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TF’EOXNMMUA

U—Pb ID-TIMS BO3PACT PYTUJIA U3 DKJIOTUTOB CEBEPO-MYIVCKOTI'O
BJIOKA (CEBEPO-BOCTOYHOE 3ABAVKAJIBE) KAK MHIUKATOP
JJIMTEJIBHOCTU BDKCTYMALIMU KOHTUHEHTAJILHOM JIMTOC®EPLI
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Bynyuu pacripocTpaHeHHBIM MUHEPAJIOM BBICOKOTPAIHBIX TTOPOM, PYTUJI UCITOIB3YeTCs B KaueCTBE UHIV-
KaTopa 3BOJIOLMHU JTUTOCchEPHI NIYOMHHBIX 30H OPOreHHBIX MosicoB. I1puBeneHnl HoBble faHHEBIe ID-TIMS
U—Pb-natnpoBaHuss 1 MUHEPAJIOTO-TEOXUMUYECKHE XapaKTEPUCTUKHM PyTUiIa U3 IKIOruToB CeBepo-
Myiickoro 6yioka Baitkano-MyiicKoro ckjiagyaToro nosica ¢ 1ejbio OLIEHKH 3HAYMMOCTU T€OXPOHOJIOTH -
YeCKMX OLIEHOK JUIST XapaKTEPUCTUKU MPoIlecca SKCTyMallui BEICOKOTPATHBIX MOPOA. ACCOIMaIis MUHE -
pPaJIbHBIX BKJIIOYEHUi B pyTUjIe (IMMPEUMYIIeCTBEHHO TUTAHUT, 3IUI0T U aM(GUO0I1) yKa3blBaeT Ha POCT Py-
THWJIa Ha TIPOTPECCUBHOM CTaauK MeTaMopdH3Ma 3a CYeT TATAHUTA B IPOTOJIUTE MUIOT-aM(MUOOTIUTOBOM
wiu aMduboauToBoi dauuii. JnamnazoH cogepkaHuil Zr U pacYeTHBIX TEMIEPaTyp KPUCTALIM3ALIUU PY-
TWJIA COOTBETCTBYET YCJIOBUSM OT TporpamaHbix (619—638°C B pacuere Ha 1.5 I'Tla) no mukoBbIxX (659—
684°C ms 2.5 I'Tla). ITonyyeHHast Bo3pacTHasl olieHKa (605 MJTH JIeT) 3HAYMUTETbHO MOJIOXE BO3pacTa BbI-
cokobapuueckoro Mmetamopdusma (630 MJIH JIET), UTO YKa3bIBAET HA MPOIOKUTEIbHYIO UCTOPUIO OCThI-
BaHUSI SKJIOTUTCOIEPKAIIEro KOMILIeKca JuTocdepbl HuKe TeMmIiiepaTypbl 3akpbiTuss U—Pb cucteMsl py-
tuna (~500—525°C) npu TEKTOHUYECKOMN IeHYIALUU WA 3PO3UU KOHTUHEHTAIbHBIX KOMILIEKCOB.

Karoueesovie caosa: 1leHTpanbHO-A3MaTCKUM CKJIamyaThlil T1osic, baiikano-Mylickuii MosIC, SKJIOTUTHI, Py-
i, ID-TIMS U—Pb natupoBaHue, 3Kcrymanust IMTocephl
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BBEIAEHME

Pytun — pacnpocTpaHeHHBI aKIIeCCOPHBINA MU-
HepaJl B IIUPOKOM cCIieKTpe cpen u PTX-ycioBuit
dopMHUpoBaHUsI, OT APEBHUX IJIYOMHHBIX ITOPOI,
(MaHTUITHBIX 3KJIOTUTOB U MEPUAOTUTOB) IO COBpE-
MEHHBIX OCAIKOB U POCCHITIEIT, HO HauboJIee XapaKTe-
pEeH IS BLICOKOTPAAHBIX METaMOP(MUYECKUX TTOPO]I.
B MeTabaszurax pytui siBisieTcsl (pa3oii MOBBIIIEHHBIX
JIaBJICHUIA, a ero yCTOMYMBOCTh PACIIPOCTPaHSIETCs Ha
MMUKOBBIE TTapareHe3UChl KOPOBBIX 9KJIOIMTOB U BHI-
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cokobapuyeckux rpanyauToB. [IpucyrcTBue pytuia
B BEICOKOOAPUYECKUX U BLICOKOTEMITEPATYPHBIX O~
polax Hapsiny ¢ CylLIeCTBEHHBIM mporpeccom B U—
Pb-reoxpononorun [1] m HCIONMb30BaHUM PYTHIIA
KaK HEe3aBUCHMOIO reoTepMoMeTpa [2] ompenenmin
ero UCNoJIb30BaHNEe B KaUeCTBE HANEKHOTO MHINKA -
TOpa 3BOJIOLMU JUTOCHEphbl ITTyOMHHBIX 30H OpO-
TEHHBIX MOSICOB.

HenaBHuMu wucciienoBaHUSIMU BBICOKOTEMIIEpa-
TYPHBIX KOPOBEIX MOPOJ HEOOZHOKPAaTHO OTMe4YeHa
CITOCOOHOCTB pyTHJIa coxXpaHsITh coctossHue U—Pb-
CUCTEMBI, COOTBETCTBYIOIIIEE YCIOBUSIM MaKCUMaJlb-
HOIro pasorpeBa KomIiuiekcoB nopon [3, 4]. Tem He
MEHee CYIIECTBYIOIIME OLICHKM TeMIepaTyphl 3a-
KkpbiThsi U—Pb-cucTeMbl pyTria HaxoAasTcs B AMana-
30He ~500—650°C [5—7], cnenpoBarenbHo, U—Pb-cu-
cTeMa pyTWia JOJKHA MPEeANoYTUTEIbHO OTpaXKkaTb
MMOCTIIMKOBOE OXJIaXIEeHHE B IIPOLIECCE IKCTYMaIlUU
Ha CpeaHEKOpPOBbIC YPOBHU. B cBOIO ouepenpb, pyTUI
U3 CpemHEe- U BBICOKOTEMIIEpaTypPHBIX OPOTeHHBIX
9KJIOTUTOB 13 KOMILUIEKCOB KOHTUHEHTAJIbHOII CyO-
IYKIWW, 9BOJIOLNSI KOTOPBIX 3a4aCTyIO TIpearnoiara-
€T pa3orpeB OO0 YCIOBUII TpaHYJIMTOBOW amuu
P 3KCTYyMallMY MOPOA, MOXET UMETb CMEIIeHHbIe
U—Pb Bo3pacTHBIE OIIECHKHN B pe3yabraTe 1udPy3nn
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1 YacTUIHOM rmotepn Pb. JlaHHEBIN DaKT ¢ yIETOM CH-
cTeMaTudeckKM HU3Kux copepxkanuii U u Pb B pyTuie
SKJIOTUTOB [7] ¥ 9yBCTBUTEIBHOCTU PE3YJIbTAaTOB U3-
MEpPEHM K TTOTIpaBKe Ha HepaauoreHHBIH Pb [8], cy-
IIECTBEHHO BJIMSIOT Ha HAJIEXKHOCTh BOCCTAHOBJICH-
HBIX TPEHIOB MeTaMOP(pUUIECKOM IBOTIOLINN.

B naHHoii paboTe Mbl MPUBOAUM HOBBIE pe3yJIbTa-
o1 ID-TIMS U—Pb natnpoBaH1s M COITyTCTBYIOIINE
MUWHEPAJIOTUYECKUE U PENKOITIEMEHTHbBIE XapaKTepr-
CTUKM pyTuJia u3 akjiorutoB CeBepo-Myiickoro 6Jio-
ka (CMbB) Baiikano-MyiCKOro CKjaagdaToro Iiosica
(BMII) ¢ paznuuHbiMu PT-TpeHIaMu 3KCTyMaluu 1
peTporpaaHoii ruaparauuu [9—12]. JletajbHble NeT-
poJiornyeckue MccjiaeaoBaHus MoKas3aiu, YTo B IIPo-
1ecce BeHICKOro oporeHesa (~630 mutH Jjier; Sm—
Nd-Bo3pact skyoruta u Bmelatonero raeiica [10];
U—Pb-Bo3pacT nupkoHa 13 3KJIOTUTOB, [12]) mopo-
Ibl HWCHOBITAJIM TIOTpyXXEeHHE [0 yciaoBUid ~1.8—
2.7 TTla m ~560—760°C, 4TrO OTpaxaeT IOJOXECHHE
SKJIOTUTOB B TIpenesiaX pa3iMuHbIX KOPOBBIX hpar-
MeHTOB. TakuMm oOpa3om, MeTamopduueckass 3BO-
JIIOLIMSI BKJIOTUTOB TMPOXOAWJa B CpeaHeTeMIiepa-
TYPHBIX YCJIOBHUSIX, KOTOPbIE COOTBETCTBYIOT Auaria-
30HY CYHIIECTBYIOIIMX OIlIeHOK 3akpbiTuss U—Pb-
CHCTEMBbl PyTHWJa, a CaM PYTUII SIBJSIETCS WIeaIbHbIM
OO0BEKTOM JJIs1 U3yUYeHUsl MOBEIEeHUS MOIBUXKHOCTHU
U u Pb Ha cTanusix mporpeccuBHOTO, IIMKOBOIO U pe-
IPECCUBHOTO MeTaMopdu3Ma.

OBPA3LIbI U METOJbl UCCITENJOBAHUN

st uccnenoBaHusl UCIOJIb30BaHbI CEMb 00pas-
1IOB 9KJIOTUTOB, CJiararolliux OTne/lbHble Tesa, Oyau-
HBI U JIMH3BI Pa3MEePOM OT II€PBBIX METPOB A0 JECST-
KOB METPOB M HAOI0aeMbIX CPEIN METAa0CaTOYHBIX
MOpOI M METarpaHUTOUIOB B Mpeaeiax mosca Aecs-
TUKUJIOMETPOBOI MOIIHOCTU Mo TeueHuto p. CaMo-
KyT u p. Uneup CMB (puc. 1). DKa0ruTh u3apooIie-
HBI B IIIEKOBOM M BaJIKOBOI ApOOMIIKax 10 (hpaKium
MeHee 1 MM, mocJie 4ero pyTUJibl U3 MaTpUKca MOPO/I
BBLIEJISITUCH U3 (ppakumii MeHee 0.25 MM (Haubosee
OorarbiX pyTWIOM), C MCIIOJb30BaHUEM MarHUTHOM
cermapalMd M OTACJIEHUS B TSDKEJBIX JKUIKOCTSIX.
Ot 50 10 90 3epeH pyTtuia us ¢ppakuuii 160—250 MKkM
KaXk0i TpoOBI M3BJIeUYEeHBI BPYYHYIO 1 IIOMEIIEHEI B
IIOAMOBBI IUCK HA OCHOBE SIOKCUIHOM CMOJIBI U
MPUTIOJIMPOBAHBI IJIS1 BCKPBITUS LIEHTPAJbHOM YacTu
3epeH.

PentrenocrniekrpanbHbeiii Mukpoanaim3 (EPMA)
MUWHEPATbHBIX BKIIIOUCHUI B pyTHJIE TIPOBEICH C MC-
MmoJib30BaHUeM MUuKpoaHanusaropa “JEOL” Super-
probe JXA8200 B LleHTpe KOJUIEKTUBHOTO ITOJIb30Ba-
Hus “HM30TOMHO-TeOXUMUYECKUX MCCeqoBaHnit”
HNI'X CO PAH. AHanu3 npoBeaeH ¢ IIOMOIIBIO ITSITU
BOJIHOIMCITEPCUOHHBIX CIIEKTPOMETPOB C MYYKOM
30H1a 2 MKM IIpU TOKE 15 HA 1 yCKOpSIIoIIeM Haripsi-
xkeHuu 20 KB. Cepust npUpOIHBIX U CUHTETUYECKUX
CTaHIAPTOB IS KAJIMOPOBKY BKITIOYAjia B ceOsI ajib-
out (Na), nupon (Al), kanummar (K), auorncun (Si,

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

Ca, Mg), onmuBun (Si, Mg, Fe), rpanar (Si, Al, Fe,
Mn), pytun (Ti), xpomut (Cr, Fe). Bpems Hakorie-
HUS TIMKa U (POHOBOTO CUTHAJA ISl KaXI0ro Bjie-
MeHTa cocTaBiisuio 10 ¢ Tpu aHAIUTUYECKON mMo-
rpemrHoctr oT 0.01 Bec. % (mIst BTOPOCTENEHHBIX
3JIEMEHTOB C CoAepKaHUEM, OJIM3KUM K mpeaeay 00-
Hapyxenwns) 1o 0.1—0.2 Bec. %.

PenxosnemenTHsuiii aHammu3 105 3epeH pyrwmia
MPOBENEH METOJOM MAacC-CIEKTPOMETPUU BTOPUY-
HbIX MOHOB (SIMS) c MmoMoIIbl0 MOHHOTO MUKPO-
3oHga Cameca-IMS-4f B SfIpocmaBckoMm dunnaie
DU3NKO-TEXHOJIOTUYECKOTO WHCTUTYTa AKaleMUH

HayK (PTHUAH). IMepBuunbiit mydyok O, noHOB do-
KyCHpOBAaJICS 10 pa3Mmepa IsitHa ~20—25 mkMm. Kaxk-
Jblii aHaJIM3 MTPOBOAMJICS B TPU LIMKJIA U3MEPEHUIA.
ConepxaHue 3JEMEHTOB PacCYUTBIBAIOCH U3 HOP-
MUPOBaHHbIX WHTEHCUBHOCTE! BTOPUYHBIX MOHOB
YTi* ¢ uICHOIB30BAHUEM KATUOPOBOYHBIX KPUBBIX HA
OCHOBE aHaJIM3a Habopa cTaHAapTHHIX cTekoi. CTaH-
paptHoe crekio SRM NIST610 ucnonbs3oBanoch B
TeUeHUe aHAJIUTUUYECKOI ceccruu st KOHTPOJISI BOC-
MPOM3BOAMMOCTHU PE3YJIbTATOB, KOTOpAas COCTaBJIsIIa
1o 10% nns comepxkanuii Beiiie 1 ppm u g0 20% st
comepxkaHuii B nuartazoHe 0.1—1 ppm.

ID-TIMS U—Pb-reoxpoHoJIOTHYeCKHE UCCIIEH0-
BaHMs pyTWiIa npoBeneHbl B IHCTUTYTE Teoioruu u
reoxpoHoJjiorun nokemopusi (UI'TII PAH). MoHo-
dpakuu U3 HanboJjee MPO3PaYHBIX 1 TOMOTE€HHBIX
3epeH pyTuia nmpomMbeiBanch B 0.5M HNO; ipu 70°C
U TPYWKABI B YJIBTPAYMCTON Bome. XMMHUYECKOE pac-
TBOopeHue nposoauiaock B HF mpu 220°C B cTaibHBIX
Te(I0HOBBIX OOMOAX IIPU BHICOKOM IaBJICHUMU, I10-
cJie 4eTO pacTBOPHI Pa3IesuIMCh Ha IBE aIMKBOTHI, a
OITHA U3 HUAX cMelnmBaiach ¢ 2U—2%Pb-tpaccepom.
AJIMKBOTHI 3aTe€M BbINIApUBAJINCh, NEPEBOIWINCH B
o6pomuaHyIo (popmy s BbiaeaeHusi Pb u U noHHO-
oOMeHHOIT xpoMaTtorpadueii, a ppakumg U morosn-
HUTenbHO ouuinanack B HNO; Ha cmoiie UTEVA.
M3oTO0mHBINA aHAIN3 MIPOBEICH C ITOMOIIBI0 TEPMO-
noHu3zamuoHHoro (TIMS) MHOIroKoIIEKTOPHOTO
Mmacc-criekrpoMetrpa “Triton” T1 B craTnmyeckom pe-
KuMe. X0J0CTOe 3arpsi3HeHre COCTaBUJIO 25 mr s
Pb u 0.5 or gna U. Pesynbsratel o0paboransl B [10
PbDAT [13] u ISOPLOT [14]. Bce omubku npuBo-
IISITCSI HA YPOBHE 20.

PE3VJIbTATbHI UCCJIEJOBAHUN

PyTun B cBeXHX U peTpOrpagHO U3MEHEHHBIX K-
JIOTUTaxX MpeacTaBieH UAUOMOPGMHBIMUA MPU3MATU-
yecKMMU 3epHaMu pa3zmepom 1o 300 MkMm u Gojiee
MmenkuMu (He 6onee 20—30 MKM) BKIIIOUEHUSIMU B
nop¢hupodJIaCTOBOM U CPEAHE3EPHUCTOM TpaHaTe
(puc. 2). Pytun B MaTpuKce npeacTaBieH OTACIbHbBI-
MU 3€pHAMU WM CErperaiusiMyu 3€peH BBITSIHYTOM
¢opMBbI, TOABEPXKEH 3aMEIIICHUIO TUTAHUTOM B aM-
¢$ubOMM3UPOBAHHBIX IKJIOTUTAX U — Yallle — UjbMe-
HUTOM B CUMIUIEKTUTOBBIX 9KJIOTUTaX C MajbIM KO-
TOoM 512
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HEOIPOTEPO30IMCKUE BYJIKAHOTEHHO-
oca/loYHbIe KOMITIEKChl OJIOKUTCKOI 30HbI
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l KapOOHATHBIC TTOPOIbI
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TOHUIICKME HAICYOMyKIIMOHHBIE TPAHUTOUIBI

TOHMIICKME TPAHUTO-THEHCHI
HEOINpPOTEPO30MCKUE METAOCATIOUHbIE
KoMIuteKchl KoTepckoit 30Hb1
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[ | KoMILIEKCHI TOPGBLTOKCKOII Cepyn
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MaJIe030iCK1e rpaHUTOUIBL
BaprysuHckoro 6atonura
10 kM }‘: BBICOKOTPaIHbIC MOPoAbl Myiickoro 610ka

0a3uT-yJabTpada3suToOBbIe
SKJIOTUThI dparmMeHTH 0UOTUTOB
KOMIIJIEKChBI

7\
TJIAaBHBIC pa3JIOMbI

Puc. 1. Cxemarnueckast Kapta pacrnoioxeHus baiikano-Myiickoro nosica (BMII) B crpykrype lleHTpanbHO-A3MaTCKOTO
CKJIQJYaToro rosica oTHocuTesibHo CUOMpPCKOro kpatoHa (a), ympoliueHHast ctpykrypa BMII ¢ kiloueBbIMU cllaraloliumMu
KoMIuIekcamu nopor (6), u cxema ctpoeHust CeBepo-MylicKoro 610Ka BEICOKOTpaaHbIX ITOpo (B) (He IToKa3aHbI epeKphiBa-
IollMe KeMOopuiickre KapOoHaTHBIE U 00J1ee MOJIOAbIE OTIOXEHUSI ).

JIMYECTBOM pETPOrpagHbIX BomocoAepKamumx ¢as.
B nopdupobaacToBeix skiaorurax My-93-53, My-
93-90 u My-93-93, e saapa rpaHata 60oraTbl BKJIIO-
YyeHUsIMU Bopocodepxkammx ¢a3 (3nugor, amMdu-
60J1), BKIIIOUEHUSI PYTUIA XapaKTephl A1 BHEITHUX
30H rpaHara.

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

MccnenoBanHbie 3epHa pyTtuia (okojo 30 3epeH
Ha Kaxylo Mpoly) U3 MaTpuKca coaepkaT TBepl1o-
¢a3Hble BKIIOUEHUS pa3MepoM MPEeUMYLIECTBEHHO
1—10 MKM, pacrioJioKeHHBIE TJIaBHBIM 00pa3oM B
LIEHTpaJIbHbIX 30Hax pyTuiaa (puc. 3). [lepeyeHb Ha-
OrogaeMbIX (pa3 BKIIOYEHUI TOBOJBHO BBIIEPXKAH 1
TOoM 512
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Puc. 2. [Terporpaduryeckue 0cOOEHHOCTH UCCIeA0BaHHBIX 9KJIOIrUTOB CeBepo-MyiicKoro KoMIuiekca ¢ yka3aHueM OCHOBHBIX
TOpOoIo00pa3yIoIINX, BTOPOCTEIEHHBIX U aK1IeCCOPHBIX (ha3. [IpuHsTeie abopeBuarypsl: Grt — rpaHat, Omp — omdpauut, Qz —
kBapil, Rt — pytuin, Cpx — 6enablii Na u Al kimmHonpokceH, Pl — mmarnokina3. Mukpodororpadun B IIpoXOOsIIIeM CBETE.

BKJTIOYAET B ce0s1 TMTaHUT, antatuT, Ca- n Ca-Na-am-
¢$uboBI, MUHEpaJTBI TPYIIIBI 3NUI0TA, PEAKUE LIUP-
KOH, KBapll 1 eIMHUYHbIE HAXOJIKU KJIMHOTIMPOKCEe-
Ha, OWOTMTa, KapOOHATOB M TIpaHaTa. M3 oKoso
200 mpoaHaJIu3MPOBAHHBIX BKJIIOUEHU I 60Jiee Mmojo-
BUHBI TIpeAcTaBieHbl TUTaHUTOM (Al,O; 0.55—
2.49 Bec. %). AMpuO0OI IPUCYTCTBYET B PYTUIIE BCEX
00pa3loB, OMHAKO KOJUYECTBEHHAsI XapaKTepPUCTH-
Ka ero KpucTalIOXUMUYECKUX (DOPMYJI UCKITIOUEHA B
CWIy Majioro pasMepa BKJIIOYEHMII W pacrnpocTpa-
HEHHOM KOHTaMWHAIINM aHaim3a Ti n3 MaTpUIIbI py-
Twia. BBULy OOBIYHO HU3KOTUTAHUCTOW MPUPOIIbI

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

MeTtaMopduyecknux amM@puOOIoB, HaOIIOJAEMBIX B
BHUJIE BKJIIOUECHU B mTopdupobiacTax rpaHara (rpe-
nMyIecTBeHHO Hinke 1 Mac. % TiO,) [11], mpousse-
JIeH TIepecyeT cocTtaBa aM(HnOOJIOB Ha Oe3TUTAHU-
CTOI OCHOBE, KOTOpbI€ B OOJIBIIIMHCTBE CJIy4aeB CO-
OTBETCTBYIOT ITapracuTy. BKITIOYeHMST MHUHEpaIOB
IPYIIBI 3MKI0Ta, OOHApYXXeHHBIE B Tpex oOpasliax

OKJIOTUTOB, UMCIOT KCJIIEC3UCTOCTb XFe3+ B IMaIta3oHEe

0.15-0.24 1 B OONBLIMHCTBE CIIy4aeB OTHOCSTCS K
BMUA0TaM. BOJTBIIMHCTBO BKITIOUEHMIA CITION BBISIBIIE-
HO B pyTuJjie akjoruta My-93-93, tne catoabl Tpen-
CTaBJICHBI OMOTUTOM. EMWHWYHBIE BKITIOYEHUS Kap-
TOM 512
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GOHATHBIX (a3 IMAarHOCTUPOBAHBI B TpeX 0Opasliax, B
JIBYX U3 KOTOPBIX KapOOHAT MpeACTaB/eH aHKEPUTOM
(okono 7 Bec. % FeO) u B omHOM — KanbuuTtoM. Ko-
POTKONPU3MATUYECKHE BKIIIOUEHUSI allaTUTA pa3Me-
pom 1—5 mkm ¢ 1.56—3.18 Bec. % F pacnipoctpaHeHBI
B pyTujiax u3 akjaoruta My-93-71 u peaku — B pyTu-
JIaX CUMIUIEKTUTOBBIX 3KJIOTUTOB My-12-6 u My-12-
9. LlupkoH BcTpeyaeTcs B BUIIE MeJIbYalimx (MeHee
5 MKM) M30METPUYHBIX 3€pEH, HEPAaBHOMEPHO pac-
MpeAeeHHbIX B pyTuie-xo3sauHe. Kpome Toro, py-
TWJI CUCTEMATUYECKU COASPKUT JIaMeJIN MJIbMEHUTA,
HamnboJiee pacIpOCTpaHEHHEIE B TpeX 00pa3liaXx CUM-
IUIEKTUTOBBIX SKJIOTUTOB. JIUIIb TISTh MIPOAHAIN3N-
POBaHHBIX B PYTWIE BKIIOUCHUN (4 — KIMHOIIMPOK-
ceH, 1 1 — rpaHat), IpeacTaBieHbl MUHEPAJIbHBIMU
dazaMu, KOTOpEIe MOTYT pacCMaTPUBATLCS KaK BbI-
cokobapuyeckue. KIMHONMMPOKCEH B PYTHJIE IKJIO-
rutoB u3 paitoHa p. Mneup (My-93-90, My-93-53 u
My-93-71) nipeacraBiieH oM(palMTOM C HU3KMM U BbI-
COKUM cofepxxaHueM xaneuta (X = 0.10—0.38) u Ba-
puatuBHOM kene3uctocThio #Fe (0.26—0.40), Torma
Kak Oorartble KageuTOM KJIMHOMUPOKCEHBI OJIM3KU T10
COCTaBy K TaKOBBIM MaTpuKca. EMMHCTBEHHOE BKITIO-
YeHUe TpaHaTa uMeeT allbMaHIUH-TPOCCYJISIP-ITUPOIIO-
BbIii cocTaB (Alms,Grsy,PrpgSps,). BritoueHuid Bbi-
COKOKPEMHHUCTBIX CIIIOM ((DeHTHTa) HE BBISBIIECHO.

PyTuiiel cucTeMaTuyecky comepskaT Majible KOJIM -
yectBa 0.1—0.3 mac. % FeO, Toraa kak o01iiee comep-
XKaHWE PEIKUX 3JIEMEHTOB OOBIYHO HE MPEBBIIIAET
0.3—0.5%. CucremaTtuka pyTWIOB IO COHEPXKAHUIO
Nb u Cr yka3bIBaeT Ha TUITMYHO 3KJIOTUTOBYIO (MeTa-
0a3uToOBYI0) IIpupony pyrwia (puc. 4 a). JIumb co-
cTaB BbICOKO-Nb pyTuiia u3 skjoruta My-93-93 co-
OTBETCTBYET PYTHJIy M3 MeTaoCcado4YHbIX Imopond. Ha-
OIr0maeTCs IBE pa3IMIHbIX TEHASHIINY 00O0rallleHUS
pytiia W—Ta—Nb u Cr—Mo. /1151 Bcex ceMu 3KJI0-
TUTOB HAOIIOMAIOTCS ITOJIOXKMTEIbHAST KOPPEIISIINS
Zr u Hf (puc. 4 0), Torga KaKk B HEKOTOPBIX CIIydasix
BBICOKMII YpOBEHb COIEpXKaHUsI OOOMX 3JIEMEHTOB
MOXKET YKa3bIBaTh Ha IIPUCYTCTBHE MUKPOBKIIIOUEC-
HMI LMpKoHa. JIaHHBII (haKT CoIIacyeTcs ¢ OTCYT-
cTBUEM Koppeassuuu Nb—Zr 1 criopagudecKu MOBBI-
IIIEHHBIM coliepkKaHueM Zr B eIMHUYHBIX PyTUIaxX U3
Bcex 00pa3noB 3KI0ruTOB (puc. 4 B). COOTBETCTBYIO-
1IYe 3HAYeHUsI COACPKAHWI MCKIIIOUEHBI U3 Najlb-
HEMIINX pacuyeToB.

Pacuernl Temmeparyp KpucTa/uiM3aluu/mepe-
KPUCTAJIU3alIM1, OCHOBaHHbIE Ha COlepXXaHUU ZT B
pyrusie, 1o [2], mpuHUMast apaMeTpsl dro, = 1 1
asio, 0.5 (BBUmy MaJIOii pacHpoOCTpPaHEHHOCTU
KBaplia B IPOrpaaHbIX/TIMKOBBIX ITapareHe3rcax 9K-
JIOTUTOB), C Y4E€TOM HabI01aeMbIX (ha3-BKIOUESHU N
M YCJIIOBUI 3BOJIIOLMHU 3KJIOTUTOB [9, 12] mpoBemeHbI
it gasneHuii 1.5 I'Tla ¢ enbio cpaBHEHUS C pacyeT-
HbIMM  JaHHBIMW  T'paHaT-KJIMHOMUPOKCEHOBOI
Fe**—Mg-reorepmomerpun [10] u s 2.5 T'Tla — mia
KCTpaNnoysiiuu B 00J1aCTh MUKOBbIX 3HAUYCHU I TaB-
JieHuss. PyTunbl M3 4eThIpeX 3SKJIOTUTOB paiioHa

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

p. Unenp nmeror 6imskue cogepxxanus Zr (puc. 4 1)
U JaloT ONM3KUE CpemHMe OLIEHKM TeMIlepaTyphl
ms 1.5 T'Tla B 619 = 12°C (My-93-53), 623 £ 21°C
(My-93-71), 638 £ 27°C (My-93-90) u 637 + 22°C
(My-93-93) (3mech u majee OLIEHKU IPUBOASTCS Ha
ypoBHe BocripousBomuMoct +1SD 1 He comepxar
KOMITOHEHTa OIIMOKM OT WHCTPYMEHTAJbHOM He-
ONpeAeIEHHOCTH). DTU OLICHKU B PA3JIMYHOI CTEIICHU
COITOCTAaBUMBI C pe3y/IbTaTaMU TPAAULIMOHHOM IpaHaT-
KJIMHONMPOKCEHOBOI Fe?* —Mg-reorepMoMeTpun U1
TOM e BeJIMYMHBI JaBieHus (680 £ 12°C, 620 £+ 26°C,
650 £ 31°C u 660 * 30°C, cooTBeTCTBEeHHO, 1o [10],
a OTKJIOHEHUSI MOTYT OBITb O0YCJIOBJICHBI BapUaIUsi-
MU B peajibHbIX 3HauyeHUSIX naBieHus. Cxoxue U
eIMHOOOpAa3HbIe OLIEHKH ITOJy4eHBI IT0 pacueTaMm s
TpeX CUMIUICKTUTOBBIX 9KJIOTUTOB paiioH p. CaMOKYT:
616 + 13°C mma My-12-6, 617 = 7°C mng My-12-9 u
614 £ 11°C s My-12-10. OLieHKM TeMItepartyp, IoJy-
yeHHbIe 111 gaBaeHus 2.5 I'Tla, coOOTBETCTBYIOLIETO B
cydae pocTa pyTWIa Ha MUKe MeTaMopdu3Ma, CUCTe-
MaTUYECKH Bbllie Ha ~45°C 1 HaXoOsITCs B IUarna3oHe
659—684°C.

Hnst oueHku U—Pb Bo3pacrta ObUIM MpoaHaJIN3UpO-
BaHBI HAaBECK! PYTWJIOB M3 6 SKIIOTUTOB, IJIST KOTOPBIX
nosydeHs! oTHowmeHus 2°°Pb/24Pb ot 22 no 88. g Mu-
HEpaJIOB-TeOXPOHOMETPOB CO 3HAYUTEJIBHBIM KOMIIO-
HEHTOM HepaavoreHHoro csunua (*°°Pb/2%4Pb < 100)
HEOTIPeIeICHHOCTA B OIICHKE M30TOITHOTO COCTaBa
IIEpBUYHOTO CBWHIIA MOTYT BBI3BaTh 3HAYUTEIbHBIE
OLIMOKU B TIOJyduBIIeMcsl Bo3pacte. st MuHepa-
JIOB ¢ HU3KMMU oTHoteHusMu U/Pb n KomnmaecTBOM
paaIMOTeHHOTIO CBUHIIA HauboJjiee TTpUeMIeMo TpU-
MeHeHUue TpexMepHoil JuHeliHoi (“total-Pb/U”)
M30XpOHHI [15] mirst pacdyera Bo3pacTa KOTEHETUIHBIX
00pa3loB ¢ MpearojaraéMbIM OAMHAKOBBIM U30TOII-
HBIM COCTaBOM ITepBUYHOTO Pb. TpexmepHbIe MeTO-
IIbI He TPEOYIOT 3HAHWS N30TOITHOTO COCTaBa OOIIIETO
(mIepBUYHOI0) CBUHIIA, UCIIOJb3YEMOTO JIJISI KOPpPEeK-
1M, TI03TOMY Bo3pacT “total-Pb/U” -n30xpoHHI, 110-
CTPOEHHOI B KoopauHarax 233U /200Pb—207Pp /206 Ph—
204pp /206Ph - gqpsieTca 60J1ee TOUHBIM, Y€M BO3DACT,
MOJIY4eHHBIN ¢ Mcrojib3oBaHUeM Monaenu Creiicu-
Kpamepca g monpaBku Ha nepBu4YHbIid Pb. I1o pe-
syabTaTtaM aHann3a U—Pb-m30TomHo# crucTeMbl py-
THJIa B oOpasiue skjorura My-93-53 (tab6n. 1), Hau-
6osiee 6oratoro U u paguoreHHbIM Pb (2°°Pb/2%4Pb B
IuarnasoHe 62—88), mojaydeHa HaIesxXHas BO3pacTHas
olleHKa Mo KOHKopauu B 605 + 2 mMiH. et (puc. 6).
Psn naTupoBOK, MOMYYEHHBIX 110 PYTUY U3 APYTUX
00paslIoB, SIBISIIOTCS MEeHee TOYHBIMU U/UJIU B pa3-
HOI1 CTereHU AMCKOPAAHTHBIMM B CUJTy HU3KUX CO-
IepxaHuii pagnoreHHoro Pb. CrencTBueM mocien-
HETO SIBJISIETCSl TaKKe PACXOXKICHWE AT, IMOTydeH-
HBIX 1o oTHoweHuaM 2°Pb/?¥U u 207Pb/2%°Pb.
CTOUT OTMETUTh, OJHAKO, YTO MO BO3PaCTy Iepece-
YeHUsI ¢ KOHKOpAMEUW HEKOTOpble M3 JdaT SKBHBa-
JICHTHBI B TIpenesiax OIMMMOKY oTyIeHHOMY Tt My-
TOoM 512
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U—Pb ID-TIMS BO3PACT PYTUIJIA U3 BDKIIOTUTOB CEBEPO-MYNCKOTO BJIOKA

(a) oOp. My-12-9

20 um

| I—

CP 20 um CP

(r) 06p. My-93-90

20 um

| I

CF

CP 50 um

55

(6) 06p. My-12-6 (B) 00p. My-12-6

e o
r

Ca-Na Amp

CP 50 um

(m) o6p. My-12-10

(e) o6p. My-93-90

Puc. 3. IpencraButenbHble MUKpOdOTOrpaduu OTAENIbHBIX 3€PEH PYTHIIA C XapaKTePHBIMU TBEPAOda3HBIMY BKITIOYEHUSIMU
MpPEeUMYILEeCTBEHHO CJIMKATHOTO cocTaBa. P0To B 00paTHO-paccessHHbIX 31eKTpoHax (BSE).

93-53 3HayeHuI0, K IIpHUMeEpY, paCUeTHBI BO3pACT B
60413 MuTH JeT 11t sKItoruta My-93-90.

OBCYXIEHMUE PE3YJIILTATOB

Acconuanys MUHePaJbHbIX BKIIIOUCHU B pyTUIIE
(mpexae Bcero TUTAaHUT, SIIMAOT U am(pu0oiT) yKa3bl-
BaeT Ha MPEeMMYIIECTBEHHBIN POCT pyTUja Ha Mpo-
rPEeCCUBHOM cTaguy MeTaMmop(dur3Ma 3a CYeT TUTAaHU-
Ta B IIPOTOJIUTE SMUIOT-aM(PUOOTUTOBOIM NI aMpU-
oonutoBoit  daumit. IloaTBepxKaeHUEM  OTOMY
BBICTYIIAET TAKXKE PACIIPOCTPAHEHHOCTh BKIIIOYESHMIA
BOIOCOMIEPKAIIMX MHUHEPAJIOB B sOpax IpaHATOB

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

OOJILIIMHCTBA M3yYeHHBIX 3KJaoruToB [10, 12]. KoH-
KpETHBIE YCJIOBUSI ITepexojia TUTAaHUT—PYTUJI 3aBU-
CSIT OT XMMM3Ma MOPOJI, B TOM YKCJIe U3BECTKOBUCTO-
CTU, MarHe3uaJibHOCTH, a Takxe conepxaHus SiO,.
Hnst cpenHero coctaBa 60a3utoB tTuna COX mosiBie-
Hue pytuiaa npu Temiieparypax 500—700°C xapak-
TEPHO NpPHU OTHOCUTEIbHO HU3KHUX NABJICHUSIX 7—
8 kbap [16], Torma Kak COGCTBEHHO TEPMOOAPOMET-
pys PYyTUJICOAEPXKAIUX 3MUAOT-KINHOLIOM3UTOBBIX
amM(uOOJIMTOB YKa3bIBAa€T HA MIOBOJILHO IIMPOKYIO
00JIacTh YCTOMUYMBOCTUM OCHOBHOTO IlapareHe3uca
(~500—780°C, 0.7—1.2 I'T1a) [17]. Obpa3oBaHue py-
THJIA 3a CYET TUTAHUTA, K IPUMEPY, COIJIACHO peak-
TOM 512
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Hf, ppm Cr, ppm
100 - 1200 -
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Puc. 4. KoppeJisiiimoHHbBIE TUarpaMMBbI TSI KITIOYEBBIX PEIKUX 3JIEMEHTOB B PyTHJIE U3 SKJIOTMTOB (a—B) U IMAaMa30Hbl colep-
XaHU# Zr B pyTUjax u3 oTaeJbHbIX 00pa3ios (r). Ha miaHkax morpeniHocTeid KOHIEBbIMY OTpe3KaMU IMOKa3aHbl MAKCUMaJlb-
Hble U MUHUMAaJIbHBIEC COIEPXKAaHUs B AMATa30Hax. [ paHMIIbI 3AJIUTHIX TUIAHOK COOTBETCTBYIOT IEPBOMY 1 TPETbEMY KBAPTUITIO,

OTPE3KU BHYTPU IJNIAaHOK — MEIMAaHHbBIM 3HAYCHUSAM.

nuu An + 2Ttn = Grs + 2Rt + Qz, MOrJj10 OBITH TAKUM
00pa3oM MHUIIMUPOBAHO B YCIIOBUSIX SINAOT-aMpn-
00JIMTOBOI MM aM(PUOOIUTOBOI (palinii Mpu HaBjie-
HUSIX CYIIECTBEHHO MEHbIIEe MUKOBBLIX. Hemb3st uc-
KJTI04aTh, OMHAKO, YTO IIPOTPAIHBIN POCT pyTHJIa MOT
MPOAOJIKATECI BIUIOTh IO JTOCTMIKEHUS MMMKA MeTa-
Mopdmsma. CirenoBaTeaIbHO, HAOMIOTaeMBII THaria-
30H COIEPKaHWI Zr ¥ pacyeTHBIX TeMIepaTyp Kpu-
CTaJNIU3ALU PYTUJIA MOXKET COOTBETCTBOBATh YCIIO-
BUSIM OT IIPOTrPagHbIX (CpemHue oleHKN 619—638°C B

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

pacuete Ha 1.5 I'Tla) mo mukoBBIX (659—684°C mis
2.5. I'la).

Huddys3usa Zr B pyTuiie CyllieCTBEHHO 0oJjiee Me -
JICHHBII Mpoliecc B CpaBHEHUM C TakoBoit mist Pb u
psina KaTuoHOB nepeMeHHol BasieHTHOCTH (Co, Fe,
Mn, Sc) [18]. ITo pacyeTHbIM AaHHBIM [19] Tpu nu-
KOBOIi TemnepaType Meramopdu3Ma B AuUana3oHe
~650°C mag pyrviaa ¢ pamgudycoM 3epeH MeHee
80 MKM TIlepeypaBHOBEIIIMBaHUE WMCXOMHBIX YPOB-
Helt Zr B MOJHOM o0beMe 3epeH BO3MOXHO MNpU
SKCryMalliu, COTPOBOXKIAEMOUN OXJIAXKIEHUEM ME/I -
TOoM 512
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U—Pb ID-TIMS BO3PACT PYTHUJIA U3 DKJIOTUTOB CEBEPO-MYMCKOI'O BJIOKA

206Pb/238U
0.107
0105 I 640
0.103 |
0.101 | ) 620,
KoHkKopaHbIii Bo3pact
=605+2Ma
0.099 - (20)
CKBO =0.075,
BepositHocTb = 0.99
0.097 -
0.095 550
0.093 1 1 1 1 1 1 1 )
0.4 0.6 0.8 1.0 1.2
207Pb/235U

Puc. 5. 207Pb—235U—206Pb—238U—;uxlarpaMM& IUISL pyTUJa
u3 akjiorura My-93-53 o ganueiM ID-TIMS.

nenHee ~10°C/miH neT. CornacHo MpeBaMPYIOIINM
B HAcCToOsIlllee BpeMs MOJESIM 9KCTYMalluM YabTpa-
BBICOKOOApUYECKUX MOPOJA, OXJIAXKIEHUE U JEKOM-
Mpeccus TMopo/i 10 CPENHEKOPOBbIX YPOBHEM Mpouc-
XOOUT 3HAYUTEJIbHO ObicTpee (MeHee 10 MuH JeT).
OnHako JJ1sI HEKOTOPBIX KOHTUHEHTAIbHBIX BHICOKO-
GapUUeCKUX KOMIUIEKCOB XapaKTepeH OrpaHUYCeHHBII
pOCT TeMIlepaTyphl, CBSI3aHHBIM C HapalluBaHUEM
MOIITHOCTU JINTOCEphl HAa KOJJIM3UOHHOM CTaauMu.
CormmacHo TaHHBIM KJIaCCUYECKOI TepMobapoMeTprun
u PT-monenupoBaHus [10—12], nuKoBble 3HAYEHUSI
TeMIIepaTyphbl IJIsl SKJIOTUTCOAEPKAIero KoMILIeKca
CMB mornu gocturats ~750—770°C [9, 11, 12]), uto
CITIOCOOCTBOBAIO ITOCTpOCTOBOM muddy3nu Zr. Kak
pe3yJIbTaT, BapUalluM COJEPXKaHUS MaJIOMOIBUXKHO-
ro Zr B pyTUje OTaeIbHbIX 00pa3110B (puc. 4 T) MOTYT

57

Temneparypa 3akpoitTust U-Pb cuctemsr, °C
800

JlaHHbIC TpaHaT-
KJIMHOMMUPOKCEHOBOM

_TepMOMeTpI/II/I

st oksiorutoB CMb

750

700

650

600 TeMnepaTypa KpucTauIM3alluu
pYTHJIA TIO CONEPXKaHUIO Z1
550
500
450
400 Ll Ll Ll L
0.001 0.01 0.1 1 10

Pasmep (panuyc) 3epeH, MM

Puc. 6. PacueTHble KpUBBIE TSI TEMITEPATYPhI 3aKPBITUST
U—Pb-130TONHOI cCUCTEMBI pyTHJIa TIPY Pa3IUYHbIX Be-
JIMYMHaX ckopocTu oxyiaxaeHus (mo [19]). Cepoit o6na-
CTBIO OTMEYEeH Ouara3oH XapaKTepHOro pa3Mepa 3epeH
pytuia B skyorutax. [oiny6oit u TeMHO-cepblil MpsiMo-
YIOJIbHUKW COOTBETCTBYIOT JAMAIa3oHy pacCYMTaHHBIX
TeMrepaTryp MUKOBOTO PaBHOBECHSI SKJIOTUTOB IO JaH-
HBIM TpaHaT-KJIMHOMMMPOKCEHOBOU TepMomMeTpuu [10] n
Coliep>KaHUIO Zr1 B pyTuje (IaHHas paboTa).

OBITH CJIEICTBUEM JINIITh YACTUYHON €ro MOOMIIN3a-
LIMH, YTO COTJIACYETCH C CYyLIECTBEHHBIMU BapUalLIvsI-
MU IO TaKUM 00Jiee MOOMIBHBIM 3JIeMeHTaM, Kak Cr,
Fe 1 Mn. biin3ocTh moJlydeHHBIX TeMIiepaTyp I ce-
MU 00pa3IlOB B TAKOM CJIy9ae MOXKET CBUIETEIbCTBO-
BaTh O €IMHOM IIpoOIlecce ITPOTPagHOTO MeTaMop-
¢duszma mopon.

B cpaBHeHum c auddysueil BbICOKO3apsSIHBIX
3JIEMEHTOB CKOPOCTh TaKoBoii it Pb B cTpykType
pyTWIa IPpUMEPHO Ha IOPSIOK BHIIIE, U, CICIOBa-

Ta6mma 1. Pesynbratel U—Pb-natupoBanus pytuiia u3 skiaoruta My-93-53 Ceepo-Myiickoro 6jioka

ConepxaHue,
M30TOMHBIE OTHOLICHUSI Bospact, MmiH et
MKT/T
Homep |HaBecka e > el
Ne o E = = Rho = - &
poOBI (mr) = © a & & a S
Pb U aQ X > = = = S
1 My-93-53 9.5 0.64 | 3.0 67.68 |0.05946|0.80632[0.09836| 0.46 | 605+ 4 |600 £+ 36|584 + 33
My-93-53 12.2 0.37 1.6 61.68 |0.05918 | 0.80285|0.09839 | 0.47 | 605 £4 (598 +41|574 + 37
3 | My-93-53 5.4 049 | 2.7 88.23 10.06007 | 0.81437 | 0.09832 | 0.46 | 605+ 3 |605+26|606 + 4.9
(>150 Mxm)

a — U30TOITHbIC OTHOILLICHUS, CKOPPEKTHPOBAHHbIC Ha OJIaHK U (DPAKIIMOHUPOBaHKE; 0 — U30TOMHbIE OTHOLIEHMSI, CKOD OC7KTI/I g)gaaﬂ—
HBIe Ha OMaHK, (ppakimoHMpoBaHue U 00bIYHBIN Pb; Rho — koadhduimeHT Koppensainy norpenrHocteit otHomeHuit < Pb/<>°U

206Pb/238U.

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE
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TenbHO, mpoliecc nuddy3nn Pb cymecTBeHHO O0JTee
YyBCTBUTEJICH K TEeMIIEPAaTypHOMY pEXHUMY, UYeM
nnddysusa Zr [5]. BaxkHO OTMETUTD, YTO MOJIyYeHHast
Bo3pacTHasg oleHKa (~605 MIIH JieT) CylIecTBEHHO
MOJIOXKE€ BO3pacTa BBICOKOOAPUYECKOTO METaMOp-
dusma (630 mutH Jtet) |9, 12], 9yTo yKa3pIBaeT Ha IPO-
JIOJDKUTEIIbHYI0 HCTOPHMIO OCTBIBAHUS SKJIOTUTCO-
JIepxkailei JuTtocdepbl KOMIUIEKCAa HIDKE TeMIepa-
Typbl 3akpbiTusi U—Pb cuctemsr pytwna [5—7].
Ha noreHnmnaabHy0 poib IIUTEIBHOIO OXJIaXKICHMS
YKa3bIBaeT IPOAOIKUTEIbHAS MO3AHEAOKEMOpUIi-
cKasl TepMaJIbHasl 3BOJIIOLIS IMTOC(hEePhI CEBEPO-BO-
crounoro bBMII ¢ popmupoBanneM KaKk MUHUMYM 10
~590—570 MJIH JIET rPaHUTOUIHBIX OATOJIUTOB U KMC-
JIBIX BYJIKAHUTOB, CBSI3aHHBIX C OPOTreHHBIM KOJLjIar -
COM U TIOCTKOJIJIM3NOHHBIM pacTsokeHueM [20]. Be-
JIMYMHBI TEMITePaTypPbl 3aKPbITUS TSI pyTUJIa C paau-
ycoM 3epeH 25—80 MKM, paccuuMTaHHbIE TIO
Kiaccuueckoil mozeau [19] ¢ umcnonb3oBaHUEM
CKOPPEKTUPOBAHHBIX KO3(hUIMEHTOB Iuddy3un
[5], miist enMHOI CKOPOCTU OCThIBAHMSI OPOI, MOTYT
BapbUpPOBAaTh B AMana3oHe BIUIOTh A0 ~50°C. K npu-
Mepy, IS pyTWia ¢ yKa3aHHBIM BbILLIE PAUYCOM 3€-
peH st TeMoB oxytaxaeHust 1 u 10°C/MiH et BeJiu-
YMHBI TEMIIEPATYPHI 3aKPBITUSI HAXOMSATCS B IUAITa30-
He ~540—590°C um ~590—650°C COOTBETCTBEHHO
(puc. 6 a), 4YTO COOTBETCTBYET AUATA30HY SMIUPUYE-
CKM YCTaHOBJICHHBIX BEJIMUYMH TeMIepaTyphbl 3aKpbI-
s U—Pb-uzororHoii cucreMsl pytuna [1, 6, 7].

ComracoBaHHOCTh MaHHBIX TpaHAT-IIMPOKCEHO-
BOI M Zr-pyTHUIOBOM TEPMOMETPUH 1O KpalfHE Me-
p€ IUIs1 YeThIpEX U3 CEMHU DKJIOTMTOB yKa3bIBaeT Ha OT-
CYTCTBUE CKOJb-JIMOO 3HAYMMOTO pa3orpeBa ITOPOI
Mocjie pocTa pyTuja, ClemoBaTeIbHO, POCT PyTUJA
JIOJKEH OBLI IIPOUCXOIUTh YXKE BbIIIE TEMIIEpaTyphl
3akpbiTuss U—Pb-cucteMnl ¢ ee mmociaeayiomnein KOH-
cepBallveil Mpu oxJaxKaeHuu nopoa. Mcxoas us pas-
Mepa KCCIIeNOBAaHHBIX 3€peH U JAaHHBIX T'e€OTepPMO-
MeTpuu (puc. 6), IPeaCTaBIsSICTCS MAJIOBEPOSITHBIM,
TaKMM O0Opa3oM, UTO OCTbIBAaHME MPU DKCTyMallMU
SKJIOTUTU3UPOBAHHBIX IOPOJ, IPOUCXOAUIIO OBICTPEe
~10°C/MIH J1eT, a MakCUMAaJIbHBIE TEMIIBI MOTYT
OBITh OolLleHeHBbl B ~5—6°C/MJH Jiet. [Tomo6Hast cko-
POCTh OCTHIBAHMSI B COBOKYITHOCTU C ITOJIyYCHHOI
JaTupoBKoii (605 MJTH JIeT) MO3BOJISIOT OTPaAHUYUTh
BO3MOXHYIO Temrneparypy 3akpbiTust U—Pb-u3oTor-
HOM CUCTEeMBI IjIs pyTWia BbIOPAHHBIX pa3MEpOB B
~500—525°C. Cronb MenjIieHHOE OXJIaXKIeHNE XapaK-
TEPHO JIJIs1 TPaHYJIMT-THEACOBBIX KOMILIEKCOB [1, 6, 7],
a TaKKe BTOPO (BHYTPUKOPOBOI) CTaINU dKCTyMa-
I BEICOKOOAPMUECKNX KOMILJICKCOB, B TEYCHUE KO-
TOPOI 3KCTyMalIMsl KOHTPOJIMPYETCS dPO3UEH 1/ Uau
TEKTOHUYECKON NEeHYIAIIUECT.

NCTOYHUK OPMHAHCHUPOBAHUA

HccnenoBaHus BHITIOJHEHBI B paMKax Ipoekra Poc-
cuiickoro HayuHoro ¢onHaa (Ne 21-77-10038).
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U-Pb ID-TIMS AGE OF RUTILE FROM THE NORTH MUYA BLOCK
ECLOGITES (NORTHEASTERN TRANSBAIKALIA) AS A TRACER
OF DURATION FOR OF THE CONTINENTAL LITHOSPHERE EXHUMATION

S. Yu. Skuzovatov*#, N. G. Rizvanova®, S. G. Skublov*<, and Academician of the RAS V. S. Shatsky*¢
“Vinogradov Institute of Geochemistry, Russian Academy of Sciences, Siberian Branch, Irkutsk, Russian Federation
b [nstitute of Precambrian geology and Geochronology, Russian Academy of Sciences, Saint Petersburg, Russian Federation
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4Sobolev Institute of Geology and Mineralogy, Russian Academy of Sciences, Siberian Branch, Novosibirsk, Russian Federation
¢ Novosibirsk State University, Novosibirsk, Russian Federation
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Being an abundant mineral phase of high-grade rocks, rutile is used as a tracer of lithospheric evolution for
deep zones of orogenic belts. This study presents the new ID-TIMS U—Pb geochronological, mineralogical
and geochemical data for rutile from the North Muya block (Baikal-Muya Foldbelt) eclogites in order to ex-
amine the applicability of its age estimates relative to the exhumation process of high-grade rocks. The assem-
blage of mineral inclusions in rutile (mainly titanite, epidote and amphibole) indicate rutile growth through
titanite breakdown reactions during prograde metamorphism epidote-amphibolite or amphibolite-facies
rocks. The range of Zr contents and estimated Zr-in-rutile crystallization temperatures correspond to condi-
tions from prograde (619—638°C at 1.5 GPa) till peak ones (659—684°C for 2.5 GPa). The U—Pb age estimate
(604 Ma) is notably younger than that of peak eclogitic metamorphism (630 Ma), and highlight the protract-
ed cooling history of eclogite-bearing complex during its evolution below closure temperature of the U—Pb
isotope system (~500—525°C) during tectonic unroofing or erosion of continental complexes.

Keywords: Central Asian Orogenic belt, Baikal-Muya belt, eclogites, rutile, ID-TIMS U—Pb geochronology,

lithospheric exhumation
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