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Paccmotpens! pesynbsrarbl U-Pb reoXpoHOIOrn4eckrux UcciieloBaHui IMPKOHOB U3 PyJAOHOCHBIX METacoMa-
TUTOB bepe3nToBOro 3010TO-MOMTUMETAIINYECKOro MecTopokaeHust Bepxuero IlpuamMmypbs 1 BMEIIAOINX
uX MopUPOBUIHBIX OMOTHT-POrOBOOOMAHKOBBIX I'PAaHUTOB XaHKTHHCKO-OpPOTKaHCKOI0 MacCHBa, KOTOPbIE
paccMarpuBaIMCh KaK PaHHENPOTEPO30MCKHEe MarMaTHueckue oO0pa3oBaHMs M03JHECTAHOBOIO KOMILIEKCA.
HWccnenoBanus nposoaunuck 18yms metogamu: SHRIMP-II u LA-ICP-MS. BeisiBieHo, 4T0 METO/T Macc-CIeK-
TPOMETPUYECKOTO OIPEIEICHUsI C CUCTEMOM JIa3epHOM alJIsIIK I03BOJISIET JOCTOBEPHO n3MepsiTh U-Pb B0o3-
pacta mopoj 1 pe3yabTarskl conoctaBuMsbl ¢ JanHbIMA SHRIMP-II. YcTanoBneHo, 4To BeMunHa CpeTHEB3BE-
IIIEHHOT'O M30TOITHOTO BO3pacTa IMPKOHOB COCTABIISIET: U3 MOP(UPOBUIHBIX TPAHUTOB XalKTHHCKO-OporxkaH-
ckoro MaccuBa P 344P355 mutH 1eT; 13 MeTacoMaTu4ecKux oopazoBanuil MectopokaeHus P 323P366 mitH JieT.
ITony4yeHHbIe JaHHBIE OJTHO3HAYHO YKa3bIBAIOT HA TO, YTO PYAOHOCHbIE METaCOMaTHYECKUE MTOPOJIBI paccMar-
PHBAaEMOr0 MECTOPOXKACHUS ObLITH 00pa30BaHbI 10 'PAaHUTONAaM XaHKTHHCKO-OpOrKaHCKOTO MaccuBa, KOTO-
pBI€ BEPOSITHEN BCET0 OTHOCSTCS K CAMOCTOSTEIbHOMY MO3/IHENANE030HCKOMY MarMaTH4eCKOMY KOMILIEKCY.
bauskue no Bo3pacTHBIM 1aTUPOBKAM Male€030iCKie MarMaTHUeCKUe KOMIUIEKCHI IIUPOKO PA3BUTHI B Ipejie-
nax Cenenrnno-CraHoBoii ooactu Boctounoro u 3anasHoro 3abaiikaibsi.

Knrwuesvie cnosa: nzoronHas reoxpoHoJjorus, U-Pb METOd, HMPKOH, 'PAHUTHBI, 30JI0TO-INOJTUMET AN~

Yyeckoe MecTopoxaeHne, CeBepo-A3uarckuii KpaTtoH, Bepxuee Ilpuamyphbe.

BBEJIEHUE

B roro-Boctounom obpamiiennn CeBepo-A3znuarcko-
ro KparoHa, B npeaenax CraHoBoi o6mactu u CeneHru-
HO-CTaHOBOTO OPOTreHHOTrO0 Mnosica [6], cpen BhICOKOMeE-
TaMOp(U30BaHHBIX 00Pa30BaHUMN allaHUsI U CTAaHOBUS
IIAPOKO Pa3BUTLI MAaCCUBBLI MHTPY3UMBHBIX IOPOJ pas-
JMYHOTO BO3PACTa, OT PAHHETIPOTEPO30HUCKOTO A0 ME30-
30iickoro. Ux popMupoBanue oTpaxkaeT CIOKHYIO TONH-
IUKINYHYIO UCTOPHUIO T€OIOTUYECKOTO Pa3BUTHUS Kpae-
BBIX BBICTYIOB (PyHIaMeHTa KpaToOHA U €ro CKJIAA4aToro
oOpamiieHus1, KOTOpbIE B TIPOTEPO30HCKOE U (haHEepO30ii-
CKOE€ BpeMsI IPETEePIe/IN HEOAHOKPATHYIO CTPYKTYPHYIO
U MarMaTH4eckyio nepepabotky [11, 12]. I'maBHbIMHU cO-
OBITUSIMH, O0YCIOBUBIIUMHU (HOPMHUPOBAHUE PA3HOBO3-
PaCTHBIX TPAHUTONUIOB, ABJIAJIUCH IIPOLECCHI PAHHETIPO-
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TEPO30HCKOro MeTaMophu3Ma U TPaHUTU3AIUHN JOKEMO-
puiickux KoMmIuiekcoB [37], a Takke maneo30i-mMe3030M-
CKHE aKKPEIMOHHO-KOJUTU3UOHHBIE TIPOIECCHI, 00YCIOB-
neHHble B3anMozeiicteuem Cubupckoro u Monromno-Ku-
Talickoro KOHTHHEHTOB [13, 14, 27].

Haubonee npeBHHE paHHENPOTEPO30HCKHUE TPAHU-
TOUJBI SBJISIOTCS XapaKTePHBIMU O0pa30BaHUSMU IS
BCEX JIOKeMOPHUHCKHUX KPaTOHOB, KOTOPBIC (hOPMHUPYIOT-
cs B UX nepuepuiiHbIX 4acTsX B MpoIlecce amalibrama-
LIUU KOPOBBIX TEPPENHOB B CTPYKTYpPY pPaHHENPOTEPO-
30MCKOT0 CYNEpKOHTMHEHTA U aKKpPEUHUH IOBEHUJIbHOU
kopsl 1o nepucgepun [34]. B npenenax Bepxuero ITpu-
aMypbsi HauOolee JpeBHUE MarMaruueckue odpa3oBa-
HUS MIPEJICTaBIEHbl 3HAYUTEIBHBIMHU 110 MJIOIIAU TPaHu-
TOUJAMH TO3/IHECTAHOBOIO U TYKYPUHIPCKOTO KOMILIEK-
COB, KOTOPBIE Pa3BUTHI BJI0JIb J[>KENTYIaKCKOTO pasjioMa
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Puc. 1. Cxema pacnpocTpaHeHHs] HHTPY3UBHBIX MACCHUBOB IT0O3JHECTAHOBOTO U TYKyPHUHIPCKOTO KOMILIEKCOB B IIpejie-
Jax 10ro-soctouHoro oopamieHus CeBepo-Asuarckoro kparoHa. CocTarjieHa aBTopaMu 1o Mmarepuanam [6, 7, 9, 33].

1 P Annano-CranoBoit mut (AC); 2P4 P oporennsie nosica: 2 P Cenenruno-Cranosoii (CC), 3 P Monromno-Oxorckuit (MO), 4 P
ApryHckuit (Ap); 5 P rpaHUTONABI TO3JHECTAHOBOTO M TYKYPHHIPCKOTO KOMILIEKCOB; 6 P 0oCHOBHBIE pernoHanbHble pa3iaomsl (1 P
Jbxentynakckuii, 2 P Cesepo-Tykypunrpckuii, 3 P FOxno-Tykypunrpcekuii); 7 P tekronnueckue HapymeHnus; 8§ P paiion pacmnono-
xxeHust XaiikTuacko-Oporxanckoro MmaccuBa. Ha Bpeske 3Be304Koil moka3aHo reorpaduueckoe rnonoxenue bepesntosoro mecro-

POXKICHUS.

[7, 9] u nokanu3oBaHbl B Mpe/eIax BOCTOUHOIO OKOHYA-
Hust Cenenrnno-CranoBoro oporeHHoro nosica 1 CraHo-
Bo# oOmactu AnjgaHo-CraHoBoro muta (puc. 1). Bos-
pacT 3TUX TPAHUTOUJIOB, C OOJBIION 0Jei YCIOBHOCTH,
TPaJMIIMOHHO MPUHUMAETCA KaK PaHHEMPOTEPO30MCKHHA
[19]. IIpu »>TOM rpaHUTOUIBI MMO3HECTAHOBOIO KOMII-
JeKca pacCMaTpUBAIOTCs Kak mHepBas (aza WK paHHAS
cyOdaza rmaBHO# (as3bl TyKypHHIPCKOTO KomIuiekca [20].

B mocnegHue roasl BOMpoC O CYIIECTBOBAHHH B
npeznenax CTaHOBOTO Iosica PaHHEIIPOTEPO3OMCKUX Tpa-
HUTOB CTaBUTCS 1O 0oibioe coMHeHne. CoBpeMeHHbIe
U-Pb reoxpoHonornueckue UCcCiaeJ0BaHNsI TPAHUTOHIOB
MO3/IHECTAHOBOTO M TyKYPHUHIPCKOTO KOMILIEKCOB B ITpe-
nenax JLxyrmxypo-CranoBoro cynepreppeiina (I'etkan-
ckuil n UybaunHCKUIT MacCHUBBI) IOKA3aJIH, YTO X BO3-
pact coctasusier 140P138 mun et [9, 22P24]. Oto npu-
BEJIO K CYHIECTBCHHOMY MEPECMOTpPY paHee BBHICKA3aH-
HBIX MIPEJICTABICHUN 00 MCTOPUM T€OJIOTHIECKOTO pas3-
BUTHS JJAHHOTO PETHMOHA, a TaKKe T'eOJMHAMHYECKOTr0
pexuma QOpMUPOBAHHS MarMaTHYE€CKHUX KOMIUIEKCOB

naHHoW npoBuHIMK. [Ipennonaraercs, 4To oOpa3oBaHue
TPAHUTOUJIOB TYKYPHHIPCKOTO KOMIIJIEKCOB CBSI3aHO C
3aKJIIOUYUTENIBHBIM 3TalloM PaHHEMEJIOBOI'O PErHOHANb-
HOro MeTamop(du3Ma mopoJi CTaHOBOU cepuH, 00yCIOB-
JeHHOro mnpoueccamu kosusuu CeBepo-A3narckoro
KpaToHa ¢ AMYpPCKHUM cymnepreppeitHom, 0o mpudiie-
HeHueM Cenenruno-CranoBoro cynepreppeiina k Cese-
pO-A3naTCKOMY KpaToHY Mo JIKENTYIaKCKOMY Pa3iioMy
[8, 25].

CremyeT OTMETHTb, YTO MACCHBBI IPEBHUX TPaHU-
TOHJI0B MO3AHECTAHOBOTO KOMIUIEKCA IPUHUMAIOT IIH-
pOKOE yJacTHE B I€OJIOTUYECKOM CTPOCHHH 30JI0TOPY/I-
HBIX MecTopoxaeHull Bepxuero Ilpuamypses P bamckoe,
Kuposckoe, bepesntoBoe P u apyrux pyaHsIx 0ObEKTOB.
Oco6eHHO IIMPOKO OHHU PAa3BUTHI B Ipenenax bepesuro-
BOI'O MECTOPOXKIEHMS, PYTHOE TE€JI0 KOTOPOTO JIOKAIU30-
BaHO B LIEHTpaIbHON YacTu XalKTUHCKO-OpOrkaHCKOro
MaccHBa, OTHECEHHOTO K 00pa30BaHUsAM MO3JHECTaHO-
BOT'0 KOMIUJIEKCA paHHEIpPOTepo3o0iickoro Bo3pacta [19].
[Ipu >TOM IPOUCXOKICHUE U COCTAB MOPOJ (IIPOTOIH-
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Ta), IO KOTOpoMYy OblIa chopMUpoBaHa PyJOHOCHAS Me-
TacoMaTHYecKasl 30Ha, IO CUX MOp TPAKTyeTcs BechbMa
HeoHO3Ha4HO. [Ipennonaraercs, 4To pyaHas 30Ha Mec-
TOPOKACHUS MPEACTaBIsET co00i MO0 MeTacoMaTHyeC-
K1 MIPeoOpa30BaHHOE TENO SKCIIO3UBHBIX OpeKUMid, Clo-
JKEHHOE PaHHETPHACOBBIMH CyOBYIKaHMYECKUMH 00pa3o-
BaHUAMU JECOBCKOTO PUOJIUT-TPAXUPUOJIUTOBOIO KOMII-
nekca [3]; m10o 3TO MeTacoMaTu4ecKy U3MEHEHHBIH 00-
JIOMOYHBIN Marepuajl BMECIIAIOINUX 30HY I'PaHUTOUAOB.
HOCKOJ'II)Ky HET ABHBIX T'COJIOTMYCCKUX JTaHHbIX, YKa3bIBa-
IOIIMX HA UCXOJHBIM COCTaB MPOTONUTA PYIOHOCHBIX 00-
pa3oBaHM paccMaTpUBAEMOT0 MECTOPOXKICHNUS, aBTOPHI
CUUTAIOT, YTO PEIIEHHE AAaHHOTO BOIPOCA BO3MOKHO Ha
OCHOBC JICTAJIbHBIX MUHCPAJIOTr0O-reOXMMHUYCCKUX UCCIIC-
JIOBaHMM 1TUpKOHA P akrieccopHoro MuHepasa, Haxoasiie-
TroCs KaK B 'paHUTax, TaK U PyAOHOCHBIX M€TaCOMaTuTax.
MHOro4ucjieHHbIC H30TOIHBIC HCCJICAOBAHUS arperaroB
IUPKOHA, OMMMCAHHBIC B ITOCJICAHEE BPEMS B COBpCMCHHOﬁ
Te0JIOTHYCCKON JUTEpaType, OAHO3HAYHO IOKA3BIBAIOT,
YTO UX HU30TOITHBIC CUCTEMBI ABJIAOTCA AOBOJIBHO yCTOﬁ-
YUBBIMH TIPH TEPMAIBHBIX Mpeodpa3oBaHusIX mopof [17].
B >ToMm 11ane HIUPKOH ABJACTCA CAMHCTBECHHBIM I'€OXpPO-
HOMETPOM, NPUTOAHBIM JIs1 1aTUPOBAHUSA BBICOKOTEMIIC-
PaTypHBIX MOJHMMETaMOP(PUIECKUX TPOIIECCOB, YTO B KO-
HEYHOM HUTOIC MO3BOJIACT UCIIOJIB30BATh HUPKOHOMETPHUIO
U JUISL PEIICHHUS] HEKOTOPBIX CHEHU(PUUIECKUX 3a/1au B 00-
JIACTH TeHe3Hca PYIHBIX MECTOPOXKACHUI.

Taxkum 006pa3oM, T€OXPOHOIIOTHIECKHUE HCCIIE0BA-
HUS IIUPKOHOB M3 Mopoxa bepe3uToBoro pyaHoro moius
MMPOBOAWJIMCH JId PELICHUA IBYX OCHOBHBIX B3aUMOCBSI-
3aHHBIX 33]a4, UMCIOINX Ba)XKHOE 3HAUCHUE IS pelle-
HUs TpoOsieMbl TeHe3nuca bepe3suToBoro Mectopoxie-
HUsI, a UMCHHO: BBIABJICHUA TPUPOABI ITPOTOJINTA, 1O KO-
TOPBIM OBLIO C(OPMUPOBAHO METACOMATHUECKOE PYIHOE
TEJIO MECTOPOXKACHUS, a TAaKXKe YCTAaHOBJICHHS BO3pacTa
BMCINAIONINX PYJHOE TEJI0 MECTOPOXKICHHUS TPAaHUTOB
XaitktuHcko-OporkaHckoro mMaccuBa. Pe3ynbsrarsl npo-
BEACHHBIX reoxpoHosiornyeckux U-Pb m3oTomusix uc-
CJIeIOBaHUM MPEACTaBICHBI HUXE.

IF'EOJIOT'HNYECKAS XAPAKTEPUCTUKA
XAMKTHHCKO-OPOT)KAHCKOI'O MACCHUBA 1
MECTOPOXAEHUSA BEPE3UTOBOE

XalKTHHCKO-OpOrKaHCKUN UHTPY3UBHBIM MaccuB
pacmnonaraercsi B Mexaypeube pek bonbmioit Onbnoi u
Xaiikra (puc. 2). C BocTOKa, ceBepa U 3arajia OH OKaiM-
JSITCST ME3030MCKUMH TPAHUTOMIAMHU, KOTOPBIE Tpea-
CTaBISIOT cCOOON KpaeBble (parMEHThI EAUNHOTO TUTAHTC-
KOro XaWKTHHCKOTO T'paIToOJINTa, UMEIOIEr0 HEPOBHYIO
AIlMMKaJIbHYI0 NMMOBEPXHOCTb, C KYIIOJIOBUAHBIMU BBICTY-
naMu U nposecamu KpoBiu [32]. [1o pesynpTaTam rpa-
BUMETPHUUYECKUX PAa0OT MIpPEAIoNaraeTcsi, 4To MAacCUB
MPEACTABISAET COOOM MOJOTO MOTPY>KAIOIIYIOCS Ha IOT0-

BOCTOK IIJIACTHHY, C HENNTyOOKHM 3aJieraHueM KpOBIH (I10-
psinka 2 kM) B mpenenax bepesnToBoro MecTopoxIeHusI.

B 1oxHoi yacTn XaWKTHUHCKO-OpOrKaHCKUM UH-
TPY3UBHBII MacCHUB MPOPHIBACT MOPOABI (PyHAAMEHTA!
MeTamop¢udeckue obpazoBaHus paHHero apxes (?) u
MpoTEepo30iickue MeTaMop(hU30BaHHBIC HHTPY3HBHBIC
MOPOJB! YABTPAOCHOBHOTO-OCHOBHOTO cocTaBa. Mera-
MoOp(hUYeCKUe MOPOAbI, MPEACTABICHHbIC MPEHMYIIe-
CTBEHHO OMOTHUT-POrOBOOOMAHKOBBIMHU T'Helcamu, pac-
CMaTpHUBAIOT KaK MolIuMeTaMopudeckue o0pa3oBaHus
MOTOUMHCKON CepuH, MpeTepreBIIne MeTaMopdusm rpa-
HYJIUTOBOH (haruu, ¢ mocienyromeid OJacTOMHIOHH-
Tuzanuei u auadropesom [19]. MeramopduzoBaHHbIC
JIpEBHUE MHTPY3UBHBIC MOPOJBI, OTHOCUMbIE K KECHTY-
PaKcKOMy KOMILIEKCY MeTaMOp(hHU30BaHHBIX Tab0po paH-
HEro npoTtepo3os [2], mpeactaBieHsl MeTarpadopo, Me-
TaaHOPTO3UTAMH, aM()UOONTUTAMH.

XaUKkTUHCKO-OpOrKaHCKUM MacCUB UMEET CIIOXK-
HOE HEOJHOPOJHOE CTPOCHHE. B ero cocrase BbIAEHS-
I0TCS CICAYIONME OCHOBHBIC (hallMaIbHbIC Pa3HOBUI-
HOCTH TOPOJI: THEWCOBUIHbIE OMOTUT-POTOBOOOMAHKO-
BbIC TPAHONOPUTH; MOP(UPOBUIHBIE POTOBOOOMAHKO-
BO-OMOTUTOBBIC TPAHUTHI; TEHKOKPATOBbIE ONOTHTOBBIE
TPaHUTHI U TPAHOCUEHUTHI (pHC. 2). MexXay dTUMHU pa3-
HOBUJHOCTSIMH TIOPOJ OBCEMECTHO OTMEUAIOTCs 10-
CTEIEHHBIE IIJIaBHBIC MEPEXObl, YTO OTUYCTIUBO yCTa-
HABIMBAETCS B MOJ3EMHBIX TOPHBIX BBIPAOOTKaxX u
CKBa)XMHAX, MPONACHHBIX B Ipeaesnax maccusa. Ilpu
3TOM T'HEHCOBHUAHBIC TPAHOAHOPHUTHI PACCMATPUBAIOTCS
Kak KpaeBble, BepXHHE (alluu MacCUBa, TOPHUPOBUI-
HbIC TPaHUTHl P Kak MPOMEXKYyTOYHBIE, IICHTPAJIbHBIC
00pa3zoBaHHus, a JCHKOKPATOBBIE I'PAHUTHI P Kak HMX-
HUe, TyOnHHBIE (aruu.

I'nelicoBuHBIE TPAHOJUOPUTHI IIPEACTABIIAIOT CO-
00if ceprle CpEeAHE3EPHUCTHIE TTOPOABI C TICEBIOMIONIO0C-
4aTOM M TEHEBOM TEKCTypoll. B OTIenbHBIX ydacTKax
MaccHBa THEHCOBUAHOCTD MOPOJ MPOSIBISETCS HACTONb-
KO SIPKO, YTO OHHM IPHOOpETarOT 0ONMK THUIIHYHBIX I'pa-
HUTOTHEMCOB MM MOJNOCYAThIX MUTMATuToB. [Topdupo-
BUJHBIC TPAHUTHI UMEIOT MACCUBHOE CPETHE3EPHUCTOE
CTPOCHHE, XapaKTEPHYIO CEPO-3EICHYI0 OKPAcKy, 00yc-
JIOBJICHHYIO MIMPOKHUM Pa3BUTHEM B HUX NPOIECCOB CeE-
PULIMTH3AINY, STUAOTH3ALNN U XJIOPUTH3AINU. XapaK-
TEpPHON 0COOEHHOCTHIO TPAHUTOB SBISICTCS HATUYME B
nopojax KpyHmHbIX MOp¢hupo6IacTOB BTOPHUHOTO MUK-
pPOKJIMHA, C pa3MepoM BbiaereHui 10 1P2 cm, koTopsiit
YacTO 3aMEIIaeT IUIATHOKIIa3 U COJCPKUT B cede BKIIIO-
YeHHUs] PAaHHUX MUHepasoB. JIelikokpaToBble OMOTHUTO-
BbI€ TPAHUTHI, HanbOoJIee PacIpOCTPAHEHHBIE B CEBEP-
HOH yacTtu XaWKTUHCKO-OpOr;kaHCKOTO MaccuBa, Mpej-
CTaBJICHBI CBETJIBIMU CPEIHE3EPHUCTBIMU TIOPOIAMH, CO-
CTOSIIIIMHU U3 KaJHEBOTO MOJIEBOTO IIII1aTa, KBapIa, mia-
TMOKJIa3a U HE3HAYUTEIbHOTO KOJMUECTBAa OMOTHTA.
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Puc. 2. Cxema reoJiorn4eckoro CTpOCHUA XaﬁKTHHCKO-OpOF)KaHCKOI‘O maccuBa. CocTaBieHa aBTOpaMu C UCIIOJIb30Ba-
HHUEM MaTC€praJioB MPOU3BOJCTBECHHBIX '€OJIOTUYCCKUX CJ'Iy)KG.

1 P 4eTBepTHYHBIC PHIXJIBIE AJIIOBHAIBHBIE OTIOXKEHHUS; 2 P KOMIUIeke paHHeapXeHCKUX MeTaMop(pHIecKHX 00pa3oBaHUN MOTO-
YUHCKOI CepHU: KPUCTAUIOCIAHIEI U THeHcHl; 3 P MeTamopdu3oBaHHbIe 0calodHbIe TOPOIBI HIKHET0 IpoTepo3os; 4 P BynkaHo-
TeHHBIE U BYJIKAaHOTC€HHO-0CaJJOYHBIE TIOPOBI JIECOBCKOI0 KOMIUIEKCa PAHHETPHACOBOT0 BO3PACTA: TPAXUPHOIUTHI, PUOJIUTHI, PHO-
JAIUTHI, TAUTHI, TY(POaneBpOIUTHl U TY(POaprHIUIHTEL;, 5 P KeHrypakcKkuil koMmiekc 0a3uT-yapTpaba3uToro cocTaBa paHHEIPOTe-
po3oiickoro Bo3pacta, 1o [1]: merarpad6po, aMmpuOOIUTH, MaTaaHOPTO3UTHI, METATNPOKCEHUTHI; 6P8 P pannenpotepo3oiickue (?)
HHTPY3HUBHBIE OPOABI XaHKTHHCKO-OPOIrKaHCKOI'O MacCHBa MO3THECTAHOBOTO KOMILIeKca (?): THeilCOBUAHBIE OHOTHT-POTrOBOOO-
MaHKOBBIE TPAaHOAUOPUTEHI (6), MOPHUPOBHIHBIE OHOTUT-POrOBOOOMAHKOBBIE T'PAaHOIUOPHUTEI U I'PAHUTEI (7), TIeHKOKpaToBbIe ONOTH-
TOBBIE TPAHUTHI M TPaHOCUEHUTHI (§); 9 P XaKTHMHCKHH KOMIUIEKC CyOIIeIOUHBIX TPAaHUTOHUIOB PAaHHEMEJIOBOTO Bo3pacTa, 1o [40]:
rpy6onopdupoBruIHbIe ONOTHT-POrOBOOOMAaHKOBBIE TPAHOAHOPHUTEL, 'PAHUTHI ¥ I'paHocHeHUTHI; 10 P naiikoBeie oOpa3oBaHus paH-
HEMeJIOBOTO0 Bo3pacTa: a P rpanonnopurt- u rpanut-nopupsl, 6 P cneccaptuts! 1 guoputossie mopduputsl; 11 P ocHOBHBIE TEKTO-
HUueckue HapyueHus; 12 P xBapuessie xxuibl; 13 P bepe3utoBoe 3010T0-0IUMETAIIMYECKOE MECTOPOKICHUE.
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B cocraBe XaikTnHCKO-OpOrKaHCKOTO MaccuBa
IIUPOKO PACIIPOCTPAHEHBI JANKU arlIMTOBUIHBIX TPaHH-
TOB, MOILIIHOCTBIO OT IIEPBBIX CAaHTUMETPOB 10 1P2 met-
pos. Kpome Toro, B mOp(pHUpPOBUIHBIX U THEHCOBUIHBIX
Pa3HOBUIHOCTSIX TPAHUTOUJIOB MaccHBa OTMEYaeTCs Ha-
nu4re OONBIIOTO KOJUYeCTBa KCEHOTUTOB M3MEHEHHBIX
rabOpouI0B KEHI'YPAKCKOTO KOMIUIEKCA, pa3MepaMu OT
MIEPBBIX CAHTUMETPOB JIO MEPBBIX JACCATKOB METPOB.

Bospact rpanuronnoB XaikruHcko-OporKaHCKOTO
MaccuBa B HACTOsIIEE BpeMsi ¢ OOJIBIION /1071 yCIOBHO-
CTH IIPUHUMAETCS KaK PAHHEIIPOTEPO30MCKUI, IOCKOIbKY
o TeTporpapuuecKuM U MEeTPOXUMHUECKUM XapaKTePH-
CTHKaM TMOPOJIbl MACCHBA CXOJIHBI C KOMIIIEKCOM TMO3/IHE-
CTaHOBBIX TPAHUTOUI0B AJiaHO-CTaHOBOTO mUTa. AGCO-
JIOTHBIM BO3pACT TPAHUTOUIOB MacCHBa, 1Mo pe3yabTaraM
BanoBbIX K-Ar onpenenenui, cocrasnser 144P125 mun
seT [30]. Mo)kHO TPEAoNOKNUTh, YTO TIOITYYEHHbIE HHCT-
pYMEHTaJbHbIE BO3PACTHBIC XapaKTEPUCTHKU B JAHHOM
clIy4ae OTpakaloT BpeMsl MOCIEAHero dTamna npeodpas3o-
BaHUsI [TOPOJT MacCUBa, 00YCIIOBICHHOTO (DOPMHPOBAHUEM
ME3030MCKUX TPaHUTONI0B XaKTHHCKOTO MacCHBa.

B nentpanpHoit yactn XakTHHCKO-OpPOrKaHCKO-
IO MaccuBa pacnojokeHo bepe3uToBoe MecTopoxje-
HUE, MPEACTABICHHOE CYIbPUACOAEPKAIMMU TypMa-
TUH-TPaHAT-MyCKOBUT-KBapLIEBBIMH [TOPOJIAMH, KOTOPBIE
00pa3yroT B MaccuBe OPHUPOBUIHBIX TPAHOJAHOPHUTOB
KpyTomnajatomiee teno (puc. 3). B miaHe pynHoe Teno
MECTOPOXKICHUS UMEET CIIOKHYIO TUH30BHIIHYIO (OpMY.
Jnuna ero Ha moBepxHocTu gocturaer 950 m. Momr-
HOCTB 30HBI MeHsieTcsa oT 10P15 M 1o 110 m.

OcHOBHas 4acTh PYIOBMEHIAIONINX METacoMaTH-
TOB MECTOPOXKJICHUS CIIOKEHA JOBOJIBHO OIHOPOIHBIMH
M0 COCTaBy CBETJIO-CEPBIMH, 3€JICHOBATO-CEPHIMH Mac-
CHUBHBIMH MEJIKO- U TOHKO3E€PHHCTHIMH MYCKOBHUT-KBap-
LIEBBIMH TTOPOJIaMH, B KOTOPBIX B 3HAYUTEIBHBIX KOJINYE-
ctBax (1m0 1 u Gomee %) comaepKUTCsT BKPAIIEHHOCTb
aJbMaHJUH-CIIECCAPTUHOBOI'O TpaHara W TypMalllHA.
Pexxe B cocraBe mopoll, B MEPEMEHHBIX KOIHMYECTBAX,
BCTpeYaeTcsl OpPTOKIa3, XJIOPUT, OUOTHT, AaHOPTHUT, IIHH-
KOBas IITMUHENb (KEIe3UCThIi TaHUT), TUTAHUT, IIUPKOH,
SMUAOT, AJUTAHUT, IPEHUT, (PTOPANATUT, TPOTHUT, (PIIF00-
putT u rpadut. Ha KoHTaKTe ¢ BMEIIAIONUMHI TPAHUTOH-
JlaMHd PYJOHOCHBIE MeTacoMaTH4eckue oOpazoBaHUA
OKaUMIISIIOTCS TI0 TTepUepHH TEMHO-CEPBIMH, MIOTHBI-
MU METacoMaTUTaMH 0oliee CIONKHOTO IPaHAT-OUOTHT-
AHOPTUT-MYCKOBHUT-KBapIEBOTO COCTaBa, KOTOPHIE I1O-
CTETICHHO MEPEXO/IST B U3MEHEHHBIE IPAaHUTHI.

3oJi0TOCOIEpIKAINE TTOJTUMETANIMYECKUE PYIbI
pacnpenesieHbl OTHOCHTEIBHO PABHOMEPHO B TYpMaJlMH-
IpaHaT-MyCKOBHUT-KBapIEBbIX METAaCOMAaTUTax B BHJIEC
CJIOKHOTO CYIb(UTHOTO MITOKBEPKA, OTYETINBO 3aI0J-
HsiI MHOTOYHMCIIGHHYIO CHCTEMY CIOXKHBIX TpemuH. Oc-
HOBHBbIE MHHEpalbl pya P cdaneput, raieHuT, MUPHUT,
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Puc. 3. CtpoeHnue 10xHOM yacTu pyaHo# 30HbI bepe3uto-
BOT'O MECTOPOXK/ICHHUS.

MUPPOTUH, MarHeTUT. bojee moapoOHO MHUHEpaNbHBIN
COCTaB PyA MECTOPOXKACHHS IPUBECH B IMyOnukanuu [4].

METOJAUKA AHAJIUTHYECKUX UCCJIAETOBAHUMN

AHanu3 cocTaBa MopoJl © MUHEPAJIOB IPOBOIMIICS
B AnanutndeckoMm nentpe ABT'U JIBO PAH. Onenka
COJIEP)KaHUIM TETPOTEHHBIX KOMIIOHEHTOB B IOPOJaXx
MpUBEACHA MO JaHHBIM CTaHJAPTHOTO XHMHYECKOTO
aHaJM3a, a TaKXKe M0 pe3ylibTaraM ONpeIeICHUN PeHTIe-
HO(ITI0OPECIIEHTHBIM METOJIOM Ha CKAaHUPYIOIIEM CIIEKT-
podotomerpe VRA-30 u cmekrtpomerpe S4 Pioneer.
ITpenen obHapyskeHus snemenToB oT Na 10 U (cnekrpo-
MeTp VRA-30) u anementos ot F 1o U (cnexrpometp S4
Pioneer) cocrasmnsin 0.0005 %. [TorpemrHocTs onpesene-
HUS TIETPOTEHHBIX KOMIIOHEHTOB B COCTaBE MOPOJIbI CO-
craBiser 2 %, s MUKposnieMeHToB: Rb, Sr, Nb P 5 %;
Sc, Co, Ni, Cu, Zn, Ga, Y, Zr, Th, U, Pb, As P 5 %; Ba,
Cr, V, La, Ce, Nd P 10 %. Onpenenenue peako3emMenb-
HBIX U PEIKHX DIIEMEHTOB B IPaHUTAX U METaCOMATUTaX
BbITIONHEHO MeTojioM ICP-MS Ha npubope Agilent 7500.
ITorpemHocTs BoinonHEHHBIX MeTogoM ICP-MS ananu-
30B OIpenensieTcss BEIMYMHON CpeJHEeKBAJAPATUYHOIO
OTKJIOHEHHS, 3HaYE€HUE KOTOPOTO MPH ONpEeACTICHHH MaT-
PUYHBIX 3JIEMEHTOB He mpeBbimaeT 1P2 %, nias 6omb-
IIMHCTBA dJeMeHToB-ipuMeceit P SP15 %, nna Hf, Ta,
Pb P 20P25 %, 4TO B 11€7I0M COOTBETCTBYET KPUTEPUIM
Ka4yecTBa BBIMOJHEHUS 3JIEMEHTHOTO aHalu3a, MPUHS-
THIM B T€OXUMUYECKUX HCCIEIOBAHMSIX.

N3oTomHBIE TEOXPOHOJIOTHYECKHE HCCIEAOBAHMS
npooaminck U-Pb MeTomoM Mo eIMHMYHBIM 3epHaM
[UPKOHOB, KOTOpPbIe OBUIM BBIMOJHEHBI C MOMOIIBIO
MPENU3HOHHOTO HOHHOTO MUKPO30H/1a BBICOKOTO pa3pe-
menust SHRIMP-II B LlenTpe n30TOMHBIX HCCIIENOBAHUHI
BCET'EN um. A.Il. KapnuHckoro, a Takke METOI0M
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Puc. 4. Cxema orbopa npod s H30TOMHBIX HUCCIE0BA-
HUM B nipejenax bepe3suToBoro MecTopoXACHUS.

1P2 P pannenporepo3oiickue (?) HHTpYy3HBHBIE 00pa30BaHUs
MIPEJIOJI0KUTEIEHO MO3IHECTAaHOBOTO KoMIuiekcea (?): mopdu-
POBHIHBIC TPAHHUTHI U TPAHOIMOPUTHI (/), THEHCOBHUIHEIC Tpa-
Honmoputsl (2); 3 P naiiku crnieccapTUTOB M AHOPHUTOBBIX ITOP-
(bupHuTOB paHHEMEJIOBOTO Bo3pacTa; 4 P rpaHar-MmycKkoBUT-0HO-
TUT-OPTOKJIa3-aHOPTUT-KBapLIEBble METaCOMAaTUThl; 5 P Typma-
JIMH-TPaHaT-MyCKOBUT-KBAapLIEBble METACOMATUTBI C 30J10TOCO-
JieprKaliel moJMMeTaNInueckoi MuHepanusauueil; 6 P ksapue-
BBIC XKUIIBI; 7 P OCHOBHBIC TEKTOHUUYECKHE HapylieHus; 8 P da-
nuajgbHbIe TpaHULbl; 9 P ycThe pa3BeJOYHBIX MITOJNCH U UX HO-
mepa; 10 P mecta oT60opa mpoo.

LA-ICP-MS nHa macc-clieKTpoMeTpe ¢ UHAYKTUBHO CBsl-
3aHHOM ma3moit Agilent 7500a, coeTMHEHHOM C CUCTe-
Mol nasepHoro ynanenus npodst UP-213 B JlansHeBoc-
TOYHOM reonornueckoMm uncruryre JIBO PAH.

Jns mpoBefeHHs M30TONMHBIX HCCIEJOBAHUN B
npenenax MeCTOPOXKACHHs ObLIH OTOOPaHbI IBE 00bEeM-
HBIE MPOOBI MOPOA AJIS BBIACICHUS U U3YUYCHUS ITUPKO-
HOB. [lepBas mpoba ObL1a B3Ta U3 PYIOHOCHBIX TypMa-
JUH-TPAaHAT-MYCKOBHUT-KBApIEBBIX IMOPOA  PYAHOU
30HBI, BTOpast P U3 BMEmaonux pyaHyo 30Hy nopdu-
POBUIHBIX I'PAaHUTOB (puc. 4). Briaenenne nMPKOHOB
U3 METACOMATUTOB M IPAHUTOB NMPOU3BOAMIOCH 110 TPa-
JUIIMOHHOM cXeMme.

W3oronHble HccIeAOBaHUS HUPKOHOB IPOBOIU-
JHCH B 1Ba MOCIIEAOBATEIbHBIX 3Tamna. IlepBoHavansHo,

B llenTtpe wnzoronubix uccienoBanuii BCEI'EU uwm.
A TI. KapnuHckoro, 3epHa IUPKOHOB ObUIH MMILJIAaHTH-
poBaHbI B HIAIIKY C SIOKCHJIHOM CMOJIOM BMECTE € 3ep-
HaMu LUpKOHOBBbIX cTangaproB TEMORA u 91500. B
peXHMMe KaTOMOJIOMUHECHEHIINN OBUIO H3Y4YEHO HX
BHYTPEHHEE CTPOCHHE, a 3aT€M Ha MOHHOM MMKPO30H]IE
SHRIMP-II TOibKO B Kpa€BbIX YaCTSAX 30HAJIBHBIX LIUP-
KOHOB ObUIH BBHIMONHEHB! U3Mepenust U-Pb oTHOmeHMIH,
KOTOPBIE IPOBOAMINCE IT0 METOJUKE, OMCAHHON B CTa-
Tbe [51]. IHTEHCUBHOCTb MEPBUYHOIO IIyYKa MOJEKY-
JSIPHBIX OTPHULIATENIBHO 3apSKCHHBIX MOHOB KHCIOPOAA
cocTaBisia 4 HA, TuaMeTp MsATHA (KpaTepa) COCTaBIISLI
~ 30 MxM. O6paboTKa MOTYIECHHBIX JAHHBIX OCYIIECTB-
aanack ¢ ucnoab3oBaHueM mnporpammbel SQUID u
ISOPLOT/EX [43, 44]. U-Pb oTHOmIEHUST HOPMAaTU30Ba-
auch Ha 3HadeHue 0.0668, mpunucaHHoOe CTaHAAPTHOMY
uupkony TEMORA, 4To cOOTBETCTBYET BO3pacTy 3TOr0O
uupkoHa 416.75 miun aet [39].

B nanpHeitmem, uzrorosnenHas B Llentpe uzoron-
HbIx uccienoanuit BCEI'EM mamka HupKoHOB C 3Ta-
nonamu Obina nepegana B IBI'M IBO PAH anst nanb-
HEHUINX HU30TOIHKIX HcciaenoBaHnui mertogom LA-ICP-
MS. U-Pb u3oTOnHBIE H3MEPECHHS AAHHBIM METOJOM
IPOBOJMINCE KaK B KPaeBbIX, TaK U IIEHTPAJIbHBIX dac-
TSAX [UPKOHOB, IPEUMYIIECTBEHHO B T€X € 3¢pHaX U B
TeX ke 00JIacTAX, KOTOPhIE paHee U3ydalnucCh METOJIOM
SIMS (BTopH4YHO} MOHHOHN Macc-CHEKTpOMEeTpHeii) Ha
npubope SHRIMP-II.

W3ortonusle nzmepenus meronom LA-ICP-MS BbI-
MOJTHEHBI Ha MacC-CIIEKTPOMETPE ¢ HHAYKTUBHO CBSI3aH-
Hoii Tutazmoit Agilent 7500a, coelMHEHHOM C CHCTEMOM
nasepHoit abmsammu obpasa UP-213. [TapameTpsl usme-
pPEeHHS MacC-CIIEKTPOMETpa ObUTH ONTUMHU3HPOBAHBI JUIS
MOJTyYeHHsT MAKCUMAJIbHONH MHTEHCUBHOCTH Macchl 2%Pb,
ucrob3yst cTanAapTHeiid oopazer; N.I.S.T. SRM611, npu
COOJIIOZICHUH YCJIOBHS, YTO OTHOILICHUE NHTCHCUBHOCTEH
macce “$ThO"/**Th" < 1 %. Bce naMepeHust BBIIOTHSITICH
B PEXKUME COOPKH € pa3pelIeHueM 0 BpeMEHH U H3Mepsi-
muck muku Mace 2?Hg, 2*(Pb +Hg), **Pb, *'Pb, u **U.
WureHcuBHOCTh Macchl *°U Ui KaXIOTO H3MEPCHUSI
paccUMTBHIBANACK TIO MHKY Macchl U, COmTacHO MPHPOA-
HOU PacmpoCTPaHEHHOCTH M30TONOB ypana *¥U/U =
137.88. OtOop MaTepuana oOpasia AJis aHaIu3a MPOU3-
BOJMJICS JTy4OM Jazepa B Touke. JlmameTp abnsaIroHHOro
KpaTepa cocTaBisi npuoau3utenbHo 40 MxM. Tlpu BbI-
OpaHHBIX MapaMeTpax M3MEPEHUS U30TOMHBIX OTHOIIE-
HUI Kparep oTOopa nuameTpoM Npudam3uTenbHo 40 MKM
yIIyOIIseTcsi Co CKOPOCThIO Mopsiika 1 MKkM/cek. Ynause-
MBIl JTa3epoM MaTepual u3 siMedkn oopasna TpaHCIOPTH-
POBAJICS] CMECHIO I'a30B TEIMs U aproHa.

OcCHOBHbIE OCOOEGHHOCTH METOIUKH H3MEpPEHUS
M30TOMHLIX oTHOoMIeHUH MeTonoM LA-ICP-MS onucansl
B [18, 42]. 30TONHBIN aHATNU3 [TUPKOHOB BBIMOIHSIICS
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cepusiMM U3MepeHuil. B Hayasie u KoHLE cepuu U3Mepsi-
TUCh HUPKOHBI 00pa3noB cpaBHeHus TEMOPA [39] u
91500 [50], nzoTOIHbBIE XapaKTEPUCTUKU KOTOPBIX XOPO-
10 M3YYEHBI B XOJI¢ MHOTOYUCICHHBIX MCCIEIOBAHUH.
ITepuonuueckue wusmepenuss nupkona TEMOPA, no
BPEMEHU MaKCHUMaJbHO MPUONIIKEHHbIE K U3MEPEHUIO
HEU3BECTHBIX 00pa3IoB, MO3BOJIUIN YUECTh U U30TOI-
Hoe (h)paKIMOHUPOBAHUE, BHI3BIBAEMOE JIyYeM Jia3epa, u
JUCKPUMUHAIIMIO TI0 MaccaM Macc-clieKTpoMeTrpa. AHa-
nu3 nupkoHa 91500 mpoBoauICs ¢ ENbI0 KOHTPOJISL BOC-
MIPOU3BOAMMOCTH MOMYy4aeMBIX PE3YJIbTATOB U CTAOWIIb-
HOCTH paboThl mpubopa. Pe3ynbrar eTMHUYHOTO aHAIU-
32 U30TOIHBIX OTHOIICHUH SBISETCA CPETHUM M3 TIOPSII-
ka 300 nukioB u3MepeHui. s kaxxaoro ananu3a ObUTH
MONTyYeHBI CUTHAIIBI C PEIIEHUEM 110 BPEMEHH, U3 KOTO-
pBIX 3aTeM ObUIM BBIOpAHBI WHTEPBAIBl YCTOHYHBOTO
curHana (JIMIIEHHOTO BO3JICHCTBUS BKIIIOUEHUH, 30H Tie-
pexona sapoPkpaeBasi 00macTh, 30H C BBICOKUM COJEP-
JKaHHEM OOBIKHOBEHHOTO CBHHIIA), KOTOPbIE UCIIOIb30-
BaJIMCh B BBIYMCIEHUSIX Bo3pacTa. MI3MepeHHbIe BeTU4U-
HBbI 00pabarbIBajich ¢ moMolubio nporpamm TGlitter v.
4.4.2Y (Access Macquarie Ltd).

3a BpeMs BBINOJHEHHS aHAIW30B I 00pasua
cpaBHeHuss TEMOPA Ob1n1 mosrydeH CpelHEB3BEIICH-
Heiil 2°Pb/>*U Bospact 416.88 £ 0.93 mun ner (lo,
CKBO = 0.34, n = 64) (u3mepennbiii metogom TUMC
206pp/238U Bospact coctasisieT 416.75 £ 0.24 muH et
[39]), a nnsa uupkona 91500 momyyeH KOHKOPAAHTHBIN
Bospact 1062.3 + 2.2 mun net (lo, CKBO = 0.34, n =
64) (*°Pb/>*®U Bospact, u3MepeHHbIi MeToxoMm ID-
TIMS, cocrapmnsier 1062.4 £ 0.4 mun ner [50]). Jduar-
paMMBbI ¢ KOHKOpJMEH CTPOMIIMCH C UCTIOJIb30BaHUEM
nporpaMmsl TIsoplot/Ex v. 3.00Y[43].

HNETPOXUMHUYECKHE U TEOXUMHNYECKHUE
OCOBEHHOCTHU UHTPY3UBHBIX IIOPOA U
PYJOHOCHBIX METACOMATHUTOB

JlaHHBIE 0 XUMHUYECKOM COCTaBE MHTPY3UBHBIX I10-
pon XakTuHcko-OporkaHCKOr0 MaccuBa MPUBEICHBI B
Tabn. 1, a cogepkaHUs B HUX MHUKPO3JIEMEHTOB P B
1abn. 2. Conepxanue SiO, B mopojax paccMarpuBaeMo-
ro MaccuBa BapbupyeT B auanasone 64 no 75 mac.%,
npu koHuentpauun KO 2.8P6.1 mac.%. Ilpu stom 1op-
¢upoBUIHBIE OHOTHT-POrOBOOOMAHKOBBIE TPAHUTHI Mac-
CHBA OTHOCATCS K CPETHEKAINEBOIl, a OCTaNbHBIC PAa3HO-
BUJIHOCTH MaccuBa P K BBICOKOKaIMEBOW H3BECTKOBO-
HIETIOYHBIM cepusiM (puc. 5). Ha auarpamme (Na+K)/Al P
SiO2 COCTaBbI I'PAHUTOB TAKKE HAXOIATCS B I10JIE TIOPOJL
M3BECTKOBO-IIEIOYHOM CepUN, 3a UCKIIIOUCHUEM AIIUTO-
BUJHBIX I'PAHUTOB, KOTOPbIE COOTBETCTBYIOT CyOIIEenou-
HoH cepun (puc. 5). Ilpu 3ToM Hanbosiee HU3KUE 3HAUE-
Hus armantoBoro uHaekca (Na+K)/Al xapakrepHs! ais
NOp(GHUPOBUIHBIX TPAHUTOB MAacCHUBA.

Ha nuckpMMHHAIMOHHBIX AMAarpaMMax mnopdupo-
BUJHBIE U JIEHKOKPATOBbIE I'PAHUTBI, COCTABIIAIOLINE OC-
HOBHYIO Maccy IIOpOJl MaccHuBa, pacloyaraloTcs B 10JIe
rpaHuTonioB M-, I-, S-tunos (puc. 6). Konuenrpanus
PEeIKO3EMEIbHBIX 3JIEMEHTOB B II0POAAX MaccuBa HaXo-
JIUTCS HA YPOBHE UX CPENHUX COAECPIKAHUU I TpaHu-
TOB BEpXHEH yacTU KOHTHMHEHTaJbHOU Kophl [46]. ITop-
(UPOBHUIHBIC U JICHKOKPATOBBIE TPAHUTHI MACCHBA HMe-
10T OJJHOTHUIIHBIN ¢1a00 (pakIMOHUPOBAHHBIN MPOYHIL
pacmpenencHusl PeAKO3eMEIbHBIX 3JIEMEHTOB (puc. 7),
HOPMHUPOBaHHBIN K XOHAPUTY [45], XapakTepusyromuiics
oOorameHueM JIETKUMH U 00CTHCHUEM TSKEIBIMHU JaH-
tanounamu (La/Yb) P 6P19), ¢ nannunem uetko BbIpa-
JKeHHOH eBpornueBoii anomanuu (Eu/Eu* P 0.71P0.78).

PynonocHele MeTacomMaTuTsl bepe3uroBoro mecTo-
POXJICHUS CIIOKEHBI CBOCOOPA3HBIMU 110 COCTABY TypMa-
JIMH-TPaHaTCOAEPKAIUMU MYCKOBUT-KBapLEBbIMU I10-
ponamu. B HanpaBiaeHUM OT IPaHUTOB K LIEHTPY PYAHOH
3aJI€KU BBIAEIAIOTCS CIIEAYIOIINE OCHOBHbBIE THUIIBI U3-
MEHEHHBIX MOPOA: cI1a00M3MEHEHHBIN IpaHuT P MHTEH-
CHBHO M3MEHEHHbIN rpanuT P TremHo-cepbie Y ToHKO3Ep-
HUCTBIC TPaHAT-OMOTUT-aHOPTUT-MYCKOBUT-KBapIIEBhIC
Meracomatutsl P TeBeTo-cepbleY METacOMaTUTBI, IIpe-
UMYILECTBEHHO TypMaMH-IPaHaT-KBapleBOIO COCTAaBa.
XHUMHUYECKUE COCTAaBbl OCHOBHBIX Pa3HOBUAHOCTEH Me-
TacOMaTUYECKUX IOPOJ MECTOPOKIEHUS IIPUBE/IEHBI B
Tabm. 1, KOHIEHTPAIMY OCHOBHBIX MUKPO3JIEMEHTOB P B
Tabm. 2. AHaIN3 NPUBEACHHBIX MaTCPUANIOB ITOKA3bIBACT,
YTO 10 OTHOUIEHUIO K BMEILIAIOIIUM IPAaHUTaM JJisl CO-
CTaBa METACOMATUTOB XapaKTepHBI O0Jee HU3KHE KOH-
LEHTPALUHN HATPHS, KaJbIUs, Oapyst ¥ CTPOHIHS; BBICO-
kue P kanus, Mapranmna u pyounus.

Ilo oTHOLIEHMIO K IPaHUTAM, METACOMATUTHI Kpae-
BBIX YacTeH PyAHOH 30HBI XapaKTepU3yIOTcs Oosee BBICO-
KHUMH KOHLEHTPALMAMU PEIKO3EMENIBHBIX JIEMEHTOB, TOI-
Jla KaK B METacOMAaTUTax TypMaJIMH-IPaHaT-MyCKOBUT-
KBapLEBOIO COCTaBa OCHOBHOM YacTU PyIHOH 30HBI UX CO-
JeprkaHus Oosiee HU3KUe. XapakTep paclpenesieHus pe-
KO3EMEJIbHBIX AJIEMEHTOB B METACOMATUTaX, HOPMHPOBAH-
HBIA K XOHAPUTY [45], uIeHTHYEH pacipeesIeHHuIo B Ipa-
Hutax (puc. 7).

PE3VYJIBTATBI TEOXPOHOJOI'MYECKHUX
HCCJEJOBAHUMN IUPKOHOB

HI/IpKOHI)I H3 I'PaHUTOB U METACOMATUTOB IO MOP-
(I)OJ'IOFI/II/I U OKpAaCKC OJAHOTUIIHBI M HJOBOJIBHO CXOXXH
MexXJy co00il. OHU MpeNCTaBICHbBI IPEUMYIIEe CTBCHHO
XOPOIIIO OTPAHCHHBIMHU OJHOPOAHBIMU HJIUOMOP(HBIMU
Mpo3pavyHbIMU 6€CHB6THI)IMI/I HJin pO30BaTbIMU arpera-
TaMU KOPOTKOTIPU3MATHUECKOTO, PEKE UIONIbUATOTO Ta-
6utyca, ¢ pazmepoM BeiaeneHui ot 20 1o 300 mxm. U3y-
YeHWe IUPKOHOB Ha MuKpoaHaiuzarope JXASI100
(ABT'U IBO PAH) moxka3zaio, 4To B UX COCTaBe, IOMHU-
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28 Bax, Asuenxo op.

Tab6auma 2. MuKpodaeMeHTHBIN cocTaB (r/T) rpaHuToB XailKTHHCKO-OPOr;KaHCKOT0 MaccHBa M MeTacoMaTuToB Be-
Pe3UTOBOr0 MeCTOPOK/AEHUS .

II:II[())(I)Vg:IE Bx-1|Bx2|309 |Bx3| 3% | 4A | 81 | 65 | 82 | 16 | 1103 | 1267 | 1275

Ne n/n 1 2 3 4 5 6 7 8 9 10 11 12 13
Be 16 21 22 15 14 24 2.7 2.2 21 11 1.6 0.7 17
Ba 1122.8 1156.8 923.8 1159.0 2123.0 447.6 346.2 3153 1891 1111 1448 69.1 564.3
Cs 08 14 05 19 1.0 34 1.9 3.0 13 13 0.8 0.8 12
Rb 581 1193 89.8 156.3 1328 203.7 2425 2006 2766 179.2 2186 11876 206.5
Sr 8831 4740 568.1 326.7 296.6 84.3 126.0 1006 37.3 145 13.7 51 46.9
Ga 197 179 180 176 148 174 203 18.1 20.7 17.4 195 11.3 26.1
Ta 11 0.7 08 08 0.6 0.9 1.0 0.8 1.2 0.6 0.8 04 17
Nb 147 100 132 97 8.2 103 141 10.5 17.8 9.2 136 50 27.9
Hf 6.8 4.9 43 49 21 4.3 58 4.6 6.6 4.2 7.0 2.0 12.6
Zr 2642 1737 1629 1734 729 1539 2179 1675 2387 1572 2636 878 508.7
Y 249 171 165 183 161 192 26.0 156 7.9 14.6 189 11.6 54.8
Th 153 100 75 106 54 118 252 13.2 21.8 9.8 23.2 58 284
U 29 24 21 57 11 3.8 6.5 4.4 4.7 25 3.3 13 6.6
Cr 215 124 142 123 119 108 92 6.6 6.0 350 17.9 10.6 197.6
Ni 124 838 112 124 107 89 8.3 6.3 3.0 54 145 9.3 12.6
Co 82 4.1 51 242 21 53 7.2 4.5 1.2 24 1.9 20.7 110
V 466 283 272 298 7.8 273 338 238 29.0 25.8 26.3 17.7 32.8
Pb 2080 16.7 204 165 289 1396 259 62.3 38.0 23280 2713 810 230
Zn 653 3415 425 4609 285 975 1460 98.1 63.0 10106 5351 6086 443
Cd 000 000 000 000 000 247 425 0.25 0.50 4514 2435 2412 510
Mo 166 128 087 337 094 170 340 1.35 0.76 3.71 1.05 0.87 29.73
Sn 1803 330 173 18 164 703 145 151 1.59 5.37 6.76 3.05 3.40
W 150 506 270 3218 190 790 10.65 9.37 1742 9.73 1320 21.03 2578
La 5034 3466 22354206 1539 50.69 6399 3153 2310 2828 5224 1558 77.19
Ce 1003 67.89 4822 7724 24.64 9454 13024 6119 4040 5244 97.04 3023 157.29
Pr 1088 762 607 817 275 1043 1410 6.78 4.02 5.56 9.80 3.18 17.81
Nd 4157 2755 20.82 29.37 1093 37.66 51.68 2411 1356 19.05 3317 1144 66.88
Sm 740 465 395 503 231 654 848 4.05 2.02 3.26 5.05 1.84 12.03
Eu 166 119 095 117 060 149 178 0.95 0.57 0.76 0.89 0.28 2.25
Gd 6.72 450 337 469 270 599 823 3.96 171 3.32 4.93 2.04 12.09
Tbh 090 059 048 066 047 077 105 051 0.26 0.50 0.59 0.32 175
Dy 512 357 292 343 268 394 539 2.93 1.25 2.80 341 193 10.57
Ho 100 065 055 067 063 079 108 0.57 0.34 0.57 0.75 0.43 2.19
Er 275 178 157 18 176 202 272 1.63 112 1.53 2.10 1.30 6.06
Tm 041 028 028 032 030 035 046 0.22 0.21 0.24 0.32 0.20 0.91
Yb 237 178 173 163 165 196 247 1.70 1.63 1.55 2.60 1.65 5.40
Lu 042 030 030 026 030 035 037 0.26 0.27 0.19 0.41 0.22 0.88

(LalYb)n 1524 1397 9.27 1851 6.69 1855 1858 1330 1017 13.09 1441 6.77 10.25

EWEuW* 071 078 078 072 073 071 064 0.72 0.91 0.70 0.54 0.44 0.56

IIpumeuanue. 1-5 — uaTpy3UBHBIE MOpOABl XalKkTHHCKO-OporxkaHckoro Maccupa: 1-3 — nopdupoBugHbie rpaHuTsl, 4-5 — jneiiko-
KparoBble IpaHuTHl; 6—13 — MeTacoMaTnyeckue Mopoasl bepe3sutoBoro MecTopoxaeHus: 6—-8 — rpaHarcoepxkamine
METacOMAaTHThl KPAaeBBIX YacTel pyaHoil 30HbI, 9—13 — rpaHarcogepiKaline MyCKOBUT-KBapIEBbIE METACOMATUTHI C
cynbhuaHON MuHepanu3anueil. JKupHeiM mpudToM BbIIEIEHBI IPOOHI, HecToNb30BanHble A U-Pb nzoronusix mc-
crenoBanwmii. EUW/EU* = 2(Eu,)/(Sm,+Gd,). Ananu3ssl Beimonasers metogqom |CP-MS na ciekrpomerpe Agilent 7500
B IBI'U IBO PAH (ananutuku M.T. Broxun, E.B. EnoBckuit).
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Puc. 5. Knaccupukannonnsie auarpammsl SiO,PK,0 u SiO,(Na+K)/Al st rpanuronnoB XaikruHcko-OporkaHCcKo-
r'0 MaccuBa.

1 PrHeiicoBuiHBIE OMOTUT-POTOBOOOMAHKOBEIE I'PAaHOAHOPUTHI; 2 P mopdupoBuaHEIe OHOTHT-POrOBOOOMAaHKOBEIE IpaHUTEL; 3 P neiiko-
KpaToBble OMOTUTOBBIC TPAHUTEL; 4 P aruMToBHAHBIE IpaHUTEL, 5 P 00pasen moppupoBUAHBIX TPAHUTOB, HCIIOIb30BaHHBIN 1i1st U-Pb
HM30TOIHBIX UccienoBanmii. HoMepa Touek cooTBeTCTBYIOT HOMepam npob B Tabm. 1. [Tons marmatuueckux cepwuii P mo [49].
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Puc. 6. luckpumuHannoHHsie guarpammsl [47, 48] muist noppupoBUAHBIX OHOTUT-POroBOOOMAHKOBBIX (1) 1 OMOTUTO-
BBIX JIEHKOKPATOBBIX (2) TPaHUTOB XaWKTHHCKO-OPOrKaHCKOTO MacCHBa.

FG P ¢ppakunonuposannsie rpanutbl; OGT P HedpakunonnpoBanusie rpauutsl M-, [-, S-tunos; A P rpanuTsl 4-THmna.
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Puc. 7. Pacupenenenue penko3eMeNbHBIX 3JIEMEHTOB B
rpaHuTax M PyJOHOCHBIX MeTacomMaTuTax bepe3uToBoro
PYZHOTO IIOJIS.

1P2 P rpanutounsl XalkTuHCcKo-OporxkaHckoro maccusa: / P
OMOTUT-POTOBOOOMAHKOBEIE MTOP(GHUPOBHUIHBIE I'PAHUTHI (Cpel-
Hee u3 3 aHanu3oB), 2 P neifkokpaToBble GMOTUTOBBIE TPAHUTHI
(cpennee u3 2 anannzoB); 3P4 P pynoHOCHBIE METaCOMATHUTBHI
bepesutosoro mectopoxxaenus: 3 P TesernbieY TypManuH-rpa-
HaT-MYyCKOBUT-KBapIlEBbIC C 30JI0TO-IOJIUMETAIIINYECKUM OPY-
neHeHneM (cpenHee u3 3 ananau3oB), 4 P TremHo-cepeieYTyp™ma-
JIUH-TPaHaT-MYyCKOBHUT-OMOTHT-OPTOKIa3-aHOPTUT-KBapLeBbIE
METacOMaTHUThI KPaeBbIX YacTel pyllOHOCHOM 30HEI (CpeiHee U3
4 ananuzoB); Cepoe nojie P nuana3oH Bapuanuu peaKo3eMellb-
HBIX DJIEMEHTOB B M3y4eHHBIX npobax. Hopmuposano mo [45].

MO LIIUPKOHHUS, OTMEYaeTcsi MpucyTcTBHE Tonbko HIO,
(OP1.56 %). BkatoueHnit Apyrux MHHEPAJIbHBIX (a3 B
3epHaxX LIUPKOHA HE BBIABIICHO.
KaTtoponoMHHECIEHTHBIE H300paXXeHHUs IUPKOHA
U3 I'PAHUTOB U METACOMAaTUTOB IIOKAa3bIBAIOT, YTO OHU
UMEIOT SPKO BBIPAXKEHHOE PO, ¢ HE30HAJIbHOW WIIU
c1ab0 30HANBHON TEKCTYpOH, M KpaeBble OTOPOUKH C
TOHKOPUTMHUYHOM 30HAILHOCTBIO pocTa (puc. 8).
Pe3ynbraThl IPOBENEHHBIX U30TOIIHO-I€0XPOHOJIO-
THYCCKUX HCCICTOBAHNIN IIUPKOHOB NPHUBEACHBI B TaOI.
3 u 4. CpegHeB3BEelLIEHHBIH BO3PACT KPAEBBIX 30H LIUPKO-
HOB U3 TOP(QHUPOBUAHBIX TPAHUTOB XaHKTHHCKO-Opor-
KaHCKoro Maccusa, 1o nanHbiM SHRIMP-II, paccunran-
HBIM MO0 BOCBMH TOYKaM, cocTaBisieT 344.8 £ 3.3 MiH
1et, a no pesynsraraM LA-ICP-MS, paccuuTtannsiii 1o 9
toukam, P 344.9 + 7.8 mun ner (puc. 9). CpennensBe-
LIEHHBII KOHKOPJAHTHBIM BO3pacT AN AEPHBIX YacTel
LIUPKOHOB, IOJIy4eHHBIH ¢ noMouipio Merona LA-ICP-
MS, paccunrtanuslif mo 11 Toukam, cocrasnser 354.8 +
2.0 muH net. OgHaKo, PU 3TOM, B SAEPHBIX YaCTAX OT-
JIENbHBIX IUPKOHOB OBIIH BBHISBJICHBI U OoJice IpeBHUE
JIAaTUPOBKHU, CPEJHEB3BEIICHHbI KOHKOPJAHTHBIN BO3-
pacT KOTOpbIX cocTasiseT 1828 + 42 miH JeT, a AUCKop-
nanTHbId P 1477 £ 38 muiH net. Takum o6pasom, ¢ yde-
TOM MOJYYCHHBIX MAHHBIX 11O JIBYyM METOAAM, MOXHO

Puc. 8. 1300pakeHre MUPKOHOB U3 TOPPUPOBUIHBIX I'Pa-
HUTOB XalKTUHCKO-OporkaHckoro Mmaccusa (A) u pyno-
HOoCHBIX MeTacomaTuToB (b) BepesutroBoro mectopoxe-
HUSI B KaTOJOJIIOMHUHUCIIEHTHOM H3IydeHUU. Kpyxkom
[I0Ka3aHbl TOUKHU U3MepeHuil. Homepa usmepenuii coorBer-
CTBYIOT HOMEpaM aHaJIN30B, IPUBEICHHBIX B Ta01. 3 u 4.

CUMTAaTh, YTO BO3PACT I'PaHUTOB XalKTHUHCKO-OporxkaH-
CKOro Maccusa cocrasisieT 344P355 M Jiet.

ITo pesynsraram SHRIMP-II Bennuuna cpenue-
B3BELIEHHOI'0 M30TOIIHOI'O BO3pacTa Ul KpaeBbIX 30H
LIMPKOHOB U3 PYyJOHOCHBIX METacoMaruToB bepe3uroso-
IO MECTOPOXKAECHUS, PACCUUTAHHAs 110 9 TOUKaM, COCTaB-
nsiet 335.9 + 4.8 muH net (puc. 10). CpenHeB3BenieHHas
BO3pacTHas JaTHPOBKA 3TUX XK€ 00pa3oBaHUil Mo pe-
synbrataM LA-ICP-MS onenuBaercs B 323.1 £ 7 muH
neT (1o JaHHbIM 6 Todek). OJHAKO YCTaHOBJIEHBI U 00-
Jiee MOJIO/Ible €AUHUYHBIE NaTUPOBKH KPAEBBIX 30H
IUpKOHOB (276 £ 7,208 + 6, 189 + 7 man net). Ilo pe-
syapraTam LA-ICP-MS cpenneB3BelIEHHBIH KOHKOP-
JIAHTHBIN BO3pacCT SAEPHBIX YacTeH IIUPKOHOB U3 PY-
JIOHOCHBIX METAaCOMaTUTOB, PACCYUTAHHBIN MO 8 TOY-
KaM, cocTaBisieT 366 + 2.6 MiiH JeT. B anepHbIX yac-
TAX OTJENBHBIX arperaToB UPKOHOB BBISBICHBI U 00-
Jiee ApeBHUE NaTUPOBKHU, KOHKOPJAHTHBIN BO3pacT Ko-
TopbIX cocTaBisieT 1846.8 £ 9 MuH e, a 1UCKOpAaH-
THBIM P 1742 £ 4; 1680 = 7; 1602 = 5 muaH jner.
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Puc. 9. JluarpaMMbl ¢ KOHKOpAUSAMU sl KpaeBbIX 30H (A, B) u saepHsIx dacteil (B) 3epeH HUPKOHOB U3 IPaHUTOB
XalkTnHCcKo-OporKaHCKOro MaccuBa, noiaydeHHsie Meronamu SIMS (A) u LA-ICP-MS (b u B).

Ha Bpeske nuarpammsl B moka3an ¢pparMeHT KOHKOpJIUHU B 001acTy Bo3pacTHOro auanazoHa 320P360 muH net. 3HaueHus Bo3pac-
TOB JUUISl OTAEIBHBIX H30JIMPOBAHHBIX TOUEK IPUBEACHEI B Ta0I. 3 U 4.
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Puc. 10. luarpamMMbl ¢ KOHKOPAMSIMU I KpaeBsIX 30H (A, b) u siaepHbix yacteii (B) 3epeH IUPKOHOB U3 PYAOHOCHBIX
MeTacoMaTUToB bepe3nToBoro MecTopoxaeHus, noiryuenusle merogom SIMS (A) u meronom LA-ICP-MS (b, B).

Ha Bpe3ke auarpamMMbl B mokazan ¢parmMeHT KOHKOpAMH B 061acTH Bo3pacTHOro auanazoHa 340P380 mun set. 3HaueHus Bo3pac-
TOB JUISL OTJEJIBHBIX H30JINPOBAHHBIX TOYEK IPUBEACHEI B Ta0I. 3 1 4.
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OBCYXJIEHHUE INIOJYUYEHHBIX PE3YJIBTATOB

IIpexxae ueM NpUCTyNUTh K I'€0JIOrH4eCKOM UHTEp-
NPETAlUN IOMYyUYEHHBIX HOBBIX T€OXPOHOIOTHMYECKHUX
Pe3yIbTaToB, CIEAYET 0CO00 OCTAHOBUTHCS HA METOMU-
YECKHUX acleKTaxX JaHHOM paboThl, MOCKOIBKY 3AECh JUIS
OJTHUX M TEX € 3epPEeH IIMPKOHA OBLIN HCIOIH30BAHBI
JIBa Pa3UYHBIX JIOKaJbHBIX MeTona u3MepeHuidd U-Pb
M30TOMHBIX COOTHOIIEHUH. B 3Toi cBA3M mpencrasiseT
0COOBIN MHTEPEC COMOCTABICHUE MOIYUCHHBIX PE3Ylb-
TaToB, NTOCKOJIBKY B Hamlel ctpane meroa SIMS umeer
JIOBOJIBHO IIMPOKOE pacrpocTpaHeHue, a MeTtoq LA-
ICP-MS cpaBHUTEIBHO PENKO MPUMEHIETCS IS pellie-
HUS TOJJOOHBIX 33]1a4 T€OXPOHOJIOTHH.

CpaBHeHUE aHAJUTUYECKUX BO3MOKHOCTEH METO-
noB SIMS u LA-ICP-MS nokassiBaeT, 4To 3¢)exTus-
HOCTH (OTHOIIIEHHE JIETEKTUPOBAHHBIX HOHOB K 00IIEMY
YHCIy aTOMOB, IOCTYIHUBIINX B Macc-aHaiu3zarop [41])
KBaJ[PYNOJIBFHOTO MacC-CIIEKTPOMETpa ¢ JIa3epHOM abus-
el Huke 3((EeKTUBHOCTH BTOPHYHO-MOHHOTO MUKPO-
30H/a BBICOKOTO paspemeHus. D(p(eKTHBHOCTh aHATIH-
tudeckoil cucreMsl Meroga LA-ICP-MS npu usmepenuu
TsDKENbIX Macc HaxoauTcst Ha ypoBHe 0.04 %, Torna xak
s SHRIMP-II sra Beanuuna cocraBiseT okojio 1 %
[40]. Ognako Gonee HU3KYIO 3(DPEKTHBHOCTH METOJA
LA-ICP-MS yacTHUHO KOMIIEHCHPYET Oosee BBHICOKHI
YpOBEHb aOJIAIUN MaTepuana Ja3epoM MO CPaBHEHUIO C
HMOHHBIM MUKPO30HJIOM, 4TO B pEe3yJbTaTe MPUBOAUT K
0oJee BBICOKON 4yBCTBUTEIHHOCTH (OTHOIIEHUE KayH-
TOB B CEKYH/ly Ha €IIMHUIy KOHLIEHTPALUU, KaK IIPABUIIO
Ha | ppm) MIa3MeHHOT0 Macc-CIIeKTPOMETpa ¢ JIa3epHOU
abmsauueit. UyscrBurenbHocTh MeTona LA-ICP-MS nns
26Ph cocTapisiet mopsaka 600 cps/ppm* mpu guamerpe
kparepa admauuu 30 mm u 1800 cps/ppm P mpu 50 mm,
torna kak SHRIMP-II xapakrepusyeTcst 4yBCTBUTENBLHO-
cTbi0 B 0.8 cps/ppm ais msiTHA u3Meperus 25 mm [40].

[Tpu n3mepenun U-Pb H30TONHBIX OTHOIIEHUH Me-
tonoM LA-ICP-MS ucnonb3yercss CKOpoCTb YAAJIEHUs
marepuana 0.5P1 MukpomeTpa B ceKyHIY (MIPH UMITYJIbC-
Hoif yactote nopropeHus 10 I') 1 ATUTENEHOCTD H3Me-
penus pasusgercs 100P120 cex, a npu SHRIMP-II ana-
T3¢ YPOBEHb PACIBUICHUS! COCTABISACT MPUOIN3UTEIb-
HO | HAaHOMETp B CEKYH/y IPU TUITHYHON JATUTENbHOCTH
aHanmza 15 munyT. Takum 00Opazom, BO BpeMmsl J1a3epHO-
IO yIaJCHUS UCTIOIb3YETCs CYIECTBEHHO OOJIbIIE MaTe-
puana, oTHocUTeNnbHO ucnosnb3dyemoro npu SHRIMP-II
nsmeperuu (ot 0.1 1o 10 MUKpoOrpaMM MO CpaBHEHUIO C

* cps/ppm P uHTEHCHMBHOCTB curHaina (UMIr/cex), re-
HEPHUPYEMOTro JEeTEKTOPOM IIpHu aHasin3ze odpasua c copep-
kaHueM aHanuta | ppm (Mr/i).

2 HaHOTpaMMaMH, COOTBETCTBEHHO), a CAMO M3MEpEHHE
3aHUMaET Oosiee KOPOTKUIN MPOMEKYTOK BPEMEHH.

[IpuBeneHHble BbIINIE MaTepHansl (puc. 9 u
puc. 10) WUIFOCTPUPYIOT XOPOLIYIO COTIACOBAHHOCTH
U-Pb Bo3pacTtoB, nonydeHHbix MeTogamu LA-ICP-MS
u SIMS npu aHanu3e COOTBETCTBYIOLIUX 30H B OJHHUX
U TeX K€ 3epHax HMPKOHA. M3 mecsaTu 3epeH IUPKOHA,
0TOOpaHHBIX U3 TPAHUTHBIX MPOO U MPOAHATU3UPOBAH-
HBIX OOOMMH METOJaMHU JaTHPOBAHUS, BBLACISIIOTCS
TOJIBKO JIBa 3epHa, KoTopsie umetoT U-Pb Bo3pacra, cy-
IICCTBEHHO MPEBBIMIAIONINE KOHKOPAAHTHBIEC BEIMYU-
Hbel. OOyCJIOBIEHO 3TO 3aXBaTOM MaTepuana U3 sjep
IIUPKOHA, KOTOPBIC XapaKTEpPU3YIOTCSI OTHOCHTEIBHO
BBHICOKUMH BO3PAaCTHBIMH oOIleHKaMu (puc. 9 B;
puc. 10 B; Ttabxn. 3, 4). LlupkoHBI U3 PYAOHOCHBIX Me-
TACOMATUTOB IOKa3anu KoHkopaaHTHble SHRIMP-II
Bo3pacta (puc. 10 A, tabn. 3). B To xe BpeMs, 4eThIpe
KpUCTaJIa U3 3TUX IUPKOHOB NPHU AHAIU3E C JIa3ep-
HOW alnsinmell MMEIOT HEeCOTJIACOBaHHBIA BO3pacT
(puc. 10 b, Tabmn. 4), 4T0, BEpOSITHO, MOTIIO IPOU3OUTH
WM U3-32 MOTePU CBUHIA, MJIN H3-3a CMEIICHUSI MaTe-
puana oT pa3IMYHBIX 30H POCTA.

Taxkum 00pazom, MONydEHHBIE HAMHU PE3YNBTAThI
CBHUJICTEIILCTBYIOT O TOM, YTO, HECMOTPS Ha CYIECTBCH-
Hble paszauuus Mexay merogukamu SIMS u LA-ICP-
MS, nocneanuit Metos mo3possier u3mepsAtbh U-Pb Bo3-
pacTa ¢ TOUHOCTBIO, COTTIOCTABUMON C JAHHBIMH, TOJTY-
yeHHbIMHU Ha ipuOope SHRIMP-II. B cBsi3u ¢ 3TUM MOX-
HO CUUTATh, YTO JATUPOBKU SIEPHBIX 30H IUPKOHOB, MO-
mydeHHble MeToioM LA-ICP-MS, siBnsitorcest BriosiHe 10-
CTOBEPHBIMHU, YTO KpaliHEe Ba)XHO IIPU IE€0JIOrMYECKOH
UHTEPIPETAINN NTOTYYCHHBIX U30TOMHBIX JTAHHBIX.

Pe3ynpTaThl MPOBEIEHHBIX T€OXPOHOIOTHYECKHUX
UCCIIC0OBAaHUN MOKA3bIBAIOT, YTO MarMaTuieckue oopa-
30BaHMs XalKTUHCKO-OpOIKaHCKOIO MaccuBa IO BO3-
PacTHBIM JAaTHPOBKAM OTHOCATCSA HE K PaHHENPOTEPO-
30HCKUM 00pa30BaHUSIM MO3THECTAHOBOTO KOMILICKCA, a,
BEPOSTHEH BCETO, MPEACTABIISIIOT CAMOCTOSITEIbHBIN KOM-
IUICKC TPAHUTOUOB MTO3IHETO MasIe0304, TouHee P panHe-
ro kapOoHa. [loyueHHBIC JaHHBIE SBIAIOTCS IEPBBIM ap-
TYMEHTHPOBAaHHBIM CBHJETEIHCTBOM O MPOSBICHUU B
npesenax BOCTOUHOro okoH4anus CeneHruHo-CTaHOBOTO
OPOTEHHOTO MOsICa MO3JHENAIC030HCKOT0 MarMaTH3Ma.

[To MHEHUIO psifa UccieaoBareneii, 3eMHasi Kopa B
npesenax ro-BocToyHoi yactu CHOMPCKOro KpaToHa
nperepnena Ha pydexe 1.9 mupa jeT cymiecTBeHHBIE
peoOpa30BaHUs B CBSI3H C IMIMPOKO MPOSBICHHBIMH TEK-
TOHO-MeTaMOp(UUYECKUMHU TporeccaMu [5, 7], 4To H
00yciioBuiio (GpOpMUPOBaHHE MACCHBOB TPAaHUTOMJIOB
MO3/THECTAHOBOTO U TYKypHUHTPCKOTO KOMIIJIEKCOB. Bpe-
Ms1 QOPMHUPOBAHNUS TPAHUTOUIOB TYKYPHUHIPCKOTO KOMII-
JeKca B 30HaX JOJIFOXKUBYIUX pa3iaoMoB AngaHo-Cra-
HoBoro mura cocrasisier 1.88P1.86 miupa ner Hazan
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Taobunna 4. Pesyabrarbl U-Pb-n30TONHBIX HCCIe10BaHNI HUPKOHOB 3 TPAHHTOB M PYAOHOCHBIX MeTacoMaTuTOB be-
pe3uToBOro MecroposxkaeHus (no fanabiM LA-ICP-MS).

M3otonHble oTHOMIEHUS (£ %)

Bo3spacr, MmuH siet

206Pb 235U 238U 235U 238U

TopdupoBuaHBIA OHOTHT-POTOBOOOMAHKOBBIMA IPAHHUT
2.1r 0.06075+8.71  0.48034+6.59  0.06404+2.26 398.3+£22 400.2+8.8 0.5
2.2r 0.06131+£13.51 0.38342+£8.22  0.05066+2.78 329.6+23 318.6+8.7 -1
23r 0.05960+6.85  0.38031£13.24 0.051694+4.41 327.3£37 324.9+14 -1
24r 0.05961+7.36  0.38871+£6.52  0.0528242.23 333.4+19 331.847.2 -0.5
2.5r 0.06013+6.75  0.42178+6.94  0.05682+2.45 357.3+21 356.3£8.5 0
2.6.r 0.05927+7.36  0.41601+6.52  0.05685+2.23 353.2+19 356.5+7.7 1
2.7r 0.05568+7.51  0.38035+£7.42  0.05533+2.66 327.3£21 347.249.0 6
2.8.r 0.06038+8.00  0.43531+6.58  0.05840+2.26 366.9+20 365.9+8.1 0
29.r 0.06029+6.78  0.42153+7.58  0.05663+2.75 357.14+23 355.1£9.5 -0.5
2.10r 0.05813+7.04  0.38748+6.70  0.05400+2.31 332.5£19 339.0+7.6 2
2.11.z  0.06323+5.3 0.44598+5.0 0.05713+2.0  374.5+15.6  358.1+6.9 -4
2.12.z  0.05834+4.4 0.41209+4.1 0.05722+1.6  350.4+12.1 358.745.8 2
2.13.z  0.06095+5.4 0.42497+5.1 0.05648+2.0  359.6+15.4 354.2+7.0 -2
2.14z  0.06005+5.3 0.41762+5.0 0.05633+2.0  354.3+14.8  353.3+6.8 0
2.15z  0.05822+4.4 0.41136+4.1 0.05724+1.7  349.9+12.1 358.8+5.8 2
2.16.z  0.06033+5.8 0.40571+5.4 0.05447+2.1  345.8+15.8 341.9+£7.2 -1
217z 0.05992+5.4 0.41387+5.1 0.05595+2.0  351.7+15.1  350.9+6.9 0
2.18z  0.06036+5.6 0.4225545.3 0.05671+2.1  357.9+16.0  355.6+7.3 -0.5
2.19.z  0.05992+5.7 0.41931+5.3 0.05668+2.1  355.6+159 3554473 0
220z 0.05854+4.4 0.41302+4.1 0.05715+1.6  351.0+12.1  358.3+5.7 2
221z 0.11756£5.3 3.28145+4.9 0.22611+£2.0  1476.7£38.3 1314.1423.4 -12
222z 0.06011+5.7 0.41455+5.4 0.05586+2.1  352.1+16.0  350.4+7.3 -1
224z  0.12470+£5.4 5.05029+5.0 0.32807+£2.1  1827.8442.5 1829.0+£32.9 0

TypManuH-rpaHaT-MyCKOBUT-KBAapLEBbI METACOMATUT
4.1r 0.05726+3.4 0.37991+£3.2 0.05375+1.7  327.0+8.9 33754555 3
4.2 0.05906+3.9 0.37412+3.6 0.05132+1.9  322.7+10.1 322.6£585 O
43r 0.06204+3.5 0.38452+3.3 0.05022+1.7  330.4+9.4 3159+£533 4
44r 0.07370+4.5 0.28758+4.2 0.03162+2.0  256.7+9.5 200.74£3.94 28
4.5 0.05817+3.7 0.36203+3.5 0.05044+1.8  313.7£9.5 317.2+547 1
4.6.r 0.05861+4.4 0.37683+4.1 0.05210+£2.0  324.7+11.5 32744627 1
4.7x 0.13769+4.6 0.29976+4.4 0.01764+£2.0  266.2+10.2  112.742.23  -135
4.8.r 0.05262+4.7 0.34934+4.5 0.05380+2.0  304.2+11.7 337.846.73 10
49.r 0.07039+4.9 0.48113+4.7 0.05539+2.2  398.8+15.5 347.5+733 -14
4.10.r 0.07577+5.3 0.26361+5.0 0.02819+2.2  237.6+10.6  179.243.91 -33
4.11.z  0.05511£1.11  0.43654+1.03  0.05880+0.41 368.5+3.2 360.9£1.5 -2
4.12.z  0.05340+1.87 0.42611+£1.75  0.05787+0.71 360.4+5.3 362.6£2.5 1
4.13.z  0.05274+£2.05 0.41673+1.91  0.05730+0.77 353.7£5.7 359.2+2.7 1
414z  0.05412+£1.87 0.43611+£1.73  0.05845+0.72 367.5+5.3 366.2+2.5 0
415z  0.05381£2.12  0.43437+1.98  0.05855+0.82 366.346.1 366.8+2.9 0
4.16.z  0.05377£2.21  0.43311£2.07 0.05842+0.86 365.4+6.4 366.0£3.1 0
417z  0.05657£1.22  0.45656+1.13  0.05853+0.48 381.943.6 366.7+1.7 -4
418.z 0.05466+£1.92  0.43664+1.79  0.05794+0.74 367.9£5.5 363.1£2.6 -1
4.19.z  0.11460+£0.47  4.77802+0.42  0.30240+0.27 1781.0+3.6 1703.244.1 -5
420z  0.11444+0.75  4.19742+0.68  0.26601+0.43 1673.5+5.6  1520.5£5.8 -10
421z  0.11290+0.83  4.48620+0.76  0.28820+0.48 1728.4+6.3 1632.5+6.9 -6
422z  0.11354+1.06  5.18312+0.96  0.33108+0.61 1849.848.2 1843.6£9.9 0

Ilpumeuanue. r P xpaeBble 30HBI IUPKOHOB; z P sinpa nupkonoB. [TorpemHoctr ennHUYHBIX aHann30B P 1. Omnbka kKaauOpoBKH
craunapta TEMOPA P 1.75 %, crangapra 91500 P 1.44 %. D P auckopaantHocTs, B %, = (1 - 207Pb/235U : 206pp/
2383U)x100. AHanu3bl BHITONHEHBI B 1a6opaTopuyu anajutuueckoit xumuu JJBIU JIBO PAH na macc-crnekTpomeTpe
C UHIYKTHBHO CBsi3aHHOW muasmoi Agilent 7500a, coefMHEHHOM ¢ CHCTEMOU Ja3epHO# admsiuu npooer UP-213.
Ananutuk B.U. Kucenes.
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[21], ¢ U-Pb marupoBkamu mno uupkony 1866 + 95 miaH
net [25] u 1840 = 9 mun ner [10]. Bo3pact nopoxn Ken-
rypak-CepraunHckoro rab0po-aHOPTO3UTOBOIO MacCH-
Ba, ()parMeHTH KOTOPOTO B BHUJEC KCEHOJIUTOB IIMPOKO
¢ukcupyoTcs B rpaHuTongax XankTHHCKO-OporkaHc-
KOTo MaccuBa, coctanisieT 1866 + 6 muH net [2]. [Ipuse-
JICHHbIC JAHHBIC NTOKA3bIBAIOT, YTO BBISBICHHBIC HAaH0O-
Jee APEBHUE AATHPOBKHU B SIICPHBIX YaCTAX IUPKOHOB U3
rpaHuToB XalkTHHCKO-Oporkanckoro Maccusa (1828 +
42 miH et u 1846.8 + 9 MJIH 11eT) BIOJHE COTNIACYIOTCA
C BBIIIC IPUBEACHHBIMY JaHHBIMU APYTHX HCCIEI0BaTEe-
Jei 0 BO3pacTe rPaHUTU3AINH JPEBHUX TPAHUTHO-METa-
MOp(UYIECKUX KOMIUIEKCOB paiioHa. OHU COOTBETCTBY-
10T 00IIel HCTOPHH TEONOTUIECKOTO PA3BUTHUSI PETHOHA
U OTPa)katoT PaHHEIPOTEPO30MCKUIN dTall PErMOHAIbHO-
ro MeTaMop(u3Ma, MPOSBICHHOTO B MOPOJaxX APEBHErO
KPUCTAITMYECKOTO (yHIaMEHTA.

ITomy4yeHHbIE aBTOpaMU HOBBIE T€OXPOHOIOTHYEC-
KHE JJaHHbIE, HApsIy C IETPOXUMHUUYECKUMHI U T€OXUMHU-
YECKUMHU XapaKTePUCTHKAMHM PACCMOTPEHHBIX IOPOJ,
CBUJECTEILCTBYIOT O TOM, YTO (hOPMUPOBAHHUE paccMat-
PHUBAEMBIX IPAHUTOUIOB B TpEAeaX BOCTOYHOTO OKOH-
yaHus CeneHrnHo-CTaHOBOTO OPOrE€HHOTO Iosica OTpa-
’KaeT MPOSABICHUE FePIIMHCKOTO TEKTOHOMArMaTH4eCKo-
TO IUKJA, KOTOPBIH COMPOBOXKAAJCS IUIABICHUEM JPEB-
Hel TokeMOpHUICKON KOpbI U crmocodcTBOBal hopMupo-
BAaHUIO MACCHBOB MAJUHTCHHBIX TPAaHUTOB. llamnuHreH-
Hasg IOpuUpona TIpaHUTOB XaHUKTUHCKO-OpOrkaHCKOTo
MaccuBa JI0Ka3bIBaeTCs SBICHUSIMH THOPUIN3MA U ACCH-
MUY BMEINAIOIINX METaMOP(PHUUECKUX MOPOA MOTO-
YMHCKOH CepuM Ha KOHTAKTE C IPAaHUTAMH, a TAKXe MOA-
TBEP)KJACTCSI OTACIBHBIMU JPEBHUMH JaTHPOBKAMHU
SIEPHBIX YacTe IUPKOHOB. DTO MpeanonaraeT ux Gop-
MHUPOBaHHE 32 CUET IUIABJICHUS BBICOKOMETaMopduzo-
BaHHBIX NOPOJ (DyHAAMEHTA, YTO B MIPHUHIUIIE HE IPOTH-
BOPEUMT YK€ YCTAHOBUBIIMMCS B3IVIsIIaM Ha MPUPORY
JPEBHUX MarMaTU4eCcKUX KOMIIJICKCOB B PETHOHE.

B npenenax Bepxnero IIpuamypbs nposBieHus na-
JIC030MCKOTO MHTPY3UBHOTO MarMaTU3Ma yCTAHOBJICHBI B
Ipejesiax BOCTOYHOW OKpamHbl ApPryHCKOTrO cyneprep-
peiina. Ha qanHO# TeppuTOpHM BBISBICHBI MEJIKHE OIOKH
paHHENaNe030iCKNUX CyOIIeNOYHbIX JIEHKOKPAaTOBBIX Ipa-
HUTOB C BOo3pactoM, 1o gaHHbiM U-Pb meTtona, 467P472
MJIH JIeT [28], a Takxke cepus HeOOJbIINX MO3IHENaIe0-
30MCKUX MAaCCHBOB YPYIIMHCKOTO KOMILIEKCa, rabopo-au-
OPHUT-TPAHOTUOPUT-TPAHUTHOTO COCTaBa, KOTOPBIC AaTH-
pyrorcsa TeM ke MerogoM B 274P278 mun net [29]. Ilo
H30TOMHO-TEOXMMUYECKUM XapaKTepUCTHKaM 00pa3oBa-
HUSI YPYIIMHCKOTO KOMIIJICKCA COOTBETCTBYIOT TPAaHUTAM
I-Tumna, popMupoBaHUE KOTOPBIX MPOTEKAJIO YCIOBHUSIX aK-
TUBHOM KOHTHMHEHTaJbHOM Kophl. [lo MHEHHUIO psna uc-
cienoarenei [1], ¢ mposiBIeHHEM MO3IHENANIE030MCKOTO
MarmMaTu3Ma Ha JJaHHOM TeppUTOPUH CBsI3aHO (HOPMHPO-

BaHUE CEPUH METIKHUX PyAONPOSIBICHUI 30710Ta, IPEACTaB-
JICHHBIX TOJHUCYAb(HUIHO-KBAPLEBOH U CYIIECTBEHHO
KBapIEBOH (popMarisiMu.

B kagecTBe BO3MOXHOTO OMM3KOr0 aHajora rpa-
HUTOB XaUKTMHCKO-OPOrKaHCKOIO MacCHBa BEPOAT-
HEll Bcero MOTyT paccMaTpHUBAThCS MaJe030HCKUe rpa-
HUTOHJBI OJEKMHHCKOTO TPaHUT-ICHKOTPaHHUTOBOTO
KOMIIJIEKCA, KOTOPBIE BEChMa IIUPOKO Pa3BUTHI HA CO-
mpenensHOl Tepputopun BocTounoro 3abaiikanbs
BJIOJIb IOTr0-BOCTO4YHOro kpast CeneHruHo-CTaHOBOIO
nosica, MPOCTPAHCTBEHHO TArores kK MoHuronao-Oxorc-
KOM cyTypHOH 30HE. B cocTaB 0J€KMHHCKOIO KOMILJIEK-
ca BXOJSAT MAaCCHUBHI MOP(GUPOBUAHBIX TPAHOAUOPUTOB,
YMEPEHHO KHUCIBIX I'DAHUTOB M JIeMKorpaHutos [31].
M3BECTKOBO-IIEIOYHBIE TPAHUTOUBl AAHHOT'O KOMII-
JIeKCa 4acTO COAEpKaT B ce0e KCEHOMMUTHI JPEBHUX Tad-
OpounoB. I'paHUTH HMEIOT MATUHTEHHYIO IPUPOY, X
(dbopMupoBaHHE MPOUCXOAUIO 3a CUET IUIABICHUS JO-
KeMOpUHCKUX MeTaMOp(hOTEeHHBIX TOJII, MOABEPIIINX-
cs yapTpameTamopdusmy. Bo3pacTHele paMKu Onek-
MHUHCKOTO KOMIIJIEKCa /IO CHX IOP BO MHOTOM HE OIpe-
JIeJICHBl U AUCKYCCHOHHBI. OMHAKO IS MajIe030MCKUX
rpaHuTonI0B BocTounoro 3abaiikanbsi, B TOM YUCIE H
JUTSI MarMaTH4eCKUX 00pa30BaHUN, OTHOCUMBIX K OJIEK-
MHUHCKOMY KOMIUIEKCY, OTUCTINBO BBIACISACTCS BA BO3-
pacTHBIX pyOexa: paHHemaneo3onckuil (476P431 mnu
Jet) u nosnHenaneo3onckuit (343P318 mun ner) [16].
IIpu 3TOM 3aKIIIOUMTENbHBIM 2Tall MarMaTu3Ma B peruo-
HE MPOSBWICS B BuJAC (HOPMUPOBAHUS HHTPY3HUBHBIX
MAacCUBOB I'DaHUT-JIEHKOTpaHUTHOrO cocTtaBa. OnHUM
U3 TUIOBBIX NPEICTAaBUTENCH 00pa30BaHUN OJIEKMHHC-
KOTO TPAHUT-JICHKOTPAHUTHOTO KOMILIEKCA SIBISETCS
JKapunHckuil MaccuB, pacloIOKEHHBIN B CEBEPHOM yac-
TH JlapacyHCKOT0 30JI0TOPYAHOTO MECTOPOKACHHUS, IS
KOTOpOTO, MO pe3ynbTataM Rb-Sr M30TONHBIX gatupo-
BOK, YCTaHOBIJIEH Bo3pacT 343 + 7.6 muH net [15].

bonee peranbHO M3ydeHBI IO3AHENANE030HCKHE
MarMaTuueckue oOpa3oBaHMs 3amagHoro 3abaikaibs,
MIPE/ICTaBICHHbBIE 3HAYUTEIBHBIMU 110 00bEMY H3BECTKO-
BO-IIIECTIOYHBIMU U HIETIOYHBIMU I'PAaHUTOUIAMH, CJIAraro-
muMu Monrono-3abaiikansckuid nosic. [Ipeamnomnaraer-
CsI, 4TO IIO3JIHENAJICO30MCKUM MarMaTu3M Ha JaHHOM
TEPPUTOPHUH MPOUCKOIMI HA MOCTKOIM3HOHHOK (330P
310 muH et Hazax), nepexonnoit (305P285 muH ner Ha-
3a]1) ¥ BHYTPUILTUTHOM (285P275 MuH neT Ha3ax) ctaau-
SIX TepUMHCKOTO0 HKia [35, 36]. B pannwuii atan nosnxe-
Maje30MCKOT0 MarMaTu3Ma MpOUCXOanIo (GopMupoBa-
HUE 0apry3MHCKOTO KOMILICKCA, MPEACTABICHHOTO BBI-
COKOKAJHEBBIMU H3BECTKOBO-IEIOYHBIMU TPAHUTAMU,
ClaralolMHU KpYIHBIH AHrapo-Butumckuii 6aronut
[26, 36]. XapakTepHO#l 0COOCHHOCTHIO TPAHUTOHUIOB ATO-
TO 3Tama SBJSIETCS] ABTOXTOHHBIN XapakTep UX oOpa3oBa-
HUS ITyTeM IUIABJICHUS BMEIIAIOINX TPAHUTOTHEHCOB.
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[IpuBeneHHbIC BhIIIE JaHHBIC TOKA3BIBAIOT, YTO T10-
Jy4eHHbIE IaTUPOBKU Bo3pacTa XalkTUHCKO-OporixkaH-
ckoro maccuBa Bepxuero IIpnamypest xopolio coBmnaaa-
I0T C PE3yJIbTaTaMH T'€OXPOHOIOTUYECKUX HCCIIEI0Ba-
HUW Majaeo30MCKUX TpaHUTOUI0B 3anaaHoi yactu Ce-
naeHruHo-CTaHOBOTO OPOreHHOTo nosica. [Ipu sTom 06-
pamaet Ha ce0s BHUMaHME ONpeieNeHHas OIM30CTh TOo-
Jy4EHHBIX JATUPOBOK CO BpeMeHeM (hOPMHUPOBAHUS H3-
BeCTHOTO AHrapo-ButumMckoro Oaronura. [lomyueHHble
JIAaHHBIE TO3BOJISIIOT CYUTATh, YTO TPAHUTOUJIBI XaWK-
THHCKO-OPOTKaHCKOTO MacCHBa MOTYT PaccMaTpHUBaTh-
Cs KaK OJMH M3 BOCTOYHBIX (ParMEHTOB MPOSBICHUS
€AMHOTO Iosca MO3IHENaNIe030iiCKOro MarmMaTusMa B
npenenax CeneHrnHo-CTaHOBOIO OPOrEHHOIO IosCa.
[To3nHenaneo30ickuit MarMaTyusM MPOUCXOAMIT HA KOJI-
JU3UOHHOM CTaJMM Pa3BUTHUs PErMOHA, B HAdaJabHOU
cranuu 3akpbiTuss Monrono-Oxorckoro okeana [13, 14,
27], nubo ompexaensincs mporeccaMmu B3auMOJCHCTBUS
KOHTHHEHTAJIbHOW KOPBl C KPYHMHBIMH MaHTHHHBIMU
wiromaMu CeBepo-Asuarckoro ropsiuero mnosst [38].

ITo U-Pb cooTHOIIEHUSIM ITUPKOHBI U3 METAacOMa-
TUYECKUX TOPOJI PYIHOU 30HBI JTOBOJILHO ONM3KHU K IIHP-
KOHAaM M3 BMEIAIOIIUX UX I'paHUTOB. boree Toro, B mpe-
JieNax sIepHBIX 4acTei IUPKOHOB U3 MarMaTHYECKUX H
METaCOMAaTUYECKHX MOPOJ BBIIBICHO HATHYUE PEITUKTO-
BBIX IPOTOIUPKOHOB C OJIM3KUMHU KOHKOPJIAHTHBIMH BO3-
pactamu 1828 mutH et (as rpaHUTOB) U 1846 MIH neT
(B meTacomarutax). B To ke Bpems, s IIUPKOHOB U3
PYAOHOCHBIX METACOMATHUTOB XapaKTepHO HaIn4ue 0o-
Jee CYIIECTBEHHOTO HMHTEpBaNa pa3pblBa TaTHPOBOK
MEXJy UX siiepHON U KpaeBod vacTsmu (366P323 mun
JeT), a TaK)Ke eIUHUYHBIX OINpeesIeHUH ¢ 0oiee MOoJIo-
JIBIMHA MOJICTTHBIMH BO3PACTaMHU.

YcraHoBNEHHBIE OJHM3KHE 3HAYCHHUSI BO3PACTOB
IIUPKOHOB U3 MOPGHUPOBUIHBIX TPaHUTOB (344P355 miH
JeT) U MeTacoMaTuToB bepe3uToBOro MecTOpOXKACHUS
(323P366 muH 1€eT) OJHO3HAYHO CBUICTEIHCTBYIOT O
TOM, YTO MCXOIHBIM MaTepuaioM g (HOPMHPOBAHUS
PYAHO-METACOMAaTHYECKUX 00pa30BaHUM MECTOPOXKIe-
HUS, HECOMHEHHO, SBIISUIMCH BMEINAIoIIe UX mopQupo-
BUJHBIE IPAHUTHl XaUKTUHCKO-OpOrKaHCKOIO MacCHBa.
[Ipu 3TOM 0CO0O0 CEeayeT MOAUEPKHYTh, UYTO HE BhISBIIC-
HO CYIIECTBEHHBIX M3MEHEHHH H30TOMHOTIO COCTaBa
IIIPKOHOB Ha 3Tale METacoMaTH4YecKoro npeodpas3oBa-
HUSI TPAHUTOMJIOB U MTOCIIEIYIONIETO Py1000pa30BaHHUs.

3AK/IIOYEHUE

1. [IpoBeneno cpaBuenue pesynsratoB U-Pb uszo-
TOIHBIX MCCIIEOBAaHUN OJHUX U TEX K€ CIUHUYHBIX 3€-
peH LMPKOHOB, BhIOTHEHHBIX MeToAamu SIMS (LleHTp
n3ortonusix uccienosanuii BCEI'EN um. A Il Kapnus-
ckoro) u LA-ICP-MS (JIBI'M IBO PAH). Iloka3aHno,
YTO PEJIKO UCIOJIB3YEMBIH B Halllell CTpaHe METOJ Macc-

CIEKTPOMETPUUECKOTO OIPEICIICHUSI C CUCTEMOM J1a3ep-
HOH aOisiuu TMOo3BONsAET JOCTOBEpHO oueHuTh U-Pb
BO3pacTa MOPOJ U €ro Pe3yabTaTbl COMOCTAaBUMBI C JaH-
HeiMu SHRIMP-II.

2. ITo pesynbraram U-Pb n30TOMHOTrO AaTUPOBAHUS
mupkoHoB Metogamu SIMS u LA-ICP-MS Boszpact dop-
MHUpPOBAHUS NMOP(PUPOBUAHBIX TPAaHUTOB XaHKTHHCKO-
OporKkaHCKOro MacCcHBa, BMELIAIOMUX pyAHOE Teno be-
PE3UTOBOTO MECTOpOXKIAeHUsI, cocTaBisieT 344P355 miuH
JICT. HOHy‘ICHHLIe JAaHHBIC ABJIAIOTCS IICPBBIM apryMCeH-
TUPOBAHHBIM CBUJACTCIBCTBOM O IPOSBJICHUN B BOCTOY-
HoM yactu CeneHrnHo-CTaHOBOIO OpPOTEHHOTO MOosica
TepPIIMHCKOTO MarMaTH3Ma.

3. EauHuuHble ApEeBHUE NATUPOBKU sIIEPHBIX Yac-
Tell IUPKOHOB C KOHKOpJAHTHBIMU Bo3pacTamu 1828P
1846 muH jet, HapsAy ¢ U3BECTHBIMM T€OJIOTMUECKUMU U
HOBBIMH I'COXUMUYCCKUMU JaHHBIMU, CBUJACTCILCTBYIOT
O MAaJUMHIE€HHOW IPUPOAE TI'PAHUTOUIOB XaUKTHHCKO-
OporkaHCKOTO MaccuBa M (OPMHPOBAHUU UX 33 CUET
IUTABJICHUS BMEIIAIONINX UX METaMOP(PUIECKHUX TIOPOJT MO-
TOYMHCKOM CepuH B MPOIIECCe TePIIMHCKOTO TeKTOHOMarMa-
THYECKOTO IMKa pa3BuTus CeneHruHo-CTaHOBOTO Mosica.

4. Bo3MOXXHBIMH OJHM3KHUMH BO3PACTHBIMU aHa-
J0TaMy I'paHuTOB XaWKTUHCKO-OpOrxaHCKOro Maccu-
Ba Bepxuero [Ipuamypbst MOryT OBITH IO3JHENAIEO-
30HCKHE TPAaHUTOUIBI OIEKMHHCKOTO U 0apry3HHCKOTO
KOMIUIeKCOB BocTounoro u 3amajgHoro 3abaifkanibs.
OTO NO3BOJISAET paccMaTpuBaTh IpaHUTOUABl Xalk-
THHCKO-OpOTKaHCKOTO MacCHBa B KaueCTBE BOCTOU-
HOTO (parMeHTa Mmosca Pa3BUTHS IO3JHENAIC030M-
CKOTO MarmMaTu3Ma, PacIpoOCTPaHEHHOI'O BJOJb OTO-
BOCTOYHOM okpamHbl CeBepo-A3HaTcKoro KpaToHa.

5. ITaneo3olickuii BO3pacT rpaHUTOUA0B XalKTHH-
cK0-OporkaHCKOTO MaccHBa MO3BOJSICT HAMETUTH OIIpe-
JICJIGHHBIE 3JIEMEHTHI CXOJICTBA I'€OJIOTMUECKOTO CTpOe-
HUSI Bepe3nToBOro 3010TO-MONINMETAITHYECKOTO MECTO-
poxaenus Bepxuero IIpuamypss u JlapacyHCKOro 30510-
TOPYIHOTO MecTOpoxkJaeHuss Boctounoro 3abaiikanbs,
rje OIM3KHe MO CTPOSHUI0, COCTAaBY M BO3PACTy Marma-
TUYECKHUE 00pa3oBaHUs, NMPEACTABICHHBIC MOPOAAMHU
KPECTOBCKOTO U OJEKMHUHCKOTO KOMILIEKCOB, CIararoT
OCHOBHYIO 4aCTh PYIHOTO TIOJIS.

6. Hannuue B cocTaBe pyloOHOCHBIX TYpMaJIMH-Tpa-
HaT-MYCKOBHT-KBapIIeBBIX IOpoA bepesuroBoro mecrto-
POXIACHUSA NUPKOHOB C BO3pPAaCTHBIMU OaTHUPOBKaMU B
323P366 MJIH JIET OIHO3HAYHO CBUAETEILCTBYET O TOM,
YTO UCXOJAHBIM IMPOTOJIUTOM IJIsA q)OpMI/IpOBaHI/ISI METa-
COMATUTOB JJAHHOTO PYIHOTO 00BEKTA CIIYKUIN TPAHUTHI
XalKTUHCKO-OPOIKaHCKOIO MacCUBA.

ABTOPBI BBIPAXKAIOT O1arofapHOCTh PYKOBOACTBY U
reonoruueckomy nepcornairy OOO Tbepe3uTosslil pyn-
HUKY3a OKa3aHHYIO MMOMOLIb B MTPOBEACHUH IOJIEBLIX pa-
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00T Ha MECTOpPOX/ICHUH; perieH3eHTaM B.B. Akununy n
AM. CnupunonoBy P 3a xputnueckue 3amedaHus U
KOHCTPYKTUBHBIE IPEATIOKECHUS, KOTOPbIE CIIOCOOCTBO-
BaJIM YJIy4IIEHUIO KaueCTBa IIPEICTaBICHHOIO B CTAThE
(hakTHUECKOTO MaTepuajga U MHTEPIPETALUHU TTOTydeH-
HBIX PE3YJILTaTOB.
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Pexomenoosana x neuamu H.A. ['opauesvim

A.S. Vakh, O.V. Avchenko, V.I. Kiselev, S.A. Sergeev, S.L. Presnyakov

U-Pb isotopic geochronologic study of zircons from granites and ore-bearing metasomatites of
the Berezitovoe gold-polymetallic deposit (Upper Priamurye, Russia)

Results of the U-Pb geochronologic studies of zircons from ore-bearing metasomatites of the Berezitovoe
gold-polymetallic deposit of Upper Priamurye and the porphyry-like biotite-hornblende host granites of the
Khaiktin-Orogzhan massif earlier thought to be Early Proterozoic magmatic formations of the Late Stanovoy
Complex are examined. The studies were carried out by two methods: SHRIMP-II and LA-ICP-MS. It was
reveal ed that Mass Spectrometer method coupled with laser ablation system enabl e precise U-Pb age dating of
therocksand the results obtained are comparabl e with the data obtai ned with the hel p of SHRIMP-11. Established
wel ghted averageisotopi ¢ ages of zircons are 344-355 Mafrom porphyry-like granites of the Khaiktin-Orogzhan
massif and 323-366 Ma from ore-bearing metasomatites of the Berezitovoe gold-polymetallic deposit. The
data definitely indicate that the former were formed from granitoids of the Khaiktin-Orogzhan massif which
are assumed to relate to an independent Late Paleozoic magmatic complex. Close-in-age Paleozoic magmatic
complexes are widespread within the Selenga-Stanovoy superterranein the Eastern and Western Transbaikalia.

Keywords: isotopic geochronology, U-Pb method, zir con, granite, gold-polymetallic deposit, North Asian

craton, Upper Priamurye.



