














pas/ioKeHVe OCYLLECTBASANOCH B CMECU KOHLIEHTPUPOBaHHbIX Kucnot HNO,-HF-HCIO, npu Temnepatype oKo-
no 140—160 °C fo nNonHOro nx pacTsopeHus. BolgeneHve cyMMbl pefiKo3eMe/bHbIX 3IEMEHTOB NPOBOAMN/I0CH
Ha KO/TOHKaX, 3aro/iHeHHbIX cmonoli BioRed AG 50Wx8 o6bemom 2 mn. Mocneaytollee pasgeneHme Sm ot Nd
MPOBOAMMOCH Ha KOMOHKaX, 3amMo/IHEHHbIX CMOMoi LnSpec, no metoauke [Pin, Zalduegui, 1997]. /30TonHble
oTHoweHnst Nd 1 Sm n3mepeHbl Ha MHOTOKO/1/IEKTOPHOM Macc-crnekTpomeTpe Finnigan MAT-262 B cTaTuue-
ckoM pexxume B LIKIM «MeognHammka 1 reoxpoHonorus» (M3K CO PAH). 3mepeHHble 0THOLLEHMS 143N d/244Nd
HOpPMa/In30BaHbl K OTHOLLEHMIO 146Nd/144Nd = 0.7219. TOYHOCTb OMpeAeneHns KOHUEeHTpauuii Sm n Nd co-
ctaBuna 0.5 %, M30TOMHbIX OTHOLLEHM 47Sm/144Nd — 0.5 %, 143Nd/*#4Nd — 0.005 % (2c). CpefHeB3BELLEHHOE
3HauyeHmne 43Nd/#4Nd ansa ctaHgapTta JNd-1 3a nepuof n3MepeHuii NpeAcTaBeHHbIX B CTaTbe AaHHbIX COCTa-
Buno 0.512097 + 0.000013 (20, n = 8). MNpu pacueTe BeIMUNH £,(T) ¥ MOAENbHBLIX BO3pacToB Ty,(DM) uc-
MoJib30BaHbl COBPEMEHHbIE 3HAYeHWA AJ19 OLHOPOLHOro XOoHApWTOBOro pesepsyapa CHUR, no [Jacobsen,
Wasserburg, 1984], n gennetuposaHHoli MaHTuUn DM, no [Goldstein, Jacobsen, 1988].

BbleneHune LpKoHa 13 Npob MeTaBYNKaHUTOB KMCOro coctasa (06p. 1527, 1540) nposoaunock no
CTaHLapTHOW METOAMKE C UCMO/Mb30BaHUEM TSHXKESbIX XXUAKOCTEN. VI3yueHre ero Mopthonormyeckmx 0cobeH-
HOCTelA OCYLLECTB/IANIOCH C MOMOLLbH CKaHMPYHOLLIEr0 3M1EKTPOHHOI0 MmnKpockona CamScan MX2500S B pe-
XMMaxX BTOPWUYHbIX 3/1EKTPOHOB M KaTOAOMOMUHeCLeHUMM (LIEHTp M30TONHbIX MccnegoBaHuiAi BCEIMEW,
r. CaHkT-MeTepbypr). U-Th-Pb reoxpoHON0ornyeckune nccnefoBaHns LMpKoOHa NpoBeAeHbl Ha BTOPUYHO-MOH-
Hom macc-criekTpomeTpe SHRIMP-II B LleHTpe 130TOMHbIX nccneaoBaHuiAi BCEMEW. OTobpaHHble BPYUHYHO
3epHa LMPKOHOB OblfIM UMMNIAHTUPOBAHbI B SMOKCUAHYHO CMO/y BMECTE C 3epHaMU CTaHAapTHOro LIMPKOHA
TEMORA, nocsie 3Toro npenapar 6bia1 0TNOAMPOBAH M NPOBEAEHO HarblieHne 30/10ToM. M3meperns U-Pb oT-
HoLleHWi Ha SHRIMP-I1 nposoamnucek no MeToamke, onucaHHoi B [Williams, 1998]. O6paboTKa nonyyeHHbIX
[aHHbIX OCYLLECTBANaCh C Ucnonb3osaHnem nporpammbl SQUID [Ludwig, 2000]. U-Pb oTHOLWeHUA Hopma-
nm3oBanunck Ha 3HaveHue 0.0665, npunucaHHoe ctaHfapTHOMY LMpKoHY TEMORA, 4TO COOTBETCTBYET BO3-
pacTy 3Toro umpkoHa 416.75 mnH net [Black et al., 2003]. MocTpoeHne gruarpaMmm ¢ KOHKOpAMe NpoBOAMIOCH
¢ nomolbto nporpamMmbl ISOPLOT/EX [Ludwig, 1999]. lMorpewwHocTy efuHNUYHbIX aHann308 (M30TOMHbIX
OTHOLLEHWIA 1 BO3PACTOB) MPUBOAATCA Ha YPOBHE OAHOI CUMIMa, NOrPEeLLUHOCTY BbIYUC/IEHHOTO KOHKOPAAHTHO-
ro Bo3pacTa — Ha YPOBHE [BYX CUrMa.

PE3Y/IbTATbl FEOXPOHO/IOMMYECKWX U-Th-Pb MCCNEAOBAHW

Mpob6a 1527 meTamoph130BaHHOI0 BY/IKaHMUTa KMCNOro cocTasa bblfa 0TobpaHa Ha y4yacTke Taryn (ko-
opauHaTbl 55°21,042" c.w., 97°34,822" B.4.). MecTo oT60pa Npobbl NOKazaHo Ha puc. 3. 13 npobbl 6bi Bbl-
[ieNeH akLUecCOpHbIli LIMPKOH, NpeacTaBfeHHbIn 6eCLBETHBIMU, MHOMAA C AbIMYaTbIM OTTEHKOM, NPO3payHbIMU
NAVOMOPMHBLIMU KpcTainaMu. Pasmep 3epeH LMpKoHa n3MeHseTcs oT 150 4o 250 MKM, Y4/IMHEHWE KpucTan-
nos coctaenset 1:2, 1:3. Ha KaTo40NHOMUHECLEHTHbLIX N306paXKEHUAX 3ePeH LIMPKOHA HabMoAaeTCs MarMaTm-
yecKast 30HaIbHOCTb (CM. puc. 4, a). Pe3ynbTaTbl aHa/n3a AeCATU 3epeH LMPKOHa NpeacTas/ieHbl B Tab. 1 1 Ha
puvc. 4, 6. B n3MepeHHbIX 3epHax KOHLEHTpauuy ypaHa v Topus coctaBnatot 152—488 r/T n 73—273 r/1 co-
OTBETCTBEHHO. OTHOLLEHNA 232Th/238U BapbMpytoTCs B y3koM amanasoHe o1 0.43 go 0.58. Ha U-Pb gnarpamme
C KOHKOpAuen (cMm. puc. 4, 6) LeBATb TOYEK U30TOMHOMO COCTaBa U3YyYeHHOrO LMPKOHA pacronaralTcs Ha
KOHKOpPAMK, a ero KOHKOpAaHTHbIM Bo3pacT cocTasnsieT 1872 + 10 maH net (CKBO = 0.043). MNpu pacyeTe
KOHKOPZAaHTHOro Bo3pacTa He yuuTblBasiaCb TOYKa M30TOMHOro coctasa 10.1 B CBA3W C AWCKOPAAHTHOCTLIO
MoMyYeHHbIX 3HaveHuii (cm. Tabn. 1). Cornacysicb ¢ MOP(ONOrMYECKUMI OCOOEHHOCTAMU LIMPKOHa, CBUAE-
TeNbCTBYHOLMMM O €F0 MarMaTM4eCKOM NPOUCXOXAEHUN, 3Ha4eHMe Bo3pacTa 1872 + 10 M/H fIeT MOXKET BbITb
MPOVHTEPMPETUPOBAHO KaK OLeHKa Bo3pacTa KpUCTa/lIM3aLmm LMPKOHOB U, COOTBETCTBEHHO, BO3PACT BY/IKa-
HWUTOB KM1C/IOMO COCTaBa MasbLIEBCKOM TOMLLM YyacTKa Taryn.

Btopas npo6a (1540) meTaMopth30BaHHOIO BY/IKaHWTa KMCNOro cocTtaBa bblfa 0TobpaHa Ha y4acTke
Tonopok (koopanHaTbl 55°21.317" c.w., 97°34.783" B.A.). AKLECCOPHbI LMPKOH, BblAENEHHbI 13 3TOW Npo-
Obl, NPeLCTaB/ieH XKeNToBaTbiMW, C MeLO0BbIM OTTEHKOM, MPO3payHbIMK, AIAMHHONPU3IMATUYECKAMU, WAMO-
MOPMHLIMU KpUCTaiamu. Pasmep 3epeH LupkoHa nameHsieTcs oT 120 go 300 MKM, a YAIMHEHWE KPUCTaINOB
Bapbupyetca ot 1:2 fo 1:4. Ona BHYTPEHHero CTPOEHNS KPUCTa/IIOB LMPKOHA TUMWYHA XOPOLLO BblpaXKeHHas
marmatnyeckas 30HaIbHOCTb (pUC. 5, a). Pe3ynbTaTbl aHanM3a AecATy 3epeH LIMPKOHa NpefcTaB/eHsl B Tabn. 1
M Ha puc. 5, 6. B N3MepeHHbIX 3epHaxX 0TMeYatoTCa BapbupyoLLe COAepsKaHNs ypaHa 1 Topus, COCTaBNAoLLIME
250—748 n 106—497 r/T, a TakxkKe OTHOLWEHMS 232Th/238U = 0.38—0.92 (cm. Tabn. 1). Ha U-Pb anarpamme c
KOHKOpZAueit (cM. puc. 5, 6) [eBATb TOUEK U30TOMHOMO COCTaBa M3YHYEHHOr 0 LIMPKOHA PacnonaratoTcs Ha KOH-
KOpAMK, a ero KOHKOPAaHTHbIV Bo3pacT cocTasnseT 1874 + 10 mnH net (CKBO = 0.064). Touka M30TOMHOrO
cocTaBa 3.1, COOTBETCTBYHOLLAA 3ePHY LMPKOHA C MUHUMabHBIMK KOHLEeHTpauusmu U 1 Th, a Takke ¢ Mak-
CUMaNbHbIM coepXKaHueM 298Ph, npu pacyeTe KOHKOPAAHTHOrO BO3pacTa He Y4muThbIBasiaCb B CBA3N C AUCKOP-
[LAHTHOCTBIO MOMTYyYEHHbIX 3HaueHWi. Cornacysacb ¢ MOPQONOrMYeCKUMM OCOBEHHOCTAMU LMPKOHa, CBUe-
Te/IbCTBYHOLLMMM O €0 MarMaTM4yecKoM NPOUCXOXAEHUN, 3Ha4eHVe Bo3pacTa 1874 + 10 M/H fIeT MOXET BbITb
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0.33- 0N LUMPKOHOB M3 MeTaMop(r30BaHHOIo BY/l-
- 1872510 20) KaHuTa KUC/I0ro cocTaBa MasibLIeBCKOM TOMLLM
_ = + MIH neT (26 <
oM GKBO = 0.043 enalckon cepum (yyactok Taryn, np. 1527).
0.31 ‘ : ‘ ‘ ‘ ‘ ‘ n‘ = ? ‘ ‘ : UJTpVIXOBOVI JIMHEN MoKasaHa ToYKa U30TOMHOro cocCTtaBa, uC-
4.7 4.9 5.1 53 55 5.7 59 6.1 K/Tl0YeHHasa npu pacyeTe KOHKOPAaHTHOr 0 Bo3pacTa.
207Pb/235U

MPOVHTEPNPETMPOBAHO Kak OLiEHKa BO3pacTa KpUCTaI3aLym LMPKOHOB W, COOTBETCTBEHHO, BO3PACT BY/IKa-
HUTOB KMC/Or0 COCTaBa Ma/lbLiEBCKOI TOMLLM YyacTKa TOMOPOK.

FEOXVIMUYECKAA XAPAKTEPUCTUKA MATMATUYECKWX MOPO/,
MAJIbLIEBCKOW TOJILL W

MarmaTtuyeckue nopoasl MasibLIEBCKOV TOMLLM (BYIKAHUTbI U JONEPUTLI) B Pa3/IMYHON CTENEHN N3MeHe-
Hbl B MpoLecce MeTaMop(hUyecknx npeobpasoBaHWil 3eneHOCNaHLEeBOM 1 aNUA0T-aMpUOoNUTOBOW (hauuii.
Kpowme Toro, B 3TMX Nopojax 0TMeYaroTCs MefKue NPOXUIKK, C0XeHHbIE HOBOOOPa30BaHHLIMU MUHEpPaiaMu.
B cBA3M C 3TUM /151 HALEXKHOW KnaccugurkaLumm MeTamopg30BaHHbIX BYIKAHUTOB U AONEPUTOB BbIN0 UCMOSb-
30BaHO HECKO/IbKO Pas/IMyHbIX AvarpamMm, B TOM Yucfie U Hanbonee NoAXOAALLMX AN aHan3a U3MEHEHHbIX
nopog [Jensen, 1976; Winchester, Floyd, 1977]. Ha knaccuueckoii TAS anarpamme [LLlapneHok u gp., 2008]
TOYKM COCTaBOB METaZ0/IepUTOB yyacTka TOMOpoK MonasatoT B Mnosie aHAe31ba3anbToB, a MeTaZoepuT yyacT-
ka Taryn — B none 6a3anbToB; (UrypaTviBHbIe TOUKM METaBY/IKAHWTOB PasHOro COCTaBa y4yacTka TOMOpPOK
pacnonaraloTcs NPeMMyLLECTBEHHO B MONAX aHAE3UTOB U PUOAMNTOB, MPUYEM MOC/eAHNE COOTBETCTBYHOT 00-
pa3oBaHMAM Kak HOpMa/ibHO-LLEN04YHOr0, TaK U HU3KOLLEN0YHOrO PALOB, & TOUKM COCTABOB KUC/IbIX BYNKaHU-
TOB yyacTka Taryn nonajatoT B Nofe HOPMaibHO-LLENOUHbIX pUonnToB (puc. 6, a). OgHaKo Hafo UMETb B
BUAY, 4TO MeTaBy/IKaHWUT y4yacTka Tornopok ¢ copepxkaHvem SiO, = 57.7 mac. % (1absn. 2) (cm. puc. 6, a), co-
Jepxalumii KBapLieBble MPOXWUIKK, MOXET UMETb HECKO/IbKO MOBbILLIEHHOE COAepXaHve KpeMHe3ema, 00y CcnoB-
NeHHOe BTOPUYHbIMYM NPOLeccamu, a CoLepXKaHue LLEeoYei B KUCbIX ByIKaHUTaxX y4acTka TOMNOPOK MOXKET He
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Ta6nuua 1. PesynbTathbl U-Pb aHanm3a LYpKOHOB U3 METapMOSIMTOB MaslbLIEBCKOL TOJILLM eNaLLCKoli cepym

6 u |l Th V130TOMHbIE OTHOLLEHUA Bo3spacT, M/iH net
Obpaseu,_ 206pp 232Th/|206pp*, | 238/ 207phy*/ 207phy*/ 206py*/ D
KpucTan. ¢ ’ Rho |206pp/238 | 207ppy/206pp '
KpaTep % 238U | MKI/T | 206Ph* |+ 06| 206Ph* | £ 96 | 235U |+ % | 238U* |+ % 3 ! %
MKr/T 1) 1) 1) 1) @) @)

MeTapuronuT yyactka Taryn (np. 1527)
1527_1.1 | 0.15 | 488|273 | 0.58 | 147.0 | 2.862 | 1.4 |0.1143|0.72| 5.502 | 1.5 |0.3492| 1.4 |0.886|1931 + 23| 1868 + 13 | -3
1527 2.1 | 0.31 [208| 87 | 0.43 | 59.7 | 3.003 | 1.4|0.1157|1.50 | 5.310 | 2.1 |0.3328| 1.4 |0.685|1852 + 23| 1891 + 27
1527 3.1 | 0.21 | 274|123 | 046 | 79.1 | 2.988 | 1.4 (0.1141|0.95| 5.260 | 1.7 [0.3345| 1.4 |0.828|1860 + 23| 1865 + 17
1527_4.1 | 0.38 (236 |105| 0.46 | 69.7 | 2.914 | 1.5|0.1141|1.40| 5.400 | 2.0 |0.3428| 1.5 |0.716|1900 + 24| 1866 + 26 | -2
1527 5.1 | 0.24 |279|146| 0.54 | 79.8 | 3.010 | 1.4|0.1150{1.00 | 5.264 | 1.8 |0.3320| 1.4 |0.809|1848 + 23| 1880 + 19
1527 6.1 | 0.38 [ 295|151 | 0.53 | 86.2 | 2.952 | 1.4|0.1146|1.40| 5.350 | 2.0 |0.3385| 1.4 |0.725(1879 + 23| 1874 + 24
1527_7.1 | 0.63 [152| 73 | 0.50 | 43.9 | 2.991 | 1.5|0.1136|1.80| 5.230 | 2.3 |0.3339| 1.5 |0.635|1857 + 24| 1858 + 33
1527_8.1 | 0.38 254|116 | 0.47 | 75.3 | 2.904 | 1.9|0.1151|1.10 5.460 | 2.2 |0.3440| 1.9 |0.861|1906 + 31| 1882+ 20 | -1
1527_9.1 | 0.09 (330|178 | 0.56 | 94.4 | 3.001 |1.4|0.1137{0.93| 5.222 | 1.7 |0.3332| 1.4 |0.835|1854 + 23| 1859+ 17 | 0
1527_10.1| 0.20 | 297 [ 154 | 0.54 | 92.7 | 2.758 | 1.4 {0.1150| 1.10| 5.740 | 1.8 [0.3624| 1.4 |0.798|1993 + 25| 1879+ 20 | -6
MeTapuronuT yyactka Tonopok (np. 1540)
1540 1.1 | 0.22 | 555|202 | 0.38 | 159.0 | 3.004 | 1.3|0.1146{0.79| 5.259 | 1.5 |0.3328| 1.3 |0.859(1852 + 21| 1874+ 14
1540 2.1 | 0.15 | 440|170 | 0.40 | 127.0 | 2.982 | 1.3 {0.1145|0.68| 5.293 | 1.5 |0.3352| 1.3 |0.892(1863 + 22| 1872 + 12
1540 3.1 | 1.29 250|106 | 0.44 | 70.2 | 3.097 |1.4|0.1200{1.50 | 5.330 | 2.0 |0.3221| 1.4 |0.691|1800 + 22| 1956 + 26
1540 4.1 | 0.29 | 748|497 | 0.69 | 220.0 | 2.925 | 1.3|0.1139|0.67 | 5.364 | 1.5 |0.3417| 1.3 |0.895|1895 + 22| 1862 + 12 | -2
1540 5.1 | 1.04 | 271|117 | 0.45| 79.7 | 2.948 | 1.7 |0.1146|1.50| 5.350 | 2.3 {0.3385| 1.7 [0.737|1879+27| 1873+28 | O
1540 6.1 | 0.51 | 434|196 | 0.47 | 130.0 | 2.889 | 1.4 {0.1138|0.91| 5.422 | 1.7 |0.3457| 1.4 |0.832|1914 + 23| 1860 + 17 | -3
1540_7.1 | 0.55 |441|353|0.83 | 126.0 | 3.020 | 1.4|0.1155{0.97 | 5.269 | 1.7 |0.3308| 1.4 |0.816|1842 + 22| 1888 + 18
1540 8.1 | 0.57 | 404|361 | 0.92 | 116.0 | 3.020 | 1.4 |0.1162|1.40| 5.300 | 2.0 |0.3307| 1.4 |0.704|1842 + 22| 1898 + 25
1540 9.1 | 0.58 | 633|253 | 0.41 | 187.0 | 2.925 | 1.3 |0.1152|0.86| 5.422 | 1.6 {0.3415| 1.3 [0.841|1894 +£22| 1882+ 15 | -1
1540_10.1| 0.25 | 492|277 | 0.58 | 143.0 | 2.957 | 1.3 |0.1167|1.20| 5.437 | 1.8 {0.3380| 1.3 |0.741|1877 £22| 1906 +22 | 2

Mpumeyanue. MNMorpewHOCTX NPUBOAATCA Ha ypoBHe 10. OwmbKka B kaMbpoBKe cTaHaapTa coctasnsia 0.53 %. Pb,
Pb* 0603Ha4at0T 0ObIKHOBEHHbIN 1 PaaMOreHHbIVi CBMHEL, COOTBETCTBEHHO. (1) — BHeceHa nonpaBka Ha 06bIKHOBEHHbI CBUHEL]
o n3MepeHHoMy 294Ph. Rho — koathquLmeHT Koppenauym oLwn60oK onpeaeneHmns 30TOMHbIX OTHOLLEHNI 206Ph/238U 1 207Ph/235,
D — AMCKOPAaHTHOCTb.

COOTBETCTBOBATb Haua/IbHOMY (OT/e/IbHbIE MOPO/bl 06HAPYXKMBAOT aHOMa/IbHO HU3KME KOHLeHTpauun Na,O,
a otHoweHne K,O/Na,O Bapbupyetcs B BynkaHutax otr 2 go 35 (tabn. 3)). Ha pguarpamme Al,0,—
(FeO*+TiO,)—MgO [Jensen, 1976], koTopas 60nee NpeAnoYTUTENbHA AF KNacCUMUKaLIMM U3MEHEHHBIX MO-
pog, no cpaBHeHUto ¢ TAS-anarpammoii, TOYKM COCTaBOB MeTaf0NEPUTOB YHacTKOB Tarys n TOMOPOK, Tak Xe
KaK MeTaBy/IKaHUT ¢ cofepkaHvem SiO, = 57.7 mac. %, Ky4HO pacronaratoTCs B rosie BbICOKOXENe3NCTbIX
TONEMTOBbIX 6a3a/1bTOB; MeTaBY/IKaHUTbI CPEAHEro COCTaBa y4acTKa TONOpOoK NonasfatoT B MoNs aHAe3UTOB U
[auMTOB TOMEUTOBOI Cepun, MeTaBY/IKaHWUTbI KMCOM0 COCTaBa y4yacTka TOMOPOK 06pasyroT HenpepbiBHbIN
PS4 13 NONsSt PUONMUTOB TOMIEMTOBOW CEPUK B NOME PUONUTOB M3BECTKOBO-LLIENOYHON Cepui, a iUrypaTuBHbIe
TOYKW KUCNbIX BY/IKAHUTOB y4acTka Taryn pacnonoXunncs Ha rpaHuLe puosiuToB TONEUTOBOM Cepun 1 falim-
TOB M3BECTKOBO-LLENI0YHOM cepuu (CM. puc. 6, 6). Ha gnarpamme Zr/TiO,—Nb/Y [Winchester, Floyd, 1977],
TaKKe XOPOLUO MOAXOAALLEN AN aHa/IM3a M3MEHEHHbIX NMOPOJ, TOUKM COCTAaBOB METaA0NEPUTOB U MeTaBY/Ka-
Huta ¢ SiO, = 57.7 mac. % nonanu B nose aHe3nTos/6as3abToB, MeTaBy/IKaHWUTbI CPEAHEro COCTaBa yyacTka
TONOPOK PacnonoXuanch B Mosie aH4Ee3UTOB, KNUC/ble BY/IKAHUTBI y4acTKa Taryn — B Mosie pUoanToB (CM.
puvc. 6, 6). DUrypaTnBHbIe TOUKM KUC/bIX BY/IKAHUTOB y4acTKa TOMNOPOK Ha 3Ty AnarpaMmmy He HaHOCWJIUCh,
TakK Kak OHW OOHapy>XMBatOT YPe3BblYaNHO HU3KUE KOHUEHTpauun Y (4—~6 r/T), 4To fenaeT HeBO3MOXHbIM
NpYMeHEeHMe 41 HUX 3TOI anarpaMmbl. Takum 06pa3om, Ha OCHOBaHUM BCEX UCMO/b30BaHHbIX BblILLe KNaccu-
(h1KaL 1A MOXHO BbIIeNINTb YeTbIPe FPYNMbl NOPOJ, KaXXaas U3 KOTOPbIX 06beANHSAET NOPO/b! 6IM3KOr0 XMU-
4ecKOro cocTasa: MeTafloNIepuThbl y4acTKoB Tarys, Tornopok 1 metasynkaHut ¢ SiO, = 57.7 mac. % (Marmartu-
YyeCKuMe NopoAbl OCHOBHOMO COCTaBa); MeTaBY/IKAHUTbI CPEAHEr0 COCTaBa y4yacTka TOMOPOK; MeTaBY/IKaHWUTbI
KNCNOro cocTaBa yyacTka TOMOPOK, a TakKe MeTaBy/IKaHWUTbI KMCMOro cocTaBa yyacTka Taryn. [anee B cTaTbe
reoxXmmmyeckas XapakTepucTuka MasibLEBCKON TONWM 6yAeT NPOBOAUTLCA OTAE/bHO MO KXAO0W U3 YeTbIpex
BblJeNeHHbIX rpynm.
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Puc. 5. N306paxeHnsi KpUCTau1/10B LIMPKOHA, Bbl-
MOJTHEHHbIE B PEXMMe KaTOAO/HOMUHECLEHLMM
(a¢) n U-Pb gnarpamma c KoHkopawveii (6) ans
LUMPKOHOB 13 MeTaMop(130BaHHOI0 BY/IKaHUTa
KMCNOro cocTaBa MaslbLEeBCKON TOMLWM enatu-
CKoPi cepum (y4acToK Tonopok, np. 1540).

0.31 rreren’ S ‘ ‘ MMyHKTWUPHOIA NMHEA NoKasaHa TouKa W30TOMHOTO COCTaBa, Mc-
4.9 5.1 5.3 55 5.7 K/THOYEHHas MPU pacyeTe KOHKOP/AHTHOTO BO3pacTa.

MarmaTmnyeckme nopofbl OCHOBHOMO COCTaBa MasibLIEBCKOI TOALWM NO CBOEMY XMMWYECKOMY COCTaBy
COOTBETCTBYHOT BbICOKOXENE3UCTbIM TOMEUTOBLIM 6a3asibTaM U aHAe3nbasasibTaM HOPMa/lbHOrO LLEI0YHOMO
paga (cm. puc. 6, a—se). [opoabl XapakTepu3ytoTCs YMEPEHHO BbICOKUMM cofiepxaHuamn TiO, = 1.17—2.25
mac. % v P,O; = 0.17—0.25 mac. %. 'e0XUMNYECKNMU OCO6EHHOCTAMY WUCCNEN0BaHHbIX MOPOJ OCHOBHOIO
cocTaBa fBMAKOTCSA HU3KMEe KoHueHTpaumn Nb (5—7 r/T), ymepeHHble KoHUeHTpauun La (7—11 r/t) u Th
(0.6—1.7 r/T), a TaK>Ke NOBbILLIEHHbIE cogepxaHuna Y (24—48 r/T) n Yb (2.4—4.1 1/1). ONna nsyyeHHbIX NOPOA
OCHOBHOIO COCTaBa OTMeYaeTcsi CnabogpakLMOHUPOBAHHOE pacrpefeneHre pefKo3eMesbHbIX 3/1eMEHTOB
((La/Yb), = 1.3—2.3) (puc. 7, a). Ha HOpMasIM30BaHHbIX MO COCTaBy NMPUMUTUBHOM MaHTuK [Sun, McDonough,
1989] MynbTV3NEMEHTHbIX AnarpamMmMax 0TMEYaroTCA OT/IMYHbIE APYT OT Apyra CrekTpbl B 0671aCTU CUTbHOHE-
COBMECTVMbIX 3/1EMEHTOB 1 6/IM3KWe ApYT ApYTY WX napanierbHble CNeKTpbl B 06/1aCTU YMepeHHO- 1 cnabo-
HECOBMECTMMbIX 3/1EMEHTOB, & TakxKe CNaboBbIpaXXeHHas oTpuLaTeNibHas aHoManms Nb-Ta, XOpoLUo BblpaXKeH-
Has oTpuLaTelbHas aHOManusa Sr 1 claboBbIPXKEHHAs NONIOXMTEbHas aHoManms Ti (CM. puc. 7, 6).

MeTaBy/IKaHWUTbI CpefHEro coctaBa y4vacTka TOMOPOK MO CBOEMY XMMMWYECKOMY COCTaBy Haubosnee
6/13KM aHfe3nTam TONIeUTOBON Cepur HOPMasbHOTO LLEOYHOro paga (cM. puc. 6). MNopofsl 06Hapy>KmBatoT
YMEPEHHO BbICOKUE 3HaUYeHNs mg# = 39—46 (cM. Tabn. 2). MeTaBYNKaHUTbI CpefjHEro cocTaBa OT/IM4atoTCs OT
rMopoZ OCHOBHOrO cocTasa 60/ee HU3KUMK cogepxanusmm TiO,, Sr n 6onee Bbicokmm Ba, Nb, LREE, Th, U
(cm. Tabn. 2). KoHUeHTpaLmm Takmnx afneMeHToB, Kak Y, Zr, HREE B nopofjax cpefiHero 1 0CHOBHOI0 COCTaBOB,
613k gpyr apyry (cm. Tabn. 2). Ans meTaaHAe3UTOB XapaKTepHO (hpakLMOHMPOBaHHOE pacrnpefeneHne pea-
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Tabnuua 2. XVMUYECKUI cocTaB MarmaTMyecKrxX Nopog OCHOBHOMO 1 CPeHEro cocTaBoB
MasibLIEBCKOW TOJLLM eNaLlckol cepmm

YyacTok Taryn YuyacTok Tonopok

KomnoHeHT | MeTagoneput MeTagoneputsl Meg::;,iisw- MeTaaHae3nTbl

1528 1514 1517 1525 1512 1513 1515 1516
SiO,, mac.% 49.25 52.71 52.75 57.73 62.75 61.57 63.42 59.11
TiO, 2.15 1.17 1.22 2.25 0.52 0.55 0.58 0.43
Al,O, 16.77 14.98 14.04 11.21 16.76 17.21 16.64 15.81
Fe,O, 1.90 2.25 2.60 1.25 117 1.20 1.53 1.68
FeO 10.48 9.63 9.96 10.08 5.70 6.27 5.75 8.66
MnO 0.20 0.25 0.23 0.28 0.06 0.06 0.06 0.21
MgO 4.78 5.21 5.45 4.40 2.49 2.95 2.29 311
CaO 10.01 8.03 8.99 7.88 2.13 114 1.09 2.02
Na,O 2.93 3.47 2.55 1.69 4.14 5.69 5.40 2.27
K,0 0.31 0.62 0.31 131 2.59 0.80 2.17 3.58
P,0Oq 0.22 0.17 0.19 0.25 0.12 0.27 0.09 0.07
rn.n.n 1.34 1.62 1.30 1.74 1.53 2.20 1.34 3.02
H,O 0.04 0.09 0.21 0.06 0.17 0.15 0.07 0.27
Co, <0.06 <0.06 0.08 <0.06 0.11 0.13 <0.06 0.07
Cymma 100.38 100.20 99.87 100.14 100.24 100.19 100.43 100.30
Rb, r/t 5 17 9 57 95 27 107 148
Sr 147 135 124 93 78 87 83 81
Y 36 23 31 48 28 32 25 24
Zr 105 97 115 159 114 114 112 108
Nb 5 6 7 6 14 14 13 12
Ba 52 124 73 211 575 300 1323 640
La 7.17 7.76 11.31 8.64 42.22 38.66 29.27 28.98
Ce 18.96 17.34 24.60 2211 86.01 81.27 57.06 54.06
Pr 2.82 2.32 3.07 341 9.92 9.57 6.86 6.46
Nd 14.13 10.25 13.06 17.22 36.19 35.00 25.32 23.70
Sm 4.49 2.79 3.65 5.79 7.07 6.95 4.98 2.79
Eu 111 0.77 0.87 1.30 1.22 1.06 0.75 0.94
Gd 4.17 2.87 3.12 5.24 4.61 4.59 3.38 2.93
Tb 0.78 0.52 0.58 0.99 0.73 0.75 0.56 0.49
Dy 5.44 381 4.32 6.97 4.74 4.83 3.88 3.39
Ho 1.25 0.86 1.06 1.59 1.01 1.08 0.86 0.81
Er 3.68 2.43 3.18 451 291 3.06 2.55 2.47
Tm 0.57 0.38 0.49 0.68 0.44 0.46 0.39 0.38
Yb 3.40 2.37 3.18 4.14 2.65 2.88 2.33 2.38
Lu 0.59 0.42 0.52 0.72 0.46 0.48 0.39 0.40
Hf 3.00 2.54 3.16 4.60 3.60 3.39 3.42 3.15
Ta 0.35 0.38 0.45 0.52 1.24 1.26 1.16 1.04
Th 0.57 1.39 1.73 1.13 17.38 16.44 15.80 14.14
u 0.28 0.77 0.82 0.85 4.25 4.46 3.65 3.49
mg# 45 48 48 45 44 46 40 39
(La/Yh), 1.36 2.12 2.30 1.35 10.33 8.67 8.11 7.87
(La/Sm),, 0.91 1.59 1.78 0.86 3.43 3.19 3.37 5.96
Eu/Eu* 0.79 0.84 0.79 0.73 0.66 0.58 0.56 1.01
(Nb/La),, 0.64 0.70 0.56 0.68 0.32 0.35 0.43 0.39
Nb/Nb* 0.80 0.58 0.51 0.66 0.18 0.19 0.21 0.20

(Th/La),y, 0.65 1.45 1.24 1.06 3.33 3.44 4.36 3.94

MpumeyaHnune. mg# = Mg x 100/(Mg + Fe?*), rae Mg = MgO/40.31, Fe?* = (Fe,O,* x 0.8998 x 0.85)/71.85; EU/EU* =

= EU, /(fiSmy xGdy) ) - NO/ND* = Nby/ ([T Lag) |-

N — 3Ha4YeHUs HOpPMa/IM30BaHbI N0 cocTaBy XoHApuTa [Wakita et al., 1970], pm — 3Ha4YeHNss HOpMa/IM30BaHbl MO COCTaBY
NPUMUTKBHOIN MaHTuUK [Sun, McDonough, 1989].
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Tabnuuya 3.

XUMMYeCKunii cocTaB METapnonmToB MaI'IbLI,EBCKOVI TONWM e/1aLlcKo cepun

KOMMOHEHT YuyacTtok Taryn YyacTok Tonopok

1526 | 1527 | 1518 | 1519 | 1520 | 1521 | 1522 | 1523 | 1524 | 1540 | 1541 | 1542 | 1543 | 1544
SiO,, Mac.% | 76.81 | 76.77 | 72.96 | 74.44 | 74.96 | 75.08 | 73.88 | 75.18 | 77.27 | 74.16 | 73.83 | 74.68 | 75.56 | 75.81
TiO, 0.18 0.14 0.02 |<0.02{<0.02|<0.02 | <0.02 |<0.02| 007 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06
Al,O, 11.46 | 11.64 | 1454 | 14.67 | 13.86 | 1454 | 1451 | 13.90 | 13.99 | 14.67 | 14.54 | 14.37 | 14.72 | 14.09
Fe,0, 0.61 0.28 126 | 1.03 | 051 | 0.81 0.88 1.02 | 094 | 055 | 016 | 040 | 145 | 124
FeO 1.58 1.89 1.87 142 | 1.73 | 1.25 174 | 262 | 076 | 144 | 156 | 1.41 | 0.81 | 1.12
MnO 0.05 0.05 0.04 | 0.02 | 0.03 | 0.02 0.02 0.05 | 0.01 | 001 | 0.01 | 0.01 | 0.01 | 0.01
MgO 0.64 0.84 028 | 022 | 025 | 0.28 | 0.21 0.46 | 027 | 0.39 | 0.27 | 0.26 | 0.28 | 0.39
CaO 1.54 145 | <0.02|<0.02| 015 | 016 | <0.02 | 008 | 0.09 | 032 | 0.29 | 0.19 | 0.11 | 0.20
Na,0 2.25 1.87 035 | 047 | 253 | 1.84 | 2.05 048 | 012 | 1.04 | 2.02 | 230 | 0.15 | 0.12
K,0 4.33 4.07 6.90 | 6.25 | 4.46 | 4.09 5.19 431 | 408 | 553 | 571 | 505 | 4.20 | 4.22
P,0s <0.03 | <0.03 | 0.04 | 0.07 | 0.04 | 0.04 | 0.04 | 0.03 | 006 | 0.04 | 0.04 | 0.04 | 022 | 0.27
r.n.n 0.58 0.64 151 1.52 1.08 1.36 0.99 1.79 1.87 1.46 1.09 1.07 190 | 1.79
H,O 002 |<0.01| 017 | 021 | 0.28 | 0.18 0.21 0.11 | 0.06 | 0.03 | 0.04 | 0.03 | 0.09 | 0.10
Co, <006 | 011 | <0.06|<0.06|<0.06|<006| 007 |<0.06|<0.06|<0.06|<0.06|<0.06|<0.06|0.13
Cymma 100.06 | 99.75 | 99.93 |100.32| 99.88 | 99.64 | 99.79 [100.03 | 99.60 | 99.70 | 99.61 | 99.88 | 99.56 | 99.56
Rb, r/t 125 136 155 201 126 153 144 132 139 154 143 123 133 | 137
Sr 54 52 31 40 43 37 31 9 17 72 61 45 17 20
Y 85 101 6 5 6 6 5 5 5 6 6 6 4 5
zr 265 239 81 82 79 80 77 72 74 77 74 69 74 77
Nb 28 24 10 11 11 10 10 10 10 10 10 9 10 10
Ba 653 662 1338 | 1469 | 876 655 740 435 305 851 | 1344 | 933 376 | 354
La 48.87 | 56.65 | 7.41 | 9.10 | 16.74 | 18.90 | 13.71 | 1470 | 4.09 | 12.73 | 17.01 | 14.30 | 10.44 | 10.76
Ce 110.23 | 116.13 | 13.98 | 21.17 | 38.33 | 34.89 | 35.00 | 30.63 | 9.35 | 26.90 | 36.08 | 28.88 | 23.64 | 22.36
Pr 12.41 | 14.86 1.66 2.75 3.95 3.91 3.43 3.81 1.18 3.16 | 433 | 3.56 292 | 2.60
Nd 48.80 | 59.43 | 6.10 | 9.98 | 14.43 | 14.23 | 13.07 | 14.07 | 447 | 11.65 | 16.18 | 13.26 | 10.10 | 9.32
Sm 11.62 | 13.82 | 1.46 | 239 | 295 | 3.30 | 2.89 3.08 | 121 | 252 | 316 | 3.10 | 2.02 | 2.05
Eu 1.23 1.43 043 | 041 | 053 | 0.72 0.82 084 | 035 | 049 | 051 | 052 | 042 | 045
Gd 8.81 11.31 1.12 1.30 1.80 1.92 1.79 1.72 0.99 151 1.81 1.72 1.11 | 1.19
Tb 1.64 2.06 0.17 | 019 | 022 | 0.24 | 0.21 020 | 0.14 | 0.18 | 0.23 | 0.22 | 0.15 | 0.16
Dy 11.85 | 14.52 1.12 1.03 117 127 1.04 0.96 0.84 0.98 1.15 111 0.75 | 0.90
Ho 2.99 3.37 024 | 020 | 0.20 | 0.23 | 0.19 0.17 | 017 | 019 | 020 | 0.19 | 0.14 | 0.18
Er 9.17 9.78 067 | 049 | 048 | 054 | 043 | 041 | 048 | 049 | 052 | 0.46 | 0.36 | 0.46
Tm 151 1.53 0.10 | 0.07 | 0.07 | 0.07 | 0.06 0.05 | 0.07 | 0.08 | 0.08 | 0.07 | 0.05 | 0.07
Yb 9.49 9.51 0.70 | 047 | 042 | 046 | 0.39 032 | 040 | 045 | 042 | 040 | 0.33 | 0.45
Lu 1.60 1.53 0.11 | 0.07 | 0.07 | 0.07 | 0.06 0.05 | 0.06 | 0.07 | 0.06 | 0.06 | 0.05 | 0.07
Hf 9.60 8.65 299 | 291 | 297 | 2.95 2.79 270 | 283 | 284 | 275 | 245 | 271 | 257
Ta 2.32 1.96 0.99 1.16 1.13 1.12 1.41 1.07 1.09 1.04 | 1.00 1.05 1.05 | 1.04
Th 20.12 | 18.83 | 12.28 | 13.82 | 13.37 | 13.12 | 12.35 | 11.91 | 12.31 | 12.54 | 11.86 | 10.96 | 12.24 | 11.91
U 6.06 5.29 481 | 6.71 | 446 | 4.19 3.45 379 | 624 | 438 | 6.87 | 323 | 485 | 5.80
f 0.77 0.72 091 | 091 | 0.90 | 0.88 0.92 089 | 0.86 | 0.83 | 0.86 | 0.87 | 0.88 | 0.85
(La/Yb), 3.33 3.86 6.84 | 12.61 | 25.60 | 26.72 | 22.64 | 29.52 | 6.68 | 18.13 | 26.34 | 22.91 | 20.18 | 15.53
Eu/Eu* 0.38 0.35 1.03 | 072 | 0.71 | 0.89 1.11 113 | 099 | 0.77 | 066 | 0.70 | 0.86 | 0.89
T,°C 837 840 772 779 760 775 761 780 789 768 751 749 789 | 790

Mpumeuanue. f = FeO*/(FeO* + MgO), FeO* = FeO + 0.8998 x Fe,O,; Eu/Eu* = Eu,/,/(Sm, xGd,) ; n — 3Ha4eHns
HOpMann30BaHbI Mo cocTaBy XoHApuTa [Wakita et al., 1970]; T — TemnepaTypbl HacbILLEHWS pacniasa LypkoHom [Watson, Har-

rison, 1983].
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Puc. 7. PacnpegeneHne pegknx 1 pegkosemMesibHbIX 3/1EMEHTOB B MarMaTU4ecKnX nopogax MasibLeBCKO
TOLLM eNaLICKOi cepun.

CopeprKaHuis 351eMeHTOB HOpPMaIM30BaHbl K XoHApUTY [Wakita et al., 1970] (a, 6, 0, o1c) N NPUMUTUBHO MaHTUK [Sun, McDonough, 1989]
(6, 2, e, 3).

1 — meTaaHfe3nba3anbT yyacTka TONopok, 2 — MeTaaHfe3nTbl yyacTka TOMopok, 3 — MeTapuonuThbl yyacTka TOMopoK, 4 — MeTa-
pronuTbl yyacTka Taryn. OcTa/ibHble yCn. 0003H. cM. Ha puc. 6. CnekTpbl OIB 1 MORB noka3aHbl B COOTBETCTBUM C AaHHbIMK [Sun,
McDonough, 1989], a cnekTpbl OPB (6a3abTbl OKeaHUYeCKUX NaaTo), no gaHHbIM [Mahoney et al., 1993].
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Ko3eme/lbHbIX 3iemeHToB (La/Yb),, = 8—10, npu 3TOM OTpuULaTeNbHbINA HAK/IOH CMEKTPOB HabntofaeTcs B 06-
NacTu Nerknx peakux semens (La/Sm, = 3—~6) 1 nosiorne cnekTpbl B 06nactut cpefHmx n taxensix REE ((Gd/
YDb), = 1—1.5), a Takxe cnaboBblpaKeHHad oTpuLaTe/IbHas eBponunesas aHoMasna unm ee otcytcTeue (Eu/
Eu* = 0.56—1.01) (cm. puc. 7, 6). Ha MynbTMaIeMEHTHbIX CMEKTpax MeTaaH4e3nToB 0TMeYaeTcsi HecoBnaje-
HWe CNeKTPOB B 06/1aCTN CUNIbHOHECOBMECTUMbIX 3/7IeMeHTOB (Rb, Ba, K) 1 6nr3kve napannensHble Apyr Apy-
Iy CNekTpbl B 06/1aCTU OCTa/IbHbIX 3/IEMEHTOB C OTpULUaTeNnbHbIMU aHoManuam Nb-Ta, Sr, Ti v nonoxuresb-
HbiMn Th-U (cm. puc. 7, 2).

MeTaBy/IKaHWUTbI KAC/IOr0 COCTaBa yyacTka TONOpPOK Mo CBOMM reOXMMUYECKNM XapakTepucT1Kam CooT-
BETCTBYIOT pUOMTAM HOPMaSIbHOTO LLENOYHOr0 psga (CM. puc. 6). Mopoabl 0THOCATCA K TOMEUTOBOW cepun 1
06Hapy>X1BatOT BbICOKMe 3HauveHuns xenesuctocTy (f = 0.83—0.92) (cm. Tabn. 3). MeTapronuTbl 06HapyXmBa-
0T BbICOKMe cogepxaHua Al,O, = 13.9—14.7 mac. %, Huskue TiO, < 0.07 mac. %, a TakKe BapbupytoLime
KoHueHTpauumn Na,0 = 0.12—2.53 u nosbiweHHble K,O = 4.1—6.9 mac. % (cm. Tabn. 3). CogepxxaHus no-
CNefHNX ABYX 3/1EMEHTOB MOTYT ObITb JOCTATOYHO CU/IbHO U3MEHEHBI B Pe3y/bTaTe BTOPUYHBIX Npeobpas3osa-
HWIA Nopofbl. Takke MOTYT He COOTBETCTBOBATbL MCXOAHBIM 1 COLEPXKAHUS KPYMHONOHHBIX MMTOPUIbHBIX 3/1e-
MeHTOB. CreunpuyecKuMm O0COBGEHHOCTAMM KMUC/bIX BYNKAHWUTOB Y4yacTka TOMOPOK SABNAKOTCA HU3KUWe
cogepxaHuna Y (4—-6 r/t1), Nb (9—11 r/1), Zr (69—82 r/1), La (4—19 r/T) 1 NoBbILEHHbIE KOHLEHTPaumu Th
(11—14 r/1) (cm. Tabn. 3). Mopoabl 06HaPYXMBAKOT CUbHO(PAKLMOHNPOBAHHbIE CMEKTPbI pacrpegeneHms
pefiKo3eMesbHbIX 3nemMeHToB (La/Yb), = 7—30) u oTcyTCTBYe eBponuesoii aHomanmu (Eu/Eu* = 0.66—1.13)
(cM. puc. 7, 0). Ha MynibTU3NIEMEHTHbIX CMEKTpax 0TMEeYaroTCs oTpuuartesibHble aHoManmmn Nb, Sr, Ti, nonoxm-
TenbHble Th-U (cM. puc. 7, e). HecMOTps Ha BbICOKME 3HAYEHNS YKENe3nCTOCTH, N0 COAEPKaHMIO PefKuX ane-
MEHTOB MeTaBY/IKaHUTblI KMUC/IOro COCTaBa y4yacTka TOMOPOK O6HapyXMBatOT CXOACTBO C rpaHUTamu [-Tuna
[Chappell, White, 1992].

MeTaBy/IKaHWUTbI KAC/IOr0 COCTaBa yvacTka Taryn 00Hapy>X1BatoT reOXMMUYECKMe XapaKTepucTUKM, OT-
NYaroLLmecs OT MeTaBY/IKAHUTOB KUC/10ro COCTaBa yyacTKa TOMNOpoK, HECMOTPS Ha TO, YTO OHU TaKXe Kac-
CUULMPYIOTCA KaK PUOSINTLI HOPM&/ILHOTO LLEN0YHOro psaga (CM. puc. 6). MeTapronuTbl yyacTka Taryn nume-
HOT MOHWKeHHYH0 xenesncTocTb (f = 0.72—0.77), yMEpeHHO BbICOKME ANS PUOAUTOB cogepkaHnsa MgO =
= 0.64—0.84 mac. % un CaO = 1.45—1.54 mac. %, Hu3Kune KoHLeHTpauun TiO, = 0.14—0.18 mac. %, Al,O, =
= 11.46—11.64 mac. % un P,0O, < 0.03 mac. % (cm. Tabn. 3). [ing MeTaBy/NKaHUTOB XapaKTepHb! BbICOKWME CO-
fepxanua Zr (239—265 r/1), Y (85—100 r/1), Nb (24—28 r/1), La (49—57 r/1), Th (19—20 r/T) (CcM™. Tab6. 3).
MeTapnonuTbl yyacTtka Taryn 06nafjatoT yMepeHHO (pakLMOHNPOBAHHLIMY CNEKTPaMu pacrpeeneHns pes-
Knx 3emenb ((La/Yb), = 3—4) 1 X0poLIO BbIpaXXeHHOW OTpULaTeNbHON eBponuesor aHomaivein (Eu/
Eu* = 0.35—0.38) (cM. puc. 7, orc). Ha MynbTU3NEMEHTHBIX CMEKTPAX MeTaBy/IKaHUTOB OTMevatoTcs napas-
NefibHble CMEeKTPbI ¢ oTpULaTelbHbIMKM aHoManuamu Nb-Ta, Sr, P, Ti (cM. puc. 7, 3). Tlo cofiep>kaHnam neTpo-
FeHHbIX 3/1EMEHTOB METapuonNTbl y4acTka Taryn MOXHO K1acCupuumpoBaTb U Kak rpaHuTbl I-TUMNa, U Kak
rpaHuTbl A-Tuna [Whalen et al., 1987; Chappell, White, 1992]. B To e Bpems KOHLEHTpaLuy B HAX PeAKUX U
peaKo3eMe/bHbIX 3/IEMEHTOB YKa3blBatOT Ha 1X 6/M30CTb rpaHuTam A-Tuna [Whalen et al., 1987].

MN3OTOMHAA TEOXNMKA Nd

[JaHHble no nsotonHomy coctaBy Nd cBMAETENLCTBYIOT O TOM, YTO B MasibLIEBCKOI TOJILLLE MPUCYTCTBY-
tOT MOPOAbI KaK C MONOXMUTE/bHLIMU, TaK 1 C OTpULATeNbHLIMU 3HaUeHUAMK &,,4(T) (Tabn. 4). Metamopdm3o-
BaHHble [0/1ePUTbI Y4aCTKOB TOMOPOK M Taryn UMerT 6/IM3KMe NONOXKUTENbHbIE 3HaYeHUsA €£y,(T), paBHble
+3.7 n +4.1 cooTBETCTBEHHO (Tabn. 4, puc. 8). Takxe NOMOXMUTENbHOE 3HaveHne €,,(T), COOTBETCTBYIOLLEE
+2.2, 6bIN0 paccumTaHo Ana mMetapmonuTa yvactka Taryn. Nd MogenbHbIi Bo3pacT Ans 3TON NOpPoAbl CoCTas-
naeT 2.2 MApg NeT. B T0 ke BpemMs MeTaaHAe3nT yyacTKa TOMOPOK XapakTepu3yeTcsa oTpuLaTe/lbHbIM 3Haue-
HUeM €,,(T) = —4.6 n nosgHeapxeitckum Nd mogenbHbIM BospacTom (T(DM) = 2.6 mnpg net) (cm. Tabn. 4,
puc. 8). OTpuuaTensHoe sHaueHue £,,(T) = -3.7 n T(DM) = 2.7 mnpg neT Bbinn paccunTaHbl v /18 MeTapuo-
nnTa yyactka Tonopok (cm. Tabn. 4, puc. 8).

N FC
4 O m :'qko
24 O
e -
Puc. 8. inarpamma g, ,(7)—SiO, A8 MarmMaTuyeckux nopog 2 07
MaUsTbLIEBCKO TO/LLW €MaLLCKO Cepumn. -2
Ycn. 0603H. CM. Ha puc. 6, 7. FC — TpeHz (hpakLMOHHOW KpucTannmnsaumm, —4: o) ©
AFC — TpeHf, OLHOBPEMEHHON acCUMUAALMM U (DPaKLMOHHOM KpUcTaiin- _5 : : : : : :
saumn. 45 50 55 60 65 70 75 80

SiO,, mac. %
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Tab6nnuya 4. Sm-Nd n3oTonHble AaHHble A1 MarMaTUYeCKNX Nopod MasbLIEBCKOM TOLLM eM1allCcKoi cepum

CopepxxaHue,
o | e | Bopier | et | s | NN o | O] Tl 20
Sm Nd M/H NneT
YyacTtok Taryn
1528 MeTagoneput 1870 3.7 10.7 0.1854 0.512706 + 16 4.1 — 2028
1527 MeTapuonut 1870 7.5 31.0 0.1301 0.511930 + 14 2.2 2220 2182
YyacTok Tonopok
1514 MeTagoneput 1870 2.7 8.8 0.1636 0512417 +7 3.7 — 2061
1512 MeTaaHzesnT 1870 5.7 28.7 0.1082 0.511312 £ 10 -4.6 2645 2742
1520 MeTapuonut 1870 2.8 12.1 0.1269 0.511592 + 13 -3.7 2725 2662

OBCYXXAEHWE PE3YJ/IbTATOB
MeTporeHesnc marmaTu4ecKmnx 06pa3OBaHVIVI MaJsTbLIEBCKOM TONLLMN

MarmaTtuyeckme nopojbl OCHOBHOIO COCTaBa MaslbLEBCKOWA TONLM (METAA0NePUTLI U MEeTaBY/IKAHWUTHI)
XapaKTepu3yroTCA cocTaBamu, G6/M3KUMK BHYTPUMAUTHbIM GasanbTam [[Tnagkouy6 w gp., 2001; TypkuHa,
2014]. Mopofabl 06HaPY>XMBAKOT NMOHMKEHHYIO MarHe3uanbHOCTb (Mmg# = 45—48), yMepeHHO BbICOKME coaep-
xaHug TiO, (1.17—2.25 mac. %) n P,0O, (0.17—0.25 mac. %) (Tabn. 2), KOHUEHTpauun peKo3emesbHbIX
3/1EMEHTOB, 60see yem B 10 pa3 npesbilLatoLLMe XOHAPUTOBLIE (CM. pUc. 7, a). CoaepXaHua pefKuX afemMeH-
TOB, @ TAKXXe rpatiukm pacnpesenieHns peLKo3eMeNbHbIX Y PefKnX 3N1IEMEHTOB ANA MeTafoNepuToB U MeTaba-
3anbTona ABAAIOTCA NOAO0GHLIMM rpadikam Ans 6a3aibToB OKeaHWYECKMX NJIATOo € NOMOTMMM CNeKTpamu pac-
npefeneHns pefKoseMenbHbIX 3/1EMEHTOB U OTIMYAIOTCA OT rpadMKoB Kiaccuyeckux 6asanbtos OIB-Tuna
(cm. puc. 7, a, 6). HecmoTps Ha CyLLeCTBEHHbIe BTOPUYHbIE U3MEHEHNS, MOPOALI OCHOBHOMO COCTaBa OOHapy-
YKMBAKT [OCTaTOUHO XopoLuune Koppensuun mexay La n Nb (» = 0.89), La u Th (» = 0.81) npu oTcyTcTBUN
Koppensuuii Mexay sTUMU 3/ieMeHTamu 1 NOTePSMU NPU NPOKaIMBaHWK (M.MN.1.), YTO NO3BONSET MUCMO/bL30-
BaTb La, Nb u Th gna knaccugpukauuy MCTOYHMKOB Nopog. MNpoaHaM3nmpoBaHHbIE NMOPOAbI 06HapY>KMBaKOT
cnabosblpaXeHHY0 Nb oTpuuaTtenbHyr0 aHOMannlo Ha My nbTUanemMeHTHbIX cnekTpax (Nb/Nb* = 0.51—0.80,
(Nb/La),;,, = 0.56—0.70), HO MpK ITOM /N1 HNX XapaKTEPHbI MHANKATOPHbIE OTHOLEHUS (Th/La),, v (La/Sm),
KaK MeHblLe, TaK 1 6onblie 1 (cM. Tabn. 2). Mogo6Hble COOTHOLLEHWS 31IEMEHTOB B COBOKYMHOCTY C MONOXN-
Te/IbHbIMN 3HaYeHUAMU g,4(T), paccumMTaHHbIMU /19 METaMOP(U30BaHHbIX [0/1EPUTOB YYacTKOB TOMOPOK W
Taryn, MOryT CBUAETeNbCTBOBATL O TOM, YTO He3HauuTenbHad Nb oTpuuaTensHas aHOManna Ha My/bTUase-
MEHTHbIX CMeKTpax ABMSETCA XapaKTePUCTUKON UX MAHTUMHBIX UCTOYHWKOB, & He pe3yNbTaTOM KOPOBOM KOH-
TamuHaumm [Kerrich et al., 1999; TypkuHa, HoxkuH, 2008]. Ha anarpammax Nb/Y—Zr/Y [Condie, 2005] u
Ce/Nb—Th/Nb [Saunders et al., 1988] ToUK/ COCTaBOB MarmaTU4eCKMX MOPOA Ma/lbLieBCKOV CBUTbLI NoONagatoT
B Noss 6a3a1bTOB OKeaHNYeCKMX MaaTo (CM. puc. 9, a, 6). B cBA3M € TeM, Y4TO (hopMUpOBaHMe NOPOS, PaHHEMNPO-
TEpPO30MCKON enaLlCcKol cepun, B TOM YWC/e NOPOA MabLEeBCKOIR TOMLLM, UMENo MecTo B npefenax Enaw-
CKOro rpabeHa, Ha/IoXeHHOro Ha rnosgHeapxelickvne 06pa3oBaHus, peyub He UaeT 06 OKeaHWYeCKOM MNnaTo Kak
reoAnHammnyeckon 06cTaHOBKe (hOPMMPOBaHWS LONEPUTOB 1 6a3anbTOMAOB MasbLEBCKOM Tonwm. B paccma-
TPUBAEMOI CUTYyaL MOXHO paccy>aTb O COCTaBe MaHTVM, MOABEPTLUECS NIaBNEHUIO, HAXOAALLEACs nog
KOHTUHEHTa/IbHbIM BUPHOCMHCKMM 6/10KOM, KOTOpas MMena U30TOMHO-re0XMMUYECKME XapaKTEPUCTUKN, CXO[-
Hble ¢ 6a3asbTaMn OKeaHUYeCcKMX nnato. Hanbonee BepoATHO B 06/1aCTU UCTOYHMKA MMENO MeCTO CMeLLIeHMe
[enneTpoBaHHOr0 KOMMOHEHTa acTeHOC(EePHON MaHTUM 1 NIIOMOBOr0 KOMMOHEHTa, Npy 3TOM 6e3 3Hauu-
TeNbHOro BAUAHWUSA TMTOCHEPHOWA MaHTUN.

MeTaBy/IKaHUTbI CPeAHEro COCTaBa Mo CPaBHEHWMIO C NMOPOAAMM OCHOBHOIO COCTaBa XapaKTepu3yroTcs
MOBbILLEHHbIMY COAEPXaHNAMU 31EMEHTOB, NpeobiafatoLLMX B KOHTUHEHTa/IbHON Kope, a UMeHHO La, Th, U.
[nsa meTaaHAE3MTOB TUMUYHBI UHAWKATOPHbIE FEOXMMUYECKNE OTHOLLEHNS, COMOCTaBUMbIe C TAKOBLIMU B KOH-
TWHeHTaNbHOM Kope ((La/Sm), = 3.2—6.0, (Th/La),,, = 3.3—4.4, (Nb/La),, = 0.32—0.43), MynbTU3/IEMEHT-
Hble CMEKTPbI C XOPOLLO BbIpaXXEHHbIMW OTpuLaTebHbIMU aHoMamsamu no Nb u Ti, a Takke oTpuLaTe/ibHble
3HaueHus g,,(T) (cm. Tabn. 2, 4; puc. 7, 6, 2). B T0 e BpemMa MeTaaHAe3UTbl UMEOT YMEPEHHO BbICOKUE 3HaYe-
HUs mg# (39—46), conocTaBrMble UK CREerka NOHMKEHHbIE OTHOCUTE/ILHO NOPOJ, OCHOBHOMO COCTaBa Maslb-
LIeBCKOM TOMLM. Ha OCHOBaHUM UMEIOLLMXCS AaHHBIX MOXHO MPeAnoNoKUTb, YTO aHAe3nTbl 66111 chopMmupo-
BaHbl B pe3y/nbTaTe MIaB/JeHWsi KOPOBOTO WMCTOYHMKA, BO3MOXHO, MPW OMpefe/leHHOM BK/1afe MaHTWUIAHOIo
MaTepuana. TeopeTUYecKn TakxkKe Hefb3d WUCKIIHYaTb BapuaHT, YTO aHAe3UTbl MOrn 6biTb NPOWU3BOAHLIMU
6a3nTOBbLIX Marm, BO3HUKLLVX 3a CHET IMTOCEPHOA MaHTUM 1 XapaKTepu3yHOLLMXCA OTpULaTeIbHbIMU 3Haye-
HUAMK €,(T). OfHaKO MeTaBY/IKaHWUTbI CPeJjHEro cocTasa MasbLieBCKOM TO/LLM MO U30TOMHOMY COCTaBy, a
TaKXKe Mo COLEPXKAHMIO OCHOBHbIX METPOreHHbIX OKCUAOB U PefKMX 3/1EMEHTOB OKa3aJMCb COMOCTaBUMbI C
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Puc. 9. Auarpammbl Nb/Y—Zr/Y [Condie, 10 a
2005] (a) n Ce/Nb—Th/Nb [Saunders et al.,
1988] (#) ons mMarmaTU4ecKMX MOopoj OCHOB-
HOro cocTaBa MaslbLIEBCKOI TO/ILLM eNaLLCKO
cepuun. 1

Ycn. 0603H. M. Ha puc. 6, 7. MNons Ha guarpamme (6), No
[TypkvHa, HoxkuH, 2008]: | — 0cTpoBOAYXHble 6a3a/ibThl,
Il — 6asanbTbl 3a4yroBoro 6acceiiHa flay, |1l — 6aszanbThl
oKeaHn4eckux nnato OHTOHT [kaBa 1 BpoKKeH Puax. 0.1
ARC - ocTpoBogyxHble 6asanbtbl, N-MORB - 6a3ans-
Tbl CPeAMHHO-OKeaHnuyeckmx xpe6tos, OIB — 6asaibThl
OKEeaHM4ecKMx 0CTpoBoB, OPB — 6asa/ibTbl OKEaHW4eCKUX
nnaro, DM — gennetuposBaHHad MaHTUa, PM — npyMuTuB-
Has MaHTus, DEP — rny6uHHas gennetmpoBaHHas MaHTuS,
REC — peumnKnMpoBaHHbIA KOMMOHEHT, EN — o6oralleHHbIi
KOMMOHeHT, DMM — pennetuposaHHas MORB maHTuS,
RSC — pecTuTOBbIi MaTepuan okeaHN4eckoii kopbl, SDC —
CybAYKLNOHHBI KOMMOHEHT, CC — KOHTUHEHTaIbHas Kopa, 30
UCC — BepXxHssi KOHTUHeHTa/IbHas Kopa.

Nb/Y
Ll

0.01

104
6/113K0BO3PaCTHbIMY UM TOHanMTamm Mognopor-
CKOro MaccuBa 1 fuoputamu Y IMHCKOro Maccu-
Ba buptrocuHckoro Bbictyna (puc. 10), hopmupo-
BaHMe KOTOPbIX CBA3bIBA/IOCL C MJ/1aB/IEHVEM
No34HEeapXeincKoro KOpOBOr0 WCTOYHMKA AMO-
pUT-TOHa/IMT-THENCOBOro cocTaBa npu pobas- 7
NEHUN 0BEHUNIbHOTO MaHTUIAHOro MaTepuana
[TypkuHa n gp., 2006]. MoaTomy Hambonee Bepo- 1 " S
ATHO, 4YTO (DOPMUPOBAHME aHLE3VUTOB MasibLieB- 0.02 \ +/ 01
CKOW TO/ILLM NMPOW3OLLIIO B pe3y/ibTaTe niaBneHus RSC
CMELLAHHOTO KOPOBOr0-MaHTUIMHOIO UCTOYHMKA.

MeTaBy/IKaHUTbI KMCMOro COCTaBa yuyacTKa Tarys xapakTepusyroTcA pefK03/IeMeHTHbIMU COCTaBaMu,
6NM3KUMU TpaHUTaM A-TUNa, UMEKLWMMK BbiCOKMe KoHUeHTpauun Zr, Y, Nb, Th, REE (kpome Eu). B T0 xe
BPEMSA NMOpoAbl 06HaPYXXMBAOT HEBLICOKME OTHOLWeHMs FeO*/(FeO* + MgO) = 0.72—0.77, no 3TOMYy OTHOLLe-
HUIO B COBOKYMHOCTM C HU3KUMU KOHUEHTpaumamm Al,O, (11.5—11.6 mac. %) MeTapuonnTbl yyacTtka Taryn
MOTYT COMOCTaBNATLCA TOIbKO C OKUC/IEHHbIMY FpaHuTamy A-Tna Win axe C U3BECTKOBO-LLENIOYHBIMU Tpa-
Hutamu [Dall’Agnol, Oliveira, 2007]. Ha ocHoBe LpkoHOBOro TepmomeTpa E.b. BatcoHa 1 T.M. XappucoHa
[Watson, Harrison, 1983] TemnepaTypbl HacbllWweHWsi pacriaBa LUMPKOHOM Oblin oueHeHbl B ~840 °C (cm.
Ta6/. 3), T. e. ABNAIOTCA YMEPEHHO BbICOKMMU AN151 PACMNaBoB C XapakKTepucThkamu rpaHnToB 4-tuna [Creaser,
White, 1991; Skjerlie, Johnston, 1993; King et al., 1997]. Takum 06pa3om, MOXHO CAenatb NPesnonoxeHve,
4TO 06pasoBaHVe UHMLMANBbHBIX A8 PUOANTOB y4yacTka Taryn pacnniaBoB MPOUCXOAWI0 B OKUCIUTENbHBIX
YCNOBUSX MPW MOBbILLEHHON akTUBHOCTU H,O. MpoaHaM3MpoBaHHbIi METapuoNuT yyacTka Taryn nveer ro-
NnoXunTenbHoe 3HaveHwe €,,(T), paBHOe +2.2, KOTOPOE AB/NAETCA HE HAMHOTO MeHee PafnoreHHbIM, YeM B MeTa-
fonepuTax MabLEeBCKOW Tonwm (cM. puc. 8). Kpome Toro, MeTapuonnThbl 1 MarMaTuyeckmne nopofbl OCHOBHO-
ro coctasa 06Hapy>KMBaKOT BbICOKME W HAaCTUYHO MepeKpbiBatoLLyecs 3HaveHns oTHowweHns Y/Nb (3.02—4.20
B MeTapuonutax n 4.2—7.9 B MarmaTM4eckux rnopojax 0CHOBHOIO COCTaBa), KOTOPOe ABNAETCA UHAMKATOp-
HbIM N5 OLEHKWN cOCTaBa MCTOUYHMKOB KUC/bIX MarmaTtuyeckux nopog A-tuna [Eby, 1992]. Takum obpasom,
Hanbonee BepOATHO, YTO (DOPMUPOBaHME PUOSIUTOB A-TWMNa y4acTka Taryn Obl10 CBA3AHO C NJaB/ieHneM Uc-
TOYHUKa, 6IM3KOr0 MO U30TOMHO-MEOXMMUYECKNM XapaKTePUCTUKAaM MarMaTuyeckmMm noposam OCHOBHOIO CO-
CTaBa MasibLieBCKOM Tonwy. B HacTosLLee BpeMs Cpeamn rpaHNTONA0B CagHCKOro KOMMJ/IeKCa MOJHbIX aHaoroBs
pVONMTOB yyacTka Taryn rno U30TOMHOMY M XMMWUYECKOMY COCTaBy He 06HapyxeHo (cM. puc. 10).

MeTaBy/IKaHUTbI KUCMOro cOCTaBa yyacTka TOMopoK HECMOTPS Ha BbICOKYHO YKene3ncToCTb XapaKTepu-
3Yyl0TCA MOBbILUEHHbIMX KOHUeHTpauuamm Al,O, = 13.9—14.7 mac. % npu SiO, = 73—77 mac. %, a TaKxe
HU3KMMK cofepXanuamu Y, Nb, Zr, La 1 (hpakymoHNPOBaHHbIMK CMEKTPaMU pacnpefeneHuns peLKko3emeslb-
HbIX anemeHTOoB ((La/Yb), = 7—30), uT0 NO3BO/MIAET COMOCTaBNATL WX C rpaHUTaMu /-Tuna. Temnepartypbl Ha-
CbILLIEHNA pacnnaBa LMPKOHOB 18 METapuonnMToB yyacTKa Tonopok cocTtaenatoT 750—790 °C (cm. Tabn. 3),
YTO COOTBETCTBYET TeMrepaTypam HaudafibHbIX CTafuii KpUCTan3aLmMn BbICOKOTEMMNEPATYPHbIX FPaHWUTOB
I-vna [Chappell et al., 1998]. MpoaHaNM31POBaHHbIA MeTAPUOIUT yyacTKa TOMOPOK MMEET OTpuLaTe/IbHOE

Ce/Nb
| |

Th/Nb
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1004 _ Puc. 10. Anarpammbl FeO*/ (FeO* + MgO)—SiO,
= post-COLG ] [Frost et al., 2001] (a), FeO*/MgO—(Zr + Nb +
2 1 ] +Y + Ce) [Whalen et al., 1987] (6), Rb—(Y + Nb)
1 i [Pearce, 1996] (¢) ansa marmaTmdeckmx nopog Ca-
105 VAG ORG 7 SIHO-BMPIOCMHCKOIO0  BY/IKAHOMYTOHMYECKOIO
3 ] nosca.
1 1 1—3 — ManbLeBcKaa Tonwa: / — MeTaaHe3nTbl yyactka To-
MOpOK, 2 — MeTapuonmnThbl yyactka Tonopok, 3 — mMeTapuonu-

1 10

100
(Y+Nb), r/T

1000 2000  Thbl yyacTKa Taryn; 4—38 — CasHCKUIA KOMMNeKC: 4 — AUOpUTHI
YauHckoro maccvsa [TypkuHa v gp., 2006], 5 — rpaHuTbl v
NelikorpaHnTbl Y AMHCKoro maccuea [TypkuHa n ap., 2006], 6 —
TOHanuTbI Mognoporckoro maccusa [TypkuHa v p., 2006], 7 — none cocTaBoB ABYC/IOAAHbBIX FPaHNTOB S-TuNa BUPIOCMHCKOro Maccmsa
[AoHckas n gp., 2014], 8 — none cocTaBoB 6MOTUT-aM(PMB0I0BbIX rPaHUTOB A-TNa BapbuTaiickoro maccmea [JleBuuKunii 1 ap., 2002].
Mons Ha gnarpamme (6): A — none rpaHNToB A-Tuna; FG — none (hpakLMOHMPOBaHHbIX rpaHnToB M-, I- n S-Tunos; OGT — none He-
(hpaKLMOHNPOBaHHbIX FPaHNTOB M-, /- 1 S-TUNOB.

Monsa Ha gnarpamme (6): VAG — rpaHuTbl ByikaHudeckux ayr, ORG — rpaHuTbl OKeaHn4ecknx xpe6Tos, WPG — BHYTPUNAUTHbIE rpaHu-
Tbl, Syn-COLG — CMHKONNMN3VNOHHbIE TpaHnTbl, post-COLG — NOCTKOMNM3MOHHbIE FpaHnTbI.

3HaueHue g,,(T) = —3.7, YTO NO3BO/IAET PACCMATPUBATL MOPOAbLI KOHTUHEHTA/IbHOV KOPbI B KA4eCTBEe UCTOYHM-
Ka [n1s 3TUX MeTapuonmToB. CUMTaeTCs, YTO UCTOYHMKAMMW MOPOA KMUCOro cocTaBa /-Tuna B KOMMM3UOHHOIA
06CTaHOBKe MOTYT ABNATLCA KOPOBble MeTamarMatuyeckve nopofbl [TypkuHa u gp., 2006]. HemHoro meHee
paguoreHHbI COCTaB METapMOITOB y4acTKa TOMOPOK OTHOCUTENbHO MO3AHEapXemcKux nopof XainaMuH-
CKOI cepum BrptocuHekoro 6n10ka [TypkuHa v ap., 2006], a Takoke BbICOKME KOHUeHTpauun Th (11—14 r/T) B
MEeTapuoNTaX YKasblBatOT Ha TO, YTO HUXKHEKOPOBLIE MOPOLbI AMOPUT-TOHA/IMTOBOIO COCTaBa MOryT paccMaT-
pvBaThbCA B Ka4eCTBe Hambo/ee BEPOATHLIX UCTOUHUKOB [/19 3TUX METapUOUTOB, BO3MOXHO, NPW A06aBNeHnn
tOBEHW/IbHOrO MaHTUIAHOTO MaTepuana B 061acTb MarmareHepauum. MeTapmonuTbl yyacTka TOMOPOK No CBOe-
My COCTaBYy OKa3a/MCb COMOCTaBVMbI C flelikorpaHuTaMy Y AMHCKOro MaccuBa BUPKOCMHCKOro BbiCTyna (CM.
puc. 10), Ana KOTOPbIX TakXKe AOMYCKAeTCA CMELLaHHbIA MaHTUIAHO-KOPOBbIV UCTOYHMK [TypkuHa v ap., 2006].

Takvm 06pa3oM, Ha OCHOBaHWM MOMYYEHHbIX JaHHbIX MOXHO CAeNaTb BbIBOJ, YTO B Ma/lbLiEBCKYHO TO/-
LYy efalLCKON cepumn 06beanHeHbl 6/1M3KOBO3PACTHbIE BY/IKAHUTLI Pa3HOro cocTasa. [1epBonpuUMHOR 3TOro
MarmaTu3amMa MOr/o cTaTb NOCTYMeHWE MAHTUIAHOrO MaTeprasa K OCHOBaHWIO KOPbI 1 €ro Noc/eaytoLLee BHe-
JpeHve B BUe AaeK [JONepUTOB U BY/IKAHUTOB OCHOBHOMO cocTasa. KpoMe TOro, MaHTUHbIE pacriasbl MoCcy-
XXMM UCTOYHMKOM TeM/a, BbI3BaBLUMM M/1aB/IEHNE MOPOA KOHTUHEHTa/IbHOM KOpbl BuptocuMHcKoro 610ka, a
TaKkXkKe UCTOYHMKOM MaHTUIAHOrO MaTepuana npy GopMUPOBaHUM CMELLIAHHBIX MaHTUIAHO-KOPOBbLIX Pacmn/iaBos,
poLoHaYasIbHbIX 418 NOPOA CPeAHEro 1 KMCNOro COCTaBoB y4vacTka TOMOpPOK.
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TeKTOHNYeCcKMe CneacTBmA

U-Pb oueHKM BO3pacTa MeTapuoOMTOB MaslbLeBCKOWA TONMLM y4acTKOB Taryn v TOMOPOK OKas3anuch
NPaKTUYECKM NOMHOCTLI0 MAEHTUYHBIMY ApYT apyry (1872 + 10 n 1874 + 10 M/H NET) U NepeKpbIBaOLLMMUCS
B Npefenax oWmnOOoK onpefeneHns ¢ OLEeHKaMn Bo3pacTa rpaHUTOMA0B CasHCKOrO KoMiekca bUpocHCKOro
6noka (1.90—1.86 mnpg net) [JleBuuknia n ap., 2002; TypkuHa v gp., 2003, 2006; LoHckas n ap., 2014; Ma-
KaroH n ap., 2015]. Takum 06pa3oM, BY/IKAHWUTbI eNaLlICKOA CEpUM 1N FPaHNTOUAbI CasHCKOrO KOMIEKca Ha
OCHOBaHWUUN MX 6/13KOr0 BO3pacTa U CXOAHOI reonornmyeckoin nosuumum MoryT 6biTb 06bejyHEHbI B ef1HYHO
BY/IKQHOMN/TYTOHNYECKYHO accoumaumio. Kpome Toro, 0TMEUYEHHOE Bblille CXOACTBO MO M30TOMHOMY M XMMUYe-
CKOMY COCTaBy METaBY/IKAHWTOB CPEAHEr0 M K1CMIOr0 COCTAaBOB y4acTKa TOMOPOK Ma/lbLieBCKOV TOMLLM C Fpa-
HUTOMAAMU Y IMHCKOrO MaccuBa CasgHCKOro Komnnekca (cM. puc. 10) Takxe CBMAETENLCTBYET B MOJb3Y Bbl-
[eneHuns eIMHON BYNKaHOMYTOHNYECKON accoumaLmm.

PaHee HeofHOKpaTHO OTMevanock [TypkuHa v ap., 2006; Manumosa v ap., 2012; [oHckas u op., 2014],
YTO PaHHENPOTEPO30MCKNE FPaHNTOUZbLI B BUPIOCMHCKOM 6/10Ke 06pa3yHoT efMHbI MPOTSHXKEHHbIA MarMatuye-
CKuin nosic. MNpefcTaBneHHbIe B JaHHOW CTaTbe pe3y/bTaTbl FEOXPOHONOMMYECKUX U M30TOMHO-TEOXMMUYECKNX
NCCNeA0BaHNIA MarMaTU4YecKnx Mopos MasbLEBCKOM TOMLM eNlallCKoi Cepyumn NO3BOMUAM PaCLUMPUTL 3TOT
MosAC MOCPeACTBOM OObeAUHEHMS B €AVHYHO BYNKAHOMYTOHUYECKYHO acCoLMaLlnio rpaHUTonL0B U BYKaHW-
TOB U, COOTBETCTBEHHO, BbIAENUTb YK He TPaHUTONAHDBIN, & BYIKAHONYTOHUYECKUIA NoAc. STOT Nosc, KOTO-
pbiil 6611 HasBaH CasHO-BUPIOCUHCKUM, NPOTArMBaEeTCA Ha paccTosiHue okono 300 KM B ceBepo-3anafiHoM Ha-
NpaBneHnn BAOAb 30HbI COYNEHEHNs BUMPHOCUMHCKOro 6/10Kka AHrapCcKoro CKIafyaToro rnosica U apxemckoro
TyHrycckoro cynepteppeiiHa Cubupckoro kpatoHa (M. puc. 1, 2). OTAnunTensHON YepToli 3TOro nosica aens-
eTcs 06beMHEHNE B HEM O/IM3KOBO3PACTHbLIX FPaHUTOMAOB U BY/IKAHUTOB, UMEHOLLMX FeTePOreHHbIe N30TOM-
HO-reoXVMMNYeCKMe XapakTepucTukun. B CasHO-BUPHOCMHCKOM Nosice OTMEYAOTCS AUOPUTBI, TOHAIUTBI U PUO-
nntbl I-tvna [TypkuHa, 2005; TypkuHa un gp., 2006; 1 gaHHas cTaTbs], ABYCNOASAHbIE FPaHNTbI S-Tuna [[JoHCcKas
n ap., 2014], rpaHnTbl U pronuTbl A-Tna [JleBULKWA 1 ap., 2002; TypkuHa 1 ap., 2006; 1 gaHHas CcTaTbs], a
TaKXXe MarmaTuyeckme nopobl OCHOBHOMO cocTaBa. PaHee B cTaTbe T.B. [JOHCKOW ¢ coaBTopamu [2014] 66110
nokKasaHo, YTo opMM1POBaHINE NMOCTKONIM3UOHHBIX FPaHUTOUA0B BUPHOCUHCKOro 6/10Ka NPOUCXOAWIIO NPK MNo-
BbILLIEHHbIX TeEMMepaTypax B npeaenax KomaM3MoHHOIO COOPYXeHUs, BOSHWKLLETO NMPY 06beANUHEHUN KOHTU-
HEHTa/IbHbIX B/I0KOB 1 TEPPENHOB pasHOi reoMHaMUYecKor NPUPOLb! B e4yHYH0 CTPYKTYPY, Y4TO MO3BOWO
06ecneunTb pasHoobpasve cybcTpaToB, NOABEPratOLLIMXCA MIABEHUIO, 1, COOTBETCTBEHHO, MPUBESIO K (hOpMU-
pOBaHMIO FPaHMTOB PasHOro cocTaBa. B LMTMPYeMOii cTaTbe ObIIO CAeNaHO MPeAnosioXKeHMe, YTO BbICOKME
3HaYeHMs TemnepaTtyp, paccumTaHHble N8 rPaHUTOMAOB BUPHOCMHCKOrO 6/10Ka, CBA3aHbl C MOCTYMNIEHUEM
MaHTUIHOrO MaTepuana K OCHOBaHWIO Kopbl. MpeacTaBneHHble B HACTOALLEN CTaTbe pe3yNbTaTbl U30TOMHO-
reOXMMUYECKNX UCCNEe0BaHMIA MarmaTnyeckux 06pa3oBaHUiA MaslbLeBCKOW TO/LUM enallcKol cepumn noj-
TBEPXAAKOT paHee CAenaHHOe NPeanonoxeHue. VIMEHHO MeTafo1epuTbl 1 MeTaBY/IKaHUTbl OCHOBHOIO COCTaBa
Ma/IbLIEBCKOM TONLLM C MONOXKMTENbHLIMU 3HAUEHNAMM £y,(T) ABNAOTCA NPOU3BOAHBIMU MaHTUIAHOTO UCTOY-
HMKa B OCHOBaHWW KONIM3MOHHOIO COOPYXeHNs BuprocrHckoro 6510ka. Mpoeuupys 06CyXaeHe MogenbHbIX
MOCTPOEHWI, NpuBeLeHHbIX B paboTe M. CunbaecTepa [Sylvester, 1998], Ha BUPIOCUHCKMIA 610K, MOXHO Cfie-
NaTb BbIBOA, UTO 6O/MbLLON 06bEM BM3KMX MO BO3PACTY U pa3HO06pa3HbIX MO COCTaBY MarMaTUyecKux obpa-
30BaHWii B BUPIOCMHCKOM 6/10Ke MOT 6bITh CBSA3aH C YTOHEHVEM IMTOCHEPbI B pe3ynbTaTe fenamuHalmm, Bos-
HUKLUEN Noc/e 3aBepLUEHMS OCHOBHbIX KOMITU3MOHHBIX COOLITWIA, YTO NPMBENO K NOABbEMY MaHTUAHLIX Marm K
OCHOBaHWH KOpbl, UX fanbHellleMy BHeAPEHWUIO B KOHTUHEHTa/IbHYIO KOPY, A€ OHWU MOFN CNYXXWUTb NN60 B
KayecTBe NCTOYHMKA Tenna, N1Mbo B3auMOAEeNCTBOBaTb C KOPOBbLIM MaTepuanom npu hopM1poBaHNN FpaHnTo-
ML0B 1 BYNKAHUTOB.

OTKpbITME paHHENpPOTEPO30CKOr0 BY/IKAHOMTYTOHNYECKOrO nosica B BUPHOCMHCKOM 6/10Ke Aano OCHO-
BaHMWe FOBOPUTb YXKe 0 [|BYX PaHHENPOTEePO30ICKMNX nosicax B npeaenax KOxHo-CrbrpcKoro nocTKONIN3UOH-
HOr0 MarmMaTM4ecKoro nosica KXKHoM YacT CMOMPCKOro KpaToHa, a MMeHHO CasHo-buprocuHekoMm 1 CeBepo-
BalikaflbCKOM BY/IKQHOMYTOHUYECKMX nosicax (CcM. puc. 1). B o6oux noscax npeobnafatoT MarmaTnyeckue
MOPOAbI KMCMIOro cocTaBa, KOTopble MMEOT 6/IM3KMe 3HAUEHMS BO3pacTa U 3aHUMAKOT CXOAHOE reo10rMyeckoe
MONOXKEHNE: ABMAKOTCA MOCTCKNaLYaTbIMK, NOCTMETaMOpgrUeckuMm obpasoBaHusmMm [Heimapk u gp., 1991,
1998; JleBuuKuin 1 ap., 2002; JlapuH 1 ap., 2003; TypkuHa u ap., 2003, 2006; doHckas v ap., 2005, 2008,
2014]. OpHako 06Hapy>XMBAKOTCA CYLLECTBEHHbIE OT/IMUNA B FTEOXMMUYECKUX XapaKTePUCTMKAX IPaHUTOWAOB
1 BYNKaHWTOB KUCNOro coctaBa CasaHo-buptocuHeKoro u Ceeepo-baiikanbCKoro By/IKaHOMIYTOHUYECKMX NO-
fcoB. B CeBepo-baiikanbCkoM nosice Marmatuyeckune 06pasoBaHns KUCI0ro cocTaBa No XMMUYECKOMY COCTaBy
COOTBETCTBYIOT rpaHuTam A-Tvna [Helimapk n ap., 1998; [loHckas u gp., 2005, 2008]. UTo kacaetcsi CasHo-
BUpPHOCMHCKOr0 Mosica, TO 3A4eCb, KaK YXKe 6bl1I0 OTMEYEHO BbILLE, BCTPEUAKTCSA FPaHUTONAbI U BYIKAHUTbI BCEX
reoXMMMYecKmnx TMnoB. [ns 06bsCHEHNS 3TOF0 (heHOMeHa MOXHO MPeSIOXUTb CreaytoLLyto Mogenb. KOXHO-
CUOUPCKMIA MOCTKOMNIM3NOHHBIA MarMaTUYeCcKmin Nosic, NPOCNEXMBAIOLWMIACA B HOXKHOW YacTu CubmpcKoro
KpaToHa Ha pacctosHumn 6onee 2500 KM, NepecekaeT BCe OCHOBHblE TEKTOHMYECKME CTPYKTYpPbl B 3TOW YacTu
KpaToHa (CM. puc. 1) 1 B rnobanbHOM MaclLUTabe ABMSeTCA KPYMNHON CLUMBAIOLLEN CTPYKTYPOiA, (IMKCUPYHOLLIE
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CTaHOB/eHMe eAnHOro Cnbmpckoro kpatoHa [SlapuH v gp., 2003; Gladkochub et al., 2006], a Takxxe BXoX/e-
HWe ero B paHHENPOTEPO30ICKNIA CynepKOHTUHEHT Konymbus [Didenko et al., 2009]. MocneaHne KoNAn3vMoH-
Hble COObITMS B KOXKHOI YacT COMPCKOrO KpaToHa AaTMpPYHOTCA BPEMEHHbIM MHTepBasioM 1.90—1.87 mnpa
neT B npefenax AHrapo-KaHckoro, buptocrHckoro n LLlapbpkanraiickoro 6nokos [Aftalion et al., 1991; Poller
at al., 2004, 2005; TypkuHa 1 gp., 2006; CanbHuKoBa 1 ap., 2007; JleBueHKoB v ap., 2012; Turkina et al., 2012;
Urmantseva et al., 2012; HoxkuH 1 gp., 2016], nHtepsanom 1.92—1.90 MnpA neT Ha AngaHckom wute [Frost
et al., 1998; KoToB, 2003; KotoB 1 ap., 2004; TapuH n ap., 2006], a Takke 1.91—1.88 mnpg net B npegenax
CraHoBoro BbICTyna [/lapuH n ap., 2004; Mne6osmukuii 1 gp., 2008, 2009]. Ha ocHOBaHMM 3TUX OLEHOK BO3-
pacta nopofpbl FOXHO-C1MOMPCKOro MarMaTM4eckoro nosica U paccMaTpyBatOTCs KaK MOCTKO/IN3NOHHbIE 00-
pa3oBaHus. B cBS3M C TeM, UTO MpUYieHeHne BUPHOCUHCKOro 6/10Kka K 0CTaslbHOM YacT CMOMPCKOro KpaToHa
1MMeno mMecTo okono 1.9 mnpg net [TypkuHa u gp., 2006], T. e. Ha rHaNbLHOM 3Tane HOPMUPOBAHNS CTPYKTY-
pbl KpaToOHa, TO pa3Hoo6pa3vie COCTaBOB MarMaTu4ecKmx nopog, 06pa3oBaHrie KOTOPbIX HAa4anoch Henocpes-
CTBEHHO Cpasy >Xe noc/e 3aBepLUeHns KONIU3MOHHbLIX COObITUIA B NPOLECCce Koanca OporeHHoro Coopyke-
HWS, SIBISIETCA BNOJIHe 3aKOHOMepHbIM [Sylvester, 1998]. CeBepo-balikanbCkuii By IKaHOMIYTOHUYECKNMIA MOSC,
KOTOpbI/i MOXHO paccMaTpuBaTb Kak MOCTKOMM3MOHHLIA B FNo6anbHOM MacluTabe CTaHOBMEHWS eAVHOW
CTPYKTYpbl CMOMPCKOrO KpaToHa, B PervoHanbHOM Maclutabe AKUTKAHCKOrO CK/Iaf4yaToro nosca, nopogpl
KOTOPOr0 OH MepeceKaeT, MOXXHO CUMTaTb aHOPOreHHbIM, TakK Kak OCHOBHbIe KONIN3MOHHbIE COObITUSA B Mpeje-
nax AKMTKaHCKOrO CK/lafyaToro rnosica 3aBepLunanch Ha BpeMeHHOM pybexxe 1.98—1.97 mnpn net [[oHckas
n ap., 2016], 1. e. NnpnbnmanTensHo Ha 100 MAH NET paHblUe, YeM Hadvanoch opmmpoBaHme nopog Cesepo-
Balikanbckoro nosca. MHbIMu cnoBamu, nopofbl CeBepo-baiikanbCKoro nosca B /I0Ka/IbLHOM MacLuTabe MOXHO
cumTaTh 06pa3oBaHHbLIMU BO BHYTPUMAUTHbLIX YCNO0BUSX, KOTOPbIE 61aronpuAaTHbLI 4ns (opMUpoBaHns Nopos,
6/1M3KMX M0 COCTaBY rpaHuUTaM A-Tuna, 4To U HabMIOAAeTCA B MPefenax 3Toro By/IKAHOMYTOHUYECKOr 0 nosca.
Takum 06pa3oM, B npefeniax NpoTSHKEHHOIO PaHHENPOTePO30icKoro KOXHO-CMOUPCKOro MOCTKO/IU3NOHHO-
ro MarmaTmyeckoro rnosica 06beMHAKTCSA NMOPOAbI C PA3/IMYHLIMU FTEOXUMUYECKUMI XapaKTepucTUKamu, BO3-
MOXHO, OTPaXKAIOLLMMM 0COBEHHOCTY peann3aLi KONIM3NOHHbLIX COObITUI B TO MAN MHOW YacTy KPaToHa.

3AKJTIOYEHUE

OnpepfeneHve BospacTa U-Pb MeTof0M Mo LMPKOHY METapuoMTOB MasibLIEBCKO TO/LLM eNaLlCKON ce-
pun BUprocnHCKOro 6/10Ka nokasaso 3HadeHns 1872 + 10 n 1874 + 10 M/IH NeT, KOTOpble COBMaAatoT C OLeH-
KaMun BO3pacTa, MoAy4YeHHbIMU ANS FPaHUTOMAOB CasHCKOro KOMreKkca BUpoCMHCKOro 6noka [J1eBULKuid v
ap., 2002; TypkuHa 1 gp., 2003, 2006; [oHckaa v ap., 2014; MakaroH v gp., 2015]. Ha ocHoBaHu1W 6113KOro
BO3pacTa, CXOAHOM reo/IorMyeckKoin no3uLMmn 1 pacnonoXKeHns B O4HOW CTPYKTYpe BY/IKaHWUTbI eflallCcKoii ce-
pUK 1 FPaHUTONAbI CASHCKOTO KOMMeKca BUpocMHCKOro 610Ka Obinv 06bevHEHbI B eAMHYIO BY/IKAHOMNJTYTO-
HUYECKyH accoLmaumio.

MeTamop(hr30BaHHbIE MarMaTUyeckue NMopofbl MasbLEBCKOM TOMLLYM eNaLliCKOA Cepyun NpeLCcTaBeHbI
BY/IKAHNYECKUMMW MOPOJaMK, a UMEHHO aHfe3nbasanbTamu, aHAesuTamu, jauutamv 1 puonntamu, ¢ npeoo-
NajiaHNeM BY/IKAHUTOB KMC/Oro COCTaBa, a TakKe CyOBYIKaHMYECKMMY NOPOLAaMK, B TOM YuC/e LonepuTamu.
MpoaHann3npoBaHHble NMOpPoAbl Ha OCHOBaHUM UX XUMWUYECKMX COCTABOB OblN 00bEAMNHEHbI B YeTbIpe rpyn-
Mbl: 1) Nopofbl OCHOBHOIO cocTasa (MeTafoNiepuThbl U MeTaBy/IKaHWUTbI), 6/3KME MO COCTaBYy BbICOKOXene3u-
CTbIM TONIEUTOBbLIM 6a3asbTam 1 aHae3nbasanbTam HOPMabHOrO LLEMOYHOIO PAAa; 2) MeTaaHe3nTbl TONenTo-
BOI CEpUM HOPMaNbHOIO LENOYHOr0 paaa; 3) MeTapuoNUTbl HOPMa/ILHOTO LLEMOYHOMO psja C FeOXMMUYECKN-
MW XapaKTepuCTUKaMn rpaHUTOB /-T1Na; 4) METapUONUTbI HOPMASIbHOTO LLEMOYHOI0 psfa C reOXUMUYECKUMUA
XapaKTepucTUKamu rpaHnToB A-Tuna. B COBOKYMHOCTM pe3ybTaTbl M30TOMHO-FE0OXMMUYECKMX UCCeL0BaHNI
MO3BONAKT CAeNaTb BbIBOA, YTO B MaslbLIEBCKYIO TOJILLY €/1aLICKOW Cepun 00befuHeHbl 61113KOBO3PaCcTHble
BY/IKQHWUTbI Pa3HOro cocTaBa.

Marmatuyeckue nopoLsl OCHOBHOIO COCTaBa MaslbLiEBCKOM TO/LLM XapaKTepusytoTcs cocTaBamu, 61m3-
KMW BHYTPUMAUTHbIM 6asanbTam. lMpegnonaraercs, YTO UCTOYHUKOM 3TMX MOPOZ Gbinn AenneTUPOBaHHbI
KOMMOHEHT aCTeHOC(EPHON MaHTUM 1, BO3MOXHO, N/IFOMOBbIA KOMMOHEHT, MPX 3TOM 6€3 3Ha4YMTENIbHOTO B/U-
AHUS NUTOCKEPHON MaHTUU. eOXMMUYECKME XapaKTePUCTUKM MeTaaHAe3UTOB CBUAETENLCTBYIOT, UTO OHU
MOT/IN BbITb CHOPMUPOBAHBI B pe3ynbTaTe NaBfeHWs Nno3LHeapXelickoro KOpoBoro NCTOMHUKA Mpu onpege-
NEHHOM BK/afile MaHTUIHOIo Matepuana. MeTapuonuTbl, XapakTepu3yoLLmMecs peLKo3NeMEHTHbIM COCTaBOM,
6/M3KUM FpaHuTam A-Tuna, MOran ObITb CHOPMUPOBaHLI B pe3ynibTaTe NaaBNeHUs UCTOYHMKA, B/IM3KOr0 Mo
N30TOMHO-rEOXMMUYECKNM XapaKTepUCTUKaM MarmaTu4ecKMM MopojaM OCHOBHOFO COCTaBa MasibLEBCKOIA
ToNWM. MeTapuonuThl, UMetoLLLME COCTaBbl Hanbonee 6AM3KMe rpaHnTam I-Tuna, Moram GbiTb 06pa30oBaHbI 3a
CYET MNaB/IEHNS HAXHEKOPOBBIX NMOPOA LMOPUT-TOHASIMTOBOIO COCTaBa, BO3MOXHO, Npy A06aB/IeHNN FOBEH/b-
HOr0 MaHTUIAHOTO MaTepuana B 06/1aCTb MarmareHepaLmu.

Ha ocHOBaHUW pe3y/bTaToB Fe0XPOHOIOrMYECKNX 1 M30TOMHO-FEOXMMMNYECKMX UCCNEA0BaHMI MOPOsbI
eNaLLCKON Cepum 1 rpaHUTONAbI CASHCKOro KOMMIeKca 6bliiv 06beAMHEHbI B PaHHENPOTEPO30CKMIA NOCTKOI-
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NN3VOHHBIA CasHO-BUPIOCUHCKUIA BYIKAHOMYTOHWYECKUI MOSC, NPOTArMBAKOWMIACA Ha PacCTOSiHME OKOMO
300 KM B[0/b 30HbI COUIEHEHWS BUPHOCUHCKOTO 6/10Ka AHIapCcKOro CKIagyaroro rnosica v apxenckoro TyHryc-
cKoro cynepTteppeliHa Cnéupckoro kpatoHa. CasHO-BUPHOCUHCKIMIA NOSC ABNAETCA COCTaBHOW YaCTbO KPYMHO-
r0 paHHenpoTepo30iMCcKOro KOXHO-CUBMPCKOro MOCTKOIIM3NOHHONO MarmMaTuyeckoro nosca, chopMmnpoBaH-
HOrO Ha (hMHANbHOM CTafuMn CTAHOB/EHWA CTPYKTYpbl CUBMPCKOro KpaToHa M BOSMOXHOIO BXOXEHUS ero B
PaHHENPOTEPO30MCKNIA CyNnepKOHTUHEHT Konymous.

ABTOpbI 6narogapsaT T.A. KopHunosy (M3K CO PAH) 3a noMoLLb B NETPOrpauyecKmx UCCnefoBaHNsX.

PaboTa BbInonHeHa npu nogaepxke PO (npoekT Ne 15-05-05863).
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