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PE3VIJIBTATBI U-Pb (SHRIMP II) JATUPOBAHMA INMPKOHOB U3 TYHUTOB
MACCHUBA VUHATIA (AJTTAHCKHUI IINT)
N IMPOBJIIEMA TEHE3UCA KOHIHEHTPUYECKH-30HAJIBHBIX KOMILUIEKCOB

IIpencrasiensl pe3yabraThl M3ydeHusi coctaBa W Bo3pacta (U-Pb maTupoBanume mo mMpKoHaMm,
SHRIMP II) nynuroBoro simpa maccuBa MHarm u cueHuToB ero odpamiienus. [IpoBenen aHam3 meTpo-
rpad0-reOXMMHYECKUX XapaKTEPUCTHK MOPOa, MOPGOIOrUM BbIIeIeHHbIX IIUPKOHOB, HX M30TOMHO-T€0XH-
MHYECKHX 0COOEHHOCTEli, MUHEPAJILHBIX 1 (DJIIOUIHBIX BKIIOYEHHil. YCTAHOBJIEHO, YTO KaK JOKeMOpHiicKue
natupoBku (2624 + 37, 2068 = 14 u 1955 £ 27 man neT), TaK U Me303oiickue (134 = 2 m 122 + 2 muH
JIeT) He OTpaxkaloT BpeMeHH KPHCTA/UIM3AIMM JTYHUTOB. Bo3pacT CHEHHTOB M MOHIIOHHTOB OOpamMJIeHHUs
130 £ 1 u 133 = 1 muml Jger. Maccus MHarm uMen 1JMTETbHYI0 HCTOPUIO (OpPMHUPOBAHMS, TIEPBHIHBIE
JYHUTbI TeHETHYECKH He CBSI3aHbI C 0OPAMIISIOIMMH X Me3030MCKMMH MOPOAAMH U CONMPSKEHbI ¢ HUMHU
TOJIbKO MpocTpaHcTBeHHO. Bo3pact aynutoBoro sapa maccusa ot KR, no K.

KiioueBsie ciioBa: konyenmpuuecku-30HaivHole maccusnl, 0ynumot, U-Pb 6o3pacm, eeoxumusi.

The paper presents data on composition and U-Pb zircon age determinations (SHRIMP II) for dunite
core massif Inagli and syenite its framing. Petrographic and geochemical characteristics of the rocks, the
morphology of selected zircons, their isotope geochemistry, mineral and fluid inclusions were studied.
Obtained intervals ages for zircons from dunite as Precambrian (2624 + 37, 2068 * 14 and 1955 + 27 Ma)
and Mesozoic (134 *+ 2 and 122 + 2 Ma) do not represent the crystallization time of dunite. The age of
syenite and monzonite framing massif Inagli was determined as 130 = 1 and 133 £ 1 Ma, respectively.
The results, as well as literature data suggest that massif Inagli had a long evolution. Primary dunite are
not genetically connected with the framing of Mesozoic rocks and just associate with them spatially. The

age of dunite core is determined in a wide range from KR, to K.
Keywords: concentrically-zoned massifs, dunite, U-Pb age, geochemistry.

Beenenne. KoHIleHTprUeCKM-30HATbHbBIE MaCCUBBI
MPEUMYILIECTBEHHO YJIBTPAOCHOBHOIO COCTaBa U3BECT-
Hbl Kak Ha miaatdopmax (Konmep, Yan, [ynmumHckmit
U Ap.), TAaK U B CKJag4yaTbIX 00JAcCTAX (30HaJbHbIE
MaccuBbl Ypana, Kopskckoro Haropbsi, AJISICKM U 1Ip.).
[Tono6HoE cTpoeHre MacCUBOB OOBIYHO OOYCJIOBJIEHO
ITOCJIEIOBATEIBHOM CMEHOW IYHUTOB KIMHOITMPOK-
CeHUTaMM U rabOpougaMM OT LiEeHTpa K nepudepuu.
B 1mmpokoM crekTpe IoJe3HBIX MCKOIAeMbIX, TeHe-
THYECKH CBSI3aHHBIX C JAHHBIMA MacCUBaMU, OCOOBII
MHTEPEC MPEACTABJSIOT MPOMBILIIJIEHHbBIE MECTOPOX-
JIEHUsI POCCHIITHOM TIIATUHBI.

KoHIeHTprYecKn-30HaJbHbBIE MAaCCHBBI M3yda-
I0TCSl TaBHO, OJJHAKO BOMPOCHI BO3pacTa U IeHesuca
UX SIIEPHBIX YacTeil, CIIOXEHHBIX YITPaOCHOBHBIMU
ITOpPOIaMU, OCTAIOTCS TIPEAMETOM OCTPBIX JUCKYCCHIA.
Onnu uccnenosarenu [18, 23 u ap.], HacTauBas Ha
MarMaTOreHHOM ITPOMCXOXICHUU YIBTPAOCHOBHBIX
ITOPOJI, OTHOCST AYHUTHI M OOPaMIISTFOIINE X TTOPOIBI
K €IMHOMY MarMaThuyeckKomy LMKy (hOpMUPOBaAHUS
30HaJbHBIX MHTPY3uWii. dpyrue [3, 13, 16, 26] cuura-
10T JaHHBIC MACCUBHI TTOIM(POPMALIMOHHBIMU U TIOJIU-
XPOHHBIMU M PACCMaTPUBAIOT AYHUTHI KaK IPEBHUE
sapa (pecTUTHI), TIOMABIIME B BEPXHUE TOPU3OHTHI
KOpBI B pe3yJIbTaTe TBEpAOIUIACTUIHOTO TCUCHUS, WIIN
KaK caMOCTOSITeIbHbIE MarMaTUYeCKueE Tejia, OTOPBaH-
HBIE BO BPEMEHM OT MOCJICAYIOIINX NHTPY3UBHBIX (ha3.

B paborte mpuBeneHbl mnetporpado-reoxuMuyeckas
XapakTepucTuka nopon maccusa MHarmm u ero o6-
pamiIeHusI, a TakKe pe3yJIbTaThl 1aTUPOBAHUS IIUPKO-
HOB TpeX Mpo0 M3 JYHUTOBOTO SIApAa MAaccuBa WM JIBYX
npod U3 CUEHUTOB U MOHLIOHUTOB oOpamueHust U-Pb
METOIOM Ha BTOPUYHO-MOHHOM MAacC-CIIEKTPOMETpe
SHRIMP II.

T'eosornyeckoe crpoenne MmaccuBa Muarm. Maccus
WNuarnmu oTHOCUTCSA K TIAaTGOPMEHHBIM WHTPY3USIM
LIEHTPAJIbHOTO THUIIA C AYHUTOBBIM SIIPOM M pac-
MOJIOXKEH B ceBepHoll yacTu HumHBIpckoro 6yioka
AJITAaHCKOTO IIMTa B y3jie TepeceueHus: FOXTuHCKOMN
1 WMHarmmHCKON peruoHajbHbIX JOJTOXUBYIIUX CH-
CTeM INIyOMHHBIX pa3JIOMOB CEBEPO-3aIlaHOIO U CeBe-
PO-BOCTOUHOTO MpOCTUpaHus. MacCuB UMEET OKPYT-
Jyio ¢opMy AUAMETPOM OKOJIO 5 KM, BHYTPEHHSIS
yacTh Kotoporo (6osiee 70% mutoinamu) oOpasyeT
nyHutoBoe sapo (puc. 1). MaccuB pas3ouT cepueit
paguagbHBIX U KOJBLEBBIX pa3ioMoB. JyHUTHI mpen-
CTaBJICHBI MOHOMMHEPAJIbHBIMU ITOpoaaMyu (OJMBUH
1o 99, xpommmnuuenun 0,5—3%). BTopuuHbIMU MHU-
HepajlaMu TSI CEPIIEeHTMHU3UPOBAHHBIX Pa3HOCTEN
SIBIISIIOTCSI CEPIIEHTUH M MATHETHUT, IS MeTacoMa-
TUYECKU WM3MEHEHHBIX JTYHUTOB — (DJIOTOIUT, XpOM-
IUOTICU, aKTUHOJUT U KapOoHaT. B myHuTax Takke
MPUCYTCTBYIOT CyIb(pUAbI U MUHEPAIbl TUIATUHOBOM
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rpyrmnbl [11]. OcobeHHOCTH CTPYKTYp IYHUTOB OIpe-
JIEJISIIOTCST pa3HooOpasuemM (opM M pa3MepoB 3epeH
OJIMBMHA U XPOMIIMUHEIUIOB. B HeomHopomHOM
CTPOCHUM AYHUTOBOTO sapa [27] BBIIENSIOTCS COO-
CTBEHHO JAYHUTHI U TPYIITIa MOPOJ METACOMATUIECKOTO
MPOMCXOXKIEHMSI, BKIIIOYAIOIasi «BTOPUYHbBIC TYHUTHI»,
OJIMBUHUTHI U 30HBI TIEPEX0ON0B OT IYHUTOB K IIEI0Y-
HBIM MOpoAaM TabOPOUIHOTO COCTaBa.

JyHUTOBOE SIAPO MMEET MAJIOMOIIHYIO MPEePbIBU-
cTyio oTopouky (1—50 M) crromocomepKaiimx K-
HOMMMPOKCEH-OJTMBUHOBBIX TIOPOJI, MO COCTaBY COOT-
BETCTBYIOLLIMX BEPJIUTAM U KIMHOMUPOKCEHUTaM [24].
BHyTpu IyHMTOBOTO siIpa OHU TaKKe claraloT JaiKo-
oOpa3Hbie Tesia JJTMHOW B IECSITKU METPOB TP MOIII-
Hoctu 1o 10 m [2].

BHenrHsIsT KoJblieBas 30Ha pa3IMUHON MOIIHOCTHU
(ot mepBbIx 70 500 M) ciioXeHa 1IeJTOYHBIMU TOpoAaMU
rabOopOUIHOTO COCTaBa, MPEUMYIIIECTBEHHO IIOHKUHU-
TaMH. VIX KOHTaKTHI ¢ BepJIUTaMU Pe3K1E MHTPY3UBHBIE
WU ¢ TMOpUAN3AIIMElt BEPJIUTOB MPY 00OTAIICHUHN T10-
CJIeIHUX KaJIMEBBIM TIOJIeBbIM InmaToM [24]. B Temax
IIEJIOYHBIX TabOpPOUIOB IPUCYTCTBYIOT KCEHOJUTHI
JIYHUTOB, OKPYXEHHBIE OTOPOYKOU (PIOTOTUT-TUOTI-
CUIOBBIX MUPOKCEHUTOB C MarHETUTOM. ATOGU3BI
LLIEJIOYHBIX TaO0pPOUIOB pacCeKaroT AYHUTHI B I0XHOM
yacTu maccusa [26].

Co Bcex CTOPOH, 3a UCKJIIOYEHMEM CeBepo-3amai-
HOI 4acTH, MacCHUB 00PaMJISTIOT TIJIACTOBBIE MHTPY3UH
CUEHUT-TIOPHUPOB (OT TPAHOCUEHUTOB IO MOHIIOHU-
TOB) Me3o3olickoro Bospacta (J;—K,). CueHur-mnop-
(bupbl MHTPYAMPYIOT B BEH-HIXKHEKeMOpUIicKue 10-
JIOMUTHI U 00pa3yloT B HUX MHOTOUYUCJICHHbIE CUJUIBI
U JIAKKOJIUTOIIOJOOHBIE TeJla, a Ha I0ro-BOCTOYHOM
KOHTaKTe€ C MAacCCHBOM 3aJIeTalOT B BUIE KPyTOIlaja-
foleil konpleBoi gariku. KoHTakTel mopon obpam-
JIGHUs ¢ IIOHKMHUTAMU HEYETKUE, KOHTAaKTHasl 30Ha
MOILIIHOCTbIO OT HECKOJIbKUX CAaHTUMETPOB 10 1,5 M
Tpe/icTaBIeHa YepeoBaHUeM MTOPOJ] IIOHKUHUTOBOTO
1 CUeHUTOBOIO cocTaBa. HemocpencTBeHHOro KOHTaK-
Ta TyHUTOB U BEPJIMTOB MacCHBa C CUEHUT-TIOp(UpaMu
obpamiieHus He oOHapyxeHo [11].

BwMmeriaronye MaccuB MOPOIBI MPENCTaBICHbI Me-
TaMop(pUYeCKUMU TIopogaMu (PeaopoOBCKOIl cepun
(AR,?), nepeKpbITBIMU U3BECTHSKAMU U JOJIOMUTAMU
C JIMH30BUIHBIMU TPOCTIOSIMU MECYAaHUKOB B OCHOBA-
HUU opoMckoi cepun (V—€)).

KoOHTaKT 11eJ0YHbIX Trab0poOuI0B C apXedCcKUMU
00pa30oBaHMUSIMU CYOBEPTUKAIbHBIM Yepe3 30HY Mell-
KOpa3apo0JIeHHBIX MeTaMOP(PUIECKIX TOPOI, CLIEMEH-
TUPOBAHHBIX MAarMaTUIECKUM MaTepUajioM, IO COCTaBY
OTBeYarolIMM IOHKMHUTaM. KapboHaTHbIE TOPOabI Ha
KOHTaKTe C IMIOHKWHUTAMU ITOABEPraJiCh MpPaMOpH-
3allUU, a yYacTKaMU cKapHupoBaHuio [24]. UHTpy3us
00paMJIeHUSI CUEHUT-MOPGUPOB UMEET MOJIOTUI KOH-
TaKT C apXeiCKUMU MeTaMOp(PUUECKMMU ITOPOIAMU,
C 30HOM TEKTOHUTOB MOIIHOCTBIO 10 20 cM, a C BeHJI-
HUXXHEKeMOPUICKMMU TTOpoJaMM OTMevaloTcsl (heHu-
TU3aLMs TIECYAHUKOB M CKapHUPOBAaHUE JOJOMUTOB.

KunbHas daumust Me3030MCKUX «CUEHUTOUIOB»
MpeacTaBieHa MyJacKUTaMU U IIEJOYHBIMU MermMa-
TUTAMU, CEKYIIMMHU KaK IYHUTHI U BEPJMTHI, TakK
U 1eJ0YHble Tabopouabl. TTyg1ackuThl U MerMaTUThb
BBITTOJIHSIIOT KOJIbIIEBBIE U pafiajibHbIe TPEIIMHBI Ipe-
HMMYIIECTBEHHO 10 TTeprdepru TyHUTOBOTO siapa [24].
BbinensitoTcst merMaTuThl AMOTICUI-OPTOKIIA30BhIE, OP-
TOKJIa3-pOrooOMaHKOBbIE U MUKPOKJIUH-aTbOUT-aM-
¢nbOJIOBBIE C STUPUHOM M HOHTpOHUTOM [11].

MeTtacoMaTUTBl — TMOJIEBOLIMAT-XPOMIUOTICUI-
CJIIOJISTHbIE TIOPOJbl, Pa3BUThIC MO AYHUTAM Ha KOH-
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Puc. 1. CxemaTHyeckas reojiorndeckasi Kapra Maccusa Muarm
([11] ¢ u3menenusavMm)

I — wenounsie nermatuthbl (K,); 2 — mMeracoMaTuThl MoJeBO-
mnar-xpomanoncuna-ciaoasitoro coctasa (K,); 3 — mymackutsr
(K,); 4— wonkunutel (J;—K,); 5 — CUEHUTbI, MOHILIOHUTBI U UX
nopdupossie pazHoctu (J;—K,); 6 — KIMHOMUPOKCEHUTHI U BEP-
qutel (J;—K,); 7 — aynursl (KR,—J,?); & — kapOboHaTHbIE T10-
ponsl ogomckoit cepuu (V—€,); 9 — Kpuctammyeckue ClaHIibl
u THelchl demopoBckoii cepun (AR,?); 10 — pasnomsl; 11 —
HoMmepa Ipod U MecTa ux oTdbopa
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TakTe C MerMaTUTaMHu, — 00pa3yloT KpYIHbIE caMO-
CTOSITEJIbHBIE XUJIbHBIE Tejla, JocTurawliue 15—17 m
B pa3myBax Ipu npoTskeHHocTH 10 50, peako 200 M.
MeTacomaTnueckue Mpolecchl Haubojee MOJTHO TPo-
SIBJICHBI B KOJIbLIEBOM 30HE pPa3/IOMOB, CIOXEHHOU
TPEIIMHOBATBIMA W OpPEeKYMPOBAHHBIMM TYHUTAMU
M PACIIOIOXKEHHON B IYHUTOBOM INTOKE Ha PACCTOSTHUM
500—800 m oT KoHTaKTa ¢ moHKMHUTaMu. K 30He mipu-
YPOUCHO YHHMKAJIbHOE MECTOPOXICHNEC BEPMHUKYINUTA
u xpomauorncuaa [11].

IIpobnema natupoBanusi fyHuToB Maccusa Muarmm.
Bospact AyHUTOB OO CUX MOP OCTAETCS CIIOPHBIM.
ITo reosormyeckuM HaOMIOOEHUSIM BpeMsl BHeIpe-
HUS yABTpaMaUTOB YCTaHABIMBACTCSI B ITUPOKOM
nuara3oHe — Mocjeapxeickoe, HO MOMO3IHEMEIO-
Boe. JIyHMTOBOE SIIpO OKPYKEHO KOJIBIIOM IIETOYHBIX
¥ CYOIICIOUHBIX TIOPO, He TTO3BOJISIOIINX HAOII0IaTh
€r0 OTHOIICHUS C BMEINAIOIIMMU TOJIIAMK. JIyHUTBI
NpPOPBIBAIOTCS 1IEJI0YHBIMU rab0pougaMyu U CUEHUT-
nopdupaMu MO3THEIOPCKOTO — PaHHEMEIOBOTO BO3-
pacrta [6, 11, 26]. OTMeuatoTCsI KCCHOJUTHI TYHUTOB
Cpeny IEJOYHBbIX TaOOpPOMIOB BHEIIHEN KOJbIIEBON
30HBI [26], 4TO TOBOPUT O GoJice APEBHEM BO3paCTe
JTYHUTOB OTHOCUTEJIbHO IIEJOYHBIX TaOOPOUIOB U CU-
€HUT-TTOP(PUPOB.

Pammonornyeckue ompeneieHUs BO3pacTa ITyHU-
TOB HeoqHO3HauHbl. CocTaB MOpOJ, Claralpliux sapa
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MMOJOOHBIX KOHIIEHTPUUYECKN-30HATbHBIX MacCHUBOB
AJNTAaHCKOTO TIUTa, HE TO3BOJISIET JOCTATOYHO Ha-
JIEXXHO YCTaHABJMBAaTh MX BO3PACT KJIACCHUYECKUMU
n3oronHbeiMu Metomamu. Bce K-Ar m Rb-Sr maru-
POBKM TOJIyY€HBI TOJBKO IO INEJOYHBIM U IIEI0U-
HO3eMeJIbHBIM MopoaaM oOpaMJIEHMS, IIETOYHBIM
ImerMaTUTaM M MeTacoMaTUTaM, OIPEHENIssT BpeMs
ux (opmupoBanust 105—158 mun ner [6, 11, 26].
Bo3spacT miatuHOBOIl MUHEpaliu3aluu, MPUYPOUEH-
HOI K myHuTaMm, 1o maHHbBIM Re-Os meroma, 355
[16] u 340 £ 14 muH ner [12], a o ompeneaeHUIO
1pt-‘He meromom 141 £+ 7 mun et [28]. 1o maneo-
MarHUTHBIM XapaKTePUCTUKAM BO3pAcT AYHHUTOB IIO
obpasmaM M3 TpexX TOUeK OJIM30K K BO3pacTy IIOH-
KUHUTOB — 105—140 mnH net [24].

Me3030iCKIil BO3pacT KOMITIEKca B jereHae AJ-
nJaHckou cepru uctoB (CJI-200/2) 060cHOBAH pe3yib-
TaTaMU MaJeOMarHUMTHBIX UCClIea0BaHuli [24], a Takke
daxToM (popMUpOBaHUS BOKPYT siapa MaccuBa MHar-
JIN KYTIOJBLHOM CTPYKTYPBI, B KOTOPOi1 1e(hOpMHUPOBaH
BEH/I-TIaJIE030MCKUI TIJIaTGOPMEHHBIN YeXOJI.

ITo noBoay nmajseomMarHuTHbBIX gaHHBIX A. H. Yrpro-
moBa u FO. B. Kucenena [24] A. C. KapeTHUKOB OT-
ME€UaeT, YTO «B 3TOU paboTe He MPOBOAMICS TEPMO-
MarHUTHBI M KOMITOHEHTHBIN aHAJIM3 €CTeCTBEHHBIX
OCTaTOYHBIX HAMATHUYEHHOCTEH, 11T KOTOPBIX BBIYMC-
JISUTUCh KOOPAMHATHI MaJIeOMarHUTHBIX MOJIOCOB» [§].
ITo muenuio A. M. Kopuarnna, cujibHasi JTUCIOLUPO-
BaHHOCTb IYHUTOB M HaJIW4YMe KCEHOJMTOB ITYHUTOB
cpelyd MpaKTUYECKU HEAMCIOLUPOBAHHBIX IIOHKU-
HHUTOB TTO3THEIOPCKOTO BO3pacTa 3acTaBIISIET CUMTATh
BO3pacT AYHUTOB 00Jice paHHUM, MPEIITOI0XUTEIBHO
CPEIHEIOPCKUM.

«3agupaHne» BMEIIAIOUIMX BEeHI-HIDKHEKeMOPUii-
CKMX KapOOHATHBIX MOPOJ I0A0OMCKOM cepuu, oopasy-
IOIIMX BOKPYI MacCHBa KYIMOJbHYIO CTPYKTYpY Iua-
MeTpoM oKojo 10 kM ¢ amrumTygoil okojo 300 wm,
OTMEYaeTCsl BO MHOrux padorax [1, 11, 26]. O6pa3zo-
BaHUeE MOJO0OHOI CTPYKTYPhl MOXKHO OOBSICHUTD U MPO-
JIBUKEHMEM ITYHUTOBOTO Teja BBEPX IO KOJBIIEBBHIM
pazjiomMaM 3a CYET TEKTOHWYECKOU M MarmMaTuiyeckou
JIeSITeIbBHOCTY BO BPEMsI ME3030MCKOM TEeKTOHO-Marma-
TUYEeCKOM aKTuBM3auuu AnmaHckoro mura [11]. Torma
JYHUTHI MOTYT OKa3aThCs ApeBHEEe BMEIMAIOUINX Kap-
OOHATHBIX MOPO.

[Taneosoiickuii Bo3pacT AyHUTOB YKa3bIBaeTCsl Ha
OCHOBaHuU reojornyeckux gaHHbix [20] u Re-Os onpe-
JeJICHUI BO3pacTa IIaTUHOBOW MUHepamu3auuu [16].

O0o0CHOBaHUS TO3IHEIIPOTEPO30MCKOTO BO3pacTa
[7, 21] Toxe HocsT cnopHbiii xapaktep [11]. Tlpen-
TOJIOXKEHMSI OCHOBBIBAIOTCSI HAa aHAJOTUM CTPOCHUS
MmaccuBa MHarum ¢ nogoO6HbiMu MaccuBamu KoHaep
u Yan AnmaHCKOro 1IMTa, 3ajeraloliuMu B sSiapax aua-
MUPOBBIX CTPYKTYP MO3THENPOTEPO30HCKOro Bo3pacTa,
MIePEKPHITHIX TOPU30HTAIBHO PACIIONIOXKEHHBIMU BEH/I -
HIKHEKeMOPUIICKMMU TojoMuTaMu. Bo3pact maccuBa
Konnep 1000—950 muH jet [9] onpeneseH 1o majieo-
MarHUTHBIM XapaKTePUCTUKAM.

PannenpoTtepo3oiickuii BO3pacT AYHUTOB MacCH-
Ba MHarnu npenarioaraercsl Mo aHajJOruy ¢ JTyHUTa-
mu MaccuBa Konnep. Ilpu cocraBnenuu I'TK-1000/3
(mucr O-53 [5]) OH MPUHST HA OCHOBAaHUU T'E€OJIOTH-
YECKUX JAaHHBIX, (PUKCUPYIOIIUX B TOM YUCIE, YTO
KJIMHOIIMPOKCEHUTHI MaccuBa KoHaep mpophiBaloTcst
TeJJlaMU CYOUIEJIOYHBIX JieliKorpaHUToB ¢ Rb-Sr Bo3-
pactom 1580 mutH set. CieayeT yuuThIBaTh, UTO JaHHOE
oIpezesieHre Bo3pacTa BBI3BIBACT PSIl CYIIECTBEHHBIX
Bo3paxeHuil [19] kak B MpaBOMOYHOCTHY OTOXK/IECTBIIE-
HUS AaTUPYEMbIX POO C IrpaHUTaMU, T1e HaOIonaeTcs
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WX aKTUBHBIN KOHTAKT, TaK U B KOPPEKTHOCTU BHIOOpa
TOYEK MPU MOCTPOSHUU U30XPOHHI [8].

CylecTByeT MHEHUE U O TTIO3IHeapXeiCKOM — paH-
HEIPOTEePO30iICKOM BO3pacTe TyHUTOB MaccuBa MHar-
au [26], onpeneseHHOM MO CAEAYIOLIUMM MPU3HAKAM:
CTPYKTYPHOE INOJIOXXEHUE NJYHUTOB (OHO TMIICOMETPU-
YeCKU HUXKE BEPXHEPOTEPO30MCKIX OTIOXKEHMIA), «CO-
pBaHHBIE» TEKTOHMYECKIE KOHTAKTHI C BMEIIAIOIINMU
nopoaamu, sIBHbIE CJIebl MeTacCOMaTUYECKOU mepepa-
OOTKM ITYHUTOB, (PUKCUPYIOIICHCSI B U3MEHEHUN Ke-
JIE3UCTOCTU OJMBUHOB, pa3Has IOJISIPHOCTh JYHUTOB
B Ipefiesiax OJHOro Tejla U pa3Hasi CTeleHb UX Hamar-
HUYEHHOCTHU, COXpaHUBIIMECS OJIOKU TOKEMOPUINCKUX
(apxeicKMX) TTOpo B KOHTAKTe ¢ IyHUTAMM U Ip.

Kak BuauM, H1 olHa TOYKA 3peHUs OJHO3HAYHO HE
noaTBepxaaeTcs. Omuparbcsl Ha TaHHBIE, TTOTyYeHHBIE
no maccuBy KoHaep, MOXHO JIMIIL KOCBEHHO.

Marepuaibl 1 MeTOAbl. ABTOpaMU MCCIIEIOBAHbI 110~
ponbl TYHUTOBOTO siipa MacCuBa U €ro oOpaMJIeHUs
npu coctaBienun I'TK-1000/3 nucra O-51 (Annmah).
Hns n3ydeHus meTporpado-reoXuMMUYECKUX XapaKTe-
PUCTUK TIOPOJ 0TOOpaHO oKojio 70 mpod u 0O6pasLoBs,
IS TEOXPOHOJOTMYECKUX MCCAEAOBaHUN — YeThIpe
mpoObl BecoM 4—6 KI U3 OYHMTOBOIO siipa MacCUBa
U JBe TIpOoOBI BecoM 2—3 KI U3 MOpon oOpamMjieHUs
(puc. 1). Ilerporpado-MuHepaloruyeckoe M3ydyeHue
MOPOA TIPOBOAMJIIOCH B IIPO3PAYHO-MOJIMPOBAHHBIX
HutMdax B MpoxoasileM U OTpak€eHHOM CBeTe. XUMMU-
YECKUI COCTaB MMHEPAJIOB OMpPEnessics C MTOMOILbIO
CKaHMPYIOIIETO JIEKTPOHHOTO MUKpockorna CamScan
MX2500 (BCETEU, onepatop A. B. AHTOHOB).

AHaJlUTUYECKHE PabOThl U BbIAEICHUE IIUPKOHOB
IUIST MI30TOITHBIX MCCJICIOBAHUIT C MIPUMEHEHUEM 130~
JTUHAMUYECKOTO0 MAarHUTHOTO CeTapaTropa M TIXKeJbIX
KMIKOCTE mpousBoauinchk B LleHTpanbHOI abopa-
topuu BCET'EMN.

Bospact omnpenesnsiyicss Ha BTOpUYHO-MOHHOM Macc-
cnektpomerpe (SIMS) SHRIMP II B Lentpe u3o-
tonHbIX uccaenoBanuii (LIMM) BCEI'EU mo kmaccu-
yeckoit meroauke [32] (onepatopsl WM. I1. TlagepuH,
E. H. Jlenexuna, A. H. Jlapuonos). [TorpemrtHoCTb 13-
MEpeHMI eIMHUYHBIX aHAIM30B B IpeAenax lo, mis
pacueTHBIX KOHKOPIAHTHBIX BO3pPAacTOB M WX Iepe-
ceueHMii ¢ KoHKopaueiln — 2o. Ipaduku mocTpoeHbl
¢ mpumeHeHreM mporpammsel ISOPLOT/EX.

ITeTporpado-reoxuMuyeckass XapakTepucTUKa No-
poxn. JIyHUThI MaccuBa ClIOXeHbI o1uBUHOM (50—70%)
u ceprieHTUHOM (30—50%). PynHble MUHEpabl Mpe-
CTaBJIeHbI XpOMIITNIUHeauaAaMu (10 2%), 00pas3yonumMu
nanoMopdHbIe U CyonnrnoMopgHBIe 3epHa pa3MepoM
10 | MM B CepleHTMHU3UPOBAHHOU Macce, pexe OT-
MevaroTcsl enMHu4YHbIe (10 0,5 MM) 3epHa TIeHTIaHIU-
Ta ¥ MarHeTWUTa, B TOM YMCJIE XPOMOBOIO MarHeTHTa
(puc. 2, a, 8, 2). CeprieHTUH BBIIIOJHSET MEJTKUE MeTe-

Puc. 2. Iynursl MmaccuBa MHarim (a—e) ¥ mopoasl €ro 0o-
pamienus (0—3)

a — neHtinaHaut (Pnt) u xpomunuuenun (Crt) B nynure (Ol —
OJIUBMH, Serp — cepreHuTrH), np. MT-116; 6 — nposiBieHust
MeTacoMaTniyeckux mnpoueccoB B nyHure: ¢uioronut (Phl), nu-
oncuz (Di), anatur (Ap), 6aput (Ba), np. MT-116; 6, ¢ — ny-
Hut, np. 5013; d, e — kBapueBblii MOHLIOHUT-TTOPGUP, Tp. 5012
(Pl — nnaruokna3, Hg — poroBas oomaHka, Cc — kapOoHar,
Fsp + Qtz — nosieBouinar-KBapuUeBblii arperar); e, 3 — cue-
HUT-TTOpbuUp, mp. 6548/1. ®oTo a, 6 — B 0O6PATHO pacCesTHHBIX
anextpoHax (BSE), e—3 — B npoxozsiiiem cBeTe Mnpu rnapauiesib-
HbIX (8, 0, oC) U CKPEILEHHBIX (2, e, 3) HUKOJISIX
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BM/IHBIE TPEIIMHEI I10 OJIMBUHY, pa3BUBAETCSI 110 KpasiM
3epeH U B MEX3EPHOBBIX MMPOCTPAHCTBAX, a TAKXKE IO
TPEIIMHKAM B 3epHaX XpoMIInuHeanaoB. CTpyKTypa
MOPOJbl MAaHUANOMOP(GHO3EPHUCTAs, B Haubojee 13-
MEHEHHBIX MECTaX TIEPEXOAUT B TIETEbUYATYIO, TEKCTY-
pa MaccuBHas. 1151 TeOXpOHOJIOTMYECKUX HUCCIIeI0Ba-
HUIL OTOOpaHBI YeThIpe Mpoosl myHUTOoB (5013, 5014,
MT-116, 6564), npu 3ToM B mp. 6564 LUPKOHBI HE
oOHapyxXeHbl. B n3ydeHHBIX MpoOax AYHUTHI UMEIOT
CXOJIHbIE CTpOEHME U cocTaB. B mpobax, oToOpaHHbIX
B ceBepHOI yactu Maccusa (5013, 5014 u 6564), otme-
4aeTcsi pPABHOMEPHO3EPHUCTOE CTPOSHUE JYHUTOB (pa3-
MepblI 3epeH ojiuBrHA 10 0,6 cM) U cJ1a00MPOSIBIIEHHBIE
MeTacoMaTUYeCcKue M3MEHEeHUsT — HOBOOOpa3oBaHUS
KaJIbLIUTA U JMOICHUIA B MEX3EPHOBBIX IIPOCTPAHCTBAX
OJIMBMHA Y 110 TOHYAMIIIMM IPOXUIKAM, CEKYIIUM KakK
3epHa OJIMBUHOB, TaK U ceprieHTuHa (2—3%). OTobpaH-
Hasl M3 I0ro-3amagHoil yacTu MaccuBa 1ip. MT-116
OTJIMYAETCS HEPaBHOMEPHO-3€PHUCTBIM CTPOCHMUEM
noponbl (pa3Mepsl 3epeH onuBuHa 0,2—2 cm) u donee
MPOSIBJIECHHBIMU METaCOMAaTUYECKUMM HOBOOOpPa30Ba-
HusimMu (5%) — nosiBiieHWeM (JIOTOIMTA B aCCOLMALIN
C IVOTICUIOM, allaTUTOM U 0apuTOM; OApUT OTMEUEH
B BUJIC MEJTbUAlIIIMX BKIIOYCHUI B allaTUTE U TUOIICUJIC
(puc. 2, 6). Bo Bcex yeThIpex Mmpobax OJMBUH MMEET
Onu3KMe 3HauYeHUs MarHesuaibHoctu (Mg#=94), uto
corjacyeTcsl ¢ JIMTepaTypHbIMU JaHHBIMM U COOTBET-
CTBYeT HeM3MeHeHHBIM myHutam (Mg# = 89-98 [11],
93-96 [26]).

W3ydeHHBIE TYHUTHI MMEIOT CXOIHbBIC CONCPKAaHMS
IETPOreHHbIX OKMCIIOB, XapaKTePU3yIOTCsI HU3KOIA 1iie-
nouHoctbio (Na,O + K,O ot 0,1 mo 0,3%) nipu mipe-
obnaganuun Kanus Hag HatpueM (K,0/Na,O ot 1,1 1o
5,2%), HU3KOI TJIMHO3EMUCTOCTbIO C COAEpKAHUEM
Si0, 36—39%. IleTpoxuMUUECKKE MapaMeTPpbl CXOTHbI
C pe3yJibTaTaMu, MOJIyYeHHBIMU paHee [16], 1 TUIMUYHBI
JUTS TUTATUHOHOCHBIX AYHUTOB IPYTHUX 30HAJIBHbIX Yilb-
TpamMahUTOBBIX KOMITJIEKCOB AyimaHCcKoro mura u [Tna-
TUHOHOCHOTO mosica Ypana (tadn. 1). Ormeuarorcsa
3HAYUTEJILHO 00Jice HU3KKUE KOHLIEHTPALIMU B IyHUTAX
13 30HAJLHBIX YJIBTPaMa(UTOBBIX KOMILJIEKCOB KPEM-
He3eMa, TJIMHO3eMa, U3BECTKOBUCTOCTH U IIEI0YEH 110
CpaBHEHMIO ¢ MaHTUIHBIMU [14, 31] 1 yIbTpaOCHOB-
HBIMU TIOpofamMu [4], 4TO MOXET CBUJIETEIbCTBOBATH
00 UCKJTIOUUTENBHO INIYOMHHOM Mpupoae o0pa3oBaHuUs
1 CTAHOBJIEHMS TaHHBIX MarMaTtuTos [16].

B m3y4yeHHBIX OTyHUTaX CyMMapHBIE COIEpKaHUS
P39 B mopome 0,13—3,3 r/t (tabn. 2, puc. 3). Pen-
KO3eMeJIbHbIE CIIEKTPhl, HOPMUPOBAHHbIE K XOHIPUTY
C1, cnabomuddepenuuponansl ((La/Yb), = 0,5-9,6),
eBpornueBast aHoManus ciabo BeipaxeHa (Eu/Eu* =
= 0,6—1,8, mrg mopoxn 1p. 6564 — 6), HaGIIOZACTCS
00eTHEHNE CPETHMMM 3JIEMEHTaMU I10 CPaBHEHUIO
C JIETKUMU U TsKedbIMU. M3 deTwIpex TpoO, OTO-
OpaHHBIX IS TEOXPOHOJOTMYECKUX MCCAEIOBaHUM,
o xapakTepy pacnpeneieHuss P39 BwimensieTcs Tip.
MT-116 ¢ Gojblieil cremneHblo AubGepeHIaALUN
REE ((La/Yb), = 9,6) 110 CpaBHEHUIO C OCTaJbHBbI-
mu nipodamu ((La/Yb), = 0,5—5,2) u 6osee BBICOKUM
cymmapHbiM copepxkanueM REE (1,8 mo cpaBHeHUIO
¢ 0,13—1,15 r/1). Habmogaemoe oboraiieHue Jerkux
P35 1o oTHOIIEHMWIO K TSKEIBIM CBSI3aHO C METaco-
MaTUYEeCKUMH TIpolieccaMi, CUJIbHEe ITPOSIBICHHBIMU
B AyHuTax np. MT-116, yTo BBIIBWJIOCH U TIpH €€ Tie-
TporpadmuyecKoM MU3y4eHUM.

Xapakrep pacrnpenenaeHust P39 Bo Bcex U3yuyeHHBIX
HEM3MEHEHHBIX ITYHUTaX BeCbMa CXOX, OTMEUYaroTCs
bosee HU3KME comepxkaHust P30, ocobeHHO cpeaHux
¥ TSDKEJIBIX, B IYHUTaX MaccuBa VMIHAriau 1o cpaBHe-
HUIO C IyHUTAMHU APYTUX KOHLEHTPUYECKU-30HATbHBIX
MAaCCHBOB.

[Moponbsl obpamieHust MO MUHEPATbLHOMY COCTaBY
BapbUPYIOT OT TPAHOCUEHUTOB 1O MOHILIOHUTOB U UMe-
OT TIPENMYIIECTBEHHO MOP(MUPOBUIHYIO CTPYKTYPY.
Haubonee pacripocTpaHeHbl CUEHUT-TIOPGUPHI, B TOM
Yyucjie KBaplieBble, pOrOBOOOMaHKOBbIE, aBTUTOBBIE
1 OMOTUTOBBIC, MOHIIOAUOPUT- M MOHIIOHUT-TIOP(DU-
pol (Tadu. 1 u 2). Bo3pact nopoa odpamiyieHUsT omnpe-
JIeJIeH MO LIMPKOHAM U3 KBaplieBOro MOHIIOAUOPUT-
nopdupa (mp. 5012) 1 KBapieBoro cUeHUT-TIopdupa
(ip. 6548/1).

Ilpoba 5012 (XxBapleBbIli MOHLIOAMOPUT-TIOPDUP)
oToOpaHa B BOCTOYHOI 4yacTU oOpamyeHUsI MaccuBa
Ha paccTosiHUM 0KoJio (0,7 KM OT KOHTaKTa C ILLIOHKM-
HuTtamu. B mmmnde ormevarorcs: runuamnoMophHo3ep-
HUCTasi, MOHIIOHUTOBAsI, TOPMOUPOBUIHAS CTPYKTypa
1 MaccuBHas TekcTtypa (puc. 2, d, e). BkparnneHHu-
K4, 3aHumMatomue 10 40—50% oObema MoOponabl pas-
mepoM oT 0,5 1o 10 MM, IpeacTaBIeHbI TJIATMOKIIaA30M
(No 35—37 anpe3un) — 35, poroBoit ooMankoi — 15%.
OcHOBHasl Macca MeJIKo3epHucTas (pa3Mepbl 3epeH OT
0,02 mo 0,03 mm) — xBapi 10—15, KaaueBbIii TTOJIEBOI

Mopoaa/xongpur C1
1000 S 5013
- 5014
100
-o-MT-116
10 -+ 5012
- ——6548/1
1 _ ||||iii“ T — . ‘ ‘ ‘ . 6564
ST i
La S :ﬂ“ 'iiii‘i;v FBFERHLER | " Dy e Er T8 Yb i o
0;1 ,,”’/ 55‘_‘ l "H!!!m:i !II it FLL w"-"r ‘ m:l]]mm 1
ol : IRhh: TR UL
2
0,01 7z

Puc. 3. Pacnpenenenue P3D B nopogax maccuBa Muarm

1 — nynuTtsl, ipoosl 5013, 5014, MT-116, 6564; 2 — cueHUTBHI U1 MOHIIOHUTHI oOpamMieHust, mpoobl 5012, 6548/1. 3HaueHus

REE HopmupoBansl Kk xoHnputy C1 [30]
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mmat 30, miarnokia3 15—20%. AKleccopHble MUHE-
paJibl: anaturt, cheH; pyaHble — MarHeTuT (okosio 1%)
C TOHKMMMU PEIKUMU BKIIOUEHUSIMU rematuTta. Hamo-
JKEHHbIE TIPOLIECCHI MTPOSIBJIEHBI €J1a00, [0 pOrOBOIi 00-
MaHKe pa3BUBAIOTCS XJIOPUT U 3TUJAOT, PUCYTCTBYET
KapOOHaT.

IIpoba 6548/1 (xBapleBbIli CUEHUT-IIOP(UP) OTO-
OpaHa B ceBep-CeBEPO-BOCTOYHOI YacT oOpamIIeHUSI
MaccuBa Ha TPEXKUJIOMETPOBOM YAAJIEHUM OT KOHTaK-
Ta CUCHUT-IIOP(MUPOB C IMMOHKUHUTAMHU (pUC. 2, Jic, 3).
CrpykTypa nopbupoBUIHAS, TEKCTypa MaccuBHas. [1o-
poIa COCTOMT U3 BKparuieHHUKOB (40%) 1 OCHOBHO
Macchl (60%). ITonoBrHA BKpaIUIeHHUKOB — KPYITHbIE
(> 1 cm) kpucramisl marnokiaza (Ne 25—27, onu-
ToKJia3), pexe KajaueBblil mojeBoii 1mmat. OcTajlbHble
BKpAIUICHHUKHN — KPUCTAJUIBI pa3MepOM OKOJIO 1 MM —
TIPEICTaBIEHBI TJIAaTMOKIIA30M, PeXe KaJIMeBBIM T10JIe-
BBIM IIIITATOM M Oypoil poroBoii ooMaHKoi (5—6%).
Porosasi oOmMaHka BO BKpaIlJIEHHMKAaxX OMalUTU3UPO-
BaHa IO KpasiM W 0oJjiee YeM HaroJIOBUHY 3aMellleHa
MEJIKO3epHUCTBIMM arperatraMu OMOTHTa, KapOoHara,
MarHeTuTa, CUHe-3eJIeHOU 1 3eJIeHO poroBoii oOMaH-
Koi1. JIoBOJIbHO pelKo BO BKpAaIUIEHHUKAX OTMEYaeTCsI
nuoricua. OcHoBHast Macca (60% Topoabl) COCTOUT U3
MMKPOJICHCT KaJIMEBOIO ITOJIEBOTO IIIIIaTa B KBapILIEBOM
arperate. Pasmep 3epeH okojio 0,01 MM, cTpyKTypa
runuaromopdHo3epHucTas. B mopome oTmeuarTcs
nponuantusanus (10—15%), Bo BKpaIlJIeHHUMKAX I10-
SIBJISIIOTCSI CUHSISI U CUHEe-3eJieHasi poroBasi oOMaHKa,
OMOTHUT, MaTHETUT U KapOOHAT, a B OCHOBHOI Macce
SIUIOT W XJIOPUT, OepesuTtusanus (4—6%) BeIpaxeHa
B pa3BUTHUU [0 OCHOBHOI Macce kBapua (2—3%), a o
BKpaIrIeHHMKaM cepuliuTa U KapboHaTa.

ITo COBOKYIMHOCTM METPOJOTUYECKMX IapaMeTpOB
CHEHUTHI 1 MOHILIOHUTHI 00paMJICHUS UMEIOT OJTM3KUIA
COCTaB — 3TO JIEMKOKpaTOBasl, BBICOKOTJIMHO3EMUCTas
ropo/a, IpUHaIIekalias K CpeIHUM TUTyTOHUYECKIM
TopoJiaM TOIOTPSIIa YMEPEHHOIIETOYHbBIX KaJINeBO-
HatpueBoro (mp. 5012) u kanueBoro (1p. 6548/1) Tunos
IIeJT0OYHOCTU. Penko3eMeabHbIe CIIEKTPHl M3YICHHBIX
nopoja odbpamiieHus (Tabj. 2, puc. 3), HOPMUPOBAHHbIE
K xoHApuTy Cl, XapakTepu3yloTcs MOBBIIIEHHBIM CO-
JIepXKaHWeM JIETKHX 3JIEMEHTOB IO OTHOIIEHUIO K TS-
xenbiM ((La/Yb)n = 7,5—16,2) u oTCyTCTBHEM €BpO-
nueBoii aHomanuu (Eu/Eu* = 0,9—1,2).

Jannsie U-Pb SHRIMP I1 natupoBaHusi IMPKOHOB.
OcobeHHOCT MOPGOJOTMU U BHYTPEHHETO CTPOEHUS
LIMPKOHOB C OTMEUYEHHBIMU yJaCTKaMU HaTUPOBAHUS
MpUBeIEHbI Ha puc. 4, a, 6, MopdooruuecKasi U reoxu-
MMYECcKasl XapaKTepUCTUKA LIMPKOHOB U MOJTYYEHHbBIN
Bo3pacT — B Tabj. 3, pesynbrathl U-Pb matupoBanus
U XapakTep pacripejieJieHUus] TOpUs, ypaHa, BETUUUHbBI
U/Th — Ha puc. 4, 6—3 u B Tao1. 3.

Jlynumot. J11151 onipeiesieHus1 BO3pacTa IyHUTOB U3Y-
YeHbI [IUPKOHBI 13 1pob 5013, 5014, MT-116 (puc. 4;
Taba. 3, 4).

IIpoba 5013. 1ns Bcex TUPKOHOB U3 AYHUTOB 3TOM
MpoOBI OJIy4eH KOHKOPAAHTHBIN Bo3pacT (1o 11 Tou-
kam) 134 + 2 maH neT. OgHako psan GakTopoB yKa3bl-
BaeT Ha TO, YTO M3YUYECHHBIC IIMPKOHBI HE CUHTCHETUY -
HBbI KPUCTAJIJTN3AIMY TTIOPOJIbI: OTHOCUTEJILHO BHICOKIE
KoHIIeHTpauu ypaHna (175—675 r/t), nuskue Th/U
otHoweHus (0,04—0,36), TOHKass pUTMUYHASI MATMATH -
YyecKasi 30HaAJIbHOCTh, O0MIME IUPKOHOB B Mopoje (13
MpoOBI BeCOM 6 KT BbIAeeHo 0ojiee 80 3epeH LIMPKO-
HOB). Bce 9T0 He xapakTepHO Uit IUPKOHOB U3 YJIBTPa-
MabUTOBBIX MOPoA. B HEKOTOPBIX KpUCTALIaX pa3fiv-
YaloTCsl HEBCKPBIThIE PEUKTHI SIIEPHBIX YacTeil, TaKUM

00pa3oM JaTUpOBaJIUCh HOBOOOpa3oBaHHbIE 000JIOUKHU
IIUPKOHOB, HapacTalolIe Ha PeTUKTOBbIE sapa. Jis
M3yYEHHBIX IUPKOHOB XapaKTepHbl MHOTOYMCIEHHbIE
(mongHbIe BKITIOYEHUS.

Ilpoba 5014. qngd UUMPKOHOB MOJIyYE€H IIUPOKUN
criekTp Bo3pacToB oT 2068 £ 14 no 162 £ 2 muH JeT,
KOTOPBI MOApa3IensieTcs Ha YeThIpe BO3pPaCTHBIC
rpynimbl (Tadiu. 3).

[TepBas rpymna HMPKOHOB ¢ KOHKOPAAHTHBIM BO3-
pactom 2068 *+ 14 mun jnet (touku 1.1, 2.1 u 6.1) —
3epHa C HapylIEHHOW MarMaTu4ecKoil 30HaTbHOCTbIO.
Habnionaercs HapacTaHMe HOBOOOPA30BaHHBIX LIUP-
KOHOB MIMOMOP(HOTO 00JMKa Ha SIepHbIC YacTH
(1.1 u 2.1), uHorma cornpoBoxaawlleecs ¢GaOuI-
HBIMU BKJIIOUEHUSIMU, KOTOpPbIE B BUAE MeEJbYaMIIUX
MY3BIPHKOB TPACCHUPYIOT SIICPHYIO YacTh 3epHa (3ep-
HO ¢ uaMepeHueM 1.1). B umpkoHax ¢ usmMepeHUusiMu
1.1 m 6.1 HaGMOmAIOTCST HEBCKPBITHIC pacIljlaBJIcCHHBIC
BKJITOUeHUs. 11T IMPKOHOB 3TOM T'PYMITBI XapaKTep-
HBI OoJiee HU3KHE 10 CPAaBHEHUIO C OCTaJIbHBIMU
rpynnamu cogepxanuss U 164—349, Th 71-101 r/T
u Th/U 0,28—-0,55.

Hns BTOpOW W TpeTbeil rpymni LUUPKOHOB C BO3-
pactamu 1417 + 12 (touku wusmepeHuit 3.1 u 5.1)
u 520 £ 4 muH neT (1Mo omHOM Touke 4.1) xapakrep-
HBI 3¢pHA, HACHIIIEHHbIE (IIOVTHBIMU BKITIOUEHUSIMU,
TpacCHUpYIOIIMe 30Hbl POCTa HOBOOOPA30BaHHBIX LIUP-
KOHOB U TPEIIMHKU B 3¢pHaX. ECTh BEpOSITHOCTH TOTO,
YTO TIOJyYeHHbIE 3HAUeHUsT BO3PACTOB COOTBETCTBYIOT
YCPEIHEHHOMY BO3PACTy SIAEPHBIX YacTeil LIMPKOHa
1 000JI0YeK, TTO3TOMY MOJIyYeHHbIC 3HAUCHUS HE yUIU-
THIBAIOTCSI TIPU NaJIbHEHUIIIEN MHTEePIIpEeTallun.

YeTBepTas rpynmna BKJIKOYAeT OOUH LUPKOH IBYX-
(hazHOTO CTPOCHMS: SIAPO C MSTHUCTOM 30HATBHOCTHIO
1 000JI0UKY C TOHKO MarMaTuyecKoil 30HaTbHOCTbIO.
M3mepeH Bo3pacT 060j0uku — 162 = 2 MiH JieT (1o
onHoI Touke 7.1). Bo3aMoXHO, B 001acTh M3MEpEHUS
BOIIUIA SiIEpHAst 4acTh 3epHA, 32 CUET Yero BO3pacT 000-
JIOUKHU CcTasl 0ojiee TPEBHUM.

Mg uupkoHoB np. 5014 monayyeHb KOHKOPAAHT-
HbII Bo3pacT 2068 (1Mo TpeM TOoYKaM) U BO3pacT 060-
JIOYKM IIMpKOoHa 162 + 2 MutH JieT (ITo OIHO# TOYKe).

IIpoba MT-116. LInpKOHBI U3 TyHUTOB JAHHOM IIPO-
ObI 6oJ1ee kKpyrHbie (100—245 MKM) 1 UMEIOT OObIINI
K03 GULIMEeHT yaauHeHus (1o 5,5) Mo cpaBHEHMIO
C BBIIICONMMCAHHBIMU 3¢pHAMU. BhIIensioTcs mmupKo-
Hbl ¢ KOHKOPJAHTHBIM BO3pacTtoM 122 *+ 2 MJH JeT
(paHHUI MeJT), a TAaKXKe LIUPKOHBI, MUMEIOIIUE NIPEBHUE
anpa ¢ Bospactamu (o 2’Pb/?Pb) or 1955 + 27 mo
2624 * 37 MjH JeT 1 000JIOUKH C TEM XK€ paHHEMEJIO-
BbIM Bo3pacToM (122 + 2 miH neT). Bo Bcex paHHeMe-
JIOBBIX IIUPKOHAX M 00O0JOYKAX OTMEYAIOTCSI BHICOKHE
comep:kaHus ypaHa (1o 3708 r/T), 3epHa IMEIOT UIUO-
MOpdHBIIt 00K, TOBEPXHOCTh HEKOPPOAUPOBAHA, UTO
TOBOPHT O TOM, YTO IIMPKOHBI HE TIPETePIIeBAIN KaKIX-
JI0O0 CYIIECTBEHHBIX U3MEHEHU. B IpeBHUX siIepHBIX
YyacTsX LIMPKOHOB comepxkaHuss U Ha MOPSIIOK HIUKE
(mo 356 r/T).

ITo pesynsratam U-Pb patupoBaHuUsS MO LUPKO-
HaM M3 TpeX Mpo0 AYHUTOB MOXKHO BBIIEIUTH JBE
TPYIIIBI BO3pacToB: ApeBHUE daTupoBKu (AR,—PR))
1,9—2,6 mipn JieT u Mosionblie (Me3o3oiickue) 122 + 2
u 134 + 2 MaH Jet. JApeBHUE LMPKOHbI MpeacTaBie-
HBI 00J10MKamu 3epeH (mp. 5014) wim smepHoit 4acThio
3epeH (mp. MT-116), 4TO MOXET CBUAETEILCTBOBATD
KakK 0 3axBaTe M3yYEHHBIX 3¢peH U3 BMEILIAIOIIUX I10-
poII, TaK M O PEIMKTOBOI IPUPOIe IIMPKOHOB, 00pa3o-
BaBIIUXCS TP IJTUTEIBHOM CTAaHOBJIEHWUU TYHUTOBOTO
MaccuBa [16].
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LpKOHBI M3 IYHHUTOB ME3030MCKOro BO3pacTa
MpeCTaBIeHbl UAMOMOPMHBIMU KpUCTAUIAMU WA
oboJioukaMu, obOpacTallUUMU ApeBHUE sapa. OHu
xapakTepusytoTcss Hu3kumMu Th/U oTHoIeHUSIMH
(0,04—0,51), ToHKOI MarmMaTU4ecKoii 30HaJTbHOCTHIO,
MHOTOUYUCIEHHBIMU (DIIOUIHBIMU BKJIIOUYEHUSIMHU,
OTHOCUTEJILHO OOJIbIION KOHLIEHTpAaLMeid B IOpoie
(rip. 5013). CoBOKYNMHOCTb MOJYYEHHbBIX TAHHBIX TO-
3BOJIIET MPEAINOJ0OXUTh, YTO JaHHbIE LIMPKOHBI HE
CHMHTCHETUYHBI BMEIIAIOIIMM WX ATYHUTaM, OHU CBS-
3aHBI CO CTAHOBJIEHUEM CUEHUTOB 00paMJIEHUST MacCH -
Ba MlHarmu u ¢ mocjieayommuMu MeTacoMaTUu4eCKUMU
IIPOLIECCaMU.

M3 nmopoa o6pamiieHUst MacCUBa U3YYEHbI HUPKOHBI
mpo6 5012 u 6548/1 (puc. 4, tadn. 3, 4). LiInpKoHbI
U3 K8apuyeo2o MoHyoouopum-nopgupa (np. 5012) npen-
CTaBJIEHbl OTHOCUTENbHO KpymHbIMU (200—500 MKMm)
MPU3MAaTUYECKUMU UIUOMOPGHBIMU KpUCTalJaMu
¢ koa(pdunmenToM yaauHenus 1,8—5,0. Jlnsg Hux xa-
pakTepHa TOHKasi MarMaTuyeckasi 30HaJIbHOCTh, B He-
KOTOPBIX KpHUCTa/lIaX BCTPEUYalOTCs OKPYIJIbIE siapa
C HEOAHOPOIHOM BHYTpeHHe! cTpykTypoii. [1o pe3yiib-
tatam U-Pb natupoBaHus BbIAEISIOTCS ABE PA3HOBO3-
pacTHbIE TPYMIbl HUPKOHOB: 30HAJIbHbIE KPUCTAILIbI
LIMPKOHOB 1 000JIOUKHM, OOpacTampllue IpeBHUE sapa
LIMPKOHOB, ¢ KOHKOPAAHTHBIM Bo3pacToM (1o 14 Tou-
kam) 133 = 1 MJIH JIeT U IpeBHUE s1pa C BO3pacTaMu
(10 2”Pb/?Pb) 1888 + 31, 2149 £ 29 u 2380 £ 33 M
JieT. Mojonible IIMPKOHBI UMEIOT UAMOMOP(HBIN 00-
JINK, OTMEUAIOTCS pacrulaBieHHbIe, (hIIOUIHbIE U MU-
HepanbHble BKIoueHMsA. Comep:kaHUSI ypaHa B HUX
(129—691 1/T) Ha TMOPSIIOK BBIIIE, YeM B JAPEBHUX
simepHbIX yacTsx (18—69 r/T).

LHupKoHBI W3 Keapueeozo cueHum-noppupa
(np. 6548/1) 10O cBOMM XapaKTepPUCTUKAM OJIM3KU
K HMpKoHaM u3 np. 5012 (ta6n. 3, 4). Ilo pesyasratam
U-Pb natupoBaHUs TakXKe BBIIEISIOTCS ABE Pa3HOBO-
3pacTHbIE TPYIIIBI LIUPKOHOB: 30HAJIIbHBIE KPUCTAJIITBI
1 000JI0YKM, oOpacTalolliie APeBHUE sipa [IUPKOHOB,
C KOHKOPIAHTHBIM Bo3pacToM (8 Touek) 130 £ 1 MiaH
JIET U IpeBHUE SIIpa, NMeIolre pa3dpoc BO3pacToB (110
07Pb/2%Pb) 1773 £ 51 (7.1) u KOHKOPAAHTHbBIE BO3pac-
ol 1924 1 1920 (8.1 u 10.1) 2566 + 48 man net (1.1).

Me3so3zoiickue 3HaueHus Bozpacta (130 = 1
u 133 £ 1 MAH JeT) Ol CUEHUTOB U MOHIIOHUTOB
oOpamyieHUsI MaccuBa MHaram coOTBETCTBYIOT Bpe-
MEHM KpucTauusauuu mnopoa. OcoObeHHOCTh 3TUX
LIMPKOHOB — cpaBHUTeNbHO HU3KUe Th/U oTHOLIEHUS
(0,04—0,15), yTo OOBIYHO XapaKTEPHO TSI [IUPKOHOB
u3 Metamopduueckux nopon. Lupkonst ¢ AR,—PR,
BO3pacTaMy COOTBETCTBYIOT 3aXBaUCHHBIM IIMPKOHAM
13 BMEIIAIOUINX TOPOI.

MuHepajbHbie BKJIIOYEHHS] B IUPKOHAX. YCTaHOBJIE-
HO, YTO M€3030MCKI1e LIUPKOHBI, BbIAEICHHBIC U3 CHe-
HUTOB M MOHIIOHMUTOB OOpaMJIeHMsI MaccuBa (IPOObI
5012, 6548/1), comepxar xapaKTepHbIe AJis 3TUX IOPO/I
MMHepaJIbHbIC BKIIOUEHHUS — araTuT, cpeH, pexxe opTo-
KJ1a3, aJbOuUT. B sinepHbIX 4acTsIX LIUPKOHOB U3 CUEHU-
TOB TIPUCYTCTBYIOT BKJIIOUEHUST KBapiia, Tiaruoksiasa,
opTokJjasa, arnatuta. CocTtaB MMHEpaJbHBIX BKIIIOYE-
HUI HTMPKOHOB M€3030MCKOI0 BO3pacTa IIOATBEPKIAET
WX CUHTEHETUYHYIO Mpupoy. JIpeBHue siapa IMPKOHOB

Puc. 4. Katonomomunecuentnsie (KJI) n300paxeHusi IMPKOHOB
U AMATPAMMBbI ¢ KOHKOPJMeEHi 17151 IMPKOHOB U3 IYHUTOB MacCHBA
WNuarm (a, 6, ¢, 0, €) © CHEHUT- ¥ MOHIOHUT-NOP(UPOB €ro
oopamiaenus (0, xc, 3). Pa3mepsl 3JUIMIICOB OMIMOOK B MHTEP-
Basie 26 (6—3)

(c Bo3pacToM 1,8—2,6 MJpa JieT) 3aXBaueHbl U3 BMe-
MIAIOIIUX METaMOP(MUIECKUX TTOPOI.

JI1s1 LIMPKOHOB, BBIAEJIEHHBIX M3 OTYHUTOB (IPOOLI
5013, 5014, MT-116), Habaogaercst ciaenylolas Kap-
ThHA. 1151 Me3030MCKMX LIMPKOHOB U 00OJIOUEK Xa-
paKkTepeH TOT e Habop MUHEpaTbHBbIX BKIIOYECHUI,
YTO W JJISI MOJIOIBIX IIMPKOHOB M3 CUEHUTOB — C(eH,
araTuT, pexe aabouT, opTokias (puc. 5). B 1Byx 3epHax
OTMEUEHbI BKIIIOUEHMS KBaplia, B TOM YMCJIe CpacTaHue
KBapia co cpeHOM M IUIarMoKiIa3oM. B oriamuue ot
CHUEHUTOB, B HUX IO KpasiM 3epeH PeaKO OTMedaeTcst
XJIOpUT. JIpeBHUE IMPKOHBI U siipa LIMPKOHOB U3 TyHU -
TOB, K COXaJICHUIO, He 00TaThl MUHEPaJTbHBIMHU BKIIIO-
yeHusaMu. Jluib B ogHoM 3epHe (mp. 5014, an. 1.1,
KOHKOpAaHTHBIN Bo3pacT 2068 *+ 14 MyH jieT) oOHa-
pYXeHO BKJIIOueHMe KBapua. OfHAKO PSJOM C HUM
nMeeTcsl TpelrHa — (GopMUpPOBaHUE KBaplla MOTJIO
MPOUCXOIUTh U 3a cyeT npuBHoca SiO, u3 dbaouno-
HACBIIIIEHHOTO pacTBOpa.

B paHHemeNoBbIX IMPKOHAX U3 JYHUTOB MacCUBa
WMHariu comepXuTCsl COBEPIIECHHO HE TUIMYHBIA IS
yIBTpamMad®uToOB HAOOP MUHEPATBHBIX BKIIOUECHU, YTO
elle pa3 J0Ka3bIBaeT HECUHTECHETUIHYIO TIPUPOIY 3TUX
LIMPKOHOB U MOATBEPXKIaeT MPEANOJ0XKEHUE O CBI3U
ux 0o0pa3oBaHUsI C MpoleccaMu Me3030MCKOM TeKTO-
HO-MarMaTuyeckoil akTUBU3AlMU AJITAHCKOTO IIUTA.
[TpoucxoxneHue ApeBHUX LHUPKOHOB U sIep LUPKO-
HOB 13 IyHUTOB (¢ Bo3pacTamu 1955 + 27, 2068 =+ 14
u 2624 + 37 MIIH JIeT) OcTaeTcsl Mo BOITPOCOM.

O6cyxnenne pe3yiasTaToB. KoHKOpZaHTHBIE BO3-
pacThl KBapIleBBIX CUEHUT-TMOpdUpa U MOHIIOINO-
put-nopdupa oopamneHust maccuBa Muarnm 130 = 1
u 133 = 1 MuH JeT.

ITpu U-Pb pmatupoBaHuU UMPKOHOB W3 OYHU-
TOB IOJYYEHbl IPEeBHUE TOKEMOPHUICKKME BO3pacThl
(2624 £ 37, 2068 = 14 u 1955 £ 27 MiH JeT) 1o 00-
JIOMKaM 3epeH U SIJIEPHBIM YacTsIM IIMPKOHOB U MOJIO-
Ible Me3o3oiickue 3HadeHus (134 = 2 u 122 £ 2 MaH
JIET) 1o MAUOMOP(MHBIM KpHCTaJIaM M 000J0YKaM,
oOpacrallM ApeBHUE siapa LUMpKOHOB. ITo meTpo-
TEOXMMHUYECKHUM TapaMeTpaM BCe TPU H3YyYEHHbBIE
MpoObl TYHUTOB MMEIOT OJM3KUI COCTaB, THUITMYHBIN
JUTSL YHUTOB KOHIIEHTPUYECKH-30HATbHBIX MAaCCUBOB.
Hexoropoe otinmuune nyHuToB U3 np. MT-116 ot 11po6
5013 n 5014 cBg3bIBaeTCsI C MPOCTPAHCTBEHHON O~
30CThIO TOUKM oTGOpa mp. MT-116 Kk MeTacoMaTuye-
CKHUM XPOMIMOIICUAOBBIM TEJIaM.

WnTepniperanus nonydeHHbIX JaHHBIX U-Pb natn-
pOBaHUS IMPKOHOB M3 IYHUTOB HeOMHO3HaUHa. [1pen-
CTaBJISIET UHTEPEC CpaBHEHUE TTOJIyYEHHBIX PE3Y/I5TaTOB
C JAHHBIMU JPYTUX UCCIEN0BATENEN, MPEANPUHIBLINX
nonbiTKy U-Pb natuposanus yasrpamaduToB 1Mo uup-
KOHaM JIpYTUX KOHLIEHTPUUYECKU-30HAbHBIX MACCUBOB.
B vactHoctu, B pesynsrare U-Pb SHRIMP II natn-
pOBaHUs 1O LIMPKOHAM U OajenentaM maccuBa KoH-
Jiep MoJlydyeHbl Kak nokeMmopuiickue (1,9—2,5 u 1 mapn
JIET), TaK ¥ Me3030iickue (125—176 MJIH JIeT) BO3pacThl
[17, 22]. Ins ©UMPKOHOB U3 TyHUTOB 30HAJIbHBIX MacC-
CHUBOB ypajio-aJIICKUHCKOTO THUIIa TaKXe XapaKTepPHBI
IIBa MHTEepBaJa BO3PAacCTOB — JPEBHUE, COCTABUBIIMNE,
MO JaHHBIM Pa3HbIX aBTOPOB, 1,5—2,8 MJipA JeT, U 60-
Jiee MoJiofible, OrpaHUYMBaKoNIMecss UHTepBajiom 370—
585 mmH qet [10, 17, 25, 29]. OTHOCHUTENBHO HanboIee
cxonHoro ¢ Muarnu maccuBa Konpep uccienoBatenu
[17, 22] npuxoAsT K BHIBOAY O JJUTEIbHON 3BOJIOLIMU
nyHuToB. Haubomnee apeBHUE JaTUPOBKU LIMPKOHOB
WHTEPIPETUPOBAHBI KaK PEJIMKTOBBIC, OTBEYAIOIINE
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Tabauya 4

Pesyabrarel U-Pb natupoBanusi iMPKOHOB AYHUTOB MaccuBa MHANIM, CHEHMTOB U MOHIIOHMTOB O0paMJIeHHUs
(anamutuxku U. I1. IMagepun, E. H. Jlenexuna, A. H. JlaproHoB)

g Zﬂﬁpgl/)BSU 2°7Pl§}2)°°Pb *,

§ © =) BO3pacT BO3pacT § r? %;J +

O I O = R e e e S = = I B I )

IIpoba 5013, dynum

1.1 0 403 | 15 10,04 7,39 | 136 |25 — — | — 10,0481 | 5,6 |0,1416| 5,9 | 0,02136 | 1,9 | 0,318
2.1 0 237 | 44 | 0,19 | 4,34 | 136 | 2,9 | — — | —10,0472 | 7 |0,139| 7,3 ]0,02135| 2,1 | 0,292
3.1 0 217 | 55 0,26 | 3,78 | 129 | 2,8 | — — | — 10,0486 | 7 |0,1356| 7,3 | 0,02026 | 2,2 | 0,302
4.1 0 421 90 10,22 | 7,54 | 133 |23 | — — | — | 0,0468 0,1345] 5,3 | 0,02086 | 1,7 | 0,327
S0 2,18 198 | 30 | 0,16 | 3,6 | 132 |3,5]| — — | =1 0,05 22 | 0,142 | 23 |0,02073 | 2,7 | 0,117
6.1 | 0,63 |675| 93 | 0,14 | 12,5| 137 | 2,1 | — — | — 10,0475 | 7,4 | 0,14 | 7,5 | 0,0214 | 1,6 | 0,207
7.1 0 355 100 | 0,29 | 6,4 | 134 | 2,8 | — — | — 10,0506 | 5,4 |0,1465| 5,8 | 0,02099 | 2,1 | 0,368
8.1 0 5231 91 0,18 | 9.4 | 134 | 22| — — | — 10,0488 | 4,4 | 0,141 | 4,7 | 0,02094 | 1,6 | 0,346
9.1 0 396 | 96 | 0,25 7,09 | 133 |24 | — — | — 10,0492 | 5,1 [0,1411| 5,4 | 0,02082 | 1,8 | 0,335
10.1| 0 519 | 181 [ 0,36 | 9,37 | 134 |2,5| — — | — | 0,048 | 4,2 |0,1393| 4,6 | 0,02103 | 1,9 | 0,415
1.1 0 175 22 | 0,13 | 3,15 | 133 |3,2| — — | —10,0525| 7,510,151 | 7,8 | 0,0209 | 2,4 | 0,312

Ilpoba 5014, dynum

1.1 0 349 | 101 | 0,3 | 113 | 2061 | 17 | 2057 | 13 | O | 0,127 [0,74| 6,595 | 1,2 | 0,3766 |0,96| 0,79
2.1 10,09 | 164 | 88 | 0,55| 54 | 2086 | 20 | 2071 |20 | —1]0,1281 | 1,1 | 6,75 | 1,6 | 0,3821 | 1,1 | 0,711
3.1 0 871 | 788 | 0,93 | 185 | 1422 | 12 | 1427 | 14 | 0 | 0,0901 [ 0,72| 3,065 | 1,2 | 0,2468 | 0,91 | 0,784
4.1 0 [2064| 384 | 0,19 | 149 | 520 [4,3| 514 | 20 | -1 0,0576 | 0,9 |0,6669| 1,2 | 0,084 |0,86| 0,689
5.1 10,02 [1616]2481 | 1,59 | 341 | 1415 | 11 | 1407 | 11 | =1 0,0892 | 0,58 | 3,016 | 1 0,2454 10,86 | 0,827
6.1 | 0,15 260 | 71 | 0,28 85 |2075| 18 {2072 | 17| O | 0,1281 |0,95]| 6,709 | 1,4 | 0,3798 1 |0,731
7.1 0 484 | 239 | 0,51 | 10,6 | 162 | 2,1 | 220 | 81 | 36 | 0,0505 | 3,5 | 0,177 | 3,7 | 0,0254 | 1,3 | 0,349

Ilpoba MT-116, oynum

1.1 0,38 [ 791 | 167 | 0,22 | 12,5| 117 | 1,6 | — — | — 10,0494 | 5,1 |0,1252] 5,2 | 0,01838 | 1,4 | 0,26
4.2 | 0,25 [2073| 548 | 0,27 | 33,6 | 120 | 1,5| — — | — 10,0487 | 2,8 |0,1265| 3,1 | 0,01883 | 1,3 | 0,415
2.1 |024 |1264| 138 | 0,11 | 20,6 | 121 | 1,5] — — | — 10,0482 | 2,7 |0,1259| 3 |0,018% | 1,3 | 0,431
5.2 10,17 {3708 | 798 | 0,22 | 61,2 | 123 | 1,5| — — | — 10,0479 | 1,9 |0,1266| 2,2 | 0,01919 | 1,2 | 0,55
3.2 0 |1245| 303 [ 0,25 20,5 | 123 | 1,6 | — — | — 0,048 | 1,7 |0,1272] 2,2 | 0,0192 | 1,3 | 0,59
62| 194|102 | 34 |0,34| 1,72 | 123 | 2,6 | — — | — | 0,041 | 26 | 0,11 | 26 |0,01924 | 2,2 | 0,084
31 10,44 | 849 | 117 | 0,14 | 14,4 | 126 | 1,7 | — — | — 10,0467 | 6,4 |0,1266| 6,6 | 0,01968 | 1,4 | 0,209
6.1 | 0,25 [1871| 185 | 0,1 | 32,1 | 127 | 1,7 | — — | — | 0,048 | 3,4 |0,1317| 3,7 | 0,01992 | 1,4 | 0,371
7.2 1 0,8 [2589| 505 | 0,2 | 49,3 | 140 | 1,8 | — — | — 10,0474 | 5,9 |0,1435| 6 |0,02197 | 1,3 | 0,22
7.1 10,22 | 123 | 98 | 0,83 36,9 | 1932 | 24 | 1965 | 24 | 2 | 0,1206 | 1,4 | 5,81 2 | 0,3494 | 1,5 | 0,73
411034 | 95 20 |1 0,21 | 29 | 1948 | 26 | 1991 | 32 | 2 | 0,1224 | 1,8 | 5,95 | 2,4 | 0,3528 | 1,6 | 0,652
5.1 10,06 |356| 96 | 0,28 | 142 | 2455 | 27 | 2624 | 37 | 7 | 0,1769 | 2,2 | 11,31 | 2,6 | 0,4636 | 1,3 | 0,507

Ilpoba 5012, keapuyesbviii monyoouopum-noppup

81| 1,13 1230 | 21 [0,09|4,03]| 129 24| — — | — 10,0484 | 12 | 0,135 | 12 | 0,0202 | 1,9 | 0,159
11.2] 3,06 | 185 | 23 [ 0,13 | 3,31 | 129 33| — — | —1 0,04 35 | 0,111 | 35 | 0,0202 | 2,6 | 0,073
4.1 | 0,94 | 216 9 1004|386 132 [2,7| — — | — 10,0501 | 8,7 | 0,142 | 9 | 0,0206 2 |0,227
1321 0,32 | 691 | 77 [ 0,11 | 12,3 | 132 |1,3| — — | —10,0479 | 5,5 | 0,137 | 5,6 | 0,0207 |0,97 | 0,174
162 1,53 | 215 | 26 [ 0,12 | 3,89 | 132 |2,1 | — — | — 10,0506 | 17 | 0,144 | 17 | 0,0207 | 1,6 | 0,096
1.1 0 155 9 1006|277 | 133 |2,7| — — | — 10,0494 | 56 | 0,142 | 6 | 0,0208 | 2,1 | 0,35
2.1 0 313 | 20 | 0,07 | 5,64 | 134 | 22| — — | — 10,0491 | 3,3 | 0,142 | 3,7 | 0,021 1,7 | 0,451
10.1| 0 308 | 13 [ 0,04 | 557 | 134 [ 22| — — | — | 0,048 | 3,4 0,139 | 3,8 | 0,021 1,7 | 0,442
6.1 | 0,25 |583| 74 | 0,13 | 10,6 | 134 | 2,1 | — — | — 0,049 | 3,4 0,142 | 3,8 | 0,0211 | 1,6 | 0,411
31 10,68 281 | 11 [0,04]| 512 135 25| — — | — 10,0487 | 7,9 | 0,142 | 8,2 | 0,0211 | 1,9 | 0,233
5.1 0 281 21 0,08 5,09 135 23| — — | — 10,0478 | 3,5 | 0,139 | 3,9 | 0,0211 | 1,7 | 0,437

75



OkoHnuanue maban. 4

% 206P(bl/)238U 207Pt()}2)°6Pb *,.o

§ ) E) BO3pacT BO3pacT Q" QD ;’?

s| Zle| 88, N~ 5 ol R
9.2 10,71 [ 288 | 16 | 0,06 | 5,31 | 136 |24 | — — | — 10,0482 | 7,8 | 0,142 | 7,9 | 0,0213 | 1,8 | 0,221
9.110,69 |415| 27 |0,07 | 7,71 | 137 | 22| — — | — 10,0466 | 8,6 | 0,138 | 8,7 | 0,0215 | 1,7 | 0,19
7.1 11,09 129 | 19 |[0,15 2,43 | 139 |29| — — | — | 0,051 11 | 0,153 | 12 | 0,0218 | 2,1 | 0,184
11.1| 0,47 | 29 65 | 2,27 | 8,52 | 1867 | 32 | 1808 | 67 | —3| 0,1105 | 3,7 | 5,12 | 4,2 | 0,336 | 1,9 | 0,469
16.1] 0,71 | 53 33 10,63 (159 | 1901 |20 |1920| 64 | 1 | 0,1176 | 3,6 | 5,56 | 3,8 | 0,343 | 1,2 | 0,329
14.1| 0,67 | 22 38 [ 1,79 | 7,4 | 2095 | 35 | 2086 | 66 | 0 | 0,1291 | 3,8 | 6,84 | 4,3 | 0,3841 2 | 0,462
15.1] 0,27 | 38 25 | 0,68 | 13 |2143 |23 |2148 |37 | 0 | 0,1338 | 2,1 | 7,27 | 2,5 | 0,3943 | 1,3 | 0,519
13.1] 0 18 29 1,7 |1 6,23 | 2193 | 33 | 2223 {43 | 1 |0,1397 | 2,5 | 7,81 | 3,1 | 0,4053 | 1,8 | 0,587
12.1] 0 69 42 10,63 | 26,5 2389 | 25 |2372 |23 |—-1]0,1523 | 1,4 | 9,42 | 1,8 | 0,4485 | 1,2 | 0,675

IIpoba 6548/ 1, keapuesuwiii cueHum-nopghup

1.1 | 0,03 797 | 342 | 0,44 | 310 | 2410 | 14 | 2566 | 48 | 6 | 0,1709 | 2,9 | 10,68 | 3 0,4533 10,71 | ,239
7.1 0,16 | 22 17 10,79 | 5,84 | 1727 | 25 | 1773 | 51 | 3 | 0,1084 | 2,8 | 4,59 | 3,2 | 0,3072 | 1,6 | ,506
8.1 — 12 10 [ 0,92 | 3,37 | 1886 | 42 | 1924 | 79 | 2 | 0,1178 | 4,4 | 5,52 | 5,1 | 0,3398 | 2,6 | ,503
10.1| 0,02 | 383 | 285 | 0,77 | 115 | 1925 | 11 [ 1920 | 12 | O [0,11758|0,68 | 5,641 |0,95| 0,3479 | 0,66 | ,698
1.2 1024|169 | 99 | 0,15 | 12,1 | 130 | 1,1 | — — | — 10,0473 | 4,8 | 0,133 | 4,9 | 0,02039 0,86 | ,175
2.1 10,00 | 351 | 38 |01 |6,05] 130 |1.4| — — | — 10,0517 | 3,9 |0,1452| 4 |0,02038 | 1,1 | ,263
3110331200 | 17 [0,09 | 3,47 | 129 | 1,6 | — — | — 10,0483 | 6,1 |0,1342| 6,2 | 0,02016 | 1,3 | ,206
4.1 1 0,80 | 249 2 0,01 | 448 | 133 | 1,6 | — — | — 10,0454 | 8,7 | 0,13 | 8,8 | 0,02076 | 1,2 | ,142
5.1 0,55 252 2 0,01 | 447 | 131 | 1,6 | — — | — 10,0484 | 7,2 10,1373| 7,3 | 0,02057 | 1,2 | ,167
6.1 | 0,40 | 345 | 45 | 0,13 6,08 | 131 |1,4| — — | — 10,0486 | 6,1 |0,1371| 6,2 | 0,02044 | 1,1 | ,175
9.1 | 1,43 | 117 0 0,00 | 2,07 | 129 | 22| — — | — 10,0438 | 15 | 0,122 | 16 | 0,02024 | 1,7 | ,112
11.1] 0,00 | 1384| 49 | 0,04 | 24,1 | 130 |09 | — — | —10,04931| 1,9 | 0,138 | 2 0,0203 | 0,7 | ,347

IIpumedvanne. IlorpemHOCTY efMHNYHBIX aHANMN30B (OTHOLIEHNMIT M BO3PACTOB) Ha ypoBHe lo. Pb. 1 Pb* — 0ObIKHOBEHHBINI U paAMOTeHHbII
cuter. (1) - mompaBka Ha OOBIKHOBEHHBIII CBUHeL| IIpOBefieHa 10 usMepeHHoMy 2*Pb. D - koadduiment amckoppantHocTi: 100 x [(1 -
- (Bospact *Pb/?**U)/(Bospact *’Pb/**Pb)]. K - xoadduiment koppensunn ommbok otHomenuit *’Pb/?*U - 2Pb/?*U. IIpodepk — JaHHbIE He
HPUBOJATCS B CBA3U C HUBKUM cofiepkanueM “’Pb. TlorpemHocTs Kami6poBKy OTHOCHTeNbHO crangapTa 0,37-0,64%. [l pesynbratos >1,5 MIpy

JIeT IPMHMMAIOTCA 3HAYeHNUs BO3pacToB 1o *Pb/**Pb.

MMHMMaJIbHOMY BO3pacTy MOpOMA CyOCTpaTa, Ui Kak
0JIM3KME KO BpeMEHU TeHepalliy TNIATHHOHOCHOTO Ty~
HUTA B CYOKOHTMHEHTAJILHOU MaHTUM W HajbHEMIIei
€ro 9BOJIIOIIMHU; O0Jiee MOJIOIble, Me3030ICK1e BO3pac-
Thl COOTHECEHBI ¢ 00pa30BaHUEM ANATUT-OUOTUT-Mar-
HETUTOBBIX KIIMHOIMMPOKCEHUTOB BHYTPU AYHUTOBOTO
siipa B 9MOXY TEKTOHO-MarMaTU4YeCKOW aKTHUBU3ALUU
AJITaHCKOTO IIIUTA.

AHaJOTUYHBIC CUTYaIllUM OTMEUAroTCsS U IS 30-
HaJIbHBIX MacCHUBOB ypayo-ajsickuHcKoro tumna. Ilo
pesyabrataM U-Pb matupoBaHust HIUPKOHOB U3 TyHUT-
KIMHOTIMPOKCEHUTOBHIX saep KurrmbeiMckoro (Cpen-
Huit ¥Ypan) u lanemosHaHckoro (FOxHast Kopsikust)
30HAJTbHBIX TYHUT-KIMHOMIPOKCEHUT-TAO0OPOBBIX Mac-
CHBOB M M3yYCHMS M30TOITHOTO cocTaBa Hf B mupKoHax
O. B. Knayd [10] npuxoaut K BBIBOAY O IJIUTEIbHOMI
TCOJIOTUYECKON HMCTOPUM TYHUTOBBIX SIIEp M3y4YeH-
HBIX MacCCHMBOB C MOMEHTa X 00pa30BaHUS B MaHTUM
(2,8 MJIpI J1€T) 10 MOCAEIHEro TePMaJIbHOIO 3HAYEHMST
(310 MytH J1eT) ¥ BBIIESICT TpU OOOCOOJICHHBIE TPYII-
bl BO3PAcTOB JYHUTOBBIX siiep MaccuBoB: 2600—2800,
1800—1900, 310—410 man yet. O. B. KHayd otmevaet
JIBa HE3aBMCHMBIX U Pa3HOBPEMEHHBIX Ipoliecca: oopa-
30BaHNE TYHUTOBBIX SIIEP MAaCCUBOB U TTOIBEM M BBIHOC
HX Ha JTHEBHYIO IMOBEPXHOCTb.
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ITonyuyenHnsle HaMu AR,—PR; Bo3pacTbl LIUPKOHOB
M3 OIYHUTOB MaccuBa MHAramM COOTHOCSITCSI C aHAJIo-
TUYHBIMM JIPEBHUMH BEJIWIMHAMU, MTPUBCICHHBIMU
B JIUTEpaType Ui IIMPKOHOB M3 TUIATUHOHOCHBIX Y-
HUTOB KakK IUIaT(OpPMEHHBIX, TaK U CKJIaa4aThiX 00-
JTacTei. DTH BEeTMYUHBI MOTYT UHTEPIIPETUPOBATHCS 10
aHajioruu ¢ MaccuBoM KoHzep Kak BO3pacT peIMKTO-
BbIX LIMPKOHOB, OTBEYAIOIIMX MUHUMAJIbHOMY BO3pa-
cTy nopoj cyocrtpara [17, 22], unu Kak 3axBaueHHbIE
LIMPKOHBI M3 BMEILAIOIIMX TOPO/I.

M3ydyeHHbIE LMPKOHBI ME30301CKOr0 BO3pacTa I10
HuskuM Th/U otHomenusm (0,04—0,36), TOHKOI
MarMaTMYecKoil 30HaJIbHOCTU, BKJIIOUEHUSIM cdeHa,
araruTa, aJb0uTa, OPTOKJIA3a U KBapla, OTHOCUTE/Ib-
HO OOJIBIIION KOHIIEHTpAIMM IUPKOHOB B ITOPOIC HE
MOTYT OTpaXaTh BpeMeHU (OPMUPOBAHUSI AYHHUTOB.
IMonyuennsie natupoBku (134 £ 2 m 122 & 2 MuIH J1eT)
COOTBETCTBYIOT BO3pacTy CTaHOBJICHUS TOpod obpaM-
JIEHWSI MAacCHUBa M MOCJEAYIOIIMM METaCOMaTUIECKUM
MpoLEeccaM MOXU TEKTOHO-MarMaTu4eCcKoM aKTUBU3a -
nuu AngaHcKoro muTa. [IpenmomaraeTcs, 4To JaHHEBIC
MPOLIECCHI MOBJIUSUIM HE TOJBKO Ha METPOJOTUYSCKHE
XapaKTePUCTUKU IYHUTOB, HO U IIPUBEIM K 00pa3o-
BaHMIO HOBBIX LIMPKOHOB M OTOPOYEK Ha yXXe CYIIe-
CTBYIOLIMX 3€pHaXx.
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Puc. 5. Bkmouenus anatura (Ap), oprokiasa (Ort) m TaTanuTa
(Ti) B uupkone (Zr) u3 aynura, np. MT-116

PesynpraTel gaTupoBaHUS LMPKOHOB MacCHBa
HMHarmm He TT03BOJISIIOT OMHO3HAYHO OIPEACINTh BO3-
pacT ero nyHuToBOroO sigpa. Bo3pact MaccuBa yctaHaB-
JINBAETCSI, MCXOsI U3 TeOJIOTUUECKUX HAHHBIX U U30-
TOITHBIX JTaTUPOBOK ITOPOI OO0paMIICHUS:

— 10 T€0JIOTUYECKUM HaOII0AeHUSIM JYHUTDI SIBJISI-
I0TCST HanboJiee paHHUMU MOPOJaMU MacCuBa;

— IYHUTHI HE 3aTPOHYTHI TIpolleccaMi PETHOHATb-
HOro MetTaMop(dur3Ma, 3aBepIUUBILETrocs Ha AlJaHCKOM
IIATEe B paHHEM IpoTepo3oe Ha pyodeke 2000—1950 mmH
JIET;

— TOPU3OHTAJILHO 3ajieralline TeppUreHHo-Kap-
OOHATHBIE OTJIOXEHMsI BeHAa—HUXHETro KeMOpHUs «3a-
IpaHbl» Ha KOHTAKTE C MaCCHUBOM;

— U-Pb patupoBaHue CUEHUTOB M MOHLIOHUTOB
oOpaMJIeHUsI MacCHUBa YTOUHSET BEPXHIO TI'paHUILY
BpPEMEHHU CTAHOBJICHUS AYHUTOB — PaHHUUA MEJI.

BreiBoapl. OOpa3zoBaHue KyMOJIOBUIHONM CTPYKTYPBI
1 BHEApPEHUE IO MIYOMHHBIM pa3jioMaM JAYHUTOBOTO
IITOKA ITPOU3OILLIO HE paHee MO3IHEeKapeJIbCKOro Bpe-
MEHMU.

OkoHuaTtesibHas KOHcoauaalus MaccuBa MHarau
U 3aBeplleHre GUZMKO-XUMUYECKUX MTPOLIECCOB MOTJIU
MIPOUCXOIUTH OT TTO3MHETO Kapelusl 10 paHHEro MeJa.

B nocnepanHekeMOpuiickoe BpeMsi AYHUTOBOE TeJIO
MPOABUTAJIOCh BBEPX MO pa3joMaM Ha JHEBHYIO I1O-
BEPXHOCTH (B BUIIE pacIuiaBa WM KOHCOJIMIUPOBAHHO-
ro Tena). BeposiTHO, 3TO COOBITHE OBUIO MPUYPOUEHO
K OJHOM M3 310X TeKTOHO-MarMaTU4eCcKoi aKTUBMU3a-
LIMU AJIIAHCKOTO 1IUTa — CPEeIHENaJe030MCKON uin
ME3030MCKOM.

Bo BpeMs Me30301iCKOIi TEKTOHO-MarMaTU4ecKoi
AKTUBU3AIIMK TIO KOJBILIEBBIM pa3jioMaM ITPOU3O0IIIO
BHEJIpEHNE CUEHUTOB OOpaMJIeHUsI MacCHBa.

IlepBrUYHbBIE IYHUTHI MacCHBa TEHETUUYECKHU HE CBSI-
3aHBI C 00PAMIISTIOIIIMMU MX ME3030MCKIMU IIETIOYHBI-
MU Y LIEJOYHO3EeMETbHBIMUA MOPOJAMU U COMPSIKEHbI
C HMMH TOJIbKO MPOCTpaHCTBeHHO. Bo3pact myHuro-
BOTO siipa TpeOyeT maJbHEHIIero n3y4yeHusl.

Astopsl 0naromapat C. B. Kammuna, H. T. bepex-
Hyto, A. H. JlaproHoBa 3a 1oJie3Hble KOHCY/JIbTalluu
u M. H. Tono6ypauny, K. A. Kykymikuna, 1. A. Ily-
poBa 3a MOMOIIb IpU cOOpe KaMEHHOTo MaTepuara.

1. bemxep O.B. Ilerponorust ynsrpamadutoB MHaramH-
cKoro MaccuBa (ANIaHCKuid WKT): ABTOped. IucC. ... KaHI.
reojl.-MuHep. Hayk. — Tomck, 1997. — 21 c.

2. bospko I 10., [Ipoxonuyx C.H. [eoxumMudecKrie TIOUCKU
matuHbl (MHTPY3uB UHarmm, Annanckuii ut) // Tpukian-
Hast reoxumust. Bemm. 3: [IporHos u mouck. — M.: UMI'PD,
2002. — C. 562—569.

3. Bacunves FO.P. JlyHUTBI U OJTMBUHUTHI 30HAJTbHBIX MH-
TPY3UBHBIX KOMIUIEKCOB CTAOMITBHBIX 30H 3eMJTH (ITPOGIeMbI
nerporeHesa) // Marmatusm u MetaMopdu3M B UCTOPUU
3emmu: Tes. moxi. XI Beepoc. nmerporpad. coenr. T. 1. —
ExkatepunOypr: MHctutyT reosorun u reoxumun YpO PAH,
2010. — C. 102—-103.

4. Bunoepados A.Il. CpenHee comep:kaHUE XUMUUYECKUX
9JIEMEHTOB B TJIaBHBIX TUITaX M3BEPKEHHBIX TOPHBIX ITOPOJL
3eMHOI Kopbl // Teoxumus. 1962. Ne 7. — C. 555-571.

5. doimosuu B.A., Bacvkun A.D., Onasuxa E.C. u np. To-
cygapcTBeHHas reojiornyeckast kapra Poccuiickoit ®enepa-
muu. Macmtad 1 : 1 000 000 (Tpetbe mokoseHue). Cepust
JanpHeBocTouHas. Jlucr O-53. Henpkan. O0bsicCHUTEIbHAS
3anucka. — CI16.: Kaprorpad. padbpuka BCETEUN, 2012. —
364 c.+ 2 Bk

6. Envanos A.A., Mopaares B.M. O Bo3pacTe MacCUBOB
VJIBTPAOCHOBHBIX-ILEJIOUHbBIX TTOpoa AjigaHckoi u FOxHoBep-
XOSTHCKOM mpoBuHLMi // V3B. By30B. [eosnorus u passeska.
1973. Ne 10. — C. 15-23.

7. Envsanos A.A., Mopanes B.M. HoBble maHHBIE O BO3pacTe
YABTPAOCHOBHBIX M ILEJOYHbBIX MOPOI AJIaHCKOroO 1uTa //
JOAH CCCP. T. 141. Ne 3. 1961. — C. 687—689.

8. Kapemnukos A.C. K nipobyiemMe ompesesieHrs: Bo3pacra
maccuBa Konnep // Tuxookeanckas reojorus. 2005. T. 24.
Ne 4. — C. 76-83.

9. Kapemnukoe A.C. IlajeoMarHeTusM yJjabTpamadUTOB
maccuBa KoHnep 1 olieHka ero Bo3pacta: ABroped. IucC. ...
KaH[. reojl.-MUHEep. HayK. — Xabaposck, 2010. — 19 c.

10. Kuayg O.B. U-Pb Bo3pacT IMPKOHOB M3 TYHUT-KJIM-
HOMUPOKCEHUTOBBIX siaep KoitabiMckoro (CpeaHuii Ypan)
u laneMosHaHckoro (FOxnast Kopskust) 30HaIbHBIX MacCH-
BoB ypasibckoro tuna // BectHuk CIIOIY. Cepus 7. 2009.
Boim. 4. — C. 64-71.

11. Kopuaeun A.M. VIHATTMHCKUI TUTYTOH U €TO MOJIe3HbIE
uckomnaembie. — M.: Henpa, 1996. — 156 c.

12. Kocmosnos A. 1. MonenbHbIii Re-Os Bo3pacT 1uratu-
HOBBIX MUHepasioB // [eonorust pyaHsix M-Huit. 1998. T. 40.
Ne 6. — C. 545—550.

13. Jlecnog @.I1. CterieHb YaCTUIHOTO TUTABJICHUS MaH-
TUITHOTO MPOTONUTA TTpU (OPMUPOBAHUYU AYHUTOB U3 MHa-
rHCcKoro 1 KoHIepcKoro miaTHHOHOCHBIX 11EJI0YHO-YIIb-
TpamMadUTOBBIX MAacCUBOB (AymaHcKuil mut) // MeTamio-
TeHUs APEBHUX U COBPEeMEHHBIX oKeaHoB — 2009. Monenu
pPYA000pa30BaHUsl U OLIEHKA MECTOpPOXIeHUi: MaTtepuaibl
IlaTHaguaToli HaydyHOW MOJIOAEXHON IIKOJbl. — Muacc,
2009. — C. 151—153.

14. Jlymy b.I. XuMHnuyeckuil coctaB KOHTUHEHTAJIbHOM
KOpBI 1 BepxHeit MaHThu 3eMiu. — M.: Hayka, 1975. — 167 c.

15. Manaxos HU.A. TleTpoxumMus r1aBHBIX (POPMALIMOHHBIX
TUNOB yasrpaba3utoB. — M.: Hayka, 1983. — 223 c.

16. Maauy K H. T1naTMHOMIBI KIMHOIIMPOKCEHUT-TyH~
TOBBIX MaccuBoB BocrouHoii Cubupu (reoxumusi, MUHepa-
norust, redesuc). — CI16.: Kaprorpad. dadbpuka BCETEU,
1999. — 296 c.

17. Maauy K. H., Egpumos A.A., badarnuna U.10. O Bo3pac-
Te nyHuToB KoHnepckoro maccuBa (AjiiaHcKasi TPOBUHIIMS,
Poccust): mepeie U-Pb usoromnbie manubie / Joki. PAH.
2012. T. 446. Ne 3. — C. 308—312.

18. Hekpacoe HU.A., Jlennukoe A.M., Oxmsbpsckuii P.A.
u z1p. [leTpoyioTust U TUIATUHOHOCHOCTD KOJIBLIEBBIX IEI0Y-
HO-YJIBTPAOCHOBHBIX KOMITIeKcoB. — M.: Hayka, 1994. —
381 c.

19. Ilywkapes 10.J]., Kocmosanose A.U., Oparosa M.11., bo-
eomonoe E.C. Ocobennoctu Rb-Sr, Sm-Nd, Pb-Pb, Re-Os
n K-Ar nsoronHbix cucteM B KoHaepckoM MaccuBe: MaH-
TUIHBIN cyOCTpaT, oboTallleHHbIN TuTaTnHouaaMu // PernoH.
reosorus u Metaiorerunst. 2002. Ne 16. — C. 80—91.

77



20. Pasun JI.B. T1naTuHoBast METAIJIOHOCHOCTh MHATTMH-
CKOT'O MacCHBa YJIETPAOCHOBHBIX U IIEJIOUHBIX TIOPOJT (AJmaH-
CKMUi1 IIMT): ABTOped. AUC. ... KaH/. Te0.-MUHEp. HayK. — M.:
MTY, 1966. — 22 c.

21. Pooxcxoe HU.C., Kuuya B.U., Pasun JI.B., bopuwan-
ckas C.C. [lnatuna AngaHckoro muTa. — M.: Tocreonrexus-
nmat, 1962. — 119 c.

22. Poukun FO.JI. v np. U-Pb-gaTupoBaHue cucteMbl
«0bamenenT-1MpKOH» IIATHHOHOCHOTO MyHuTa KoHmepckoro
MaccuBa (AngaHCKUi KT): HOBbIe faHHbIe / FO.JI. PoHKUH,
A.A. Edumos, I'A. Jlenuxuna, H.B. Ponuonos, A.B. Macios
// Hoxn. PAH. 2013. T. 450. Ne 5 — C. 579-585.

23. Cumonos B.A., Ilpuxodvko B.C., Kogssun C.B. YcnoBus
opMupoBaHUS TUTATUHOHOCHBIX YIBTPAOCHOBHBIX MAaCCHBOB
toro-Boctoka Cudupckoii miaardopmel // I[lerponsorus. 2011.
T. 19. Ne 6. — C. 579—-598.

24. Vepromos A.H., Kuceaes I0.B. O Bo3pacTte yiabTpa-
OCHOBHBIX Mopoj MaccuBa MHariu (AngaHcKuid wuT) //
Teonorust u reousuka. 1969. Ne 8. — C. 19—24.

25. @epwmamep I.b. n np. N30TOMHO-TeOXMMUYECKIE
0COOEHHOCTHM M BO3PAcT IUPKOHOB M3 AYHUTOB YPaTbCKUX
MAaCCHBOB IUIATUHOHOCHOI'O TUIIA, IIETPOTEHETUUECKHE CIIE/I-
ctBus / [.b. @epmratep, A.A. Kpactob6aes, ®@. bea, I1. MoH-
tepo, B.S. JleBun, B.B. Xonomgnos // [1etponorus. 2009. T. 17.
No 5. — C. 539-558.

26. Ilnaii I.K. TeTeporeHHOCTh JAYHUTOB B YJIBTPaoC-
HOBHBIX-IIIEJIOYHBIX MaccuBax (Ha mpumepe MHaramHCKoOro

maccuBa) // U3B. AH CCCP. Cepus Teon. 1980. Ne 4. —
C. 23-35.

27. llnaii I'.K., Bpodckas P.I1. Tlpupona runep6a3suToB
B CJIOXXHBIX MaccuBax ILeHTpajabHOro TUmna // 3am. BMO.
1990. Ne 6. — C. 7—14.

28. Axybosuu O.B. Hosbiii “’Pt-*He MeTon M30TOMHOI
T€OXPOHOJIOTUY JIJIs1 TATUPOBAHUSI MMHEPAIOB TUIATUHbBI: AB-
Toped. auc. ... KaHa. reoj.-muHep. Hayk. — CI16., 2013. —
19 c.

29. Bea F. et al. Recycling of continental crust into the
mantle as revealed by Kytlym dunite zircons, Ural, Russia /
E Bea, G. Fershtater, P. Montero, M. Whitehouse, V.Ya. Levin,
J.Y. Scarrow, H. Austreim, E.V. Pushkarev // Terra Nova. 2001.
Vol. 13. — P. 407—412.

30. Boynton W.V. Cosmochemistry of the rare earth elements:
meteorite studies // Rare Earth Element Geochemistry /
P. Henderson (ed.): Developments in Geochemistry 2. —
Amsterdam: Elsevier, 1984. — P. 63—114.

31. Jagoutz E. et al. The abundance of major, minor and
trace elements in the Earth’s mantle as derived from primitive
ultramafic nodules / E. Jagoutz, H. Palme, H. Baddenhausen,
K. Blum, G. Dreibus, B. Spettel, V. Lorenz, H. Wanke // Proc.
10th Lunar Planet. Sci. Conf. 1979. — P. 2031-2050.

32. Williams 1.S. U-Th-Pb geochronology by ion micro-
probe // Rev. in Econ. Geology. 1998. N 7. — P. 1-35.

Hobpaeumosa Iaveupa Kazubaiimamosna — Hayd. cotpynHuk, BCETEN. <Elvira_Ibragimova@vsegei.ru>.

Paovkoe Anexcandp Baadumuposuu — ct. Hayd. corpynHuk, BCET'EU. <Alexander Radkov@vsegei.ru>.

Monuanoe Anamoanuii Bacuaveéuu — NOKTOpP reosi.-MuHep. Hayk, 3aB. otaenoMm, BCETEW. <Anatoly Molchanov@vsegei.ru>.
Illamosa Hadexcda Bumanvesna — Ben. umxenep, BCEI'EW. <nadezhda_shatova@vsegei.ru>.

Hlamoe Bumanuit Bumanvesuuy — KaH. Teol.-MUHEp. HayK, 3aM. TeH. aupekropa 1o Hayke, BCETEWN.

<Vitaly _Shatov@vsegei.ru>.

Jlenexuna Enena Hukonaesna — Hayd. cotpynHuk, BCET'EU. <Elena_ Lepekhina@vsegei.ru>.

Aumonoe Anmon Bradumuposuu — Hayd. cotpynHuk, BCEI'EU. <Anton_ Antonov@vsegei.ru>.

Toamauesa Enena Bacuaveéna — KaHJ. TEOJI.-MUHEp. HayK, CT. Hayd. corpyaHuk, UT' T PAH.

Conosves Onee Jleonudosuu — Ben. reonor, BCETEUN. <Oleg_Soloview@vsegei.ru>.

Tepexoe Apmem Basepvesuu — KaHJ. reojl.-MUHEp. HayK, cT. Hayd. coTpynHuk, BCEI'EW. <Artem_Terekhov@vsegei.ru>.
Xopoxopuna Enena Heanosna — Ben. numxenep, BCETEU. <Elena_Horohorina@vsegei.ru>.

78





