
ClleOBaHWI KPUCTAJIbl IIMPKOHA TOIBEPrajauch
MHOTOCTYIIEHYAaTOMY yIAJIEHUIO ITIOBEPXHOCTHBIX 3a-
rpsi3HeHuil B criupte, auetoHe u 1 M HNO;, nocne
KaXKIOM CTYIEHM 3epHa IUPKOHA (WX UX (DParMeHThI)
TIIPOMBIBAJICH OCO00 YNCTOM BOHOI. XMMHUUECKOE pa3-
JIoXKeHre IMpKoHa 1 BbiaeneHue U u Pb BeINMOMHSIIOCH
o monudpumpoBanHoii MeTonuke T.E. Kpoy (Krogh,
1973). s yMeHbIIIEHUSI CTeTICHU TUCKOPAAHTHOCTHU
HCITOJIb30Bajlach METOJAMKA XWMUYECKOW abpas3uu
(xucnorHast o6padotka cMechio 35% HF + 15% HNO,
B nipontopuuu 5:1 npu 220°C) ¢ mpennecTByOnM
BBICOKOTEMIIEPATYPHBIM OTXKWUTOM B TedeHHe 48 9
npu 850°C (Mattinson, 2005). st U30TOMHBIX UC-
cllefOBaHUl Ucnojb3oBaics Tpaccep 2PU—202Pb.
XoJjocToe 3arpsi3HeHHe He mpeBbiano 15 nr Pb n
1 nr U. M3oTOonHbBIE Uccaea0BaHMs ObLUIM BBITIOJHE-
Hbl B UT'T]I PAH (1. Cankr-IleTepOypr) Ha MHOTOKOJI-
nekropHoM Macc-criekrpoMeTpe TRITON TI B cratu-
YECKOM U IMHAMUYECKOM (C MOMOIIBIO 3JIEKTPOHHOTO
YMHOXMUTENST) pexkrmax. TOUHOCTh omnpeaesieHusT 3Ha-
yenwuit U/Pb u conepsxanwnii U u Pb cocrasmna 0.5%.
O06paboTKa PKCIepUMEHTATBHBIX JaHHBIX ITPOBOIM -
Jlach C HcCIHojJb3oBaHueM TIiporpamMMm “PbDAT” u
“ISOPLOT” (Ludwig, 1991, 2003). I1pu pacueTte BO3-
pacToB ObUIM HMCIIOJb30BaHbl 3HAYEHUS KOHCTAHT
pacnazga ypaHa no (Steiger, Jager, 1976). IlonpaBku
Ha OObIYHBII CBUHELl BBEIEHbI B COOTBETCTBUMU C BO-
monuroHHoK Monaenbio Creiicu—Kpamepca (Stacey,
Kramers, 1975).

OtobpaHHbIe HAaMOOJIee YMCThIE 36pHA KACCUTEpUTa
Tocae MHOTOKPAaTHOM 00pabOTKM B YIIBTPa3BYKOBOM
BaHHe B H,O TiiaTe1bHO pacTUpayiuCh B CTyNKE. 3aTEM
B3sITasi Ha aHaJIU3 HaBecka 00pabaThiBajgach CMEChHIO
6N HCI1 + 6N HNO; B TeueH1e IByX 9acOB Ha TTUTKE
npu Temneparype 100°C, mocie TprKabl TIIATEILHO
MPOMBIBAJIaCh 0COOO YMCTOU BOMOI TPU HarpeBaHWUU
100°C 1o 15 munyT. Pa3znoxeHne o0Opa3lioB IPOBO-
mock B 10N HCI B TemmiepaTypHOM WHTEpBaje
230—235°C B TepMocTaTe 2 CyTOK B METAJTMYECKUX
6ombax ¢ Te(pJIOHOBBIMM BKJIambIaMu. [iist orpene-
JIEHUSI CONIepKaHUM CBMHIIA U ypaHa METOJIOM H30-
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Ta6muna 2. Mecra 0T60pa r[p06 JJIA aHAJIUTUYCCKUX I/ICCJ'ICI[OB&HI/IfI, IIpUBEACHHLBIX B HACTOSIIIEN CTaTbe

Maccus Ilopona, rpaHut ObnexTncenenoBans OmnucaHue MecTto oT60pa
(HOMep 1IpoOBI)

OpJioBckuit TMopdupobGaactoBblit LupxoH (0-2299) AKI11eCCOpPHBIA Cka. 628, nrybuHa
MUKPOKJIMH-aJIbOUTOBBIMN LUPKOH 170—176 m
LynaBanbauT-Tonaszoseiit | Kaccuteput (0-306) | MoHodpakiust Kapwep, 1000
rpeiseH KaccuTepuTa TOPU30HT

CrokoitHMHCKMI | MyCKOBUTOBBIM Myckosut (C-190) Monodpakuus Cks. 176, rny6uHa

Ceporo MycKOBHUTA 348 m

TOMHOTO pa30aBieHUs] UCTOIb30BAJIC CMEIIaHHbBI
tpaccep 2°U/?%Pb. XpoMaTtorpaduueckoe Bblaee-
Hue Pb n U npoBomuiock mo meronuke (Manhes et
al., 1978) B Br-cpbopme u mociienytoinnm BeIICIIEHIEM
U Ha noHoob6bmeHHoit cmone UTEVA B HuUTpaTHOM
dopme. JIabopaTopHoOe 3arpsi3HeHe COCTABIISLIO 25 MT
Pb u 5 nir U. U30oTONHBIE UCCIeOBAaHUSI ObLIN BhI-
nosHeHsl B MUTTI PAH Ha MHOrOKOJUIEKTOPHOM
Macc-cnekrpoMmerpe TRITON TI B ctatmueckoM pe-
XK1Me.

Hzoronnoe “°Ar/*Ar patupoBaHue MyCKOBUTA
nposoamiock B UT'M CO PAH (HoBocubupck, aHa-
mutuk J.C. FOognH) mo MeToanke, onmyOJIMKOBAaHHOM
B pabote (TpaBuH u ap., 2009). MaTtepuanaom I ga-
TUPOBaHUS MOCTYXUda MOHOMPAKIIMS CEPOro My-
CKOBHMTA M3 HaUMeHee M3MEHEHHBIX MYCKOBUTOBBIX
IPAaHUTOB TITyOOKMX TOPpU3OHTOB CITOKOWHMHCKOTO
MaccuBa, KOTopasl BblAessiach MO CTaHIAPTHOM Me-
TOJUKE C UCIOJIb30BAaHUEM DJIEKTPOMArHMTHOM ce-
raparum.

PE3YJIBTATbBI U3OTOITHO- .
IT'EOXPOHOJIOIT'MYECKUX NCCIEJOBAHNN

[is1 pellieHUsT MOCTaBJACHHOM 3adayu, MTOMHUMO
paHee BbImoNHeHHBIX U-Pb reoxpoHoIornyecKmx
WCCJICIOBAaHMI LIMPKOHA U3 IIOPOJ TPEX MacCUBOB XaH-
rviaiickoro MHTpy3uBa (AdyikeBud, Coipuiio, 2007) u
TaHTaJIMTa 13 rpaHuTOB OpJI0BCKOro MaccuBa (AHUCH-
MoBa M 11p., 2013), B paMKax HaCTOSIIIIETO UCCASIOBAaHMS
ob10 BeIMoHeHO U-Pb reoxpoHosnornyeckoe Mccie-
JIOBaHUE 1LIMPKOHA U3 PYAOHOCHBIX MopdurpobiacTo-
BBIX TPAaHUTOB M OIIPENe/IeH BO3pacT KacCUTEpUTa U3
pynHoii 30HbI OpnoBckoro maccusa. “°Ar/*Ar merto-
JIoM OBLI OlLIEHEH BO3pacT MYCKOBHTa 13 IPaHUTOB
CnokoiHUHCKOTO MaccuBa. Mecra orbopa mpoO
IS aHATUTUYIECKUX MCCIIENOBAaHUI MPEnCTaBICHBI
B TabI. 2.

U-Pb reoxpoHoornyecKe UCCAeIOBaHUS IINP-
KOHa M3 MOpdUpoO6IACTOBBIX TPAHUTOB OBUIM BbI-
MOJIHEHBbI IO YCOBEPIIEHCTBOBAHHOW METOIUKE C
MPeABapUTENbHBIM BBICOKOTEMIIEPATYPHBIM OTXKUTOM
u kuciotHoit oopadboTkoit (CA-ID-TIMS) (Mattin-
son, 2005), koTopas, KaKk nokazaHo B pabore (MBa-
HOBa U 1Ip., 2021), MOXET YCITEIITHO ITPUMEHSIThCST JazKe

HETPOJIOTHS Ne 4

ToM 31 2023

B CJIydae ¢ BHICOKOYPAHOBBIM METAMMKTU3UPOBAHHBIM
nupkoHoM. KOHKOpmaHTHas OlleHKa Bo3pacTa Lup-
KOHa 13 TopPUPoOIaCTOBBIX TPAHUTOB COOTBETCTBY -
er 145 £ 1 man net (CKBO = 0.76) (Taba. 3, puc. 2a)
U COBMNAjaeT C OLIEHKOM BO3pacTa, OIpeaelisieMOid
HIDKHUM TIepecedeHUeM C KOHKOPOUEH IUCKOPIUMU,
o0pasyeMoil BCeMU aHaJUTUYECKMMHU TOYKAMU U30-
TOITHOTO cocTaBa 1upkoHa (145 = 1 mumx net, CKBO =
=0.19).

U-Pb BospacT KaccuTepuTa U3 KBapii-Tora3oBoro
rpeiizeHa HIOKOHTaKTa OpJIOBCKOro MaccuBa OBIT
orpeeieH MeTOAOM M30TOITHOTO pa3zbapieHus (I1D-
TIMS) no HoBol1 MeToguKke (Pu3BanoBa, Ky3Heuos,
2020) u coorBetcTBYeT 144.2 + 0.3 MuH et (Tabma. 4,
puc. 20).

40Ar/3Ar METOIOM CTYIIEHYATOTO IPOTPeBa CEPO-
0O MyCKOBHUTA 13 MYCKOBUTOBBIX TPAHUTOB IJTYOOKMX
ropu3oHTOB CHOKOMHMHCKOIO MaccuBa IIOJYYEHBI
JIaHHBIE 0 ero Bo3pacrte. Kak BUIHO 13 TabI1. 5 1 puc. 3,
¥ 3I€Ch BBIACISIETCSI KOHAUIIMOHHOE TUIATO CO 3Have-
HUSIMU Bo3pacTa 144.6 & 2.2 MJIH JIET IIpU OTHOCHU-
TEeJILHO POBHOM CTyIHeHYaToM ciiekTpe. Ha ocHoBa-
HUM 3TOTO aHajJIW3a MOXHO TOBOPHUTH O 3aKPHITUU
M30TONHOM CUCTEMBI MycKoBUTA 144.6 + 2.2 MJIH J1eT
Hasam.

OBCYXIEHUWE PE3VIILTATOB

M30TOIMHO-Te0OXpOHOIOTUYECKNE HCCASIOBaAHMS
peOKOMETAJIbHBIX TPAHUTOB U PYIAHBIX MUHEPAJIOB
XaHruj1aiicKoro pyaHOro yajia IMpUBOIST K BEIBOIY O
HEOOXOIMMOCTH Pa3IeIbHOTO OOCYXICHUST aHAJIATH-
YeCKMX JaHHbBIX, MOJIYYEHHBIX Pa3HbIMU U30TOIMHBIMU
MeTtomamu. Kak BUIHO W3 Taba. 1, ycraHaBauMBaeTCs
YeTKOe pa3rpaHUYCHUE BO3PACTOB M3y4YaeMbIX ITOPOII,
MOYYEeHHBIX JOKATBHBIM MeTonoM U-Pb matnpoBanus
(SHRIMP, BCETEN) n U-Pb (ID-TIMS), Rb-Sr u
Ar-Ar MeTonamMu reoXpOHOJIOTMYECKIX UCCIEIOBAHMIA.
Mexay 3TUMM JaHHBIMM TIPOCJICXKMBACTCS YCTOMYM-
BO€ pasnuuue, (pukcupylomiee cTabuIibHOE OMOJIO-
XeHue (mopsaKa 5 MJIH JIET, IO CPeIHUM 3HAYSHUSIM)
BO3PACTOB TMOPOI, TMOJYYESHHBIX JOKadbHBIM U-Pb
METOIOM TI0 LIMPKOHY, B OTJINYME OT aHATUTUYECKUX
WCCJIENOBAaHUI, BEIMOJIHEHHBIX IPYTUMU YKa3aHHBI-
MU MeTogamMu. B To ke BpeMs 3acily>kuBaeT BHUMA-
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BAJAHWUHA u np.

Taomuna 3. PesynbraTel U-Pb reoxpoHosiornuyeckux uccieqoBaHui IUPKOHA U3 TTOPGUPOOIACTOBBIX MUKPOKIIUH-aJb-

6uToBBIX I'paHUTOB OpJIoBCKOro Maccuna (mpoba 0-2299)

M3oTomHbIe OTHOIIEHUS

Bo3spacrt, muH et

KonuuectBo 3epeH,
XapaKTepUCTHUKA, pa3MepHas
¢bpakiysi, yCIoBUs
npeaBapuTesibHO 00paboTKU

U/Pb

Howmep n/n
207Pb/206pba

207Pb/235U
206Pb/238U
207Pb/235U
206Pb/238U
207Pb/206pb

Rho

35 3., Ipo3p., KOPUYH.,
50—150 MKM,

OpU3M. U IJ1.-TIpu3M., BO,
Kucia.06p.=2.0

41.9 0.0498 £ 1

65 3., Ipo3p., KOPUYH.,
50—150 MKM,

MPU3M. U JUL.-TIpU3M., BO,
Kucia.o6p.=4.0

43.3 | 1858 0.0490 + 1

15—20 3., mpo3p., KOPUYH.,
50—150 MKM,

UL.-ipu3Mm., BO,
Kuci.oop.=4.0

34.0 | 206|0.0490 = 1

0.1056 £ 1

0.1071 = 1

0.1425 £ 1

0.1576 £2 |0.0230+ 1| 0.88 [ 149+ 1 146 £1[186 £ 2

0.1539+£3 0.0228 + 1| 0.73 [ 145+ 1 145+ 1(149£3

0.1541 £5(0.0228 =1 0.52 | 146 £1|145+t1|148+6

Ipumeuanue. * U3oTonHbie OTHOH_IGHI/IS{,2%K0pp§KTI/IpO§3036HHbIZ% 8Ha 6y1aHK, (hpakIMOHUpPOBaHUE U OOBIUHBIN cBUHEL; Rho — Koaddu-
ILIUEHT KOPPEJISLIUK OILIMOOK OTHOIICHUIA 7Pb/ U — Pb/“"°U; BO — BBICOKOTEMIIEPAaTypHbIii OTKUT LIMPKOHA; KMUCI1.00p. = 3.0 —
KUCJIOTHAsl 00paboTKa IIMPKOHA C 3aIaHHOI dKcno3uiiueil (dacel). BennuuHel ommim6ok (26) COOTBETCTBYIOT MOCAEAHUM 3HAYAIIIUM

undpam nocne 3ansiToii.

HUSI TO OOCTOSITENILCTBO, UTO AaHATUTUYECKUE UCCIIEeNO0-
BaHUs, BbimonHeHHbIe MeTogamu U-Pb (ID-TIMS),
Rb-Sr u Ar-Ar, galoT XOpoOIIO CONOCTaBUMBIC pe-
3yabTaThl. TakuM oOpa3oM, Kak BUIHO M3 Tabid. 1,
BBIIEJISIIOTCS IBa BapyMaHTa BO3PACTHBIX MHTEPBAIOB
¢opMUpOBaHUSI MAacCCUBOB XaHTMJIAICKOTO MHTpPY-
3uBa. CornacHo JIOKaIbHOMY METOIY NaTUPOBaHMUS,
BO3pacT (pOopMUPOBAHUS COOTBETCTBYET IJIST XaHTH-
nmaiickoro MaccuBa — 140.3 £ 2.6 muH sret, OpJioB-

(@)

206py, /2387
0.0238 -
Tyonk2.3) = 145 = 1 MiH stet
CKBO =0.76 150
0.0234 BeposiITHOCTD = (.38
148
0.0230 -

3

0.0226 T3 = 145 £ 1 msn steT

CKBO =0.19
142 207pp /235y

0.0222 :
0.150 0.152

0.154 0.156 0.158 0.160 0.162

ckoro — 140.6 £ = 2.9 muH net, CIOKOMHUHCKOIO —
141.3 £ 1.8 M Jiet. I1o manabeIM Rb-Sr matnpoBanns
BO3pacT XaHIWjIaickoro Mmaccuba — 145 = 3 MJIH JIeT,
OpioBckoro — 145.2 &+ 1.8 muH jtet (Koctuipix, 2004),
CriokoHUHCKOTO — 146.9 & 0.7 MiTH J1eT (AGYIIKeBUY,
Ceoipuno, 2007). YuutsiBass ”HTEHCUBHOCTb pa3BU-
THsI HAJIOKCHHBIX METACOMATUYECKUX IIPOLIECCOB B
nopoAax PYAOHOCHBIX CATEJUIMTOB, IJII KOHTPOJIS
OLICHOK BO3pacTa IO IopoJaM ObLIM BBITTOJHEHBI

©)

206Pb/238U -
0.0238 +
Tyonx_7) = 144.2 £ 0.3 MH 11ET
CKBO =041 150
0.0234 - BepOSITHOCTD = (.52
148
0.0230 - 46
S —6
144
0.0226 7
4
142 207Pb/235U

222 1 1 1 1
0.150 0.152 0.154 0.156 0.158 0.160 162

Puc. 2. JluarpaMMbl ¢ KOHKOpAUEH IJis HUPKOHA 13 MOpGUPOO6IaCTOBBIX MUKPOKIMH-aIbOMTOBBIX TPAHUTOB () U KacCuTe-
pUTa U3 IMHHBAJIBAUT-TOINA30BOro rpeiideHa (6) OpioBckoro maccuBa. Homepa Toyek Ha AuarpaMmax COOTBETCTBYIOT MOPSII-

KOBBIM HOMepaM B TabJ1. 3 u 4.

MNETPOJIOTUA TomM 31 Ned4 2023
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Ta6muna 4. Pesyneratel U-Pb M30TONMHEBIX McClIeNOBaHUIT KACCUTEpUTA M3 HUHHBAILAUT-TOIIA30BOTO I'Peii3eHa SHI0-

KoHTakTa OpioBckoro Maccuba (rmpoda 0-306)

M30TOINHbIC OTHOLLIEHUS Bospacrt, miiH net
= = =
B XapakTepucTiKa MUHEpaJia, YCIOBUSI = U, Pb, § Oﬁ wﬁ.i ) cOD =] m:) E‘i
';_ npeaBapuTebHOI 00paboTKU g ppm | ppm | & S =4 E i E < :
b5y 3} > ~ ~ ~ ~ ~ ~ ~
g o o S S S S S S S
@ Jm ~ [m ~ - ] ~ - ~
=] o1 o o~ © ~ o = o~ o o~
T T 5 B 51 51 S 4 & 5 &
TeMHO-KOpUYH. KPHCT. 1—3 MM,
4 Ha ke 5 6N HC1 + 6N HNO; 24.08( 8.8 | 0.23 | 257 |0.0489+1|0.0002 £ 1| 0.1521 £4 [0.0226 £ 1| 0.52 [143.8 £0.4(144.0 £0.2(141.2£5.3
TeMHO-KOPUYH. KPUCT. 1 —3 MM, Ha IJTUTKE
5 56N HCl £ 6N HNO; 19.24] 7.8 | 0.18 617 [0.0487 £1]0.0006 = 1] 0.1525+4 [0.0227 £ 1| 0.56 | 144.1 £0.3|144.7£0.2|135.4 £ 4.4
TeMHO-KOpUYH. KPUCT. | —3 MM, Ha TJTUTKE
6 56N HCl £ 6N HNO; apaxbi 25.95( 8.4 | 0.20 | 376 |0.0489 £ 1{0.0002 £ 1|0.1528 £4 |0.0227 £ 1| 0.77 [144.3+£0.4(144.4£0.3(143.2+ 4.4
TeMHO-KOpUYH. KPUCT. 1—3 MM,
7 tra rumnTke B 6N HCl 2 6N HNO; apascsr 20.59( 8.7 | 0.19 [ 1075 [0.0490 £ 1{0.0005 £ 1 | 0.1529 +4 |0.0226 £ 1| 0.55 |144.4+£0.4(144.2 £0.2(147.9+ 5.0

Ipumeuanue. *M30TOMHBIE OTHOILIEHUS, Ci(oo pPEeKTUPOBAaHHBIE HA
LIUEHT KOPPEJISILIMU OLUUOOK OTHOILIEHU
uudpam 1ocie 3arsiTou.

6J1aHK, (ppaKIIMOHUPOBaHME U OOBIYHELIN cBUHEI; Rho — koaddu-

Pb/235U—206Pb/238U. BenuuuHbl o1m60K (2G) COOTBETCTBYIOT MOCJICIHUM 3HAYaIlUM

Ta6muua 5. Pesynbratsl 2°Ar/*’Ar naTMpoBaHMs MyCKOBHTA M3 MYCKOBHUTOBOTO rpaHnTa CIOKOIHHHCKOrO MaccuBa

(rmpo6a C-190)

<]z E E E 5 55

o Q < Q Y Y =
T, °C | t, Mmun Zﬁ 1 g tloc E *loc E *lo E *lo § § % E *lo

g = g & 5 2 O N (A =

Myckosur, J = 0.003955 = 0.000041, naBecka 26.66 M1

600 10 19.6 | 88.1 | 3.858 [0.306]0.01440 | 14.0 | 1.0538 | 0.2196 | 0.04471 |50.5 1.0 | 158.7 | 84.6
700 10 22.6 | 29.5 | 0.148 |0.067 [0.00306| 3.2 | 0.2020 | 0.0211 | 0.00501 | 11.5 4.31158.7| 9.8
800 10 53.2 | 23.1 | 0.072 |0.043|0.00114 | 1.7 | 0.1296 | 0.0072 | 0.00311 | 6.3 | 14.5|143.6| 6.2
900 10 190.5 | 21.6 | 0.025 | 0.018 | 0.00011 | 0.2 | 0.0202 | 0.0007 |0.00092 | 0.6 | 53.3|146.3| 2.3
975 10 67.7 | 21.6 | 0.017 [0.023|0.00045| 0.5| 0.0400 | 0.0019 | 0.00037 | 2.0 | 67.0|144.5| 1.6
1050 10 123.5 | 21.7 | 0.050 | 0.018 |0.00028 | 0.3 | 0.0275 | 0.0014 |0.00207 | 1.1 | 92.0 |145.9| 4.3
1130 10 40.0 | 21.9 | 0.029 [0.034|0.00096| 1.0| 0.1775 | 0.0035 | 0.00091 | 3.7 [100.0 | 142.9| 2.3

HpI/IMC‘{aHI/IC. lo — CTaHIAPTHOC OTKIIOHCHUCEC.

HM30TOITHO-T€OXPOHOJIOTHYECKIE UCCIICTOBAHMS MU~
HepanoB. Tak, Bo3pacT IIMpKOHa U3 Mop¢upobdia-
CTOBBIX TpaHUTOB OpPJIOBCKOTO MacCUBa, OLIEHEH-

—T

Bospacr rutato = 144.6 £ 1.6 MiH Jiet

_I/IHTCFpaJ]beIﬁ Bo3pacT = 145.9 + 2.2 MJH JIeT
| 1 1 1 | | 1 1 1

10 20 30 40 50 60 70 80 90 100
BrineneHHsblii Ar, %

0

Puc. 3. PesyabTaThl 40Ar/39Ar JaTUPOBAHUS CEPOrO My-
CKOBHMTa M3 MYCKOBHUTOBOTO rpaHuTta CIOKOWHUHCKOTO
MaccuBa (mpo6a C-190).

MIETPOJIOTHUA  T1OoM 31 Ne 4 2023

He1ii U-Pb (CA-ID-TIMS) meTomoM, COOTBETCTBYET
145 = 1 muH net. Bo3pact ceporo myckoBurta Crio-
KOMHMHCKOIO MaccuBa, COmacHO Ar-Ar MeTomy,
onpeneneH Kak 144.6 = 1.6 mutH sieT. TakuM oOpa3oM,
B 000MX CIy4asix MOJy4eHHbIe JaHHBIEC XOPOIIIO MO -
TBepXAawT Bo3pacThl Rb-Sr gatupoBaHus.

O06a BapuaHTa onpeaeeHNsI BO3pacTa Io3BOJISIIOT
TOBOPUTH O MPAKTUYECKONH CUHXPOHHOCTU 0Opa3o-
BaHUSI MaTEPUHCKOTO XaHTUJIalCKOTO MacCUBa U €ro
caTesiuToB. TakuM 0O6pa3oM, BHINIOJTHEHHbIE UCCTIe-
JIOBaHUSI TIOATBEPXKAAIOT MOJIyUYEHHbIE PaHEe PE3YJib-
tathl Rb-Sr n3oronHbix uccinenosannii FO.A. Koctu-
nbeiHa (KoctunsiH u ap., 2004), BiepBbie BHISIBUBIIIC-
IO CUHXPOHHOCTb UX 00pa3oBaHUs M HA 3TOU OCHOBE
BBICKA3aBIIIETO MPEACTaBlIeHNE 00 UX TEHETUUECKOM
€IUHCTBE.

CorocTaBieHe TTOJIyYeHHbIX OLIEHOK BO3pacTa 1
HavaJIbHbIX M30TOITHBIX OTHOIIEHW St o XaHruiai-
CKOMY PYIHOMY Y31y C aHAJOTMYHBIMU OOBEKTAMU
OTBHIKMHCKOIO PYIHOIO y3Jla U OHTOHUTaMu AphIi-by-
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Jlaka ApTyHCKOTO TeppeiiHa B CBO€ BpeMsI IMOCITYKIJIO
OCHOBaHUEM JIJIsl pa3pabOTKHU TIpeacTaBIeHUs 00 UX
00pa3oBaHUU B XOA€ €NMHOI0 3Tarna MarMaTu4ecko-
ro Tpoliecca KOpOBOrO TI'paHUTOOOpa3OBaHUS MO
BO3JICMCTBMEM MOIITHOTO MaHTMIHOTO 3HepreTuye-
ckoro ucrtouHuka (Koctuubix u np., 2004). B To xe
BpeMsI XOpOILIO U3BECTHO, YTO B COCTaBe KYKY/IbOei-
CKOTO KOMIIJIEKCa, OTHOCUMOTO K €IMHOMY T€OXUMM-
yeckoMy Tuity PIIT" (TaycoH, 1977), BbiaensiioTcs: 1Ba
TOATHUIIA TPAHUTOUIOB, KOTOPBIE TIPpU OJIM3KOM IeTPO-
reOXMMUYECKOM COCTaBe “MaTEpUHCKUX OMOTUTOBBIX
TPAHUTOB KOHTPACTHO Pa3UyaloTcs HarpaBlIeHHO-
CTBIO KPUCTAUTM3ALMOHHON muddepeHInaIum u
METaLJIOTEHUYECKO! crieuranu3auueii opyaeHEeHMs.
OTU TUTBI U3BECTHBI JJI5 TTOJABJISIONIETO OObIIH-
CTBa peIKOMETaJIbHbIX IPOBUHIIMNI (paHEPO305 U BbI-
JIEeJISIIOTCS B BUJIE CAMOCTOSITEbHBIX JEUKOTPaHUT-
asickuToBbIX opmanuii (MapuH, beckun, 1983),
reoxummudeckux tunoB — Li-F u cranmaprasblii (Ko-
BajieHKo, 1977) wiu nuddepeHunaToB, pa3janyaro-
LIUXCS MO 1IEeJIOUHOCTU UHTPY3UBHBIX cepuit (Chipu-
o, 2002). B 3apyGexHoit nuteparype sl Bblaese-
Hus1 3tux noatunoB PIIT mMcrnonb3yroTcsi TEpMUHBI
peraluminous high fluxing u peraluminous low flux-
ing, 4TO yIayHO OTpaXkaeT CyTh pa3jindusl XaHT k-
CKHUX CaTeJUIUTOB IO CONEPKaHUSIM B UX pacIliaBax
¢imocoBbIX KOMMTOHEeHTOB — F 11 Li. B u3yyaemom peru-
oHe roponp! 3tux rmoarurtoB PITT, n3BecTHBIE Kak TaH-
TaJIOHOCHBIN M BOJTL(PPAMOHOCHBIIN TUTIBI, XapaKTePH-
3yIOTCS TPOCTPAHCTBEHHON pa300IeHHOCThIO. Bob-
¢dbpaMOHOCHbBIE MAacCUBbI TUIWYHBI IS ATMHCKOTO
teppeitHa (Caxanaiickuii, ypyiaryeBckmii, XaHTIaii-
CKWI MHTPY3UBbI) C MHOTOUMCJIEHHBIMY caTe/UTMTaMu
U Tpeii3eHOBO-XXWIbHBIM BOJIb(PAMOBBIM OpYICHEHU-
eM. TaHTaJJOHOCHbIE MacCHMBbI aMa30HUTOBBIX TPaHU-
ToB Li-F Tnma pacrnonararorcst B ApryHCKOM TeppeitHe
(OTBIKMHCKUIT U AUMKaHCKUI MaccuBbl, TypruH-
CKUit UHTPY3UB). Takasd 3aKOHOMEPHOCTH MTO3BOJISIIIA
npeamnoaarath pa3nudus 3tux Tunos PIIT B ycioBu-
sIX MarMoo0pa3oBaHUsl, IPEXIIE BCETO B cyOcTparte, 1
CTereHu IiaBiaeHus. MMerommecss K HacTOSIIeMy
BpPEMEHM MaTepualibl, B TOM YHCJIE€ TEOXMMUYECKUE,
MO3BOJISIIOT JOIMYCKAaTh 3a1€MCTBOBAHHOCTb YKa3aHHbIX
BO3MOXHBIX MPUYMUH TIPOCTPAHCTBEHHOI Pa300ILEH-
Hoctn mepeunciaeHHBIX ThoB PIII. OmnpenemenHas
BepudUKaLMs TAKOTO MPeACTaBIeHUS CBsI3aHa ¢ XaH-
TUJIaCKUM UHTPY3UBOM, MPOAYLIUPYIOIIMM 00a TH-
na PIII" B paMKax eIMHOrO MHTPY3MBa, B TOM YMCJIE
nosiBjeHue 3nech Li-F Tuma, He xapaKTepHOTO s
ArrHCKOM 30HBI. OgHAKO pellleHue yKa3aHHBIX BO-
MPOCOB BBIXOJUT 32 PaMKU HacTos el padboTsl. bo-
Jiee JIOKaJIbHBIN MJIaH HAllUX UCCAEA0BAaHUM TTPUBO-
JIUT K HEOOXOAMMOCTHU paccMaTpruBaTh TeHETUYECKOE
€IUHCTBO CaTEeJUIMTOB B paMKax MNpPEICTaBICHUS O
€IMHOM HCXOOHOM MaTepMHCKOM pacrijaBe, COOT-
BETCTBYIOIIIEM paciuiaBy XaHTMJIaliCKOro MaccuBa, 1
Ha BTOU OCHOBE BBISICHATH YCIOBUSI U MEXaHU3MBbI
BO3HUKHOBEHUS JIBYX Pa3JIWYHbIX T€OXUMUYECKUX
TUIIOB PYIOHOCHBIX TPAHUTOB C PEAKOMETAIbLHBIM U

BAJAHWUHA u np.

BOJIL(PPAMOBBIM OpyIE€HEHUEM. DTU HUCCIECIOBAHUS
MIPUBEJIM Hac K HEOOXOAUMOCTU U3ydYeHUs] MUHEpa-
JIooOpasyoinx cpen B nuddepeHIaTax Iopoa Mac-
cuBoB-careumutoB (baganuna u aop., 2010; Ceipuiio
u ap., 2021).

Ha ocHoBaHuU 3TUX UccaeaoBaHuit (hopMUpyeT-
csl TIpeNCTaBJIeHUE O BEPOSITHOCTU TIPOSIBIIEHUS pa3-
JIMYHBIX MTyTEN 3BOIIOIIMU paciliaBa XaHTWJIaCKOTO
WHTPY3UBa B 3aBUCUMOCTU OT Pa3IUUUS B JIOKAJb-
HOM TI€0JIOTUYECKOM IMOJIOXKEHUN MaJiblIX MacCHUBOB.
Kak BugHO 13 puc. 1, 0COGEHHOCTBIO re0JIOTMYECKO-
ro noyioxeHuss OpJOBCKOTO MacCuBa SIBJSIETCS €T0
HETMOCPEACTBEHHAsI MPUYPOYEHHOCTh K 30HE TIJy-
OMHHOTO paszjioMa, (PUKCUPYIOIIETO PE3KOE CTPYK-
TYpHOE HecoIJacue MeXIy JIeBOH-KaMeHHOYTOJIb-
HbIMU U PUDENCKUMU OTIOXKEHUSIMU. DTOT pas3jiom
TPpacCUpPYyeTCs MOIIIHOM NaKON-TIOKPOBOM TPpaxupro-
JMalUTOB, Aalikoil nMaba3oB M MajbIMU IIITOKaMU
cyomenmoyHbeIx rabopounos MuakimknHa. Takasg o6-
CTaHOBKa, Cyas Mo €y4(144) = —1.7 B mopoaax Op-
JIOBCKOTO MacCHBa, TMpearoaraeT 0osbliiee yyacTue
MaHTUMHON KOMITOHEHTHI TIpU (HDOPMUPOBAHUU €TO
pacriaBa, no cpaBHeHU10 co CITOKOMHUHCKUM Mac-
CUBOM €\4(144) = —3.5.

VYkazaHHbIe pa3nuius B I'E€OJIOTMYECKOM ITOJIOXKE-
HUM caTeJUIMTOB MOIJIM BHECTU KOPPEKTHBLI B HAIIpaB-
JIEHHOCTb 9BOIIOLIH (DIIIOMIOHACHIIIIEHHOTO PacIlIaBa,
JIJIS1 KOTOPOTO TIOMMMO MeXaHM3Ma KPYCTa/UIN3allMOH-
HOTro (PpaKkIIMOHUPOBAHUSI XapaKTepHbI ITPOSIBJICHUS
KMIKOCTHBIX HECMECUMOCTEH 1 ITOCTIEMAarMaTHIeCKOro
MetacomaTos3a (bamanuna u np., 2010). BeposiTHOCTB
€AIWHOTO MCXOAHOIO pacrjasa Ajisi 000MUX TUTIOB py-
noHocHBIX PIII mposiBisieTcs B HPUMECHOM COCTaBe
[JIABHBIX PYIHBIX MUHEPAJIOB XaHTWIAMCKOTO PyTHOTO
y3J1a: BojibpaMuThl CHOKOMHMHCKOIO MECTOPOXKIE-
HUSI XapaKTEepU3YIOTCS BHICOKMMU KOHIIEHTPALVSIMU
Nb (1.5 mac. % Nb,Os) u Ta (0.8 mac. % Ta,Os), B TO
BpeMSI KaK KOJTYMOUThI-TaHTaIUTbl OpPJIOBCKOTO Me-
cropoxneHus ¢ 2.2 mac. % WO, pukcupyoT Hamu-
qyre n30MOpP@HOTO psiga Boab(PpaMUT—KOIYMOUT, C
oOpa3oBaHUEM ITPOMEXYTOYHOIO psila MUHEPAIOB
TUIa KBUTUAHJIMHTUTA.

Kak cnenyer W3 BBIIEU3IO0XEHHOTO, BO3pacT
KPUCTAJIIU3AllMU LIMPKOHA U3 MOpdrUpo61acTOBbIX
IPaHUTOB — INIAaBHOI pa3HOBUAHOCTU nopona OpioB-
ckoro maccuBa, oneHeHHbIli U-Pb (CA-ID-TIMS)
MeToaoM, cooTBeTcTByeT 145 + 1 mutH et (CKBO =
= (.76), 1 OH COMIOCTaBUM CO BpeMeHeM (OpMUPOBa-
HUsI HETIOCPEACTBCHHO PyAdOBMECIIAIOINUX JICMUAO-
JINT-aMa30HUTOBBIX TPAaHUTOB — 145.2 + 1.8 MJIH JieT,
onieHeHHBIM Rb-Sr meTonom (KoctuublH u ap., 2004).
M3 npuBeaeHHBIX JaHHBIX CJIEAYET, YTO CKOJb-JITUO0
3aMETHOTO pa3inyusl B OLIEHKax BO3pacTa IMOJHOTO
pstna muddepeHatoB OpIOBCKOTO MaccuBa — OT
MPOTOJUTUOHUTOBBIX TPAHUTOB MIYOOKUX TOPU30H-
TOB 10 TNOp¢hUPOOIACTOBBIX IPAHUTOB OCHOBHOIO
o0beMa MaccuBa U jaajiee M0 PYAOHOCHBIX JENUI0-
JIMT-aMa30HUTOBBIX TPAHUTOB AalUKaIbHON YacTu

METPOJIOTUS Ne 4

TOM 31 2023



BO3PACTHBIE U MU3O0TOIMHO-TEOXUMMNYECKUE XAPAKTEPUCTUKHA 385

MaccuBa — He TIpociieskuBaeTcs. TakKuMm o0pas3oM,
npoliecc IudpdepeHInalun paciuiaBa oT 6e3pyaIHOro
coctostHust (5.55 v/T Ta) mo pynoHocHoro (162 r/T Ta)
OBICTPOTEYEH, €T0 JUIMTEILHOCTh He YCTaHABIMBACT-
Csl I30TOITHO-T€OXPOHOJIOTUYECKUMHU METOTAMU.

PesynbTathl reoXpOHOJIOTUYECKUX WCCICIOBAHMIA
KonyMOuTa-TaHnTaaura — 145 + 1 Mu1H net (AHMCHUMO-
Ba, AOymkeBudY u ap., 2013) okazaanch NpakKTUIECKU
WISHTUYHBIMA BPEMEHU KPUCTAJUIM3aLMU LIUPKOHA
13 Mopd1po6IaCTOBLIX IPAaHUTOB. BhISIBIIEHHAS Bpe-
MEHHasl MACHTUYHOCTh KPUCTAJLUIM3ALIMN KOJIyMOM-
Ta-TaHTAJIMTA U LIMPKOHA HAXOAUTCS B COMIACHU C
MarmMaToreHHoi Kodiernuuei reHesuca Ta-Nb mu-
Hepaau3auu.

Bo3spacT kpucrannuzaluuuy KacCUTepuTa U3 HUHH-
BaJILAUT-TOMNA30BOTO I'pelizeHa SHIOKOHTAKTOBOI 30HbI
OpJIOBCKOTO MaccHBa, ompene/ieHHbIi MeTongoMm U-Pb
(ID-TIMS) no HoBoii MeToauke (Pu3zBanoBa, Ky3-
HenoB, 2020), coorBeTcTBYeT 144.2 + 0.3 MJIH JIET.
Y4uTBIBas MapareHe3nc 3TOr0 KaCCUTEPUTa, MOXHO
MIPEITONIOXKUTh, YTO MUHEpaT BO3ZHUKAET Ha TOCT-
MarmMatudyeckom atare. K COXaAJICHUIO, ITPUXOOANTCA
MIPU3HABaTh, YTO MPEIIM3NOHHOCTD CYIIECTBYIOIINX
METOIOB OIIEHKHW BO3pacTa He TO3BOJISIET BBISIBUTH
BpCMCHHOﬁ UHTEpBaJI MEXIY MarMaTudeCKuM MH
IMOCTMarMaTHIecKUM 3TaramMu popmupoBaHust Op-
JIOBCKOTO MacCHBa, CBSI3aHHBIN C 9BOJIOMEH PyIHO-
MarMaTU4ecKOil CHCTeMBbI B TIpoliecce KOHIIEHTpa-
LIMM pyIHOTO BellecTBa. Pasinuue M30TOMHBIX CU-
CTEM M METOJIOB, MICTIOIb3YEMBIX B KAUeCTBE BO3PACT-
HBIX MapKepoB pynHbIX MUHepayioB: U-Pb onpenese-
HUS BO3pacTa KOJIyMOUTa-TaHTaJIUTa U KaCCUTEepHUTa
Ha OpioBckoM MaccuBe 1 Rb-Sr onpenenenust Bo3-
pacrta BojbhpaMuTa Ha CIIOKOMHUHCKOM MacCHUBE,
3aTpyIHSIET KOPPEKTHOE COMNOCTaBJIeHWE BpeMeHU
dopMHupoBaHMS pPEIKOMETAJIBHOI W  OJIOBIHHO-
BOJIb(PpaMoOBOit MUHepanu3anuu. TeM He MeHee Mo-
JIydeHHbIe TaHHBIE CBUIETEIBCTBYIOT O OBICTPOTEY-
HOCTH TIpOliecCOB (POPMHUPOBAHUS TPAHUTOB 000X
tunoB PIII' ©1 KOHLIEHTpHUpPOBAaHUU B HUX PEIKUX
aneMeHTOB. He ciyJaifHo B TTOciienHHAe TOObI B ITy0-
JuKanmsax mo Kwmraio B KauecTBe reOXpOHOMETPOB
ISl OLIEHKW BO3pacTa peAKOMeTaJIbHBIX T'PAHUTOB,
IMeTMAaTUTOB M TPEM3eHOB aKTUBHO WCITOIB3YIOTCS
pyIHBIE MIHEPAJIBl — KACCUTEPUT U KOJTyMOUT-TaH-
tanut (Che et al., 2019).

I[MpyHUIMIIMATIBHO MHAsI KAapTHHA BO3PAaCTHOT'O B3a-
MMOOTHOIIIEHUSI PYAOBMEIAIONIE IIOPOIbl U BOJIb-
dpaMUTOBOM MUHepanm3alnn ckiansiBaetcsa B PIIT
“cTaHOapTHOrO” TUIIA C HU3KUM COICpKaHUEM JIv-
Tus 1 propa. Ha ocHOBe n3ydeHus: AByX M30TOIMHEIX
cucteM (Rb-Sr u Sm-Nd) BonbdpamutoB Criokoii-
HUHCKOTIO MacCHBa M3 pa3HbIX aparcHe3ncoB (pac-
CesTHHas BKpaIUICHHOCTh B TpaHMTAaX, B Ipeii3eHaXx,
KBaplEeBbIX XKWJIaX W IlerMaroraax) ObUI BBISIBJICH
pa3pbiB MEXXIY BpeMEeHEM KpUCTAIM3aly BoJbdpa-
MUTa M (opMHUPOBAHMEM BMEIIAIONIETO TPaHUTA.
DTOT BO3paCcTHOM pa3pbIB IO JaHHBIM Rb-Sr n3oTtor-
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HOM CHUCTEeMBI COOTBETCTBYeT 3.8 MuIH JieT. bam3kmit
BO3pAaCTHOI MHTEpBaJ MpociekeH MexXny ¢hopMUpo-
BaHueM IlepBomaiickoro MaccuBa 1 BOJb(PPaMOBO-
PYIHBIM IIpOlieCCOM TpeiizeHn3anuu (=1.3 MJIH JeT)
B nipenenax JdxuauHckoro W-Mo MecTopoXIeHUS B
3anagHoM 3abaiikaibe (YepHbiieB u np., 1998),
YTO, 110 MHEHHMIO aBTOPOB CTaThU, IIO3BOJISIET TOBO-
PUTH O “TeCHOM BpeMEHHOI COMMKEHHOCTH MHUIIM -
aJIbHBIX U 3aBeplIAIOIIMX IIPOLECCOB pyaooOpa3oBa-
HUsg”. Bo3MOXHO, BBISIBICHHBI HAaMHW BO3paCcTHOM
paspeIB MEXIY KPUCTAIA3allMe PYIHBIX MUHEpa-
JIOB M BMeIIAIONIeil MOpoI0il MOXET COOTBETCTBO-
BaThb BpeMeHM (POPMUPOBAHUS THUIAPOTEPMAIHLHOM
CHCTEMBI, C KOTOPOM TeHETHMYEeCKHM CBs3aHO Sn-W
opyneHeHue B PIIIT “cranmaptHoro” tuma. Takoe
MpeacTaBlIeHE MOATBepKIaeTcss nHauddepeHTHO-
cThio paciuiaBa COKOMHMHCKOIO MacCcuBa K KOH-
LICHTPUPOBAHUIO BoJIb()paMa Ha MarMaTH4eCKOM
aTamne, yCTaHOBJICHHOI Ha OCHOBE M3y4YeHUSI COCTaBa
pacIuIaBHBIX BKJIIOYEHUI B KBaplie B psay audde-
pPEHLIMATOB IT0po BoJibhpaMOHOCHOTO CIIOKOMHMH-
ckoro maccuBa (Ceipuiio u ap., 2018). 3aciayxuBaiot
BHUMaHUS pe3yiabTaThl Rb-Sr matmpoBaHus BOJIb-
dpamoHocHoro mapareHe3uca — KIIII, MyckoBuT,
¢IroopuT U3 KBapII-BOJB(PPAMUTOBON XKUIBI MECTO-
poXneHus1 YBaJIbHOE B apeajie BMEIIAIOIIUX ITOPOJ
CIOKOMHMHCKOTO MaccuBa. MecTopoxXIeHEe YBallb-
Hoe Haxogutcs B 1.5 KM K ceBepy OoT CIIOKOMHMHCKOTO
MECTOPOXICHUSI U MPEICTaB/IsSIeT COOOM IITOKBEPK C
KBapleBO->KWJIBHBIM OJIOBIHHO-BOJIL(PPaMOBBIM OpY-
JIEHEHMEM, 3aJIeTalOIIMii BO BMEIAOIIMX claHax. Ero
MOJIOKEeHMEe MPEACTaBJICHO Ha CXeMaTUYEeCKOU Ireo-
JIOTMYECKOM KapTe XaHTWJIAMCKOro pPyZHOTO y3jia B
pa6ore (Coeipunio u ap., 2018, puc. 4). YcranoBieH-
HBII Bo3pacT (POPMHUPOBAHMS ITUX BOJb(PpaMOHOC-
HBIX X — 146.4 + 1.5 mutH et (Rb-Sr n3oTorHas
cucTeMa) IOKa3bIBAaeT, YTO, B OTJIMYMUE OT CIIOKOI-
HUHCKOTO BoJibdpamura (141.8 + 0.6 MaH neT), ux
oOpa3oBaHMEe UIEHTUYHO BpeMeHU (hOpMUPOBAHUS
HETMOCPEACTBEHHO TPAaHUTHOrO MaccuBa — 146.9 *
+ 0.7 man net (Rb-Sr nuzoromHas cucrema). Takum
00pa3oM, KBaplieBO-XMJIEHOE BOJIL(PPaMOBOE OpyIeHe-
HUE B apeaJie MAaCCUBOB PEIKOMETAIBHBIX TPAHUTOB MO-
KeT SIBJISITCS pe3YyJIbTaTOM TMAPOTEPMAaJIbHOIO IIpoa-
pUBaHUs BMEIIAIOIINX ITOPOI B MEPUON BHEAPECHUS
PYIOHOCHOIO pacIulaBa, COIIPOBOXKIAIOIIETOCS BbI-
HOCOM BoOJIb(hpaMa M3 MarMaTMyecKoro ovara Wiu
€ro MOOMJIM3alueil U3 BMEILIAIOIIUX IOPO/I.

O creunduyeckoil npupoae Sn-W pymHOTO Be-
1LIECTBA CBUJETEJIbCTBYET BbISIBJIEHHAs! W30TOITHAS
reTepOreHHOCTh MEXIY COCTaBOM BoJIb(hpaMuTa U
BMEIIAIOIIMMU €ro rpaHuTaMu. Kak BugHO 13 TabII. 1,
3Ta TeTepPOreHHOCTb MPOSBIISIETCS B AEIJIETUPOBAH-
HOCTU &g B COCTaBe BOJbdpaMuTa, U, HANIPOTUB,
0oJIbllIeM colepXXaHUU B HUX PAIMOTEHHOTO CTPOH-
s (Abushkevich et al., 2010; Ceipumno u ap., 2018).
M3oT0MMHas1 reTeporeHHOCTh pagroreHHbIx Nd u Sr
MOXET CIY>XKMTb MPU3HAKOM BO3IEUCTBUS TIIYOWH-
HOTro MCTOYHHMKA IOBEHUJbHOro BenlectBa. Mcrou-
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HUKU BOJIb(ppaMUTa U KaCCUTEpUTA 10 M30TOITHBIM
nmapamMeTpam Sr 1 Nd nmormazgaroT B I10Jie cocTaBa 000-
raieHoro ManTuitHoro ucrounmnka EMII-tuna. Otu
JIaHHBIE XOPOIIIO COINIACYIOTCSI C MPEIACTaBICHUEM O
CMELIAHHOM MaHTUIHO-KOPOBOI MpUpOAe pacIiia-
BOB pEIKOMETaJbHbIX TPAHUTOB IIOJ BO3JIECHCTBUEM
MaHTUIHBIX MarM, CBSI3aHHBIX ¢ IiroMamu (SIpmo-
mok, Kosanenko, 2003).

BbIBO/1bI

BoinosHeHHbIE HW30TOMHO-TEOXPOHOJIOTUYECKUE
nccienoBanust (U-Pb, Rb-Sr, Ar-Ar n3o0TonHbIe CU-
CT€Mbl) BO3PACTHBIX COOTHOILIIEHU (hOPMUPOBAHUS
MacCHUBOB XaHTWJIaliCKOro UHTpy3uBa B BocTtouHOM
3abaiikaibe MOATBEPAMIM MOJYyYEeHHBbIE paHee pe-
3yapTaThl Rb-Sr matuposanus (KocTuuslH U 1Op.,
2004), BnepBble BBISIBUBILIETO CUHXPOHHOCThH 00pa-
30BaHUS TPEX MAaCCUBOB MHTPY3UBa.

YcTaHOBIEHO, YTO BO3pacThl (HPOPMHUPOBAHUS
U3ydyaeMbIX TPAaHUTOB (CpeaHre 3HaUYeHUs 6e3 yyeTa
MOrPEITHOCTEM ), OolleHeHHbIe JIoKaabHbIM U-Pb Mme-
TonoM o uupkoHy (SHRIMP), sasnsttorcst 6oee Mo-
JIOOBIMY IO CPABHEHMIO C OLIEHKaMM BO3pacTa, MoJIy-
YEHHBIMM APYTUMMU M30TOMHBIMM METOAAMU, B TOM
yuciie Rb-Sr o mopogam u muHepanam, U-Pb ¢ xu-
MHWYECKUM Pa3JIOKEHUEM I10 IUPKOHY M Ar-Ar 1o
MYCKOBUTY. MeXIly STUMU 3HAUCHUSIMU HAOJI01aeT-
Csl yCTOMYMBOE pasinuuue Mmopsiaika 5 MiIH JieT.

IIponecc popmMupoBaHUs MOITHOTO psaa audde-
peHuuaTtoB Li-F rpanutoB OpiaoBcKoro mMaccuBa OT
0e3pyIHBIX IIPOTOJIUTUOHUTOBBIX I'PAaHUTOB IIIy0O-
KWX TOPU3OHTOB, TOPHUPOOIACTOBBIX TPAHUTOB OC-
HOBHOTO 00beMa 10 pPyIOHOCHBIX JIETTUA0JIUT-aMa30-
HUTOBBIX TPAHUTOB alIMKaIU ObICTPOTEYEH, €TI0 JJIU-
TeJIbHOCTb HE YyCTaHaBJIMBaeTCsl pe3yJbTaTaMu
F€OXPOHOJOTMUYECKUX UCCIIETOBAHUMA.

Bo3spactbl KpuctauiM3aluuu pyaiHONH MUHepaiu3a-
uuu Li-F rpanutoB OpjioBCcKOro MaccuBa, onpee-
nennbie U-Pb (ID-TIMS) meTonom (KOaymMOUT-TaH-
TanuT — 145 + 1 MiH JieT, kaccuteput — 144.2 + 0.3 MTH
JIET), COTIOCTaBUMbI CO BpEMEHEM KpHUCTaUIM3alun
LIMPKOHA PYAOHOCHOTO rpaHuTta — 145 = 1 MJaH et
(U-Pb merton, CA-ID-TIMS), 4ro moaTBepxKIacT
MarmMaToreHHylo NpUpoNIy PEeIKOMETaIbHOW MUHE-
panuzanuu. B cranmaprHom tune PITT CriokoitHUH-
CKOTO MaccuBa MexIy BpeMeHeM (hOpMUPOBAHUS
MaccuBa (Rb-Sr cuctema) u Kpucraminzanueii Bojb-
¢pamura (Rb-Sr cuctema) BhISIBIIEH BpeMEHHOI MH-
TepaBaJl B 3.8 MJIH JIET, YTO MOXKET COOTBETCTBOBATH
BpeMeHU (DOPMUPOBAHUS TUAPOTEPMATbHOI CUCTe-
MbI, C KOTOPOI FTeHETUUYECKH CBSI3aHO BOJIb(ppamMoBoe
OpyIEeHEHUE.

CHHXpOHHOCTh (popMmupoBaHus maccuBoB PIIT
XaHrujiaiickoro MHTPy3uBa, B TOM YKCJIe MACCUBOB-
CaTeJNIMTOB C PEeIKOMETaJbHBIM U BOJb(MPPaMOBBIM
OpylleHeHUEeM, SIBJISIeTCSl CJIeNCTBMEM OOIeit Kpat-
KOCPOUHOCTU MPOSIBJIEHUSI MarMaTu3Ma, COTJIacHO
KOTOpOIi “Bo3pacTHasl MJIMTEJbHOCTh CYyIlIeCTBOBaA-
HUSI PEIKOMETaJIbHOTO paciuiaBa He IpeBbllliajia
104—10° ner” (KoctuupiH, 2004).
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IIETPOJIOI'UA

Age and Isotope-Geochemical Characteristics of Ta, Nb, W, Sn Mineralization

Associated with Rare-Metal Granites (Khangilay Ore District, Eastern Transbaikalia)

E. V. Badanina!, L. F. Syritso!, A. A. Ivanova?, and N. G. Rizvanova’
! Saint-Petersburg State University, St.- Petersburg, Russia

2 Institute of Precambrian Geology and Geochronology Russian Academy of Sciences, Saint Petersburg, Russia

The age relations between the formation of the parent massif and the time of crystallization of the associated
ore mineralization were established on the basis of isotope-geochronological study of the massifs-deposits of
the Khangily ore district with various metallogenic specialization in Eastern Transbaikalia. In the Orlovka
massif of Li-F granites, the crystallization time of columbite-tantalite (145 & 1 Ma) and cassiterite (144.2 + 0.3 Ma)
(U-Pb, ID-TIMS) is almost identical to the crystallization time of zircon (140.6 £ 2.9 Ma (U-Pb, SHRIMP)
and 145 + 1 Ma (U-Pb, CA-ID-TIMS)) — an age marker of the formation of massifs. This fact testifies to the
magmatogenic nature of rare-metal mineralization. In the Spokojnoye massif — the “standard type” of rare-
metal peraluminous granites — a time gap with an interval of 0.6—3.8 Ma was revealed between the time of
formation of the massif (141.3 £+ 1.8 Ma, U-Pb, SHRIMP, 146.9 & 0.7 Ma, Rb-Sr isotopic system) and crys-
tallization of wolframite (141.8 = 0.6, Rb-Sr isotopic system and 140.1 = 1.4 Ma, Sm-Nd isotopic system).
Perhaps this interval corresponds to the time of formation of the hydrothermal system, with which tungsten
mineralization is genetically related.

Keywords: rare-metal granites, ore-mineralization, columbite-tantalite, cassiterite, wolframite, Eastern
Transbaikalia, isotopic-geochronological investigations
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