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NMAMATb
Akagemuk Hukonam lNMaenoBudy JlaBepoB (1930-2016 rr) -
BbIJAIOWMNCA YYEHbIA U FOCYAapCTBEHHbIN AeATeNb, OAUH U3
nupepoB oTedecTBeHHon reonorun. H.M. JlaBepoB rny6oko
NoHAN M oueHun Gonblne NepcneKkTuBbl  U3OTOMHbIX
nccnepoBaHWin ana pas3sutua Hayk o 3emne. K u3yyeHuio
YPaHOBbIX MECTOPOXAEHUI, KOTOPbIE GblfIM OCHOBHLIM 06BEKTOM
ero Hay4HblX UCCNeAoBaHWN, OH LUMPOKO MpuBReKan metoppl
M30TOMHON TFEOXMMUW W TreoxpoHomorun. B cBoen HayyHo-
opraHusauuoHHol pa6oTte B MuHreo u ocobeHHo B Poccuiickon
akagemMun Hayk B KadyecTBe Buue-npesuaeHta Hukonan
MaBnoBny akTMBHO MoAAepXuBan M30TOMHO-reonornyeckme
uccnefoBaHns U Metoauyeckoe pa3sutue nabopartopuin. OH
cbirpan Knilo4eBylo pofib B BbIAENEHWN 3HAYUTENbHbIX CPEACTB
Ha nepeocHaweHne uHcTuTyToB PAH  HOBbIMM  Macc-
cnekTpoMeTpamu, KOTopoe, K coxaneHuio, obopsanock B 2013

rogy. H.M. JlaBepoB nM4YHO MpMHMMAnN y4acTue B reOXpOHONOMMYECKUX CEeCCUsIX, KOTopble
no 1991 roga npoeognna AH CCP, n akTuBHO nopgaepxan WX BO3POXAeHWe B Buae
Aencteytowen ¢ 2000-ro roga «Poccuinckon KoHepeHLMM Mo N30TOMHON FrEOXPOHONOTUNY .

TaK 1 3a pybexom.

OokTop reosioro-MMHepanormyeckux Hayk EneHa
BnapumuposHa Bubukosa (1934-2016 rr) - uM3BECTHbINA
ucenegosatenb, OAMH M3 OCHOBaTeneW  OTeYecTBEHHOW
reoxpoHonoruun. Pabotas B8 FTEOXW PAH c 1957 roga, Enena
BnagumupoBHa opHa M3 MepBbiX Hayana cuctemMaTuyeckoe
n3yyeHne BoO3pacTa [OKEMOPUICKUX Mopopd, Ha Tepputopun
Hawen cTpaHbl. OHa 6blna nuoHepom B npumeHeHun U-Pb
LMPKOHOBOW  FEOXPOHOMETPWUN, aBTOPOM  MHOTOYUCNEHHBIX
nyénukauuin M [OKNAfAoB Ha  KPYMHEMWWwnx KoHdepeHuusX,
OfHVM U3 OpraHN3aTopoB CECCUI MO U3OTOMHOW rE0XPOHONOMUK,
nposoguBwmxca AH CCP B 70-80e rogbl, U akTUBHO
yyacTBoBana B opraHuzauum u B pabote «Poccuiickon
KOH(bepeHUMM No M3OTOMHOW reoxpoHonorum». OHa obnagana
LUIMPOKUMMW 3HAHUSIMU, YENOBEYECKUM 06asiHMeM, nonb3oBanach
aBTOPUTETOM W LLUMPOKON WU3BECTHOCTbIO Kak B Hallew cTpaHe,

YUneH-KoppecnoHaeHT PAH BukTop AHgpeeBuny
Tne6oBuukuUiA (1935-2017 rT) - U3BECTHLIN MCCreaoBaTeNb B
obnact reonorun, NeTponornm U reoxXpoHoNoruv AoKeMopus.
Mop ero pykoBoacTBOM  6binu  pa3paboTaHbl  HOBble
MeToAMYECKME MOAXOAbl K FeOXPOHOMOrMYECKUM U U30TOMHO-
reoXMMUYECKMM UCNEA0BaHUAM MOMULMKIINYECKUX KOMIMNEKCOB
paHHero nokembpus U noslyyeHbl U30TOMHbIE AaHHbIE, KOTOpble
NernM B OCHOBY HOBbIX NPEACTaBIIEHUA O TreosIorMvyecKoMm
pa3sutun Bantuiickoro n AngaHckoro wutos. B.A. me6osuukuii
BCeraa akTMBHO MOJAEepXuBan uccnedoBaHus B obnacTtu
n3otonHoun reonorun. Kak agupektop UMM PAH oH BO MHOrom
crnocobcTBOBan opraHusaummn B 3ToM VHCTUTYTE COBPEMEHHbIX
nabopaTopHblX ~ KOMMSIEKCOB,  MO3BOMSOWMUX  BbIMOMHATH
M30TOMHblIE WCCNEAoBaHUST Ha MUPBOM YpOBHE, W Bcerga
NpUHMMasn akTMBHOE YyyacTMe B OpraHusauuM u npoBefeHun

ceccuin «Poccuinckon KoHepeHLUMM No N30TOMHON FEOXPOHOMNOMUNY.
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K Bo3pacTy 30510TON MUHEpanu3aLmm B OPOreHHbIX
MectopoxaeHusax AHo-Konbimckoin nposuHummn (Re-Os, U-Th-
Pb u “°Ar/*°*Ar meToabl)

AxunuH B.B.' AnbLIJeBCKI/IVI AB. I'IonsyHeHKoa r.o.! CepreeB C.AZ
KprMCKVIVI P.WW.2 Cvm,opoa B.AZ TpOVILl,KVIVI B.A.®

"CBKHWM [BO PAH, r.Maragan,; °BCEIEM, r.C-lTetepbypr; >*000
"Masruk”, r.Maragar

AHo-KonbiMckasa 3onoTtoHocHas npoBuHums (AK3I1) Ha ceBepo-BOCTOKe
Poccun  KOHUEHTpMpyeT T[uUraHTckue Mo 3anacaM KpYMHOTOHHaXHbIe
OpPOreHHble pyAHble U POCChINHbIE MECTOPOXAeHNA 3onoTa. PopmnposaHue
Taknx TUNOB MECTOPOXAEHUN HanpsMyl CBA3bIBAOT C MarMaToreHHo-
TEKTOHNYECKOWN 3BOSIIOLMEN OPOreHOB, TaK Kak MpOABMEHNS acCounMpyloT B
NMPOCTPaAHCTBE U BPEMEHU WMEHHO C aKKPELMOHHO-KOMU3WOHHbIMU
npoueccamn npu oporeHumn [Groves et al., 1998]. Bo3pacT npoxunkoBo-
LUTOKBEPKOBOW,  30M0TO-CyNbUAHO-BKPANSIEHHON  MUHepanu3auum B
MeCTOPOXAEHUAX AKSI, JIOKanu3oBaHHbIX B AsaH-HOpsaxckom
aHTuknuHopumn (AKOA) n NHbsinu-OebuHckom cunknuHopumn (MAOC), po cmx
nop HagexHo He ycTtaHosneH. Mmetowmeca U-Pb gatmpoBkn LMpkKoHa 13
30M0TOHOCHbLIX paek WOC, kKoTopble ABMNAIOTCA OTYETNUBO LOPYLHBIMU,
yKa3blBalOT Ha  MOCTKMMMEPUAXCKMA  BO3pacT  30J10TO-KBapLEBOM
MuHepanu3aumm [AKuHuH n ap., 2009; Wnukepmax n ap., 2016]. Mpu atom
BEPXHUIA BO3pacTHOW Npeden MUHepanusauumM He Monoxe anbba, 4To
[OKa3blBaeTCs [[aTUpOBKaMU LMPKOHA W3 MOCTPYAHbIX TPaAHUTOUAHBIX
NIyToHOB M Aaek. Takum o6pa3om, BO3pacT OpyAEeHEHWUs onpenensncs B
uHtepeane ot 150 po 100 mnH. net, He TouHee. [NpAMble onpepeneHus
BO3pacTa cepuuuta n MUWKPOKIUHa u3 MeTacoMaTUYeCKm
npeobpa3oBaHHbIX BMELLAOLLMX MEPMCKMX 11 IOPCKMX OCAA0HHbIX MOPOA U
penkux xun B nposuHumu  ‘°Ar/°Ar  meTomom Takke nokasamw
OTHOCUTENBHO LUMPOKUIA BO3pacTHoOM uHTepBan ot 141 po 126 mnH net
[Hbrobeppu n gp., 2000; BopowwnH, 2005], ¢ KOTOpbIM, MO HALIUM AAHHbIM,
He CBAI3aHO HMKAKMX CYILECTBEHHbIX MarMaTu4eckux co6bITUI. Pe3ynbTaTbl

“Ar/Ar paTupoBaHus, 0AHAKO, OCHOBAHbLI HA OrPaHWYEHHOM KOMUUYECTBE
OaHHbIX, HE BCeraa npuBA3aHbl HAafleXHO B reoslorMyeckoM cMmeicrie K Au
MUHepanu3auun, nNpuBOSATCA  HEMONHO B CMbICNe  Hagnexalimx
CTaTUCTUYECKUX MapaMeTPOB, YTO He NMO3BOSIAET OLEHUTb MX BanMAHOCTb.

Mbl NpUCTYNUAM K cMCTeMaTUYECKOMY N30TOMHO-Fe0XPOHONIOrMYeCcKoMy
UccrnegoBaHUID Marmatu3ama W 30M0TO-KBapueBOW MuHepanusaummM B
Omuakckom pygHoMm y3ne AKOfA, B KOTOPOM CKOHLEHTPMPOBaHbI
KpyrnHenwmne MecTopoxXaeHus npoBuHUuKM - Hatanka, lNMaenuk, Oeraekax.

Hosble U-Pb SIMS-gaTupoBKM LMpKOHA M3 CEMU FPaHUTHbLIX MAYTOHOB U
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LUTOKOB, Ha KOTOPble MUHEpanu3auusi He HanoXxeHa, MoKa3anu TOoMbkKo
CeHOMaH-KamnaHckue gatbl 98 - 83+1 mMnH. ner), oTpaxasa MOCTPYAHYH
MarmMaTU4ecKylo aKTMBM3auuio B LeHTpanbHon 4vactu AKOA. [opyaHble
30/10TOHOCHbIE  Aarikym  namnpoupoB ©n  puonuT-nopupoB  Ha
MecTopoxaeHun Hatanka umeloT TUTOHCKM Bo3pacT (146-148+2 mnH.
neT), Takon Xe Kak paHee nony4yeHHbln Hamu ana NOC. Re-Os uzotonHoe
uccregoBaHue  apceHonvpuTa,  [MaBHOMO  Cynb(MAHOMO  MUHeparna
30M0TOHOCHbIX pyA MecTopoxaeHua [laBnuK, Mnokasano O4YeHb HUu3kue
KoHUeHTpauun Re = 2.1 - 4.7 ppb n Os = 0.07 - 0.21 ppb, npn OTHOWEHUAX
'®’Re/'"®0s ot 73 po 256+0.09-0.6% n '*’0s/'**0s ot 0.51 o 1.120.2-0.56
% (TUMC). B napareHeTuyHoMm camopogHoM 3onote Re-Os un3oTomnHble
OTHOLUEHMA OKa3anucb BbllE, YTO MNO3BOMMWIO MpeaBapuUTenbHO OLEHUTb
HaMe4yalwLlUMecs W30XPOHHbIE 3aBUCMMOCTM B 4eTbipex pakumsax
apceHonupuTta n AByx - 3onota. Ha gaHHom aTane uccnepgoBaHui, cyast no
BblcokoMy CKBO, perpeccusa Bcex LUeCTM TOYEK OTBe4vaeT apoxpoHe. [1ee
N30XPOHHbIE 3aBUCUMOCTU HaMeyalTCs, Mo TpemM TouykaM B Kaxaow,
O[HAaKO CyLLeCTBEHHas pa3Huua pacCyYUTaHHbIX MOLESbHbIX BO3PacToB He
no3BonsieT NpegMeTHO obcyxaaTb cenvac 3TU AaHHble. [JononHuTenbHble
namepeHns Re-Os M30TOMHbIX OTHOWEHUA B ABYX (pakumax nupura
nokasanu CyLeCTBEHHbIE OTNINYMSA C LAHHbIMU MO apCEHONUPUTY U 30M0TY,
YTO BMOSIHE YKNaAblBaeTcA B MpepnonaraemMyld MeTamopdoreHHy (8o
pyoHyto) npupopy nuputa. [Npu nnaHupoBaHum “ArPAr nccneposaHwit
BbISIBUNacb rnaBHas npobnemMa M30TOMHO-FE0XPOHOSOrMYECKOrO U3YyYeHUs
3TOr0  TMnNa OpOreHHbIX MecTtopoxaeHun B AKSI. XKunbHble
rmgpoTepmarsbHble MUHepanbl MNpPeACTaBfieHbl MOBCEMECTHO KBapLeEM U
kapboHaToM. CuHpyAHble pefkue MeNnkue CepuuuToBble BblAENEHNs B
KBapLEeBbIX MPOXMWIKax B cpacTaHum c cynbduoamMmum UM CamMOpOAHbIM
30M10TOM OOHapyXeHbl B €AMHUYHbIX 00pa3uax u B O4eHb Manom obbeme
(4°Ar/39Ar [aTUpOBaHNE Ha CTaaun SKCNepUMEHTanbHoW 0TpaboTKu).
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HoBblit MeTponoruyeckuii nopxon, npu “CAr/*°Ar
AaTMPOBaHWUN U KPUTEPUMN IOCTOBEPHOCTH

Anekcees [1.B.!, Ta6aTumkosa K.C.2, Hoeukosa C.A.", TpasuH A.B."?

"MIrM CO PAH, Hosocubupck; *HI'TY, Hosocubnpek; *HIY, Hosocubupck

Mpwn A Ar OaTUpPOBaHUN OJHON U3 OCHOBHbIX XapakTepucTMK obpasua
ABMAETCA ero BO3pacTHOW cnekTp. VCTUHHBbIA BO3pacTHOM CNEKTp - 3TO
naeanv3vpoBaHHbIA BO3PACTHOM CMEKTP, MOJSIyYEHHbIW MO OeCcKOHeYyHOo
60NbLIOMY KONMUYECTBY CTyneHen npu abcontoTHOM TOYHOCTU U3MEPEHUI.
MocKomnbKy KONMYecTBO CTyMneHen BbiAeneHus aproHa u3 obpasua Bcerpa
OrpaHWYeHHO, Ha NPaKTUKE MMEIOT MECTO MCKaXeHWa BO3PacTHOro CnekTpa,
OOyCnoOBfeHHbIE  YCPEAHEHMEM  M3OTOMHOIO COCTaBa aproHa npwu
namepeHnax. [laHHble WCKaXeHWs BO MHOIMMX CIlly4yasX CyLIECTBEHHbI.
lMopaBneHue ykasaHHbIX MCKaXeHWn 3a CYET yBENUYEHUs yucna CTyneHen
Jerasaumm, valle BCero 3aTpyAHMTENbHO NO psAdy TEXHUYECKUX MPUYMH.
Takxe cnegyet OTMETUTb, YTO €Cnu BO3pacTHOe nnaTo onpegensercd no
TPEM CTYMNeHAM, TO, U3-3a MPUCYTCTBUS PE3KO OTKIIOHAIOLLMXCA CTYMNeHen,
BO3MOXHa yTePS UM BO3HUKHOBEHWE JTOXHOrO BO3PacTHOro MnaTo.

PaHee O6bin npeanoxeH HOBbI METOA W3MEPEHUS BO3PACTHbIX
cnekTpoB, obecrneuynBaloWuii NoAaBIEHNE WCKaXeHu, 06YCnoBEHHbIX
ycpeaHeHueMm. [peafioXeHHbIi MeTon U3MepeHuin Mno3BonseT [obutbes
noAaBrieHns BAUSHMA PE3KO OTKIIOHSLWIUXCS CTyrNeHen Ha pesynbTaTbl
namepenun [1].

B pamkax npeactaBnieHHon paboTbl co34aH HOBbIN anroputm o6paboTku
3KCNepuMeHTalnbHbIX AaHHbIX. Ha ocHoBe gaHHOro anroputma cospaHa
nporpamma ArgonReconstructor 1.0 (puc. 1). Ha askcnepumeHTanbHbIX
npumepax NpPoAeMOHCTpUpoBaHa 3M(PEKTUBHOCTb NPEASIOXKEHHOI0 MeToaa
U3MEpEeHNd, a TakXe BbINOSIHEHA €ro [0CTaTo4HO noppobHas
3aKcnepuMeHTanbHas npoBepka. B kayecTBe npumepa Ha pucyHke 2
npeacTaBfieH BO3PacTHOM CMEKTP MyckoBuTa (o6pa3el, npenocTaBneH
BycnosbiMm M.M., uameperusa BbinonHannce B LIKIT MHoroanemMeHTHbIX u
n3oTtonHelix uccneposaHun CO PAH). HenpepbiBHON KpuBOW 0603Ha4YeH
BO3pAaCTHOW CMEeKTP, MOSMyYEHHbIN C MOMOLBIO MPEANOXEHHOro MeToaa
namepeHuin. CTyneHyatasa dyHKUMSA npeacTaBnseTr coboll Bo3pacTHOM
CrnekTp Toro xe o6pasua, MOoNy4YeHHbI KnacCUY4ecKUm MeToooM Mo
[OCTaTo4yHO OO0mblWOMY KOJIMYECTBY CTYMEHEW, NPUHATBLIA 3a 3TasnoH.
MpencTaBneHHble BO3PACTHbIE CMEKTPbI XOPOLLIO COrflacyrTCs.
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Puec. 1. Mporpamma ArgonReconstructor 1.0
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Hona erigeneHHoro FBar

Puc. 2. Bo3pacTHOI CNeKTp MycKoBuTa

Mepexod OT CTyneHYaToro BO3PACTHOrO CMEKTpa K HernpepbIBHOMY,
npuBoaMT K HeoBXoaMMOCTU MepedopMynupoBaTb MOHATWE BO3pacTHoe
nnato. Ha HenpepbiBHOM BO3PacTHOM CMeKTpe BO3PacTHOE MMaTto MOXHO
onpefenuTb Kak y4acTOK BO3pacTHOrO CreKTpa, Ha KOTOPOM 3HayeHue
BO3pacTa, B Mpuaenax MorpeLHocTy, OCTAéTCA MOCTOAHHLIM, MpPU 3TOM
JaHHbIl Yy4acTOK [IONTXEH cofepXaTb He MeHee 5 aKCrepuMeHTarbHbIX
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TOYEK, PacrnosIOXEHHbIX Ha PacCTOSAHMU HE MeHbLUEe MOrpeLHoCcTn no gone
BblAENEeHHOro >Ar.

PaccMOTpeHHbIN  MeTof, M3MepeHuW 3anateHTtoBaH [2]. Paborta
BbIMONIHEHa npu nopaepxke rpaHtoB PO®U Ne 16-35-00482 mon_a,18-35-
00484 mon_a.
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N30TONHO-reoXpoHOMeTpU4ecknue CUCTEMbl B CUEHUTaX
CeBepHoro TumaHa

AHgpeunues B.I1., Cobonesa A.A., Yaoopatuxa O.B.

Ul Komu HL YpO PAH, CbikTelBKEap

B npepenax TumaHckon rpsigbl, BKuvatowen B ceba TumaH M n-oB
KaHuH Tonbko B ceBepo-3anapgHon yactm CesepHoro TumaHa Hambornee
NMofMHO nNpeAcTaBfieHbl [AOCTYMHble HEernocpefCcTBEHHOMY HabnoaeHuto
WHTPY3MBHbIE NMOPOAbI PasfMYHOro cocTaBa M Bo3pacTa: rabbpo-goneputol
N 0ONEpUTbl, FPaHUTbl, CUEHUTLI, ONIMBUH-KEPCYTUTOBLIE rabbpo, LWenoYyHblie
rabbpomabl. Bce oHM  npopbiBaldT  0cafoYHO-MeTamopdpuyeckue
obpa3oBaHNsa BepxHepudenckon GapMWHCKON cepunm U MNepekpbiBarTCA
N3BECTHSAKAMU HUXXHETO cunypa.

CueHnTbl pacnpoCcTpaHeHbl B panioHe Mbica bonblon PymMAaHUYHBIN ©
cnaratot conkn KpanHun Kamewek wun Manbin Kamewek. [Mopofbl
npeacTaBfeHbl  WENOYHbIMU N HedenMHOBbIMU  cueHuTamu. XusbHble
NPOV3BOAHbIE CUEHUTOB: CUEHUT-aMNUTbl, CUEHUT-NErMaTUTbl U LLESNOYHbIE
rpaHuTbl, UMEKT He3HayMTerlbHOe pa3BUTME M CTPOro JIOKanM3oBaHbl B
npeaenax BbIXOLOB MaTepUHCKMX nopod. MeTacomaTuyeckme obpasoBaHusi
B npefgenax maccusa Manbin Kameluek npegcTtaBneHbl ansbututamu.

MarmaTtudeckue nopopgpl CeBepHOro TumaHa MOCTOAHHO MNpUBIEKanu
BHMMaHUE reorioroB. B cBoux mnccrnepgoBaHWsiX OHU 3aTparveanu BOMPOCHI,
KacarwLmecs Bo3pacta MarmatMyeckux nopof, B TOM YMCME U CUEHUTOB,
OCHOBbIBasICb Ha HE3HAYUTENBLHOM KonuyecTBe K-Ar M30TOMHbIX JATUPOBOK
[1-3]. B KOHLE npoLnoro cToneTus CUeHnTbl 6bINN oxapakTepuaoBaHbl Rb-
Sr BO3pacTHbIMU JaHHbIMU, CBMAETENLCTBYOLWNMKN 06 nx hopMmpoBaHun B
agnakapuu [4]. VI30XpoHHbLIM BO3pacT CMeHUTOB MaccuBa bonbworo
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PymsiHnyHoro coctasun 59015 mnH net, a maccmBa KpanHun Kameluek -
603+13 mnH ner.

MpakTuyeckn B 310 Xe Bpemsi Gbin nonyyeH Pb-Pb (Pb-evaporation)
BO3pacT Mo eAVHWYHbIM 3epHaM LMPKOHa M3 CMeHUToB MaccuBa KpanHuii
Kameluek, paBHbin 6131£2 mnH net [5]. OH cornacyetca ¢ Rb-Sr Bo3pacTtom,
HO npu Pb-Pb patvpoBaHun OTCYTCTBYET KOHTPOSfb KOHKOPLAAHTHOCTMU, U
noatomy Heobxoaum U-Pb aHanus uupkoHoB. Kpome TOro, M3-3a HU3KUX
copepxanuit paguoreHHoro 2’Pb B oTHocuTENbHO Monoabix (<1 Mnpa ner)
UMPKOHax noTeHuuanbHo Gonee HaaeXHb 205pp 238y BO3pacThl,
No3BoNAOLLME OLEHUTb CTENEHb KOHKOpAAHTHOCTW. Mo 3Ton npuunHe ang
YyCTaHOBNEHUS BO3pacTa CeBEPOTUMAHCKUX CUEHUTOB 6bilo npoBefeHo U-
Pb patupoBaHue UMPKOHOB METOAOM MacCC-CMEKTPOMETPUM BTOPMUYUHBIX
MoHOB (SIMS).

MepBble pe3ynbTatbl OblM MOMAYy4YEHbl MO LMPKOHaM U3 CUEHUTOB
maccuBa bonbworo PymsiHudHoro B LIeHTpe M30TOMHbIX MCCenoBaHun
BCEMEM Ha woHHOM mukpo3soHae SHRIMP-II [6], gononHeHHble B
nocrnegHee BpeMA M30TOMHbIMWA [aHHbIMM MO LUUPKOHAM M3 CUEHUTOB
maccusoB KpainHuin Kamewek n Manbii Kamelek, yCTaHOBNEHHbIMU Ha
MoHHoM mukpo3oHae SHRIMP-RG, npuHapgnexauwem CrtaHdopackomy
yHuBepcutety u eonornveckon cnyxbe CLUA. KoHKopaaHTHbIN BO3pacT
LMPKOHOB U3 CMEHNTOB MaccmBa bonbluoi PyMsiHMuHbIM cocTaBnsaeT 61317
MIH net, maccuBa KpanHun Kamewek - 60215 mnH net, maccuBa Manbin
Kamewek - 599116 mnH net. [lpM uM3yYyeHUn UMPKOHOB W3 PYAHbIX
anbbututoB Manoro Kamewka 06HapyXeHOo, 4YTO BO3pacT TEeMHbIX
LEeHTpanbHbIX 4YacTen 3epeH cocTaBnsetr 614114 mnH nert, Torga Kak
CBETNble KpaeBble YacTu NoKasblBaloT BO3pacT 552123 MINH neT, BEepOATHO
COOTBETCTBYIOLUUA BPEMEHN MPOSIBIIEHNA METacoOMaTUYECKMX W3MEHEHWUN
CUEHUTOB.

Takum o6pazom, Pb-Pb u U-Pb wusotonHo-reoxpoHomeTpuyeckme
OaHHbIE MO UMPKOHaM 13 cueHntoB CeBepHOro TumaHa CBMAETENLCTBYIOT O
TOM, 4YTO 0obpa3oBaHMe MOpPoJA MPOUCXOAMIO B 3AMakapuM B BO3PacTHOM
UHTepBane 614-599 wmnH netr. B 3T0O Xe BpemMa NpPOMCXOAUNO
dopmMmnpoBaHMe OpYrux LWEOoYHbIX MOpof, PacrnofOXEHHbIX B palioHe Mbica
Bonbworo PymsaHuyHoro. U-Pb (SIMS) Bo3pacT UMPKOHOB U3 OfWBUWH-
KepcyTuTtoBbix rabbpo coctaenseTr 61412 mnH net [6], @ M3 XWbHbIX
rpaHuToB - 614+11 mnH net [7]. MNMpakTuyeckn Takon xe Bo3pacT (61316
MJTH NIeT) UMetoT cyOLlenoYHble rpaHuTbl Maccuea bonblion Kamelwuek [7].

MposiBNeHMA LWEeNoYyHoro Marmatuama Mornm  OblTb  CBA3aHbl C
3aBeplalowumMm 3tanamum pacnaga PogmHuun. Otgenenve bantukm ot
JNaBpeHTUM 1 packpbiTne okeaHa AneTyc B uHTepsane 630-550 mnH ner [8,
9] 6binM BbI3BaHbl MNOABEMOM MAHTUMHOrO NAOMa M COMPOBOXAANOCH
MIOMOBbIM ~ MarmMaTu3aMomM, MpPOAYKTbl KOTOPOro OTMEYalTCs KakK B
BOCTOYHOM YacTu JlaBpeHTun, Tak U Ha CKaHAMHABCKOW CTOpoHe Bbantuku
[10].
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Pa6bota BbimonHeHa no Teme roc3agaHna Ne [P AAAA-A17-
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M3oTonHble cBuaeTenscTBa 0 no3gHepucenckom Bospacre
6apmuHckon cepumn CesepHoro TumaHa

AHapeunyeB B.J'I.1, CoboneBa A.A.1, Xy6aHoB B.B.z, CoboneB l/I.)ZI,.a'4

"UIr Komu HLJ YpO PAH, Coiktsikap; [MH CO PAH, Ynawn-Yas; *rviH
PAH, Mocksa, *UIrEM PAH, Mocksa

B coBpemeHHol reonormn TumaHa u n-oea KaHuMH Hanbonee
nNpoGnemMHbIMK  OCTalTCA BOMPOCHI, CBA3aHHble CO cTpaTurpaduen u
Koppensauuen BepxHero Aokembpus. B Hemarol cteneHn 31o 06ycrnoBneHo
pa30bLEeHHOCTbI0  BbIXOOOB  CTPYKTYPHO-BELLECTBEHHbLIX  KOMIIEKCOB,
NMPUYPOYEHHbIX K CBOAOBbIM  4acTAM  ropcToobpasHbiX  MOAHATUN,
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pacctosHue mexgy kotopbimMu pocturaer 200 kM. Kpome Toro, nopogpl
cnabo obHaxeHbl, He AT €CTECTBEHHbIX MPOTAXEHHbIX Ppa3pe3oB, UMEIDT
GNU3KUIA NUTONOTMYECKUA COCTaB U, Kak MpaBuio, JIULWEHbI OpraHUYecKnx
OCTaTKOB WM OTYETNMBO  BbIPAXEHHbIX  MapKMpyHOLWMX [OPU3OHTOB.
ConocTaBneHne paspe3oB  NPOU3BOAUSIOCE  MPEUMYLLECTBEHHO  Ha
OCHOBaHUWN JIUTONMOMUYECKUX, PEXe TeOXUMUYECKUX AaHHbIX W CTeneHu
BTOPUYHBIX U3MEHEHWI MOPOA, N3MEHSOLLNXCA OT NO34HEro KatareHesa ao
amdubonuToBo auun, 4YTO B UTOre MPUBOAWUIO K 3HAYUTESIbHBLIM
pasHornacusM npu CcTpaTurpadUyeckoM pacyiiEHEeHUN W KOppensumu
BepXxHero Aokembpua TumaHa n n-oea KaHuH.

B paBHOM cTeneHm 3T0 oOTHocuTcs K CeBepHomy TumaHy, rae
BEpPXHeOOKEMOpUINCKME  TeppureHHble  nopoapl  oO6beauHATCA B
GapMUHCKYl0 Cepuio, B COCTaBe KOTOpoW npeobnagatoT cnaHubl |
anorncamMmMuToBble KBapuuThl. 1o yyacTkam pacnpocTpaHeHusi mopog, cepus
nogpasgenseTca Ha Tpu CBUTbI (CHM3Y BBEPX): pyMsHWYHYK (o 700 m),
ManouyepHopeukyo (o 2000 m) n smbozepckyio (o 2000 m). MpaHuupl
MeXxay CBUTaMU TOYHO He YCTaHOBMEHbl, 06llee NageHue Mnopos KpyTtoe
CEeBEpO-BOCTOYHOE, HWXHAA T[paHuMua Ccepun  He BCKpbiTa 9pO3ue.
OTnoxeHnss cepuun, uU3Ha4yanbHO MNPEeACTaBliEHHbIE MPEUMYLLECTBEHHO
nenMtamMu, aneBputaMm U TOHKO3EPHWUCTBIMW  Meckamu,  nocne
nutudpmkaumm  noaeBepranMcb  MeTamopduyeckum  npeobpas3oBaHUSIM
pasHoro Tuna. [lpenmylecTBEHHO 3TO pervoHasnbHbIi MeTamMopdusm
MYCKOBUT-X/TOPUTOBOMN 1 BMOTUT-XNOPMTOBOM CcybdaLmin 3eneHocnaHLeBomn
dauun, poxopAwmi Mectamum [0 anupaoT-amdpubonutoson dauum U
KOHTaKTOBbIN MeTaMopn3M, 0O6YCNOBMEHHbI BHEAPEHWEM WHTPY3UBHbIX
nopog, pasfinyHoro coctaBa u Bo3pacra.

PasHbiMM uccnepoBaTensmu 6GapMuHCKaa cepus gatupoBanacb B
Omana3oHe OT paHHero pudes OO0 BeHOa BKI4YMTENbHO. Pesynbrathl
M30TOMHOrO [ATUPOBAHUA WHTPY3MBHLIX MOPOA MO3BONUAN  UCKIIHOYUTH
BeHAckun Bo3pacT. Pb-Pb (Pb-evaporation) Bo3pacT eAMHWYHBIX 3€epeH
LUMpKOHa U3 cneHmToB Maccma KpanHui Kamewek coctaBun 6132 mnH
net, a n3 rpaHMtoB MaccmBa bBonbwon Kamewek - 62114 mnH net [1].
ConoctaBumble  pe3ynbTaTel  Obin  nonydeHsl npu  U-Pb  (SIMS)
0aTMpOBaHUN LUMPKOHOB U3 OJIMBUH-KEPCYTUTOBBLIX rabbpo B panioHe yCTbA
p. PymaHuyHon (614+2 mMnH neTt) n M3 CMEHMTOB MaccmsBa Mbica BosnbLuon
PymsaHu4HbIn (61317 MnH neT) [2]. Ewe 6onee y6eantensHO 0 fJOBEHACKOM
Bo3pacte H6apmMuHckon cepum ceupetenbcTBytoT U-Pb (SIMS) aaHHble no
UMPKOHaM 13 rpaHuToB MaccuBa Conku KameHHble, BO3pacT KOTOpbIX
coctapnaer 72716 wmnH net [3]. [lNpuBegeHHble p[aHHble MO3BOMAKT
hatvpoBaTb 6apMUHCKYIO CEpPUIO NMO3OHUM pUdeeM, HO He UCKIIoYaeTCs U1
bonee OpEeBHUN BO3pacT, noaTomy ans KOPPEKTMPOBKM
ceQMMEHTAUMOHHOrO Bo3pacTa nopon 6G6apMuHcKon cepunm Heobxoammo
npuBfieYeHNEe COBPEMEHHbIX AaHHbIX.
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[na aTon uenu B pasHoe BpemMsi Hamu 6bino npoeegeHo U-Pb (LA-ICP-
MS) paTnpoBaHne OEeTPUTOBBIX LIMPKOHOB M3 NMOPOA, XapakTepusylLmx Bce
Tpu cepun. LIMPKOHbI M3 MECYaHWKOB MAalO4YEepPHOPELKON  CBUTHI
uccneposanuce B  Apu3oHCKOM YHusepcuteTe (r. TycoH, CUWA) [4],
ambozepckon cButbl B YHuBepcutete KanudopHusa (r. CaHta-Kpys, CLUA)
[5, a B nocnegHee BpemMs NpoaHanNU3WpPOBaHbl  LMPKOHbI U3
aneBponecyYaHNKoB pyMSAHWYHON cBUTbI B [eonornyeckom uHctutyte CO
PAH (r. Ynan-Yga, Poccus).

MonyyeHHble pe3ynbTaTbl COMOCTaBUMbl MO BCEM TPEM CBUTaM.
OcHoBHasa 4acTb patupoBok (bonee 95%) npuxogutca Ha uHTepBan 1-2
MIpga neT, a MUHUManbHble BO3pacTbl NpuypodeHsbl K 1 mnpa net. Bece 310
[aeT OCHOBaHWe cuuTaTb, YTO BECb BUAMMBIN pa3pe3 6GapMUHCKON cepuu
("5 kM) 6bIn ccopmupoBaH B no3gHeM pudee 3a CYET HaKOMEeHUs
NpPOAYKTOB 3P0O3MMN OHUX U TEX XEe UCTOYHUKOB CHOCA, KaKOBbIMMW ABMSINUCH B
TO BpeMs paspyluaBLUMecs NnopogHble Komnnekcbl BoctouHo-EBponerickon
nnatgopmbl, OAHOBO3paCTHble KOMMIEKcaMm, OOHaXeHHbIM celvac B
npegenax  ®eHHOCKaHOWHABCKOro  Wuta, a Takke  KOMMMEKCHI,
y4acTBOBaBLUMNE B CTpoeHnn CpefHepyccKoro oporeHa.

N3oTonHble AaHHble MO OEeTPUTOBbIM LUPKOHAM PYMSIHUYHOW CBUTHI,
npeacrasnsiollen cobon ocHoBaHue gokembpuiickoro paspesa CeBepHOro
TumaHa, CBMOETENbLCTBYOT O Hanbonee BEPOSITHOM BPEMEHMW 3anoXEHUN
TuMaHCKON NacCMBHOW KOHTMHEHTANbHOM OKpauHbl B NO34HEM pudee. OToT
BbIBOA4, MoAaTBepXaaetrcd MuHuManbHbiM U-Pb uupkoHoBbIM BO3pacTtom
(1096144 w™MnH neT) K3 KBApUMTONECYAHWKOB CBET/IMHCKOW CBUTHI
YeTNacCcKoW Cepun, KOTOPbIMW HavMHaeTcss [oKeMOpuickun paspes
CpegnHero TumaHa [6].

PaboTta BbinonHeHa no Teme roc3apgaHna N2 TP AAAA-A17-
117121270035-0 I' Komn HLL YpO PAH v npu yactuyHon ¢pmHaHCOBOM
nogaepxke KomnnekcHon nporpamMmbl (pyHAAMEHTanNbHbIX UCCEeA0BaHWUA
YpO PAH (npoekT 18-5-5-46).
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PesynbtaThl U-Pb (ID-TIMS) 1 U-Th-Pb (LA-ICP-MS)
reoXpoHOMOrM4ecKux nccrnepnoBaHuin nopos pyHaaMeHTa
"apraHckou rmnblobl (BocTouHbi CasH)

AHuncmmoBa VI.B.1, KoBay B.I'I.1, CanbHuKoBa E.5.1, KoTtoB A.5.1, JNeBuLKUiA
VI.B.Z, JleBULKUN B.VI.Z, Pe3Huukuin J'I.3.3, BenukocnaBUHCKUM C.D,.1, Bapalu
W.I'.%, Tonmauesa E.B.", Fopoxosckuit B.M."

"UIrrA PAH, r. Cauxt-Ietep6ypr; U CO PAH, r. MpkyTck, *M3K CO PAH,
r. Vipkytck

lapraHckas rnbiba pacnonoxeHa B CeBEPO-BOCTOYHOM 4YacTu TyBWUHO-
MoHronbcKkoro MaccmBa v ABRAeTCS OOHUM N3 HEMHOTOYNCIIEHHbIX BbIXOAOB
paHHe[oKeMO6pUNCKoro KpUcCTannmyeckoro dyHOameHTa
MUKPOKOHTUHEHTOB LleHTpanbHo-A3naTtckoro cknaguyaTtoro nosca (LLACI).
OHa cnoxeHa MpeuMyLeCTBEHHO TOHaNUT-TPOHOABEMUTOBLIMU THEWCAMW,
KOTOpble NPOpBaHbl TOHANUTaMW CYMCYHYPCKOro KOMIMieKca C BO3pacToMm
78511 - 8117 wmnH. net [Kyamwnues, 2004; Kosau u ap., 2012].
lMonyyeHHble K HacTosweMmy BpeMeHU oueHKu Bo3pacta [Kovach et al.,
2004; AHucumoBa u gp., 2009; JletHukoBa u gp., 2017] He no3BonsT
OOCTOBEPHO  OLEHUTb  BO3pacT  HaNOXEHHbIX  MeTaMop(UYECKUX
npeobpazoBaHuii.

B cBAasM c atum 6binu BbIMOMHEHbI  AOMOJIHUTESbHbIE
reoXpoHOJSIorMyeckme WUCCNefoBaHNs LMPKOHOB M3 H6MOTMT-aMpunb0onoBbIxX
TOHaNUTO-THeCcoB [apraHckow rnbibbl. AKLECCOPHbIA LMPKOH B 3TUX
nopogax npeacTaBneH ABYMA Mopdonormyeckumu tunamu. K nepsomy
TUMNY OTHEeCceHbl cybuamomopdHble KOPOTKOMpU3MaTU4eCcKne Mnpo3payHblie
KpucTannbl  LMpKOHa BULLHEBOTO LBETa C  OTYETNIMBOM  TOHKOM
MarmMaTuMyeckoh 30HaNbHOCTbIO W HaNMYMEM MEPBUYHbLIX pacnsiaBHbIX
BKMOYEeHUH. Kpome TOro, B UUPKOHEe HabnoaalTcs TOHKO30HasIbHble
060/M0YKM, KOTOpblIE MMEKT BbICOKYH) MHTEHCUMBHOCTb HOMUHECLIEHLMUN U
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cogepxaT pacrnnaBHble U (proMaHbIE BKITHOYEHWS, «MPOHUKAOLWME» MO
TpeLuHam BHYTPb A4ep.

LinpkoH BTOpOro mopconornyeckoro Tuna npeacTaBneH nNpo3payvHbiMu
cybuanomopdHbIMM ONTIMHHOMPN3MaTU4YEeCKUMM " uronbyaTbiMm
30HanbHbIMK GecLBETHLIMW UM CBETIO-PO30BbIMM KpucTannamu. LipkoH
3TOro TUMNa OTNNYAKTCH MOBbILLEHHON MHTEHCMBHOCTBIO JIIOMMUHECLIEHLIMM,
€ero KpaeBble 4acTW 4acTo TpeluMHoBaTbl, oboralieHbl GoUAHbIMU 1©
MUHepanbHbIMU  BKIoYeHuaMU. [o-BugumMoMy, o6pasoBaHWe LMPKOHA
BTOPOro Tuna, a Takxe o060MoYeK Ha LMPKOHE MEepBOro Tuna CBA3AHO C
MeTamMmopunieckumm npeobpasoBaHMAMU B1MoTUT-amMdnB0N0BbIX
TOHANUTOBbLIX THENCOB.

Ona Ttoro u4TobGbl OUEHUTL BO3pacT KpucTanaMsauuMum npoTonuTa
TOHaANUTOBbLIX FHENCOB [apraHCKoW rnbibbl M BO3pacT MeTaMopdUyeckmx
npeobpasoBaHuin, ObiNnM  BbiNoNHeHbl  U-Pb  reoxpoHonornyeckune
nccnepoBaHusa umpkoHoB metogom ID-TIMS wn U-Th-Pb uccnepoBaHus
metoaom LA ICP MS.

Ona apep umpkoHa nepsoro Tuna metogom ID-TIMS 6bina nonyyexa
oueHka U-Pb Bo3pacta 2727+6 mnH. neT, KoTopas COOTBETCTBYET BO3pacTy
KpucTannusaumm npotonuta 6uotut-amubonoBbiX TOHANUTO-THENCOB
[AHucumoBa un ap., 2009]. OcobeHHOCTN CTPOEHMSA LUMPKOHA BTOPOro Tuna
He MO3BOMWMM NONYYUTb LOCTOBEPHYIO OLIEHKY MX Bo3pacTa metogom ID-
TIMS.

Metonom LA-ICP-MS 6binu npoaHanuavpoBaHbl sapa n obonoyku 18
KPUCTanmnoB LMPKOHA NEepBOro U BTOPOro MOpdonornyeckux Tunos. [Ona
Hux Obina nonyyeHa 21 oueHka Bo3pacTa C AUCKOPAAHTHOCTLI0 < 5%. Agpa
UMPKOHOB NepBOrO TUNa WUMeIOT BO3PacTbl MO M3OTOMHOMY OTHOLIEHMIO

Pb/""Pb B uHTepBane 2697-2741 mnH. net (cpegHee — 2725 MnH. ner,
CKBO - 1.3, BeposaTHocTb — 0.24), a obonoykn — ot 2706 go 2750 mnH. net
(cpepHee - 2727 mnH. neT2,07CKI%gg - 2.4, BeposATtHoCcTb — 0.07). 3HayeHus
BO3pacToB Mo oTHowweHno “"'Pb/~"Pb LIUPKOHOB BTOPOro TMna HaxoaaTCcs B
uHTepBane oT 2641 - 2772 mnH. neT. KOHKOpAaHTHblE 3Ha4YeHMsa BO3pacTa
A0ep UMPKOHa MepBOro Tuna W LUMpPKOHaA BTOpPOro TWMa COCTaBNSAOT
COOTBETCTBEHHO OKOJS0 2723 1 2698 MnH. nerT.

MonyyeHHble faHHbIE NO3BONAKT caoenaTtb BbIBO4 O TOM, UYTO MPOLLECCHI
KpucTannmsauum npoTonnToB 6MoTUT-amdrnb0onoBLIX TOHANIUTOBLIX FTHENCOB
"apraHckon rnbibbl U MX MeTamopduama npoTekanu B y3KOM MHTepBane
BpemeHun — 2.73-2.68 mnpg. ner.

WccnepoBaHus BbinonHeHbl npu nopaepxke PHD (npoekt Ne 18-17-
00229).
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O rpaHuLe Me30- n Heoapxes B Boanosepckom foMeHe
Kapenbckoii NpoBUHLIMK

ApectoBa H.A., YUekynaes B.I1., Kyueposckuin I'.A., Eroposa 10.C.

Ut PAH, 199034, CankT-lTetepbypr, Hab. Makaposa, 2

BbisiBNneHne nocnenoBaTenbHOCTU U YCIIOBUA MPOSBEHUS SHAOMEHHbIX
npoLeccoB Ha pybexe Me30- M Heoapxesi OfHa M3 aKTyasnbHbiX 3ajay
reoniornm paHHero fokembpus. ®aktudecku Ana pybexa NpUHATO 3HaYeHne
Bo3pacTta 2800 mnH net. Ona Kapenbckon npoBuHUuK BanTtuiickoro wuta
3TO rpaHuua cpefgHero u BepxHero nonusa [O6was cTpaturpaduyveckas
wkana.., 2002]. Hambonee 4yeTko 3Ta rpaHuua nposiBfieHa B 3anagHo-
Kapenbckom pgomeHe B KOCTOMYKLICKOM CTPYKType Kak rpaHuua
XayTaBaapckoh W T[UMMOSbCKOW cepui, rpe Habnwpgaetca cMmeHa
BYJIKAHOTEHHOr0 CTpaTuUrpadu4eckro paspesa TeppPUreHHbIM, n obe yactu
pa3pe3a M30TOMHO AaTUPOBaHBI.

B Boganosepckom pgomeHe Kapenuu Haubornee nepcnekTuBHbIM A1si
000CHOBaHMNS TpaHuUbl MeXay Heo- M Me30apxeeM SBRSAeTCs paloH
03.0cTep, B KOTOPOM YCTAQHOBIIEHO HanuuMe [ABYX KPYMHbIX 3Tana
dopMUpOoBaHMA MarMaTU4YecKuMx MNopoAd, paspeneHHblXx obpasoBaHueMm
TEPPUreHHbIX NOPOA, BKIOYasA MONIMMUKTOBbLIE KOHIIoMepaThl [UYekynaes u
ap. 2002]. B paHHOM pailoHe He ycTaHaBnuBalTCA nopoAbl PyHOAMEHTa,
NPeACTaBfIEHHbIE B COCEAHWUX CTPYKTypax TOHaNUT-TPOHObEMUTAMMU.
PaHHW 3Tan pa3BuTuA npencTaBfieH ByNKaHUTaMyU 3€NTIeHOKaMEHHOro
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nosca W MpOPbIBAlOWMMM WX  UHTPY3WBHBIMW  TPOHObEMUTaAMMU,
aHarnorMyHbiMM TpOHAbeEMUTAM yHOAMEHTa B COCEOHWX CTPyKTypax, U
rab6bpo-aHopto3utamu. Bce nopoabl paHHero 3tana npUCYTCTBYIOT B
ranbkax KOHrriomepaToB. [[NaBHON COCTaBMAOLLEN BTOPOro aTana sBndeTcs
KOMMMEeKC CyOBynKaHMYeCcKMX aHAe3uTOo-4auuToB,  Mnarnonopdupos,
WHTPY3MBHbIX rPAHWUTOB M Aaek No3gHux 6a3nToB, CEKYLLMX KOHIIOMepaTbl.

[na yctaHoBneHus BpeMeHn (hopMUpOBaHNA TEPPUrEeHHOro KOMIeKca,
BEPOATHO, NPeACTaBNAIOLErO HaYano Heoapxenckmx cobbITUiA U NPOLLECCOB
B Boanosepckom pomeHe, 6binuM uUccregoBaHbl LMPKOHbI M U30TOMHbIN
coctaB Sm 1 Nd B nopoaax 0601x KOMMIEKCOB.

U-Pb meTtopom SIMS Ha npubope SHRIMP-II no eanHuyHbIM 3epHam
OblIn nccnefoBaHbl LMPKOHBI M M3OTOMHbIA cocTaB Sm 1 Nd B aHpe3uTax
HUXHEro KOMMJIeKCa W CeKywmux ux rabbpo-aHopTo3uTax, a Takxe B
TpoHOAbEMUTAX W3 Tranek B KOHrmomepaTax. LiMpkoH B aHgesuTax
npeactaBfieH YANMMHEHHbIMU 3EpHaMM C YETKO BbIPaXEHHOW JOCKYTHON
30HaNbHOCTbLIO, KOTOpasi BO3HMKAET B MpoLecce MeTamMopguyecknx wu
MeTacoMaTU4ECKUX M3MEHEHNA MarMaTU4eCKUX LUPKOHOB. OTU LMPKOHBI,
0N KOTOpbIX noflyyeH Bo3pacT no auckopaum 2861+10 mnH. net, umerot
nonorun rpacuk pacnpegenernns P33, crnaxeHHole Ce n Eu aHomanuu,
XapakTepHble pOns MeTamMopuyecKnux LMPKOHOB. AHOE3UTbI HUXHErO

KOMMJIeKCa XapaKTepusyloTcs tnaomy  2.99-3.04  mnipa net
NONOXUTENbHbIM 3Ha4YeHneMm gyg = 0.7-2.9
TpoHAbEMUTHI n3 ranbKu B KOHrfiomeparax copepxaTt

NpeuMyLLIeCTBECTBEHHO yAJIMHEHHbIE 3epHa uupkoHa 6e3 spep, no
MOPONOrMN N FTEOXMMYECKUM OCOOEHHOCSIM CXOOHbIE C LIMPKOHOM U3
TpoHAbeMUTOB (byHOaMeHTa B pailoHe [lanow Jlam6bl. o 6 3epHam, u3
KOTOpbIX 4 KOHKOpAAHTHblE, nonyyeH Bo3pacT 2917122 mnH net. Kpome
COOCTBEHHbIX 3€peH, B TPOHAbEMMUTAX MPUCYTCTBYHT KCEHOreHHble 3epHa
LMPKOHA, MO MOpP(onorMm um reoxummm CXogHble C LIMPKOHOM [OPEBHMX
6a3nToBbIX Aaek B TOHanuTax dyHAameHTa, umerowmm Bospact 2975110
MSH. neT. B TpoHabeMnTax NpuUcyTCTBYHOT TakXe €OUHUYHbIE KCEHOTeHHbIe
O0O4YOHKOBMAHbIE 3epHa UMpKOHa c Bo3pactom 3118111 mMnH. ner,
aHanoruyHble UMpKoHy ToHanuToB cyHaameHTa [ApectoBa u ap., 2015].

B rab6po-aHopTO3uUTax WMHTPY3MU. NMPOPbLIBAIOLWMX BYJIKAHUTBI HUXHEro
KOMMJeKca, 3epHa UWPKOH YOJNIMHEHHblE U U30MeTpuyHble, 6e3 sapep,
pa3mep 3epeH 100-200 mkm. KOHKOpAaHTHbIN BO3pacT LUMPKOHA paBeH
286019 mnH. net. KoHueHTpauun un xapaktep pacnpegenexHums P33 B
UMPKOHax rab6po-aHOPTO3MTOB COOTBETCTBYIOT TaKOBbIM  LIMPKOHOB
MarmMaTuMyeckoro reHeauca. OTOT BO3pacT ONpefenser  HUXHIO
BO3PACTHYIO rpaHULLy TEPPUrEHHOTO KOMMJIEKCa.

B Tonwe KoOHrnmomMepatoB BblgeNeH MpPOCAON  MENKO3EPHUCTbIX
TEPPUTrEHHbIX nopog (rpayBakk), B KOTOPbIX NPUCYTCTBYIOT
cnabonamMeHéHHble 3epHa LMpKoHa pa3mepoM oT 50 go 200 Mkm. OTu
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UMPKOHbI MO  Mopdonorun 6Goree BCEro COOTBETCTBYHOT — LIMPKOHAM
HEW3MEHEHHbIX aHAE3UTOB paHHEero aTana, T.e.MOXET OblTb KCEHOrEHHbIM.
Ona onpepeneHns BepxHeW BO3PaCTHOW rpaHuubl OpPMUPOBaHUA
KOHrfiomepaToB nccnepoBaHbl LMPKOHbI cybBynKaHM4eckx  Ten
nnarnonopupoB M Laek aHAe3nTo-[auuTOB MNO3AHEro Marmatuyeckoro
Komniekca W no3gHux 6a3nToBbIX [aeK, CeKyLMX KOHrnomMeparbl.
VccnepoBaHvsa LUMPKOHOB U3 Aaek nnarnonopgurpoB n aHAe3nMTo-A4aumMTuoB
rnokasanu, 4Yto B HUX NpeobnapatT UMPKOHbI ABYXha3HOro CTPOEHMUS C
TEMHbIMWU NepepaboTaHHbIMU sApamMu KU nosiocyatbiMu obonodkamu. o
nonocyaTblM 3epHaMm K o060flouKam MosnydeH BO3pacT MO AMCKOPAUM
2907+14 n 289618 mnH net. [ApectoBa un ap., 2015]. KoHueHTpaumm u
XapakTtep pacnpegeneHua P33 B LMpKOHax COOTBETCTBYIOT TakOBbIM B
LUMPKOHax Marmatmyeckoro reHesuca. 1o mopdonorum u nosyvyeHHOMy
BO3pacTy 3Tu 3epHa bornee BCero COOTBETCTBYIOT LIMPKOHaM TPOHOAbEMUTOB
C TMOMHOCTbIO MepepaboTaHHbIMM AgpaMu M paccMaTpuBalTCA  Kak
KCeHoreHHble TeMHble nepepaboTaHHble aapa U oTaenbHble TeMHble B CL
BbICOKOYpaHOBbIE€ 3épHa UMEIOT OAMHAKOBbIA BO3pacT 2664-2665 mMnH ner.
OT0 nokasbiBaeT, YTO MPOLECCHl KpUCTann3aunm BbICOKOYPaHOBbIX 3épeH
n  npeobpa3oBaHMA  OpPEBHUX  SAep npomcxo,umnvl CVIHXpOHHO.
HoBoob6pa3BaHHble  3epHa BbICOKOYPaHOBOTO _ KOHa CBOUM
XapakTepucTukam, a Takxke Nno OTHOLUEHWIO Pb? /Pb 6]'II/I3KI/I LI,MpKOHaM
nocTcknag4vaTblX MUKPOKIMHOBbLIX rpaHuToB. Kpome Toro, B npobax
aHOe3nTo-4aunToB MPUCYTCTBYIOT €AMHUYHbIE KCEHOMEHHbIE 3epHa LIMPKOHa
604YOHKOBUAHOW (DOMbI, CXOOHbIE C LUPKOHOM TOHanuToB (yHAaMeHTa
panoHa [lanon Jlambbl, wumetowmx Bo3pact 31358 wmnpa. ner.
CobCTBEHHOrO LUMPKOHa B Jankax nnarnonopdgupoB M aH4e3uTo-4auuTnoB
He obOHapyXeHO. BONbLUMHCTBO 3TMX MOPOA, UMEIKT OPEBHUA UCTOYHUK C

tnaom) = 3.2 - 3.5 MnpA, neT. n oTpulatenbHble 3HadeHns Exg=- 0.4 - -5.2.

BasutoBble Oanku npopbiBaoT TEpPPUreHHble nopoasl "
cybBYNKaHMYECKUA KOMMMEKC CpepHe-KUCHbIX MOpoAd, a CaMu CeKyTcs
MUKPOKITMHOBbLIMU NerMaTtonaHeiMu rpaHutamMu. LinpkoH us paiikm 6asuta
obpasyetr menkue 3epHa pa3mepom 30-50*100 mkm. KoHueHTpauuu wu
XapakTep pacnpegenenma P33 B LUUPKOHE COOTBETCTBYHT TaKOBbIM
LUMPKOHOB  MarmaTuMyeckoro reHesuca. Bospact uupkoHa — paiiku,
nony4yeHHoin U-Pb metopom Ha npubope SHRIMP-II no natu 3epHam, u3
KOTOPbIX OAHO KOHKOpAAHTHOE, cocTaBnsaeTt 2724155 mnH ner.

Takum o6pas3om, BO3pacT MOPOA BEPXHEro BYNKaHO-MYyTOHNUYECKOro
Komnsekca panoHa 03. OcTep 1 COOTBETCTBEHHO TEPPUTEHHOrO KOMMIeKca
OCTaEeTCs K HACTOALLEMY BPEMEHU HEYCTaHOBNEHHbIM. MIMetowmeca faHHble
NMoKasbIBaloT, YTO 3TN KOMIMIEKCHI Bbinn 06pa3oBaHbl B MHTEPBAsE BPEMEHM
mexnay 2860 n 2724 mnH. neT Ha3ag.
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Pe3ynbTaTbl CpaBHUTENbHbIX FEOXPOHOIOMMYECKUX
nccneposaHui NMpuazosckoro 1 CpeaHenpuaHENpoOBCKOro
MerabnokoB YKpauHCKOro wurta
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BeeneHune. lNpuasosckuin n CpegHenpupHenpoBckuii merabnoku YL,
ABNAIOTCS COCTaBHbIMM YacTsamu Kypcko-lpugHenpoBckoro
Me30apxenckoro kpatoHa. Ha “npocdwune” pnuHon okono 300 km oOT
3anapgHo-MHryneukon 3oHbl CpegHenpugHenpoBCKOro Merabnoka [po
MaBnoBckon ©  3eneHoranckon 3efieHoKamMeHHbIX  CcTpykTyp (3C)
BocTtouHoro lNpra3oBba HabnopaloTca onpenefieHHble OTNNYMA B COCTaBe
0Cafl0YHO-BYJIKaHOreHHblx pa3pe3oB 3C wn rpanutompos. B 3C
3anagHonprasoBCKoro 6510ka BynkaHU3m 6MmMoaanbHbIi, B TO BPEMS Kak B
obpamnsowmx ero c 3anaga u BocToka - CpegHenpuaHenpoBCKOM
merabnoke u BocTo4yHONpra3oBcKOM 6510Kke - OH MNOAMMOAAnNbHbBIN 1
BKIoYaeT aHae3uThl. MNMpeobnagatowan nnowans CpegHenpuaHENPOBCKOro
Merabnoka u 3anagHonpuas3oBCKOro 6foka croxeHa nopogamu TTT.
OTtnuuntensHon ocobeHHocTblo  CpegHenpuaHenpoBCKoro  Merabnoka
ABNSAETCA LUMPOKOE pacnpocTpaHeHWe pa3Hoobpa3HblXx MO CocTaBy
apxewnckux KanueBO-HaTpPWMEBbIX PaHUTOB, a Ha 3anagHonpua3oBCKOM
6r1oKe - OHM OTCYTCTBYHOT.

BospacT dpyHoameHTa.

3anagronpnazosckui 6710k. Ha 3anagHonpuasoBCcKOM GoKe BblSIBIIEHbI
OCTaHUpbl 30- U Naneoapxenckux ToHanutoB - 3,67, 3,5 u 3,3 mnpg ner
[Wepbak u ap, 2006; Jlobay-XyueHko u ap., 2010; AptemeHko u ap., 2014].
B  me3oapxeickux  meTaocagkax CopokuHckon 3C  obHapyxeH
KNacToreHHbIin umpkoH Bo3pactom ot 3,3 pgo 3,8 Ga. OTM paHHble
Nno3BoONAOT cAenatb BbIBOA, YTO B 3anagHonpuMa3oBCKOM  Oroke
COXpPaHMINCb NOPOAabl OPEBHENLLEN CMANNYECKON KOPbl 3EMIN.

CpenHernpugHerpoBCKmi merabriox. "HencoBo-amgpnb0onuTOoBbIN
dyHaameHT CpepHenpuaHenpoBCKOro rpaHUT-3eflieHOKaMeHHoro 6noka
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n3yyeH cnabo. B 3anagHom ob6pamnernmn Yeptomrbikckont 3C ycTaHOBMEHbI
rHevcbl 1 amcmbonutel Bo3pacTtom 3,2 u 3,18 mnpg net Hazag [CaMcoHOoB U
ap., 1993]. KnacToreHHbln UMPKOH TakKoro e Bo3pacTa ob6HapyxeH B
MeTanecyaHukax KOHKckom cepunm B  Yeptomnbikckon 3C. B
MeTaTepUreHHbIX nopofax 6eno3epckoi cepun BCTPeYalTCs eAMHUYHbIE
3epHa KnacTtoreHHoro Bo3pacTtoM 3,5 mnpa net, 4to He UCKNo4vaeT
npucyTCcTBUS U 6onee ApeBHUX NOPOA B hyHAAMEHTE.

3eneHoKaMeHHbIe CTPYKTYpbl.

CpegrenpugHenposckmi merabnok. B 3C CpepgHenpuaHenpoBCKOro
mMerabnoka paHHMEe aHAe3uTbl W KUCNble BYNKaHUTbI MNPUYPOYEHbl K
MeTabasnT-aHae3NTOBON MOACBUTE CYPCKOW CBUTbl KOHKCKOW Cepuu
[Bobpos u gp., 2002]. U-Pb nzotonHbih Bo3pacT meTaaHae3ntos - 3095145
MITH net wmnpa  net  [Wepbak u pgp, 2006]. Bbonee Bbicokoe
cTpaturpadmyeckoe MoOMOXEHME 3aHMMaeT YepTOMIIbIKCKasi  CBUTa,
CNOX€eHHasi METaMOpP(M30BaHHbIMU AauuMTamMmn, aHae3uTammu n 6asanbtTamu.
U-Pb Bo3pact metaaHgeszuToB Yepromnbikckon 3C 3136120 mnH ner.
Mo3gHWe Kucnble BYNKaAHUTBI  COMIEHOBCKOM CBWUTbl KOHKCKOW Cepuu
reHetTuyeckn ceBs3aHbl ¢ TTI. U-Pb Bo3pacT Kucnbix MeTaByfKaHWTOB
coneHoBckou ceuThl - 3,1-3,03 mnpa net [Samsonov et. al, 1993; Lepbak u
ap, 2006].

lMpnasosckmii merabsiox. Ha 3anapHonpua3oBckoM 650ke  KuUcHble
MeTaBYyNKaHMTbl U3BECTHbl TONbKO B CopokuHckon 3C. U-Pb usotonHbin
Bo3pacT meTapuonutoB CopokumHckon 3C - 3160+£130 mnH neT. AHAE3UTBI U
Kucnble meTtaBynkaHutbl 3eneHoranckon 3C Bocto4yHoro [MpuasoBbsi He
JaTvpoBaHbl. BynkaHoreHHble nopoabl 3TOW CTPYKTYpbl MpopbIBalTCA
NenKoKpaToBbiMK rpaHuTamm Bo3pactomMm 2480+£20 MnH. neT.

TTI n apxeinckme KanmeBo-HaTpUEBbIE FPaHNTONAbI.

CpegrenpugHernposckmii  merabnoxk. Ha  CpepgHenpuaHenpoBCKOM
merabnoke BbigenaiTcs TTI paHHen - 3,1 mnpp net, M nosgHen
uHTpy3mBHon a3 (3,06-2,97 mnpg net). TTI cmeHAdeTcAa apxenckum
KanveBO-HaTPUEBLIM TpaHUTOUOHbIM Marmatuamom (2,97-2,6 mnpp ner)
[Wepbak n ap, 2006]. Cpean HWUX BbIAENAKOTCA rpaHUTONObI AEMYPUHCKOTO
(2,97-2,91 wmnpg net), MokpomockoBckoro (2,83-2,7 wmnpg net) wu
TOKOBCKOro KomrnekcoB (2,85 - 2,62 mnppg net). 'paHnTbl 4eMYpPUHCKOro
Komnnekca 6nmM3kn no Bo3pacTy ¢ no3gHumm TTT.

lMpnasosckmii Merabriok. Tlpeobnapatowas nnowans [pra3oBCKoro
Merabnoka cnoxeHa mesoapxenckumu TTI, Bo3pactom 3,12-2,91 mnppg
net. Hanbonee gpeBHWe nnarnorpaHUTonbl BCTpeyeHbl Ha OBUTOYHEHCKOM
aHTuKknuHopuun. Nx U-Pb n30XpoHHbIA BO3pacT no uupkoHy - 3,12+0,016
mnpg net (SHRIMP). Ha p. KainHkynak ToHanuTbl MMeloT Bo3pacT - 2,91
MIIpA neT, B rpaHoamoputbl OcmneHKoBckoro maccumea - 2,85 mnpga net. C
3aBeplianwMm  3TanoM (OpPMMPOBAHUA apXencKUx Mopod CBsI3aHbl
WHTpYy3un rabbpo-anopuT-rpaHoAMoOpUTOBOr0 CcocTaBa Bo3pactoMm 2,92
mMnpga net [bubukoea u ap, 2008].
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BbiBOAbI.

OpeBHENWMM  YHOAMEHTOM  paHHeLOKEMOPUIACKMX  KOMMIEKCOB
Mpuazosckoro n CpegHenpuUAHENPOBCKOrO MerabsiokoB ABMAOTCA NOPOAbI
OONrOXMBYLLEN HYKNeapHOW CTPYKTYpbl, CNOXEHHOW ToHanuTamu 3,67, 3,5
m 3,3 mnpg net. B Hauyane wme3oapxesa 3TO A4pO HapawmBanochb
TOHanuTammn Bo3pacTtom 3,2 mnpa net. Me3oapxenckne 3eneHoKamMeHHbIe
CTpyKTypbl  CpepgHenpuHenpoBckoro 1 [lprasoBckoro  mMerabnokoB
cchopmumpoBanuce B pesynbTaTe nogbeMa MaHTunHoro nmoma =~ 3,17 - 3,0
MIIpA NeT ToMy Hasaa. ['paHuubl nMTocgepHO HEOOHOPOAHOCTUN B COCTaBe
dyHOaMeHTa  NpPosiBfiEHbl  pasnMyuusMmM B COCTaBe  accouuauumn
BYJIKAHMYECKUX MOPOA, B 3€feHOKAMEHHbIX CTPYKTypax W pasnnyHbIM
COCTaBOM OJHOBO3pPACTHbIX rpaHntongos. PanHun TTI marmatuam - 3,1-3,0
MIpA, NeT nposiBneH Ha oboux 6nokax cuHxpoHHo. Mo3gHune TTI (2,91-2,85
MIIpA NET) U BHYTPUNAWUTHASA MHTPY3Ust 0OUTOYHEHCKOro Komnsekca rabbpo-
ONOpUT-TPaHOAMOPUTOBOrO  COCTaBa -  BbIAENAKTCA  TOMbKO  Ha
3anapgHonpuasoBckom 6noke, a Ha CpegHenpugHEnpoBCKOM - UM
CUHXPOHHbI KarineBo-HaTpMeBbIE KOPOBbIE FPAHUTDI.
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Bospact asynoneBowwnaToBbiX rpaHMToB CnaBropoackoro
6noka (CpegHenpuaHenpoBckui merabnok YL)

ApteMmeHko I'.B., Cam6opckas N.A., LLisaika UN.A., Norones K.W., o6y
TN

VIHCTUTYT reoxumun, MUHEPasiorumu u py,go006pasosanns um. H.11.
CemerHerko HAH Ykpaurbl, Knes, E-mail: requigeo@gmail.com

Beepnenue. Cnasropoackuii 6rok pacrnonoxeH B CEBEPO-BOCTOYHOW
yactu CpeaHenpuaoHenpoBckoro merabnoka. Ha BOCTOKe OH rpaHuMuuT C
OpexoBo-llaBnorpagckor KONNM3NMOHHOW CTPYKTYpPOW, a ¢ 3anaja u tora -
Lepe3oBatckon n [eBnagoBcko 3oHamu pasnomMoB. [lpeobnapatoiuas
nnowane 3Toro 6510Ka CrnoxeHa nnaruorpaHuTongamu AHENPONETPOBCKOro
komnnekca [bep3enunH, 1974; Opca, 1988]. B HoBoanekcaHapoBckow WU
3BOHELIKOWN KYMOMOBUAHbIX CTPYKTYpax BbIAEMAKTCA MOMOCOBUOHbIE Tena
OBYNMMPOKCEH-NNarnoknasoBblX, [ABYNMPOKCeH-aMdubon-nnarnoknasossbix,
BMOTUT-POroBOOBMAaHKOBbLIX KpucTasnnocnaHues, amubonmToB, MarHeTuT-
KYMMMWHITOHMUTOBbIX KBapLMTOB CNaBropoACKOW TOSMLM aynbCKOW cepuu a
TakkXe ManomMollHble Tena 3HAepOWTOB CraBropoackoro Kommnsekca
[Bep3enunH, 1974; bobpoe u. ap., 2010; Opca, 1988]. 3aecb Xxe BblaenaTCA
WHTPY3Un ynbTpaba3utoB M rab6bpovaoB anekcaHOpOBCKOro Kommekca
apxenckoro Bo3pacTa. 3HauuMTenbHOe MecTO Ccpeau  paHuToOMaoB
Cnaeropoackoro 6noka npuHaAfnexuT OBYMNONeBOLNaToBbIM paHUTam
aemypuHckoro kommnnekca. K Hanbornee KpymHOW WHTPY3uuM rpaHMTOMAOB
3TOro KoMMnekca oTHocuTca BuwHeBeuknin maccuB [Opca, 1988]. K
HacTosLLEMY  BpeMEHW  MnpoAaTMpoBaHbl  BCE  OCHOBHblE  TUMbI
mMeTamopdmyeckux nopon M rpanHutompoB Cnaeropopckoro 6noka. Mo
pavioHy  HoBoanekcaHApOBCKOW  KymnoOfbHOW  CTPYKTYpbl  MMEKTCS
crnepywowme reoxpoHonornyeckne paHHble: U-Pb  M30XpoHHbIM BO3pacT
uupkoHa aHaepbutos - 301417 mnH net (Metog SHRIMP) [Bobpos u. gp.,
2010]; U-Pb n30xpoHHbIN BO3pacT MOHauuTa M3 YapHOKUTU3UPOBAHHbLIX
3HaepbuToB - 2964,7+2,3 mnH net (knaccuyeckui meton) [bobpos u. ap.,
2010]; U-Pb Bo3pacT uMpKOHa rpaHoguoputoB - 29726 MnH net
(knaccuueckuin meton) [ApTemeHko v ap., 2004].

MocTaHoBKa NpobneMbl. BaxHbiM 3Tanom B 3BOMOLMU ME30apXENCKmX
KpaTOHOB ABMSETCA CMEeHa TOHanuT-TpoHAbeMut-rpaHuTongHoro (TTT)
MarmMatuama Ha MHOroo0pasHbli MO COCTaBy FPaHUTOMOHLIA MarMaTu3m,
UMeILLMIN KopoBbin reHe3nc. Ha CpepgHenpupoHENpOBCKOM KpaToOHe 3ToT
aTan nposiBfieH BHEOPEHMEM WHTPY3UA TPaHUTOUAOB LEMYPUHCKOrO,
TOKOBCKOTO U MOKPOMOCKOBCKOIro KomnnekcoB. Crnaeropoackuii 6ok
paccmaTpuBaeTcs MHOTMMU uccnegoBaTenamMm KakK 610K c
naneoapxenckum dyHaameHTom [bepsenuH, 1974; Bobpos u. ap., 2010] u,
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noaToMmy, onpefeneHue Bo3pacTa KOPOBbIX rpaHUTOB BuwHeBeuKoro
MaccuBa MpeAcTaBnseT MOBbIWEHHbI WMHTEpPeC, TaK Kak BpeMs
KpaToHM3auun SABMASETCA BaXHOW XapaKTepPUCTUKOW 3SBOJIOLMM 3EMHON
KOopbl.

PesynbtaTbl  reoxXpoHOSIOTMYECKUX  UCCNedoBaHuit.  [paHuTOMAbl
BuwHeBeukoro  MaccuBa  npeacTaBfieHbl  nopdupobnacTuyeckumm
OBYNONEBOLWNATOBLIMU  FpaHUTamMu, OWMOTUTOBBLIMK FpaHoAMOPUTAMU U
MUrMatuTamu, KOTOpble craraloT W3OMETPUYHbIE WM BbITAHYTbIE, pexe
HenpaBuibHON (opMbl MaccuBbl pa3dmepoM 5-30 KM, NpuypoYeHHble K
pasnomam [bepzenuH, 1974; BobpoB u. ap., 2010; Opca, 1988]. Cpeam
nopuUpoBUAHLIX rpaHMTOB BuHeBeUKOro MaccuBa BblgensloTca [ABe
pa3HoBUAHOCTU - oboralueHHble K,O 1 cogepxalune ero He 6onee 2,5%
[Opca, 1988]. Mbl nayyanu nepeyo pa3HOBUOHOCTb FPaHUTOB.

Mpoba Ne 2058 6bina otobpaHa U3 obHaxeHUss BO3ne XenesHon Aoporu
B lOXHOM 4yacTtu c. CtapoBuwHeBeukoe. Mo xummyeckomy cocrtasy (SiO, -
70,35%; Na,O - 4,05%; K,O -3,60%) OHM COOTBETCTBYIOT CEMEWNCTBY
rpaHWTOB KanveBO-HaTpueBoWn cepuu, HM3koMarHesunasnoHole (mg# = 0,35),
BeCbMa BblCOKOrnmHodemuctole (al’ = 3,25). B HuX ymepeHHoe copepxaHue
Rb (67,1 ppm) u Bbicokoe Sr (315 ppm), Ba (1266) ppm) n Th (16,8 ppm).
Huskoe cogepxaHue BbiCOKO3apsaaHbIx anemeHToB - Y (5,0 ppm), Nb (2,7
ppm), Yb (0,39 ppm). CunbHo oboratlueHbl nerkumm P33 - Cen/Smy = 86,2,
Ybn/Gdn=5,1. Bblgensetrca oTpuuaTenbHas eBponueBass aHoOManus
(Eu/Eu*=0,71).

M3oTonHbIM BO3pacT [ABYMNOMEBOLUMNATOBbLIX paHMTOB BuwHeBeukoro
MaccuBa onpegenancd no  MoHauuTy. [Ond  reoxXpoHOSIornyeckux
uccrnepnoBaHun 6bin BblIOpaH TEMHbLIM MPO3payHbii U MONYNPO3payHbIi
MoHauuT. U-Pb n3oTonHbIn BO3pacT MoHauuMTa coctaBnsaeT - 2985 MnH net
(Tabnuua).

Tabnuua.

PesynbTtatel U-Pb nsotonHbix nccnegosaHuii MoHaumTa 13 [BYMNosieBOLINATOBbLIX IPaHUTOB
BuwiHeBseLkoro maccusa

CopepxaHue, ppm M30TONHbIE OTHOLIEHNSA Boapacrt, mnH net
v | | po | Por | eor | Weo | Meny | ey | ey | ey | ey
Pb Pb Pb U U 8] U Pb
Mposp. 2251 7127 2670 4,4563 0,016526 0,58733 17,842 2979 2981 2983,1
258,7 7795 1973 4,4348 0,017408 0,58717 17,803 2978 2979 2979,9
233,3 6559 3500 4,5438 0,018962 0,59738 17,874 3019 2983 2958,6
He npo3p. 246,5 7259 3710 4,4739 0,018156 0,59982 18,249 3029 3003 2985,4

[pumeyarme. YpaH-CBUHLOBbIE U3OTOMHbIE WCCNEAOBaHWUs BbINOSIHEHbI B nabopaTtopuu
WIMP HAH YKpauHsbl. r - paforeHHbl CBUHEL,.

BbiBogbl.  YcTaHoBMeHo, 4YTO  [OBYMNOJMEBOLUNATOBblIE  FPaHUTLI
BuwHeBeukoro maccuea CrnaBropoackoro 6roka €BnsloTcA Haubonee
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OPEBHUMU KOPOBbIMW rpaHuTamu B CpeaHenpuaHenpoBCKOM Merabrioke.
Mx U-Pb BospacT no moHauuty - 2985 mnH net. OHM 6Gnn3KK No Bo3pacTy C
aHpepbutammn cnaeropoackoro komnnekca (301417) u rpaHoguopuTamu
OHenponeTpoBCKOro komnnekca (2972+6 mnH net) Cnaeropoackoro 650ka,
YTO yKasblBaeT Ha ux hOpMMpPOBaHME B TeYEHWE KOPOTKOro MHTepBana
BPEMEHU, BEPOATHO, B pe3ynbTaTe nogbema nntoma okono 3,0 mnpg net
ToMy Hasag. [MnarvorpanuTonabl o6pasoBanuchk B pesynbTaTe YacTUYHOrO
nnaeneHnna 6asuToBOro cybcTpaTta, a ABYMNONEBOLINATOBbIE MPaHUTLI - B
pe3ynbTaTe YaCTUYHOro MaBneHus 6osiee ApeBHUX FTHENCOB DyHAAMEHTa.

Jluteparypa
1. Aptemenko I.B., TatapuHoBa E.A., Oemepiok B.B., WBaika N.A. Bo3pacT rpaHutongoB

Cnasropogckoro 6noka (CpegHenpuaHenpoBckuin merabnok) // Ooknagsl HAH YkpauHbl. -
2004.-Ne 8.-C. 118-123.

2. Bep3eHnuH B.3. MNMeTpor'eHe3nc, reonormyeckoe CTpoeHNe 1 0COBEHHOCTU METaNNoreHnm
nokembpus parioHa CnaBropoacko-CUHESNIbHUKOBCKUX MarHuTHbIX aHoManuin // Feon. XypH. -
1974.-T.34.-Bbin. 1.-C. 107-111.

3. bobpoe A.B., Kupuniok B.M., Towosckuit C.B. n gp. paHynutoBble CTPYKTYpHO-
opMaLMOHHbIE KOMMMEKChbl YKPauWHCKOro LuTa - eBponenckui aTtanoH // CtpaTturpadws,
rEOXPOHONOrMSA U KOPEnsauusi HUXHEOOKEMOPUINCKUX MOPOAHbLIX KOMMIIEKCOB yHAAMeHTa
BocTtouHo-EBponeiickor nnatdgopmel. Jlbeos: 3YKL]. - 2010. - 160 c.

4. Opca B.N. lpaHuTOOGpa3oBaHue B p[okembpum CpeaHenpuaoHenpoBCKOM FpaHUT-
3erieHokaMeHHoit obnactu. - Kues, Hayk. aymka, 1988. - 204 c.

Th-U-Pb patupoBaHue KnmuMoBCKOro MetacomMaTn4eckoro
KoMnnekca benomopckoro nogBuXxHoOro nosca

ActadbeB E.PO.1, BouHoBa O.A.2

"MIrT] PAH, CarkT-lTetep6ypr, astafiev.b.yu@mail.ru, “BCEIEN, CaHKT-
llerepbypr

B HacTofdlee Bpems ycTaHOBMEHO, 4YTO MeTacomaTuyeckue noposasbl
LUMPOKO pacnpocTtpaHeHbl B benomopckom noasuxHom nosce (BIM) B
YynuHckon, MNMynoHbrckon, Kaptewckon n KOxHo-Benomopckown noasoHax.
OTn 06pa3oBaHUsi MpUypoYeHbl K  JIOKaNbHbIM  CABWIOBbIM  30HaM
CKnag4yaTo-pa3pbiBHbIX Aedopmaunn 1M 06pa3yloT NMH30BUAHbIE WK
XunoobpasHble Terma CO  CIIOXHOW  BHYTPEHHEM  30HasnbHOCTbIO.
MeTacomaTuTbl BecbMa pa3Hoobpa3Hbl No coctaBy. B page Ten
NPUCYTCTBYIOT MacCHBHbIe cynbduaHble pyabl. XapakTepHon
0COBEHHOCTBIO MeTacoMaTWTOB, pacnpocTpaHeHHbix B BIM, asBnsetca
NpucyTCTBUE KOpyHAA BO MHorux npossneHunax (Mepkycenbka-1 un I,
XetocTtpos, OaauHa [opa, Bapaukoe, Kui-octpoB 1 ap.). Bospact Bcex
NPOABMEHUA MeTacoMaTUTOB ONpeaenanca Ha BTOPUYHO-WOHHOM Macc-
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cnektpomeTpe SHRIMP-II 8 LI BCEMEW U-Pb meTtogom no uMpkoHam.
PesynbTaTtbl n3y4vyeHuss pacnpegeneHvuss penko3eMeribHbIX 3J1IEMEHTOB
MOKa3bIBalOT 3HAYMMbIE OTIINYMSA METACOMaTUTOB OT BMELLAIOLMX NOPoA,.

Haubonbliee KonMMyecTBO MeTacoMaTUYECKUX TEN pPacriofioXeHO B
YynuHckon w [MynoHbrckon nop3oHax bBenomopckoro nosca. [letpoTtun
KNMMMOBCKOro KOMMfeKca npeacraBneH meracomatutaMmu pyaonposiBNeHuni
Knumosckoe n Bapaukoe.

PyponpossneHne KnvMmoBCKOE pacrnofloXeHO toxXHee noc. YkanoBcKun
Ha TeppuTopunm KNMMOBCKOro nermMaTtutoBOro Kapbepa (HblHEe 3aTOMsieH).
BblaensoTcs CnoXHONOCTPOEHHbIE 30HamnbHble Tena MeTacoMaTuTOB, B
COCTaB KOTOpPbIX BXOAAT CpeaHeTeMnepaTypHble OCHOBHbIE (KMaHWUT-rpaHaT-
amdubonosble, rpaHaT-6uoTuT-amdnbonosble, rpaHaT-IOroNUTOBLIE) ©
KUCNOTHblE (KWaHWUT-KBapLEBbIE, rpaHaT-OuOTUT-KBapLeBble) dauun, a
Takxe HU3KOTEMMEpPATYpHbIE XIOpUT-CEPNEHTUHOBDIE, anuaoT-
cKkanonutoBble, KapboHaT-LeonuToBble MeTacoMatutbl. B cTpoeHun
MeTacoMaTU4eCKux Ten MpPUMHMMAlT Yy4yacTMe MacCUBHble CynbduaHble
pyAbl, NPEUMYLLECTBEHHO  MPUPYYEHHbIE K  HU3KOTEMMEPATYpPHbIM
pPa3HOBUAHOCTAM B BUAE JIMH3.

BospacT rpaHaT-kBapLeBOro MetacomaTuTa KIMMOBCKOrO MpOSBEHNS,
onpepeneHHbin U-Pb meTogom no unpkoHam coctaenseT 1897123 MnH ner.

MposiBneHne Bapaukoe pacnonoxeHo B 6 KM toxHee noc. Yyna, B6nm3u
ceBepHoro 6Gepera 03. Bapaukoe. B pgaHHOM paliloHe LUMPOKO
pacnpocTpaHeHbl KWaHUT-rpaHaT-6MoTUTOBLIE rHenchbI FIOYXCKOro
nogkomnsiekca 6GenomMopckoro Kommfekca. Ycnoeus metamopdusmMa
[OCTUranu  BbICOKOTEMMepaTypHoW 4Yactu  amdmbonutoson  chauun
MOBbILLEHHbIX AABIEHNN.

MeTtacomaTnyeckoe Teno JMH30BMOHOW OPMbI  MPOCIIEXEHO MO
npoctupanuio Ha 150 M npu wupuHe BbixogoB o 40-50 m. CybwmnpoTHas
30Ha NoKanu3aumMm MeTacoMaTUTOB NMPOCMEXeHa NO NPOCTUPAHUIO Ha 2 KM.
LleHTpanbHana yacTb Tena crnoxeHa nopdgupobnacTtnyeckumy rpaHaToBbIMM
MeTacomaTutamm CO  CleundUyecKon  30HarbHOCTbIO. KpynHble
orpaHeHHble nopdwmpobnacTtbl rpaHata, pgocturatowme 20-30 cm B
nornepeyvHuke, o6pamMnaTCa PoroBo 06MaHKON C BPOCTKaMU Xene3ncTomn
WwnuHenu (nneoHacT), fanee - WNUHENb-XeAPUTOBON 30HOMW, 3a KOTOPOM
cnepyer  OTOpOYKa  MarHesmanbHOro  Xegputa C  BpacTaHUsaMU
CBETNI00KpalleHHoro 6uoTuTa n BbicOKOMarHesunanbHoro xmnoputa. KopyHa
npuypoyeH K JiokanbHoW V-o6pa3Hoii 30He, B npegenax KoTOpPOW
npeobnapaet accoumauus Crn (3-7% coctaBa nopoppl)+Pl (5-15%)+Hbl
(70-90%), nHorpa ¢ eanHNYHBLIMK 3epHamMn ctasponuTa. CambiMU NO30HUMU
pa3HOBUOHOCTAMM METacoMaTUTOB SABMAIOTCA rpaHaT-Miarnoka3oBble
nopopbl, obpamnsiowme no nepucdepun xeneso-marHesvanbHole dauum 1
oT4yacTu uXx Koppogupytowme. KOHKOpAAHTHbI BO3pPacT rpaHaT-KMaHUT-
pOroBoOOMaHKOBbIX U MNarnokKnas-poroBo0O6MaHKOBbIX MeTacoMaTuTOB,
onpepeneHHoin metofoM SHRIMP-II no umpkoHy coctaBnset 1931+54 mnH
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netr un 187834 wMnH neT COOTBETCTBEHHO. CxOfHble MO CcocTaBy
MeTacoMaTWUTbl U3BECTHbI TakXe Ha MECTOPOXAEHWMM KOpyHAA XeTOoCTpoB
(1894117 mnH neT) n Ha pyaonposeneHnn OsavHa Nopa.

PacnonoxeHHasa BocTouHee [lynoHbrckon nop3oHbl KapTelickas 30Ha
6bina n3yyeHa B panioHe mbica MecyaHbin (Kus-ryba benoro mops). 3aech B
amcubonutax ObinM  BblgENEHbl Tena rpaHaToBbiX U aMdpubonoBbIx
MEeTacoMaTWTOB, B  KOTOPbIX LIMPOKO  MPOSIBIEHA  HaNoXeHHas
BKpanieHHas, rHe3goBO-BKpanfieHHasd, pexe MNpOXWUIKOBO-BKpanfeHHas
WM MaccuBHaa cynbguaHana MuHepanusaumsa («danbbangbl»). 30HbI
cynbuansaLmMm npocnexmuBarTCs Ha pacCTOAHUE MHOMMX LECATKOB U
COTeH MeTpoB. X MOLLHOCTb BapbupyeT OT NepBbIX CaHTUMETpoB A0 2-3
MeTpOB C cpegHum copepxaHuvem cynbcpuaos 10-15%. [OaHHble
danbbaHabl HabnogaTca B nonoce AfivHon Ao 20 KM npu WuprHe B 3-
15M. BospacT nuppoTMH-ampmbon-nnarmoknasoBbiXx MeTacoMaTUTOB,
onpepeneHHbin metogoM SHRIMP-II no umpkoHy coctaensiet 1912128 mnH
nert.

B FOxHo-Benomopckon noasoHe B 6binu N3y4YeHbl
MeTacomaTuyeckme obpasoBaHus B paiioHe noc. [oHbroma. B pesynbrate
npoBefeHHbIX paboT Ha ceBepHOM nobepexbe [MoHbromckowm rybbl Obina
BblgenieHa KpynHasi TEKTOHMYecKasi 30Ha CybLmMpoTHOro npoctupanus. OHa
HenocpeacTBEHHO MpocrfiexeHa no npoctupadHuio Ha 700 m npu wmpuHe
200-250 m, xopoLlo BuaHa Ha KOCMUYECKUX CHMMKax. B ee coctaB BxogAaT
MenaHXupoBaHHble nopoAbl beromopckoro nosica, TEKTOHUTbBI U Tena
rpaHaToBbIX, KWAHWUT-TPAHATOBbIX U amMdubonoBLIX MeTacomMaTUTOB.
Bo3pacT KmaHMT-KBapLEBbIX METAcOMaTUTOB, OMPEAESIEHHbI METOAO0M
SHRIMP-II no unpkoHy coctasnsaet 1851+13 MmnH ner.

MeTtacomaTtuTbl KWR-OCTPOBCKOrO apxunenara, pacrnoslioXeHHOro B
OHexckon rybe benoro cnaraloT [Be CUCTEMbl KpyTonagaroLimx
KynucoobpasHo pacnosfioXeHHbIX Ten, cybcornacHblx € MNpPOCTMPaHUEM
nopoz, MOLLHOCTbIO A0 2-15 M, no npocTupaHuto npocnexeHsl Ha 400-600 m
Mo coctaBy MeTacoMaTtuTbl MPEMMYLLECTBEHHO MNpeacTaBfieHbl rpaHaT-
pOroBooOMaHKOBbIMU, nnarnoknas-nMpoKCEHOBbLIMU " rpaHaT-
nnarnokKnasoBbiM/M NOpoAaMM, 3HAUYUTENBHO BapbUPYOLWLMMK MO COCTaBy.
BTtopocTeneHHbIMY MUHEpanamu ABMAAKTCA KWAHUT (MHOrpA JMHENHO-
30HanbHbIA, C KanbuueBbiM amdpubonom), 6GUMOTUT, PO3OBLIN KOPYHA,
MaprapuTt, TWUTAHOMarHeTUT, pexXxe CTaBpofIUT, XJIOPUT, KIIMHOLOU3WT,
marHetut. Ocobo B cocTaBe MeTacoMaTUTOB MOXHO OTMETUTb
OEKOpaTUBHbIE  SIPKO-3€SleHble  KIIMHOLLOUM3UTOBbIE, UraHTO3EpPHUCTbIE
yepHble amdnbonoBble WM MUPOKCEHOBbLIE, KpacHble rpaHaToBbIE,
cepoBaTo-6enble NceBA0aHOPTO3UTOBbLIE NOPOAHI.

Mo pesynbTatam AatMpoBaHUss Ha MOHHOM MUKpo3oHae SHRIMP-II
BMeLlatoLme rpaHaToBble rHenchkl (okono 2850 Ma) n rabbponabl (2424+7.5
Ma) 3HauuTenbHo oTnuyalTca oT 6Gonee monoabix (1933123 Ma)
KopyHAcOoAepXaLLmX KWaHWUT-rpaHaT-KMMHOLOU3UT-POroBOO6MaHKOBbIX
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MeTacomMaTuToB. 10 MUHepanbHOMYy COCTaBy M BO3pPacTy UCCefoBaHHble
nopoabl KOPPEnupylTCsl CO 3HauYUTENbHO yaaneHHbimu (Ha 400-450 km)
nposienieHussMn CeBepHon Kapenum u MapKuMpyloT pernoHanbHbid 3Tan
npeobpasoBaHuin Benomopckoro nosica npu amcunbonutosom
MeTamopname NoBbILLEHHLIX AABNEHUN

BbIBObI

CornacHo pe3ynbTaTtam NpoBeAEeHHbIX nccneaoBaHun,
mMeTacomaTuyeckme nopogabl BMIM ob6beguHsOTCA B €OQUHBIA KIIMMOBCKMUIA
MeTacoMaTU4YEeCKMIN KOMMIEKC CO CPeAHMM BO3pacTHbIM MHTepBaniom 1905-
1915 MnH neT, ob6pa3oBaHNA KOTOPOro MPOCMEXMBAKOTCA Ha PaCCTOSHUK
okono 550 km ot OHexckol rybbl Benoro mopsi yepes YynuHcknin u EHCKmi
cermeHTol BIMM pgo rpaHvubl ¢  ®PuHAAHOMEN, 4YTO YKa3blBaeT Ha
CTPYKTYpHOE €OMHCTBO AaHHOW TeppuTOpuM BO BPEMS PErMOHANbHOro
dnrongHoro uMnynbca npwm cdopmMnpoBaHun MeTacomMaTUTOB
paHHecBeKO(EHHCKOro nepmoaa TEKTOHNYECKON aKTUBM3aLUN.

CocraB, BO3pacCT, CTPYKTYpPHbIE U NETPOSIOrMYeckume ycriosus
¢dopMUpoBaHUS penepHbIX PYAOHOCHbIX 06bEeKTOB KuyaHcKoi
3e1leHoKaMeHHoM CTpyKTypbl (TUKLLEeOo3epCKui
3eneHokameHHbln nosic, CesepHasa Kapenus)

Acracbes B.10.', BouHosa 0.A%, KanmHun A.A.°

"Urra PAH, CaHKT-ﬂeTep@/p/; astafiev.b.yu@mail.ru, °BCETEM, CaHkT-
lMetepbypr, "M KHL PAH, Anatutsi

TUKLWEO03epCKUn 3eNeHOKaMEHHbIM MOSIC PacriofioXeH Ha Hro-3anage
MypmaHckon obnactn n B CeBepHon Kapenuu, nosic npocnexuBaercs ot
noc. 3ape4yeHcK npumepHo Ha 150 KM B HOro-BOCTOYHOM HarnpasfieHun npu
LWUMPUHE BbIXOOOB 3efleHOKaMeHHbIX nopog o 15 km. OH BXxoguT B
Tukweo3epcko-lapaHOoBCKyt0 CMCTEMY 3erieHOKaMeHHbIX NoACoB, KoTopas
yyacTByeT B CTPOEHMM MnorpaHuyvHoln obnactm mexpy bBenomopckum u
KapenbCkum  akKpeuVOHHO-KOMMIM3UOHHBIMA ~ OpOoreHamMn U aBnseTcs
COCTaBHON YacTbio KoBAO3€pCKOro MUKPOKOHTUHEHTA.

B KwuuaHckon cTpykType TuKLIEO3epCcKOro 3eneHokaMeHHOro nosica
YCTAHOBMEHbI TUMWYHbIE ANS 3€/IEHOKAMEHHBIX MOSCOB MUpa MPOSIBNEHUS
XEene3uncTblX KBapUMUTOB, KONMYeOaHHbIX CYLLECTBEHHO MUPPOTMHOBBLIX PYA,
apceHonuputa, MmonubaeHuta n 3onota. PopmMupoBaHne pyaonposiBNeHni
CBA3a@HO C HaNIOXEHHbIMKM MeTamMopo-MeTacomMaTUYECKMMN Mpoueccamm
BO BMELLAIOLLMX NOPOAax Heoapxenckoro Bo3pacTa
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PaHee onybnukoBaHHble HaMuW [aHHble O BO3pacTe  KBapl-
MoneBoLUNaToOBbIX METACOMATUTOB, HECYLLMX MONIMOAEHNTOBOE OpyAEHEHME
1 rpadpuToByt0 MUHepanusauuo 2677+34 mnH net (KanunuH v gp., 2017),
nony4YeHHble MeTofAoM nasepHon abnsumm LA-ICPMS, yTouHeHbl B LleHTpe
uzotonHelx wuccnegosaHui (BCEMEW, SHRIMP-II) U-Pb metogom
0aTMpOBaHUsi MO LMPKOHY. B MeTacomMaTU4eckmx UMPKOHAX OTMevaeTcs
aHomanbHO Hu3koe Th/U oTHOLIEHMe, YTO TUMNYHO AN MeTacoMaTU4eCKmX
nopop, atToro permoHa. CogepxaHue ypaHa B uympkoHe gocturaet 3000 ppm.
U-Pb Bo3pacT uMpkoHa B MeTacomMatuTax coctasun 2702+12, ato B
npeaenax norpeLwHocT! NOATBEPAUIIO PAHEE NOJSyYEHHbIE AaHHbIE.

Bpemsa cdopmumpoBaHus apCeHONMPUTOBON MWHEpanu3aunm OLEHEHO Mo
cogepxaHuto U, Th n Pb B moHauunTte n coctasuno 1789147 mnH net. Takxe
nocTtcBeKOeHHcKMn Bo3pact 1739+15 wMnH net nonydeH AanA
30M0TOpyaHOM  MuHepanu3aumm  U-Pb MEeToAOM MO TUTAHUTY C
BKJTHOYEHMAMN camopogHoro 3o5oTa (KanuHuHe u gp., 2017).

Takum obpa3om, hopMMpoBaHMe pyaHON MUHepanu3aumm B KudaHckom

CTPYKType npoucxXoguno Ha [AByX 23Tanax pas3sButna rmnosaca - Ha
Heoapxeiickom  (MonubpeHut, rpacdut) ¥ NaneonpoTepo30NCcCKoM
(cBEKOHEHHCKOM -  apCEHOMUPUT,  30/10TO), KOTOpble  pa3faeneHsbl

BPEMEHHbIM MHTEPBANIOM NOYTU B MUNAUapg, ner.

lMepBooyepeaHOn MOUCKOBbLIM UHTEpec B KWYaHCKOW CTpPYKType MOryT
npeacTaBUTb PyAONpPOSABIEHNS 30/10Ta, NPUYPOYEHHBIE K METAaCOMaTUYECKN
M3MeHeHHbIM amdunbonutam K rHencam C NUPPOTUH-APCEHONMUPUTOBOM
MUHepanu3aumMen B 30Hax HaABUIOBbIX TEKTOHUYECKMX HapyLUeHWi: B
amcdubonax, nnaruoknase, TUTaHUTE, KBapLe, 4acTo OHO MPUYPOYEHO K
rpaHvLe 3epeH apceHonuputa M MapkasuTa C KBapLeM U CUITMKaTHbIMM
MUHepanamy, a Takxe OTMe4vaeTcA B BWUAE BKIHOYEHUA B MUPPOTUHE U
XanbKonupuTe.

Jlutepartypa

KanunuH A.A., Actacbes B.10O., BoHoBa O.A., BasHoBa T.B., Xunnep B.B. "'eonorunyeckoe
CTPOEHME U NepcrnekTVBbl  PyAOHOCHOCTU  KWYaHCKOM  CTPYKTYpbl  TUKLIEO3EPCKOro
3eneHokameHHoro nosica (CesepHas Kapenus). Jlutocdpepa, 2017, 17(3), 102-126. DOI:
10.24930/1681-9004-2017-3-102-126
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BospacTbl Ciof, U3 KCEHONIUTOB U KCEHOKPUCTOB
kuMbepnuToB Cubupckoro KkpatoHa onpepaeneHHblie SAr/*°Ar
METO[IOM

AwenkoB I/I.B.1, TpaBvH A.B.1’2, KOauH ,EI,.C.1

"MIrM CO PAH, Hosocubupck; “HIY, Hosocubupck

lMnato 1 M30XpPOHbI U MHTErpanbHble BO3pacTbl A Ar KCEHOKPUCTOB 1
3epeH proronuta U3 KCEHOSIMTOB KUOGEPSIMTOB MOXHO MNPUMEHSITL AJ1s
onpepeneHns BO3pacToB MaHTUMHbIX npoueccoB (Hopp et all.,, 2008) u
pacwndpoBKM reHe3nca anmasoobpasylowmx npoueccoB. [JaTupoBKM
rnyOUHHbIX KCEHONNTOB Kumbepnutos Cwubupckoro KpaToHa
06HapyXunBalT CyLLEeCTBEHHbIA pa3bpoc (Pokhilenko et al., 2012;
ConosbeBa u gp., 2017, Ashchepkov et al., 2015) ot Apxes 0o BpemeHu
6nm3koro K BO3pacTy BMeLalwux KUMOEpnuToB B OCHOBHOM [JEBOHA.
Haubonee ppeBHue Bo3pacTbl onga Tp. YAayHas danablHCKOKro nomnsa Ans
dIoronnToB N3 KCEHOSNIUTOB LUMWHENOBbLIX rapbyprutoB camoro BEpXHEro
YPOBHSA OTHOCATCS K NO3AHEMY apXxeto - paHHemy npoTtepo3oto 2,1 -1,5 mnpg
net. B Anakutckom none Bce Bo3pacTbl monoxe ot 1,27 - 1,05 - 0,928 -
0,87 wMnpa net M OTHOCATCA K MeTacoMaTU4eCKoW WCTOpUM MaHTuu
PoavHu. bnuskne gatbl yCTaHOBNEHbI ANA KCEHONUTOB M3 Tp. O6HaxeHHas
(KanawHwukoea, 2017)

Hawwn paHHble no cnopgam IAr/*Ar METOAOM, 4YacTo obHapyxXuBaloT
CNOXHble KOHdUrypauumn cnektpoB. Critofbl KCEHOKPUCTOB ANaKUTCKOro
nona AawT pafg NMKOB, HavMHasi OT Hambornee BbICOKOTEMMEPATYPHbIX M
OPEeBHMX, KOTOpble B COOTBETCTBOBANIM BEPXHEMY MPOTEPO30K - BEHAY U
naneo3ol U NUWb Ccamble HU3KOTEMMNEpPATYpPHblE MUKU C  BbICOKUM
cogepxaHuem Ca/K OTHOWEHMEM OTBe4YanuM BoO3pacTaM BHeApeHUsi
KumbepnutoB. HekoTopble MNWKW, BO3MOXHO, CBfA3aHbl C TepMaribHbIM
Bo3genctenem Bunonckoro nnioma (Kuzmin et al., 2012). Cawmble
HU3KOTEMMepaTypHble MUKK, BIN3KKU No BO3pacTy K BpeMeHn obpa3oBaHus
KUMOEpnNUToB, 4YTO NOATBEPXAAETCH BbICOKUMMU BAr°Ar oTHOLLEHUSIMU
rasa BblOENMBLUErOCS Ha  HU3KOTEMMEpaTypHOM  3Tane, BecbMa
NpubMM3NTENIBHO MOXHO MCMONb30BaTb Afs AATUPOBaHUA KMMOepruTos,
O[lHaKO BbleneHne Apyrux ras3oB Ha HU3KOTEeMMepaTypHbIX CTyneHsax
3HAuYUTENbHO YBENMUMBAET OLWUOKY wu3amepeHusa. Bce oHM oTBevatloT
uHtepeany 440-320 Mwup, WHTepHauuoHanbHasa, YkpauHckas - 420,
O6unenHaa - 342, BbotyobuHckaa - 352). Hekotopble onpeneneHus
npakTu4ecku conagatot ¢ Rb/Sr Bo3pactamu (Griffin et al., 1999, Arawes n
ap., 2005, Koctposuukun n ap., 2008) u, BepoATHO, NpeacTaBnsaioT NUHUN
CMeELLEHNS. Ona MHorux kceHokpuctannoB (Tp. danHWTEeNHOBCKOWN,

YkpauHckas, KObunenHas, KpacHonpecHeHckas) B OCHOBHOM MpOsiBIIEH
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uHTepsan ot 600 go 500 MnH. NeT, YTO OTBEYaeT 3Tany packona JlaBpasuu.
Hanuuve CpaBHWUTENIbHO HW3KOTEMMEpaTypHbIX MNNato C ApPEeBHUMU
BO3pacTamMu, U BbICOKOTEMMNEpPATYPHbIX MOSOAbIX MNoApasymMeBaeT, 4To
HEeKOTOopble 3Tanbl MOXHO COOTHOCUTb C MaHTUNHOW UCTOpMEN MUHepana.

Janovinckuii paiton L
Anaxumckuit pation
= Ypaunan UAS 1301 YAaunan
& 200 7 2000
: F\’i/—sﬁ" : — gg — N __
p-3 E 600 i
as sat0 20 D iyl @fureiinan
E ol WrerpanbHbii Bospact = 1975 £ 12,4 mnk net § oo 400
g § | Wrerpanssii sospacr = 20408 £ 12,1 Mk ner 20 Sytykanskaya 400 5205 9 Ma
& s 2., St104 Metasomatic vein 300
@ a 200 464.4+-58 Ma MomeT
R e I ) o 100 nterated age 382535 20 342120 Ma
e s s e maprmares S5 0 o
- — o m w ® ® F O TR R R
000 UAS 1590  YnauHas 1600
™ 1500 T572% 11 Ma 700 00
™ 706£ 111 20 600 Age Ma 600 Age Ma
i 1000Y 0qu HK. 500 500 Kpcnonpecuendkan
- ot Udachnaya xendliths UAS 38/6 400 1015.+7.7 Ma 00
g " o sytykanscaya  ColmbIKAHCKPA 05,05+
[ Vinterpanuui Bospact = 15535 £ 10,2 w ner “ Tntegrated age 1329 £102 Ma ig o Mt omatre 00 [ orarrme
- 00 200 —
I R a8 " mw @ w o 1o 'Merated e sM.569 Ma 00 Krasnoprecre nskayaTehocryst
Konwuecrno suiaenmeserocs 39Ar% " " 0
Fraction of argon 39Ar% ) 70 0 50 o 0 Py ) G 50
600 700 -
500] 550 00 Age Ma 1400
450) b 500 o
450 o .
400 53649 wnw. ner w00d [5127£110 Ma 508751 Ma 1000
400) 350 001
% 300 Vipantcian 300 !Fainsheinovskaya xenocryst 600 |H
350 (Manrer) Patnoreodusiieckas 250 200 . . 400
0 200 = = 100 o
20 40 60 80 0 o @ “ o B 0 200
Koamuecrno sugemsmerocs Ardo 0 20 40 60 80 100 0 20 40 60 80
Mano bomyobunckuii paiton Fractonof argen A% Fractonof argen A%
700 600 wnK et
600 —_454+-6mnn.ner | ChiTbiKaHcKas Yub 15007 5667224
500 ‘-—- 500 Stk-187 cniopa 06uneitHas
w00 ,_rm‘r_‘_'_— 540.5+-7 mnh. ner
s00]  cansen 400 P Vorpanuih sospacr = 4528 .. er
200
100 Hurepramnonasman 300 Mup fo
0 0 B e . "~
20 40 60 80 00 40 60 80 0 KonwsecTso eugenmpiseroca 39Ar%
Koausectso pouiempmerocs Ar% Koan4ecTso BhUIeHBIIETOCS
o 405 /39
Puc. 1. Bo3pacTt HEKOTOpbIX (OIOronuTOB, NOMyYeHHbI MeTofoM * Ar/~Ar patnposaHus

Pokhilenko L.N., Alifirova T.A., Yudin D.S.. “°Ar/**Ar dating of phlogopite of mantle xenoliths
from kimberlite pipes of Yakutia: evidence for deep ancient metasomatism of the Siberian

platform/ Long abstracts of 10 IKC.

ConosbeBa J1.B., Kanawhwukoa T.B., KoctpoBuukun C.U., NBaHoB A.B., Mauwk C.C.,
CysopoBa J1.®d. dnoronutoBble U gnoronuT-aMubonoBble napareHe3ncbl B nutocdepHoin

MaHTuUK BupekTuHckoro TeppeiiHa Cubnpckoro kpatoHa// OAH. 2017. T. 474, N2 6. C.1-6.
Koctposuukuin C.N., Mopukuo T., Cepos WU.B., Akosnes O.A., AMupxaHoB A.A.

M30ToNHO-reoxmMuyeckas cuctematuka Kumbepnutos Cubupckoi nnatdopmbl. Meonorus

n Meocpmamka 2008. Ne 4, c. 281-301
Ashchepkov I.V., Logvinova A.M., Reimers L.F., Ntaflos T., Khmel'nikova O.S.

The Sytykanskaya kimberlite pipe: Evidence from deep-seated xenoliths and xenocrysts for
the evolution of the mantle beneath Alakit, Yakutia, Russia. //Geoscience Frontiers, Volume 6, I.

5, 2015, Pp. 687-714

KanawHukoBa T.B. reoxumMmuyeckme XxapakTEPUCTUKM U METPOr€HE3UC MaHTUNHbBIX
KCEHONWUTOB U3 KMMBepnmMToBon Tpybku obHaxeHHas (AkyTckas kumbepnutoBasi NPOBUHLMSY)

aBTopedepart, MpkyTck, 2017, 23c

41



K Bonpocy o Bo3pacte Kbi3binbynarckoro MegHo-
30J/10TOPYAHOIr0 MECTOPOXAEHUSA

Barup6ekosa O.[.', Mupsoesa [.P.%, Oxadaposa P.C.>

’ UHctutyT reosnormm u reodpmsnkmn HAHA, baky, 2 UHcTuTyT reosiorvm n
reogpusnku HAHA, baky, ¥ UHctutyT reonormm v reogpmsmnku HAHA, baky,
Email: dilazer@yandex.ru

Kbi3binbynarckoe Me[HO-305110TopyaHoe MecTopoXzaeHue
pacnosioxeHo B npaBobepexbe p. Teptep BONM3n C.
Ipom6oH. MecTopoxaeHne Obi0  YCTAHOBMIEHO MO  MOBEPXHOCTHLIM
npu3Hakam u pasBegaHo bapxaHoBbiM B 1931-32 1. Kak MepgHoe
mMecTopoxpaeHue. B 1965-68 rr. nouckoBbiMn paboTtamu YnpaBneHus
reonorum A3ep6.CCp 6bina yCTaHOBJEHa NepcnekTUBHOCTb
MECTOPOXAEHUS Ha 30J10TO.

lMpuHYMas BO BHUMaHWE pacXoXAeHWe MHEHWN uccnegosaTernen Ha
CcTpaTudUKaUMI0 pPyaoBMELLAIOLWNX HOPCKUX BYNKAHUTOB W UCTOYHUKU
PYLOHOCHbBIX rmgpoTtepm, Hamu 6binn NpoBeaeHbI pagmo-
reoxpoHosiornyeckme nccrnepoBaHusi pavioHa Kbi3binbynarckoro
MECTOPOXAEHNA C LUenblo  onpegeneHuss  abcomoTHOro  Bo3pacTa
pyooreHesa Kanuin-aproHoBbIM METOAOM.

MecTopoxaeHne npuypoYeHo K TeKTOHMYeckomy 6roky 6anoc-6aTckmx
BYNKaHW4Yecknx  nopog, obpasywlemy  npunogHATOe  OCHOBaHue
XO[XaBEHACKOrO CUHKIMHOPUA Mexay nadykamu 6aTCKux BYNKaHOreHHO-
ocapo4HbIx obpasoBaHuin Kapabaxckoro (Ha HO3) un Arpamckoro (Ha CB)
ropCT-aHTUKIMHOPUEB, OBpPaMMNEHHbIX MPOAOSbHLIMU K UX MPOCTUPAHUAM.

MeToaonueckuin noaxon K TeOXPOHOMETPUYECKMM aHanu3am Mopop,
MECTOpPOXAEHMSA OCHOBbIBAJICA Mpexae BCero Ha paktax BHeapeHus
NoCTPyAHbIX KuMepuaxckmx aaek Kbi3binbynarckon 30Hbl, NPOpbIBAEMON
Ha ceBepe TakXe LUTOKOM AuopuT-nopduputa. Hanmuns pyoHbix ranek B
paHHEBEPXHEIOPCKNX KOHroMepaTax, MpsAMO yKa3blBaeT Ha O4YEBUAHYIO
HECOCTOATENBHOCTL BEPCMU O TEHETUYECKOMW CBA3W OpYAEHEHUA C
BEPXHEIOPCKO-HEOKOMCKMMU ~ UHTPY3UAMU, W BCKPbITbIX  OpyAEHenbIX
WHTEPBAsnoB pPMONIMTOB M PUOAALMTOB* B PyAHbIX TENax, KOTOpbIe anpuopHO
cyXalT pyporeHes B H6aioc-6aTckoM Amana3oHe reofiormyeckoro BpeEMEHN.
Opyrum BaXHbIM MOMEHTOM [N PafMONIONMYecKUxX UccnefoBaHui
ABMANOCb Hanuyne cepuuuta B HEPYOHOM MapareHe3e MUHeparnos,
CBfI3aHHbIX C rMApPOTEPMaNbHBIM MPOLLECCOM, KOTOPbIA NPUCYTCTBYET Kak B
pyoHOW Macce, TakK W B  OKONMOPYOHbIX W3MEHEHHbIX MNopoAax,
CUHIEHETUYHbIX PYOOOTIIOXEHUIO.

Mcxoas w3  3Tmx npennocbinok 6binm  oTtobpaHbl  o6pa3upl U3
puopaumToBoro cybsynkaHa, npuneratowero K Kbisbinbynarckom 3oHe kK C3
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oT MecTopoxaeHus. OnpoboBaHa Takxe pyAoBMeLlalowas Tomnwa KUCHbIX
achy3nBHO-NUPOKIACTUYECKUX Mopod, rAe npobbl oT6éupanuch U©3
HagpyAHbIX WHTEpBanoB KepHa CckKB.[-6, rmapoTtepmanbHO-U3MeHeHHas
nosioca OCBETNIEHHbIX PUONMUTOB C pPeAKOM POCCbINbI BKpPanseHHoro
OpYAEHEHMA BHYTPU PYyOHOW 30HbI U Apyrne BMeELLaoLMe W3MEHEHHbIe
NopoAbl PyoHOW 30HbI U, HAKOHEL,, NPobbl N3 caMUX PyOHbIX TEM B LUTONbHE
N2 4, N3 KepHOB CKBaXMWH.

M3 rpynnbl rugpoTepmarnbHO nepepaboTaHHbIX BMeLalowmx nopoa B
pyaHoW 30He 6blnnM 0TobpaHbl U NPobbl ¢ Hanbonee BbICOKMM COAEPXaHNEM
kanua (NeNe 12, 13, 15, 20 ). B pesynbtaTte onpeneneHusa sospacta K-Ar
METOAOM MO BasioBbiM Mnpob6am, ObiM MosnyYeHbl XOPOLIO CXOAsLMEcs
umdpbl - cooTBeTCcTBEHHO 169 MnH net, 168 mnH net, 163 mnH net, 160 MnH
NeT, YTo AaeT OCHOBaHMe roBoOpuTb 0 6aNOCCKOM BO3pacTe 3TUX NOPOA.

Oco60ro BHUMaHUA 3acnyXuBalT aproHOBble AAaTUPOBKU, MOSyYEHHbIE
Nno NopoAe B LENIOM M3 caMux pyaHbix Ten. MNony4veHHble undpbl Bo3pacTta
165 mnH net (np. N2 26A), 168 mnH net (np. N2 26B), 160 mnH net (np. N2
26I"), 167 mnH net (np. N2 26[1) oTBeyatoT 6anOCCKOMY BEKY.

BaxHbIM hakTOM ABMMOCH HanNnumMe cepuuuta, B HEPYAHOM NapareHese
MWHEpPANoB, CBA3aHHbIX C rMApoTepmalnbHbiM  MPOLECCOM, KOTOpbIN
NPUCYTCTBYET Kak B PYAHOW Macce, TaK U B OKOJIOPYAHbLIX WM3MEHEHHbIX
nopodax, CWUHIEHETMYHbIX pyAooTnoXeHuto. Ham ypanocb BbIAENWTL
CUHTEHEeTUYEeCKNN cepvumt 7] noaBeprHyTb ero
pagnoreoxpoHONIorM4ecKkomy aHanuay. YcTaHoBneHue BO3pacTa
CcuHreHeTudeckoro cepuumta 162 mMnH neT NO3BONMIO MPUATK K BbIBOOY O
baniocckom Bo3pacTe pyaoobpaszoBaHuss  Kbi3blnbynarckoro mepgHo-
30M10TOPYAHOr0 MecTopoxpaeHusa. Bce Bo3pacTHble AaHHblE, MOMy4YeHHble
Hamu, ceefeHbl B Tabnuuy 1.

Tabnuua 1.
NeNe NeNe %Ks AGCOMIOTHE Crpaturpaduyeckuii
o npo6 nopogax | Bo3pacT nopop, B YPOBEHb
v pygax MITH.eT
1 12 0.96 169 6avioc
2 13 1.52 168 6avioc
3 15 2.16 163 6anoc
4 20 1.50 160 6anoc
5 26A 0.70 165 6avioc
6 26B 2.12 168 Baroc
7 26l 1.20 160 6avioc
8 260 0.90 167 6anoc
9 Cepuuur 1 5.30 163 6anoc
10 Cepuuut 2 5.50 162 6anoc

eHe3uc nosgHeapxenckux Ru-Os-Ir cnnaBoB v cynbcguaos AHanus
reofiorMyecknx U pagmnonormMyeckmnx OaHHbIX, C y4ETOM BCEX MOrPELLUHOCTEMN,
[.aeT OCHOBaHWe CYUTaThb:
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-cbopmMupoBaHue pyaHo Macchl npoucxoauno B 6anocckoe Bpemsi B
CBSI3W C BblAENIEHWEM PYOOHOCHBLIX ONIOMAOB U3  PyAOreHepUpYoLLEro
pUONUTOBOrO UM PUOAALMTOBOrO pacnnaBsa.

"eHe3uc nosgHeapxeickux Ru-Os-Ir cnnasoB 1 cynbhpupos
ButBatepcpaHaa (lOxHasa Adpuka)

Ban,aHMHa n. IO Maan KH.! vanep B.B. AHTOHOB A. B Kanmonoa
N.H2 , dann K , MyxTenb W. C BepMMHxaM K.P.* MepKne P.KB.

"UIrur YpO PAH, Exkatepur6ypr; > BCEIEM, CaHKT-ﬂerep5ypr
YHMBepCMTer,ﬂypxaMa ,ﬂypxa/w Beﬂnkoﬁpura/-mg YHuusepcurer
Mapunerga, Konnegx-llapk, CLUA; J/HMBepCMTer lTperopuu, Mperopus,
FOxHasa Agppuka

KomnnekcHble Os-Au-U naneopoccbinu ButBatepcpanackoro 6acceinHa,
u3BeCcTHble  kak  ButBaTtepcpangckvme  pudbl  [Du  Toit, 1954],
pa3pabaTbiBatoTca yxe 6onee crta net. boratble ocmMvemM MWHepansbi
nnatuHoson rpynnbl (M) nonyyalwT B KayecTBe COMYTCTBYHOLLErO
npoaykta npu pobbide 30M0Ta B nNpefenax 30/10TOPYAHbIX  Monen
ButBatepcpaHackoro 6accenHa. XapakTepucTmka WX BELLECTBEHHOrO
cocTaBa U ycnosus obpa3oBaHns MUHeparbHbIX accouualmin nnaTMHOMaoB
npuseneHbl B page pabot [Cousins, 1973; Feather, 1976 n ap.]. MNepsbie Os-
u3oTonHble faHHble no Ru-Os-Ir cnnaeam BI/ITBaTepC aHAckoro 6GacceiHa
BbISIBUNN 3HAUUTENbHble BapuaLun 3HadeHuin ' Os/'*®0s - ot 0.0987 po
0.1649 [Hart, Kinloch, 1989; Malitch, Merkle, 2004 n gp.].

Ona yTOYHEHMA BELLEeCTBEHHOrO COCTaBa, WCTOYHWKOB PYAHOrO
BELLECTBA, NPOAOIIKUTENBHOCTU K ycnoBun obpasoBaHua Os-copepXalumx
MUWHepanoB NnaTMHOBOW rpynnbl BurBatepcpanackoro 6acceriHa B goknage
obcyxaalTca opurnHasnbHble AaHHble MO BELLeCTBEHHOMY W M30TOMHOMY
coctaBy Os-copepxalimx CnNaBoB U Cynb(puaoB n3 30/0TOHOCHOM
KoHrnomepatHon cpopmauum Kumbepnu, pacrnosioXeHHOW B BEPXHEM OTAeNe
LleHTpanbHoro Panga [Tweedie, 1986]. Mpu npoBegeHun nccnegosaHuin 6bin
MCNosb30BaH MEXANCLUMITMHAPHbIV nogxon ¢ npuBneYeHNEM
CKaHMPYIOLLEN  3NEKTPOHHOW  MWKPOCKOMWKM,  PEHTrEHOCNEKTPanbHOro
MuKpoaHanu3a, Re-Os n Ru M30TOMHO-reoXMMnyeckux MeTofoB aHanv3a.
AHanuTnyeckne paboTbl BbIMOMHEHbI B WHCTUTYTE reonoruv M reoxumuu
YpO PAH (ExkaTtepuHbypr), BCEFEW (CaHkT-lMNeTepbypr), YHuBepcutete
Iypxama (Benukobputanusa) n Yuusepcutete MapunaHga (CLA).

BnepBble ycTaHOBNEHO 3HauuTenbHoe pacnpocTtpaHeHue MM,
NPeACTaBfIEHHbIX MOJIMKOMMOHEHTHBIMW TBEPAbIMU PacTBOpaMun CUCTEMBbI
Ru-Os-Ir-Pt(xFe) [bapaHuHa, Manuy, 2017]. BmecTe ¢ MuHepanamm pyTeHus,
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OCMUSl, UpUOUS U PYTEHUPUOOCMMHOM OHU NpeobnagatT Hap Xeneso-
nnaTMHOBbLIMK TBepAbiMu pacTtBopamu, Ru-Os cynbdupgammn un gpyrumu
MII". BbiBMEHHbIV TPeHA, COCTaBOB TBEpPAbIX pacTBOPOB cuctembl Ru-Os-Ir-Pt-
Fe cBupgetensCTByeT O TOM, YTO WX MWCTOYHUKOM sBnsnack cnabo
onddepeHUMpoBaHHas B OTHOLLEHUN 3rieMeHToB nnaTtuHoBon rpynnbl (311
apxenckaa MaHTMa 3emnu. Ha oOCHOBaHMM OpuUrMHanbHbIX OAHHBIX U
NUTepaTypHbIX 3KCMEPUMEHTanbHbIX pe3ynbTaToB CAenaH BblBOA O
MaHTUIAHBLIX ycnosusix obpasoBaHusa Os-cogepxawmx cnnaesoB M Ru-Os
cynbunaos.

Benuunna '2’0Os/'*80s B eanHuYHbIX 3epHax MM pasnuyHoro cocraea
(pyTeHusa, ocmusa, Mpuausa, PYTEHUPUOOCMUHA, faypuTa, SpfiMKMaHuTta wu
NOSIMKOMMOHEHTHbIX  TBEPAbIX pacTtBopoB cuctembl  Ru-Os-Ir-PtiFe)
BapbupyeT B npeaenax ot 0.10481+0.00006 mo 0.10895+0.00007 (puc. 1a)
npwu Re/'0s menee 0.0004. YcraHoBnEHO CXOACTBO HayanbHOro
M30TOMHOro cocTaBa ocMMA B cocyllecTByrwmx Os-cogepxalmx crnaBax
n Ru-Os cynodungax. [MoHUXeHHbIE OTHOCUTENBHO  XOHAPUTOBOTO
yHuBepcarnbHoro pesepsyapa (CHUR) 3Hauenms '2’Os/'®0s B MM
CBUAETENbCTBYIOT B MONb3y Cy6XOHAPUTOBOTO  UCTOYHUKA  PyOHOro
Bellectea. '°'Os/'*®0s Bo3pacTtbl MIIT, paccynTaHHble C MCMNONb30BaHNEM
Mogaenun xoHgputoBoro pesepeyapa CHUR [Chen et al., 1998], BapbupytoT B
npegenax 2.73-3.33 mnpg net (puc. 16). [lpucytcTBue B pocCCbINsx
pa3HoBo3pacTHbix MM, dopmnpoBaHme KOTOpPbIX MPOUCXOAWMO Ha
pPa3nuyHbiX TEKTOHO-MarMaTuMyecKuMx 3Tanax reosiorMyeckon uctopum
3emMnn, xapakTepHO OnA  MHOMMX  POCCHIMHbIX  MPOSABMEHUA U
MecTopoxaeHun [KoctosiHoB, 1998 n pgp.]. MNepBble AaHHble NO M30TOMUK
pyTeHusa Ru- Os Ir(xPt) cnnaBoB BuTtBaTepcpaHackoro 6accenHa (cpepHee
3HaYeHne u ORy= 04+20 COOTBETCTBYIOT B npefenax norpeLHocTu
CpegHUM 3Ha4vyeHUsIM p =1 Ona okeaHuyeckon MaHTunM (1.2+7.2) wu
xenesHbix meteoputoB (0.6+2.9) [Bermingham, Walker, 2017]. [lpwu
TECTUPOBaHUM CyLLecTByOWMX Mogenen nponcxoxaeHnsa MM (poccbinHowm,
peMobunnsaumoHHon U ruapoTepMasibHol)  0O6OCHOBBLIBAETCH,  YTO
nnaTMHoMaHaa MUHepanu3auusa nonagana B poccbinu ButBatepcpaHnaa npu
Oe3vHTerpaumMm nosgHeapxenckmux ynbTpamMadutoB (NpennofioXnTenbHO
OCTaHLIOB 3eJIEHOKaMEHHbIX MOSACOB, Pa3BUTbIX K CEBEPO-BOCTOKY M BOCTOKY
oT ButBaTepcpaHackoro 6acceiHa).
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MMonyyeHHble HOBble pe3ynbTaTtbl NO MAATUHOWAHOW MWHEpanoruu,
BapvauMsM HauvanbHOro W30TOMHOrO COCTaBa OCMWUA C aKUEeHTOM Ha
nosegeHvne Ol BO BpeMsA 4aCTUYHOro MfaBNeHWs MaHTUNHOrO BellecTBa
Mo3BOMMNN MO-HOBOMY OxapakTepu3oBaTb: (l) BelleCcTBEHHbI COCTaB
nnatuHongos; (Il) Re-Os-Ru-u30TOMHbIE WUCTOYHMKW PYAHOrO BelecTBa
apxenckon maHTuy; (lll) BpemA/onNUTenbHOCTL  PYAHbIX  MPOLLECCOB B
npegenax KaanBanbCcKoro KpaToHa. TakMm 00pa3omM, BbISIBNEHHbIE
BELleCTBEHHble U reHeTndeckne ocobeHHoctn Ru-Os-Ir cnnaBoB u
cynbdugos ButBaTepcpaHoa  ABNAIOTCA  YHUKaANbHbIM -~ UCTOYHMKOM
nHdopMauum o NNaTMHOMAHOM MUHepanoobpa3oBaHWM B paHHEN NCTOPUM
3emnu.
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Mpobnembl BpeMeHU 3an0XeHUs U TEKTOHUYECKOMN
aBosnoumnmn OHexcko- KaHpanakwckoro naneopudra: HoBble
reoxXpoHosiormnyeckue AaHHble

Banyes A.C.", Tepexos E.H.", KonopsxHbiit C.10.", Ne6enes B.A.2, Cepos
MN.A.

"TWIH PAH, Mocksa; UIFEM PAH, Mocksa; >Ivl KHL| PAH, AnatuTs:

HecmoTpsa Ha Gonee yem nonyBekoBYyt0 MCTOpUi0 KU3yyveHuss OHEXCKO-
KaHnpanakuwickoro naneopudpTta, Bpems €ro 3asioXeHus 1 3BOMIOLUN OO CUX
nop SABMASKTCA AWCKYCCUOHHBIMW B CBA3W C HEOAHO3HAYHbIMU LAHHLIMM
M30TOMHOW reoxpoHonoruv. Kanpanakuwckuin rpabeH, Bxogawmii B CocTaB
OHexcko-KaHganakuwckoro naneopudTa, pacrnofnioxeH B npegenax
akBaTopun Bbenoro mops, n 06 ero 3anofiHEHWM MOXHO CyAMTb NULb MO
CEBEPO-BOCTOYHOMY nosioromy 6opTy rpabeHa, obHaxatowerocsa Ha
NMOBEPXHOCTM BAOJb HOXHOIo nobepexba KonbCKOro nonyocTpoBa, a Takxe
Nno JAaHHbIM CcencMocTpaTurpadnyeckoro npouINpoBaHMa akBaTopuM.
Maneopudt BxOoAUT B pudToByl0 cuctemy benoro mops, u4eTko
BblpaXeHHyl0 B penbede Kpuctannmyeckoro dyHgameHta BocTtouHo-
EBponenckor nnatdopmbl, KOTOPbIA MOrpy>XaeTcsi K ro-BoCTOKy Mof
0ocapoyHbIi  yexon Me3eHckon cuHeknu3bl. OB6HaXeHWss TeppUreHHbIX
obpa3oBaHun TepcKkon CBUTbI (cepumn) cpegHepudenckoro (?) BospacTa
HabnwpaTca oT Mbica Typui go p.PycMHra Ha BOCTOKe, T.e. Ha
npotsixeHnn 300 km. Ob6Was MOLHOCTb pUdenckux Tonuw, B akBaTopuu
Benoro mopsa oueHmBaetca B 3000-8000 m, m3BecTHad uUX MOLUHOCTb Ha
nobepexbe npesbiwaeT 715 M.

TeppureHHble OTNOXEHWA TEepCKOW CBUTbI, pacnpocTpaHeHHble Ha
IOXHOM nobepexbe KombCKOro mnoslyoctpoBa W BbIMOSHSAOWME rpabeHbl
OHexcko-KaHganakwckoro 1 Kepeuko-IuHexckoro  naneopudTos,
NpeacTaBnsalT cobol  NPeuMyLLeCTBEHHO  KPaCHOLBETHblE  OCafKM,
CNOXEHHbIE MI0X0 COPTUPOBAHHBLIMU NEeCYaHNKaMU C MPOCNOSMW FIIMHUCTO-
aneBponuToBbIX nopoa. Ha 6onbluert 4acTu TeppuTopuUM OTIIOXEHUSA
TEPCKOWN CBUTbI TPAHCTPECCUBHO MEpPEKPbIBAOT pasfinyHbie Nopoabl apxeu-
naneonpoTepo30oncKkoro dyHaameHTa. B ocHOBaHWMM TEpPPUreHHOW TOSLLM
3aneraet nadka 6asanbHbiX KOHrnomepaToB. POpMUPOBaNUChL NECHAHWUKM
TEPCKOWN CBUTbI B YCINOBUSIX MEJNIKOBOOHOIO 6accenHa.

Bo3spact Tepckom CBWTbI OO0 HacTOAWEro BpPEeMEHU ocTaeTcs
ONCKYCCUOHHBbIM. OH MHTEepnpeTMpoBasiCA B LUMPOKOM MWHTepBane - OT
notHmnss  (paHHuM pucpert) po pgesoHa [1]. B nocnepgHue ropbl
cTpaturpadgmyeckoe MoNOXEHNe TEPCKOW CBUTbI yCTaHaBNMBAaeTCs Mo
COOTHOLLUEHMWIO C PaHHENPOTEPO30MCKNMU FpaHUTONAAMU, HA KOTOPbLIX OHM

3anerawT, 1 C Nno3gHeAeBOHCKMMUN NHTPY3NAMUN LLENOYHbIX NOpoA4, KOTOpblie
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CEeKyT KpaCHOLBETHble MecyaHuku. B pesynbrate nanvHONOrMYeckux u
MMWKPOMasieOHTOSIONMYECKMX UCCNEAOBaHUA TEepCKUEe necyaHukn Obinu
OTHeCeHbl K no3gHepudenckomy Bo3pacTy. OgHako BO3pacT CnioanucTo-
FMUHUCTOrO LleMEHTa aneBpofIMTOB KPACHOLIBETHON TOJLLM TEPCKON CBUTHI
no K-Ar-metogy coctaenset 1263140 u 1080+40 mnH. net [2]. BepoaTHee
BCEro, OCafKkuW TEepPCKOW CBWUTbl TPaHCTPECCUBHO «BbIMMECKMBAOTCA» Ha
nne4vo pudToreHHoro npormba, a nopoabl 6onee HU3KUX YPOBHEN pa3pesa
puden ckpbITbl B Fy6oKoi YacTu nporuba.

Bce BnagumHbl naneopudToBOn cucTeMbl Benoro Mops BbINOSIHEHDI
TEeppuUreHHbiMM ocagkamu, M nuwb B pa3pe3e OHexckoro rpabeHa Ha
rny6uHe 6onee 620 M BCKpbITbl BypeHremM NokpoBbl 6a3anbLToB, AONEPUTOB
N BYNKaAHOKMACTUYECKUX MOpoA CONMO3EepPCKON CBUTbI, AN KOTOpPbIX
nepeBoHayanbHo 6bin onpegeneH K-Ar Bospact 1300 mnH. net [3].
Brnocnencteun Bpems HakonneHua 6a3anbToB CONO3EpPCKON Tonwmy 6bino
NepecMoTPEHO B CTOPOHY yMeHblleHusa no Sm-Nd patupoBkam o 667+31
MIH. neT [4], 4TO COOTBETCTBYET MOrpaHMyHbIM FOPU3OHTaM BEpPXHero
pudea-HuXHero BeHpa. Hwxkenexawasa 4acTb paspe3a 3anofHALWMX
OHexckuii rpabeH OTNOXEHUN MoOLWHOCTbIO 6Gonee 4 KM ocrtaetcs
HEW3BECTHOW, HO O4YeBUAHO, YTO CcTpaTurpadmMyeckun Huxenexawme
ropu3oHTbI LOMXHbI 6bITE HoNnee apeBHero Bo3pacTa.

B 2016 r. Ha Tepckom bepery Konbckoro n-oea B pycne py4bs EpmakoB
Hamu 6binn oTobpaHbl 06pa3subl aneBposIMTOB TEPCKOW CBUTbI, KOTOPble
6biMM  nNpopaTMpoBaHbl B nabopaTtopuM  r€OXPOHONOMMU U U3OTOMHOW
reoxumun M'MH KHL, PAH Sm-Nd meTogom, BanoBble M30XPOHbI KOTOPOro
no Tpem npob6am nokasanu mopenbHble Bo3pacTbl 2.16, 2.32 n 2.36 mnpa
NET, 4YTO COOTBETCTBYET BEPXHEN BO3PACTHOWM rpaHULLE MOPoS B UCTOYHUKE
CHoca, KakoBbIM siBnsieTca bantuiickun wut. B Ton Xe nabopatopumn Tem
Xe MeTofoM 6biM NpoAaTMPOBaHbl KBapL-MUKPOKITMHOBbIE METAaCOMaTUThI,
obpa3oBaHHble MO MeCcYaHO-CMaHLEBON TOMLIE TEPCKOW CBWUTbI B 30HE
aMeTnUCTOBOro MecTopoxaeHuns Mbica Kopabnb, KoTopble ganu BO3pacT
821+170 mnH neT, n noopuT U3 3TUX Xe nopog, Aaswmnii BospacTt 690171
MIH net. JOoBOMNbHO 3HauuTenbHble oTpuuatensHble BenuyuuHbl eNd(T) (-1.3
n -12.1 COOTBETCTBEHHO) CBUAETENLCTBYIOT O BbLICOKOW POSN KOPOBbIX
dnonaos B GopMUpoOBaHUM METACOMaTUTOB U CBA3AaHHOW C HUMW aMETUCT-
dnooputoBon  MuHepanusaumn. Cnegyetr OTMETUTb, 4YTO BO3pacT
nocnegHemn oyeHb 6MM30K K BpeMeHW BHeapeHus 6a3anbToB CONMO3epCcKon
Tonwwm OHexckoro rpabeHa.

Takxe 6bina otobpaHa npoba M3 paccnaHuoBaHHbIX TOHKO3EPHUCTbIX
NMecyaHUKoOB C CepuuuTM3auMen no MIoCKOCTAM paccraHueBaHus, U3
KOTOpbIX ObIN BblAENEeH KOHUEHTpaT cepuuuta. CepuumT B Nopoae, ckopee
BCcero, obpas3oBanca Ha CTaguu KaTareHesa, YTO XapaKTepHO AN 3TOM
cTagum npeobpasoBaHus ocagka B nopoay. o KOHUeHTpaTy cepuuuTa,
BblAENEHHOro u3 3Toro obpasua nopoapl, B nabopaTopum M3OTOMHOM
reoxmumun n reoxpoHonorum UFEM PAH 6bino caenaHo onpepenenne K-Ar
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Bo3pacta nopoabl. OnpepeneHne coaepxaHus paavoreHHOro aproda
npoBoaunocb Ha Macc-criektpometpe MWN-1201 UL Pacuyet Bo3pacTa
KOHUeHTpaTa cepuumTa K-Ar M30TONHBIM METOAOM MOKasan 3HayeHue
1390425 mnH net, 1.e. pybex paHHero u cpegHero pudesn. 1o Hanbonee
OpeBHMI BO3pacT, MOMYYEHHbIA MO OCAAOYHOW TOSLEe TEPCKOW CBUTHI,
BbiNonHswen KaHganakwckuin rpabeH. YuntbiBas TO, 4TO 3TOT BO3pacT
Obin  nonyyeH [N BEPXHUX CII0EB  MOHOKIMHANbHO  3anerarLuen
TEPPUreHHOW TOMWM, BbINONHAWOWENW rpabeH, ¢yHAAMEHT KOTOPOro
dukempyeTca cencMMYeckMMM MeToamMu Ha 8-KUIIOMeTpoBOM nybuHe,
OYEBMAHO, YTO HUXENexallne ropu3oHTbl ApeBHee. 3OTO MO3BoOnseT
OTHeCTM BpeMs 3anoxeHusa KaHganakiickoro rpabeHa, no KpanHen Mepe, K
no3gHeMy 9Ttany paHHero pudesi, 4YTO KOCBEHHO noATBepxaaet
NpeanosioXeHNs HEKOTOPbIX uccrnegosartenen [5].

PaboTa BbinonHeHa B pamkax 6rogxeTHon TeMbl N2 0135-2016-0012 npu
duHaHcoBoW nogaepxke nporpammebl Mpesnanyma PAH N2 19 (npoekt Ne
0135-2018-0040) n npoekta PODU Ne 18-05-00485.
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Bapneneut B Cu-Ni mn Pt-Pd pudax mectopoxneHumn
nasneonpoTepo30si, 06pa3oBaHHbIX HA OKeaHUYECKOoMn U
KOHTUHeHTanbHomn Kope (U-Pb n LA-ICP-MS uccnenoBaHus,
BanTtuincknin T, ApKTUYECKUA PErNOH)

BasiHoea T.B.', [iporo6yxckas C.B.%, Cy660tuH B.B.", KyHakkyauH E.JI.",
Cretwuerko E.H.',Cepos N.A.", Hepaposckuit FO.H.’

" @UL KHL| PAH, 184209, r.Anatutsi, yn. ®@epcmana 4. 14; MXTPIMC
UL KHL PAH, 184209, r.Anartursi, ys. AkaaemMropoiok, 4.26a

Bapneneut 6bin BblgeneH w3  rabbpo  Cr-lMagocTyHApPOBCKOro
MecTopoXAeHua u npogaTuposaH U-Pb MeTogom No eanMHUYHBIM 3epHam C
49



ncrnonb3oBaHuem Tpacepa “>>Pb ¢ BospacTom B 2087+3 MiH neT. CXoAHbIi

BO3pacT nonyyeH npu cuctematndecknx U-Pb uccneposanuax Pt-Pd puda
MepeHckoro B KpynHenwem byweenbackom maccuee [Mungall et al., 2016]
N HEKOTOpPbIX MHTPY3u PuHnaHgumn [Huhma et al., 2018].

M3oTonHo-reoxnmmyeckme Sm-Nd wnccnepoBaHua BMeLLaOWMX MNopon,
Cr-lNagocTyHopoBCKOro  MecTtopoxzaeHua oTtpaxatT uHTepBan (Tpw)
dOopMMpPOBaHMA 3IHCMMaTU4eCcKUx nopod OT 2.7 po 2.4 wmnpp neTt c
BeNMYNHaAMM €yq OT +1 go +3.

Bapneneut 6bin BblgeneH u  npogatupoeaH U-Pb wmetogom u3
nepugotntoB XaaHoBckoro Cu-Ni KpyrnHOro MectopoxaeHus ¢ BO3pacToMm
B 1980+2 mnH net. N3oTonHble nccnegosaHns Sm-Nd cuctematuku (Tpy)
BMELLALWMX Nopoa W BenuMuuH  (€ng) OTpasunu  ¢opMupoBaHue
HOBOOOpPa30BaHHON OKeaHUYecKomn Kopbl (Eyg OT +2 0o +4) B UHTEpBane ot
2.3 po 2.5 mnpa net. MoXHO oTMeTUTb, 4TO SM-Nd M30XPOHHbIN BO3pacT Nno
cynbMAHLIM U NOPOA006pPa3yoLWMM MUHepanam namepeH B 1965+87 mnH
nert.

Hoebin U-Pb Bospact pasHbii 188119 mnH net no 6apnenewty u3
KIMMHONUPOKCEHUTOB n3mepeH ana Ti-Mgt-Fe MEeCTOPOXAEHWIN
KaHpanaklwcko-KonBumukon 30HbI, YacTUYHO 0Opa3oBaHHbLIX B Mpepenax
3HCMMaTunyeckom kopbl [MuHy n ap., 2017].

ManeonpoTepo3oickne mectopoxaeHus ¢ Cu-Ni n manocynbhuaHsiMn
Pt-Pd pudamn, chopmupoBaHbl Ha SHCUANMYECKOW Kope Xaaewuckoro
Bo3pacta 3.7 mnpg net ¢ TTI n cepbiMn rHenWcamn u npencTaBrieHbl
MoHueropckum, ®epoposo-llaHckum n imaHapPOBCKUM pyAHBIMU Y3naMmu.
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MpoGalxoHapuT
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Puc. 1. Pacnpepenenve REE B 6appenente MoHyeropckoro nnyTtoHa (2,5 mnpg,. ner)

Bapneneut u3 Pt-Pd pudos r. BypyuyaiiBeH4y MoHuYeropckoro pyaHoro
paioHa n3mepeH B 249812 MnH neT, KoopauHaTbhl TOYEK HaxogAaTcs Ha
KOHKOPAMK MO CPaBHEHUIO C uupkoHoM. HoBble LA-ICP-MS uccnepoBaHus
(puc.1) no pacnpepeneHuto u KoHueHTpauumsm REE B 6appeneute
oTpasunu Bbicokme (nodtn 1000°C) TemnepaTypbl Kpuctannmsauuu
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6appenenta u 3akpblTnst U-Pb cuctembl No cpaBHEHMIO C UMPKOHOM. MOXHO
OTMETUTb, YTO COXpaHHOCTb 3epeH 6apaeneuta us Pt-Pd n Cu-Ni pudos,
CchOpMMPOBaHHbIX Ha 3HCUMaTu4deckoi kope, 6onee wupgeanbHa - Ha
Kpuctannax npakTn4yeCckn OTCYTCTBYHOT OTOPOYKM BTOPUYHOIO UMPKOHa
(puc.2).
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Puc. 2. Pacnpepenenne REE B 6apnenenTe u3 rabbpoaHopto3utoB MoHYeTyHAPOBCKOIO
maccvBa

Kpuctannol 6agagenenta us Pt-Pd u Cu-Ni pudcos, cdoopMmmpoBaHHbIX B
npegenax  SHCMaNMYecKoW  KOpbl,  XapakTepu3ylTca  OTOpoYKamu
BTOPUYHOTO LUMPKOHA M KoopauHaTel Tovek Ha U-Pb amarpammax otpaxatot
cnabyt OUCKOPAAHTHOCTb.

WccnepoBaHua npoBogsTca npu  (OMHAHCOBOM MNOAAEPXKE rPaHToB
PO®®N  16-05-00305, 18-35-00152, 18-35-00246 wun T[lporpammsl
Mpe3sngnyma PAH 1.48 n nocesweHbl namatu akagemunka PAH .11
MuTtpodaHoBa (1935-2014).
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IOuckpeTtHocTb (3.7 1 3.1 mnpAa neTt) hopM1MpoBaHUa
KOHTUHeHTanbHou Kopbl (TTI™ 1 cepbix rHenmcoB)
deHHoCKaHauHaBCKoro wuta no gaHHeim U-Pb u SHRIMP
cucTemaTmk

BasHoBa T.B.’ KyHaKKysvm E.N. CTeLIJeHKO EH.' Cepoa n.A.,
BopwceHKo E.C.! TypKMHa O.M.2 J'IapMOHoa AH3

v QUL KHL PAH, r. Anamrb/ yn. @epcmaHa 4. 14; 2UrM CO PAH, r.
Hosocubupck; >®r6Y BCEMEU, r. CaHkT-lTerepbypr

Mopoabl dyHoameHTa deHHOCKaHAuHaBCKoro wmta - TTT m cepble
rHencol 661 u3y4deHbl B npegenax LeHTpanbHo-Konbckoro merabnoka u
npogaTtupoBaHbl U-Pb meTogom no umpkoHam c Bo3pacTtom B 3.6 mnpg net
[MbickoBa 1 gp., 2015].

Bbonee apeBHWI BO3pacT LUMpKOHa Ana nopod doyHoameHTa uamepeH U-
Pb (SIMS) metogom N0 UWMPKOHY, BbIAENEHHOMY W3 TPOHALEMMWTOBbIX
rHericoB panoHa Cypua n3 nopop, wuta (PrHnaHans) rpaHynutoson daunm
meTamopcduama nogdaca lNygacapsu [Mutanen, Huhma, 2003].

Bo Bpemsi noneBbix padoT B nepuog ¢ 2012 no 2017 roabl 6b11m N3y4deHbl
obHaxeHusa nopop Konbckon cepun B panioHe r. MypmMaHcka n namsaTHUKa
Anéwn.  BbICOKOrNMHO3EMUCTbIE  THENCbl MO neTporpauyeckmum
nuccnefoBaHWaAM  SIBASIOTCA  rpaHaT-OMOTUTOBLIMU,  CUNNMMAaHWUT-rpaHaT-
6MOTUTOBBIMM U CTaBPOSIUT-KMAHUT-CUNIIUMAHUT-TpaHaT-6MOTUTOBBIMU.
Mopoapl TEMHO-cepro LBeTa, cnabopaccnaHLUoBaHHble, CpeaHe3epHUCTbIE,
no CTPYKType rpaHobnacroBble, nopdupobnactoBblie U nenuaobnacToBble.
lHencbl copepxaT KBapu, nnarMoknas, 6MOTWUT, rpaHaTt, CUUMaHWUT,
KWaHWUT U CTaBpOmnUT, PeAKO ONarHOCTUMPYHTCH 3EpHa xnopuTa.

Hosble U-Pb Bo3pacTbl N0 €AMHMYHBIM 3epHaM LIMPKOHA, BblAeNeHHbIX
U3 BbICOKOMIMHO3EMUCTbIX THENCOB KOnbCKkOW cepum B panoHe T.
MypmaHcka, oTpa3unu Bo3pacT B 3.16 mnpa net, a BpemMsi permoHasnbHoro
HanoxeHHoro metamopduama amcpunbonuToBon caumm NpogaTUPOBaAHO B
275313 MnH. nieT (puc. 1a).

Konnekuma 3epeH UWPKOHA, BbIAENEHHbIX U3 BbICOKOTNIMHO3EMUCTbIX
rHevicoB, 6bina otnpaBneHa ans coBmecTHbix SHRIMP wuccnepoBaHuin B
UM BCEFEW, r.CankTt-MeTtepbypr. Hoeble SHRIMP Bo3spacTbl 6binu
nony4YeHbl MO LMPKOHaM 4YeTblpex TUMOB U OTpa3unu uHtepsan 2794-2763
MIH net (puc. 1b), koTopbii 6nu3ok U-Pb TIMS Bo3pacTy no eAMHWYHbIM
UMpKOHaM C ucrnonb3oBaHnem “Pb Tpacepa w WHTEPNPETUPYIOTCS
BpeMeHeM HarloXeHHoro amcpumbonuToBoro metamopduama.

WHTepBan BpemeHn B 2924-2886 ™MnH net, nony4veHHolr SHRIMP
METOAOM Ans UMPKOHA WHTEPNpPEeTUPYyeTCsS BpEMEHEM HasoXeHHOro
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rpaHynuToBoro metamopdusma, 6nm3ok Bospacty umpkoHa B 3006+10 mnH
net (puc. 1b).
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Puc. 1. U-Pb (ID-TIMS) pnarpamma ans eauHWYHbIX 3epeH uupkoHa (a) m SHRIMP-II
[OaHHble Ans 3epeH UMpKoHa 13 rHelicos LieHTpanbHo-Konbckoro merabnoka (b)

B sappe eguHu4HoOro 3epHa uupkoHa BbisieneH SHRIMP Bo3pacT, paBHbIii
369516 MnH. neT, KOTOpbI ABMAETCA ApPEBHEMWUM Ons  nopog,
deHHOCKaHANHABCKOro LWuTa.

MoxHO oTmMeTuTb, YTO No AaHHbIM [Bleeker, 2003] u3 35 dparmeHToB
OpeBHENLUNX apXeNCKMX NOPOL Ha KpaTOHaxX B MUPE KOHTUHEHTaNbHas Kopa
Bantuinickoro unn ®@eHHOCKaHOMHABCKOro LWuTa sBNAeTCA OAHOW U3
OpeBHENLNX.

NccnepoBaHnst npoBogdAtcs npu  hMHaHCOBOM nopAepXKe rpaHToB
PD®dU 16-05-00305, 18-35-00246 n nocssLeHbl NnaMATM akagemuka PAH
®.MN. MutpocaHoBa (1935-2014), E.B. Bubukoson (1935-2016) wu .
Baccepbypra (1927-2016).
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HoBbIn U30TONMHO-re0XPOHONIOrNYEeCKUin cTaHaapT «Kosgop»
reoxpoHomeTpa 6apneneut nnsa nokansHoro U-Pb SIMS
aHanusa: MMHepanoro-reoxmMmmyeckas u U30TorMHo-
reoxmumMuyecKas xapakTrepucTmka

Bensaukuin E.B.1, PoanoHoB H.B.1’2, AHTOHOB A.B.1, JlenexuHa E.H.1,
KpbiMCKuii P.LIJ.1, BbepexHasa H.I". 1, Cepepna E.E.1, Ceprees C.A."?
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Kak yxe HeopgHokpaTHO oTmedvanocb [Wu et al., 2015], ans
3(pHEKTUBHOrO fIOKanNbHOr0 AaTMpPOBaHWA YpaH-CBUHLOBBIM  METOAO0M
aBTOXTOHHOro 6agaenenta v BMeLLaloLWux ero nopo 6a3nToBoro cocrasa,
HeoOXOAMMO  UCMOMb30BaTb MMWHEpanbHbI  CTaHZapT C  MaTpuuen,
MaKcumarsibHO MpUOMIMXEHHOW MO COCTaBy M CTPYKTYpe K paTtupyemMomy
MUHepany. YuuTbiBad KpalHe OrpaHuWYeHHbIn Habop MeXAyHapoAHbIX
cTaHpapToB 6apneneuta, ansa wupokoro BHeapeHns U-Pb patupoBaHus no
Gappenenty B MpakTUMKy reoxpoHororundeckux pabot, Tpebyetcs
obecneunTb Hanuune BHYTpMNabopaTopHbIX CTaHAAPTOB 3TOr0 MUHepana.
OcHoBHOe TpeboBaHME K TakuM CTaHgapTaM - 3aMKHYTOCTb YypaH-
CBUHLIOBOW CUCTEMbI M €€ TOMOFeHHOCTb Ha BHYTPU3EPHOBOM U
MEX3EpPHOBOM YpOBHE. [eoxmmMumyeckasd roMOreHHOCTb Ha 3SfIEMEHTHOM
YPOBHE fIBNAETCH TaKXe XernaemoW, HO He cTofib obs3atensHon
XapaKTepUCTMKON KOHKPETHOro NoTeHLManbHOro MnHepasbHOro ctaHgapTra.

OpHako, npu nopbope Haubonee nEepCneKTUBHbIX MUHEpanoB W
obpa3uoB ”3 KOMMEKUMM pasHoBUAHOCTEN OGappenenta pasfnyHOro
BO3pacTa M cocTaBa, Mbl OTAaBanvM npeumMyLLecTBo 6GappenenTam,
XapaKTepu3ylLWUMNUCA He TOMbKO KOHKOPAAHTHbIMU BO3pacTamu, HO WU
cTtabunbHo  Bocnpou3BoaumbiM - U/Pb  cOOTHOLWEHMEM, paBHOMEpPHbLIM
pacnpefeneHmeM XMMUYECKNX 3NEMEHTOB B OO bEME KPUCTAmmoB, a Takxe
pasnunyHbiM MOMIOXEHNeM Ha Bo3pacTHOM Lwkane. W3HavanbHO Hamu
npeanonaranocb  uUcrnonb3oBaTb 2-3  BO3pacTHbIX CTaHdapTa Ans
haTnpoBaHusa ¢aHepo3oncKkux U  gokemMbpuickux cobbituin/nopoa. K
HacTosLLLEMY BpeMeHM yAaanocb nogobpaTb TONMbKO «(aHEpPO30NCKUI
cTaHpapT» - 6appeneut maccuBa KoBaop, Torga Kak BCe U3Y4YeHHble
GappenenTtbl NPOTEPO30MCKOrO W  apXxelckoro Bo3pacTa, M3 Haweu
KONNEeKUMM 0Ka3anucb XMMUYECKN- N U30TOMHO- HEFOMOTEHHbIMW.

Mpepnaraemblit Hamu cTaHpapT - 6appeneut K3 npobbl  KanbuuT-
JonomutoBoro kapbonatuta (npoba 17/282) weno4vHo-ynbTpabasntoBoro
naneo3sonckoro Mmaccusa Kospop (Ces.Kapenus), oTnuuaetcs 4YeTKon
pOCTOBOM 30HANbHOCTbIO KpynHbIX (200-500 MKM) KpucTannos, koTopas
OTYETNINBO  (PMKCUMPYETCA CKAHMPYHOLLUMM  SMEKTPOHHBIM  MWUKPOCKOMNOM
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(Pwnc.1), Ho He oTpaxaeTcsa B BapuaLMaX NIEMEHTHOro cocrasa. [pu aTom,
N3BECTHbI MeXAyHapoOHbI FeoXpOHONorMyeckuin ctanaapt 6agneneuta
«Mana6opa» XapakTepuayeTtcs Cyu.éeCTBEHHOVI MEX3EepHOBOM
reTeporeHHOCTbIO: BO3PAaCT MO OTHOLLEHMWIO 20pp38Yy Bapbupyet ot 1900 oo
2200 mnH net, a cogepxaHue ypaHa ot 37 po 3390 ppm (no pe3ynbTatam
SHRIMP-II ananu3a 160 3epeH). Takaa reTeporeHHOCTb BbI3biBaET
Heo6XoAMMOCTb MCMOMb30BaTb B AOMOSIHEHWE K cTaHaapTy «[Manabopa» B
KayecTBe KOHLIEHTPaUMOHHOro CcTtaHpapT uMpkoHa (Hanpumep, Temora) u
BHOCUTb [OMOJSIHUTENIbHbIE MOMPaBKM B BbIYUCIASEMbIN BO3pacT U ero
NnorpeLuHoCTb.

ZOWKM

Puc. 1. KatoponioMuHecLeHTHOe u3obpaxeHue npenapata 3epeH 6OappenevnTta c
nonoxeHvem Todek nokanbHoro SIMS SHRIMP-II aHanusa - U-Pb n P33. Xopowo BugHa
pocToBasi  30HANbHOCTb  KPWUCTasnfioB  MpW  OTCYTCTBMM  3HAYMMOrO  KONMYecTBa
MWKPOBKIOYEHWIA, KaBEpPH 1 Mop

CpaBHeHVe pe3ynbTaToB JlOKanbHOro aHanuM3a 3epeH 6Gappenenta
ctanHgapta «[lanabopa» wu «KoBoop» nokasbiBaeT, 4TO MOCNEOHUN
XapakTepu3yeTcsli CyLeCTBEHHO Oornblueii TOMOFeHHOCTbK, KakK Mo
3/IEMEHTHOMY, TakK M MO W30TOMHOMY COCTaBy, YTO MO3BONAET MONY4YUTb
KOHKOpAa@HTHble [aTUPOBKM 3TOro obpasua C XOopowen TOYHOCTbH U
BocnpoussoammocTtbio (Puc.2). B kayecTBe afekBaTHOW OLEHKM Bo3pacTa
HOBOro craHpapta Oappenent «KoBoop» MpUHMMaeTcs BeNuyMHa -
369.0+4.5 mnH net. CpegHAs Benu4uMHa copgepxaHusa ypaHa - 65£16 ppm, a
Topusa - 4.47+0.66 ppm, 4yTO onpegeneHo Ha ocHoBaHuu aHanuisa 40-60
3epeH. M30TonHbIi cocTaB radHUA KpamHe TOMOreHeH: o1
0.282809+8 (n=31). OgHako, UHoOrAa BCTPeYaloTCs aHoMasbHble 3epHa C
copepxaHuem ypaHa o 350 ppm u 6onee. NonyyeHHble XapakTepUCTUKU
ctaHgapta «KoBoop» MOATBEPXAAKTCA KakK pe3ynbTaTamMu He3aBUCUMbIX
noKanbHbIX aHanuM30B C MOMOLLb nasepHon abnsaumm n UCIM-MC, Tak u
aHanu3oM eauHWYHbIX 3epeH meTofom TIMS ¢ usotonHbIM pa3baBneHuem.
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PesynbtaTtihl U-Pb (SHRIMP |l) satupoBaHus rpaHMTOMLOB
Copckoro Cu-Mo mectopoxaeHus (Ky3Heukui Anatay)

BepauHa A.H., BepauHa A.T., M'mmoH B.O.

UM CO PAH, r. Hosocubupck

Copckoe Cu-Mo-nopgupoBoe MECTOPOXOEHME  pPacCrosyioXeHO B
CeBEpHON YacTn YN6aTcKoro rpaHUTOUAHOrO NiyToHa Ha BOCTOYHOM CKITOHE
Ky3Heukoro Anatay. B npepenax MecTopoXAeHusa MnyToOH CrOXeH
rab6povgamMu, MOHLOHUTOMAAMM U NerkorpaHutTamu. JlokanusoBaHHbI B
nayToHe nopdupoBbIA KOMMMEKC MNpeAacTaBfieH npeapyaHbiMy  Aankamu
rabbpomgoB, MOHLOHWUTOMAOB W LUTOKO-, [AankoobpasHbiMW  Ternamu
PYLOOHOCHBLIX rpaHuT-nopcdupoB. Haubonee nos3gHMMM MarmaTuyecKumm
obpa3oBaHNsAMW Ha MECTOPOXAEHUU SBMSETCA LITOK  MOCTPYOHbIX
KBapLeBbIX MOHLOHUT-NOPHOUPOB U paiiku anabasoB U CUEHUT-MOPEHUPOB.
Mo wmewWMMCA K HaCTOAWEMY BpeMEHM W30TOMHbIM [AaTUPOBKaMm
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yCTaHaBnvMBaeTCAa [ANUTENbHbIN NEepuof CTAHOBIIEHWS  MOSIMXPOHHOTO
Yibatckoro nnytoHa (€, - O4). Bonpoc Bo3pacta pyooOHOCHBLIX MOpPoA
CopcKoro MecTOpoXAeHUs MpoAosfiXaeT OcCTaBaTbCA [AWNCKYCCHMOHHBIM.
Copckuii MHTPY3MBHBIA MaccuB, B Mpegenax KoToporo nokanusyeTcs
opyaeHeHue, Ha [ocreonkapte 1000/3 nucta N-46 paTupoBaH NO3AHUM
opoosukom [1]. Bospact Manbix nopgupoBbIX WHTPY3WA, COrnacHo
pe3ynbTatam Ar-Ar 4aTMpoBaHWUsl paHHUI - cpegHuin peBoH [2]. C uenbto
YTOYHEHMS BO3pacTa WHTPY3MBHbIX MOPOA  MECTOPOXAEHMSA  Obln
BbinonHeHbl U-Pb  reoxpoHonormyeckne uccnegoBaHus LUPKOHOB U3
MOHLIOANOPUTOB MIyTOHA, NpeapyaHon [anky MOHLLOAMOPUT-NOPUpOB,
PYAOHOCHBIX TPaHUT-NOPUMPOB U MOCTPYAHbIX KBAPLUEBbIX MOHLIOHUT-
nopcgupos. M3o0TonHble uccnefoBaHWs LIMPKOHA BbIMOSHEHbI Ha npubope
SHRIMP-II B UM BCEIEW, CaHkT-lNeTepbypr (aHanutnk PognoHos H.B.).

MoHuoamoput  (06p. K-69B). 3epHa UuUMPKOHa npepacTaBneHbl
Kpuctannamu n obnomkamMm KOpoTKONpu3mMaTU4ecKoro obnnka ¢ HeYeTKOM
OrpaHKoW, crrnaxeHHbiMu pebpamu. [ns 3epeH XapaKTepHO CrOXHoe
CTpOEHME, XapakKTepusylLweecd HanMymem TEMHOr0 B MOHOXPOMHOM
katoponomuHecueHunmn (KJ) sppa. Bce 3epHa umpkoHa u3 3ToW Mpobbl
NnoABEpPrnNCb BTOPUYHBIM W3MEHEHUAM, YTO OCOOEHHO XapaKTepHO AnsA
obnactn agpa. Copepxavve U m Th B OTOpoykax M 3epHax MpOCTOro
cTpoeHus coctasnsaeT 102-524 n 34-250 r/T, cooTBeTCTBEHHO. OTHOLLIEHNE
Th/U B Hux HaxoamuTca B npegenax 0.29 - 0.69. NamepeHHoe B 0gHOM 13
3epeH uupkoHa copepxanme U (917 r/t) m Th (1210 r/t) B saape
3HAYMTENBLHO BbIlWeE, Takxe nosbiweHo u Th/U otHowenne (1.39). Mo 10
3epHaM 13 Npobbl MOHLOANOPUTA NOJTyYeH KOHKOPAAHTHbIV Bo3pacT 458+2
MJITH. NeT. YunTbIBaa CUMbHYIO CTeNeHb Npeobpa3oBaHHOCTU LMPKOHA 3TOW
npobbl, npepnonaraeTcd, 4To nosy4veHHbln U-Pb Bo3pacT MoxeT ObiTb
HECKONIbKO  OMOJIOXEH B pe3ynbTaTe BO3AEUCTBUA  HANOXEHHbIX
TepModnonaHbIX NPOLLECCOB.

MpeppypoHas panka, MoHuoamoput-nopdwmp (06p. K-81B). 3epHa
LUMPKOHa MpeAcTaBneHbl Kpuctaniamu npuamMaTnyeckon (popmbl MpOCTOro
cTpoeHus, 6e3 Apep. 3oHanbHocTb B KJ1 wwmMpokononocHasi, UHorga oHa
otcytcTtByeT. Conepxanua U (206-1471 r/t) n Th (99-2290 r/T) 3HauuTensHo
BapbupyloT, OTHoweHua Th/U Takxe XapaKTepu3ylTcs CyLLEeCTBEHHbIM
pasbpocom ot 0.49 po 2.51. HecmoTpsa Ha cunbHO BapbupyoLe
KoHueHTpauun U, Th u BenuuuHbl Th/U, paccuntaHHble BoO3pacTbl
€OMHUYHbIX 3epeH 3ToN Npobbl OTHOCUTENBHO 6nn3ku. Mo pecaTn 3epHam
nonyyeH KOHKOpAaHTHbIN Bo3pacT 467+2 mnH. net. PaccuutanHbin U-Pb
BO3pacT MpenpynHbiX [aek HeCKonbko papeBHee, 4Yem U-Pb Bospact
MoHUoanopuToB (45812 MMH. neT), 4TO NPOTUBOPEYUT reoNOrMYecKum
HabniogeHnam o 6onee paHHeM hOPMUPOBAHUM FPAHUTOUAOB MIyTOHA
OTHOCWUTENbHO MpeApyAHbIX AaeKk W noATBepxpaeT npeanonoxeHue o
BO3MOXHOM 3aHuXeHun paccuyutaHHoro U-Pb Bo3pacta moHuoanopuToB
nnyToHa.
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PynoHocHble rpaHuT-nopdupbl (06p. K-64). B npobe rpaHuT-nopdgupos
NPUCYTCTBYIOT ABE MNOMYyNALMN LMPKOHOB, OT/MYalowmecs Mopdosorunm,
BHYTPEHHMM CTPOEHMEM 3epeH U paccumTaHHbiM U-Pb Bo3pactom. NepBas
nonynauua (8 3epeH) npeacTtaBneHa NPU3MaTuyecKuMm Kpuctannamm nnm
obnomMkaMy KpUCTaniioB MpPOCTOr0 CTPOEHUsI C YETKO BblpaXXeHHbIMU
pebpamu, rnagkMMyM TpaHSIMU WU HanMYMeEM TOHKOW OCUMIINIALMOHHON
30HanbHocTu. KoHueHTpauumn U (528 - 1237 r/1) u Th (191 - 964 r/1)
OTHOCUTENBbHO BbicokMe. OTHoweHne Th/U TuNMYHO AnNA  UMPKOHa
MarmaTudeckoro reHesmca u BapbupyeT oT 0.37 pgo 0.75. Mo Bocbmu
3epHam MosflydeH KOHKOpAAHTHbIN Bo3pacTt 46312 MnH. net. Btopas
nonynaAuua  npeacraBneHa  OBYMS  YANMHEHHbIMWU  KCEHOreHHbIMMU
KpucTannamm LUMPKOHA CIOXHOMO CTPOEHWsl, B KOTOpbIX HapyLleHO
paBHoBecue u3oTonHon U-Pb cuctembl. lepBoe 3epHO npencraBneHo
KpUCTannoM  okaTaHHoOW  OpMbl, BHYTPEHHAS 4acTb  KOTOpOro
XapaKTepu3yeTcsi HanMyiMem pOCTOBOM 30HaNbHOCTW, @ BHELUHAS 4acTb
COCTOUT M3 ABYX HE30HasNIbHbIX OTOPOYEK C HEPOBHBLIMU KOHTYpPamMu u 9pKo
6enbim (B KIT) cBeyeHnem no kpasm. [lo oTopoyke, KOTopas okammnseT
LleHTparbHY 4acTb C POCTOBOW 30HANIbHOCTLIO MOSTYYEHO ANCKOPLAHTHOE
3HaveHne U-Pb Bospacta 133715 mnH. net (auckopgaHTHocTb 50%).
CopepxaHusa U n Th B 3ToM 3epHe OTHOCUTENBHO Bbicokue - 1471 n 756 r/T,
COOTBETCTBEHHO; OTHoweHne Th/U coctaBnset 0.53. BTtopow Kpuctann
nMeeT yASIMHEHHO-NPU3MaTUYECKMIn 0BNMK, COAEPXMUT He30oHanbHoe SApo
oBanbHol hopMbl ¢ Apko-6enoii (B KIT) TOHKOW 0TOpoykon. BHellHsa yacTb
KpucTanmna MMeeT HeYeTKyH POCTOBYIO 30HaNbHOCTb. KoHueHTpauua U B
Hen coctaBuna 437 r/T, Th - 36 /1, npn HU3Kom oTHowweHmn Th/U 0.08. [Onsa
3TOW TOYKM NONYYEeHO AUCKOpAaHTHOe 3HauveHue Bo3pacTta 2688+10 mnH.
net (amckoppaHTHocTb 10%). Crnegoyer OTMETUTb, 4UYTO COBMECTHOE
NPUCYTCTBUE paHHENaneo30MCKUX N APEBHUX LLUPKOHOB C KOHKOPAAHTHLIMM
3HayeHuaAMM Bo3pacta ~ 2.5 - 1.9 mnpa neT B rpaHuTOoMaax pernoHa
oTMeuvanocb paHee [3]. ABTopbl npegnonaraldT BO3MOXHOE Hanuuune
naneonpoTepo30MCKON KOHTMHEHTaNbHOM Kopbl B dyHAameHTe Ky3HeLKo-
AnaTayckoro KafnefoHCKOro oporeHa.

MocTpyaHbIi MOHLOHUT-Nopdup (06p. K-86). LiMpkoHbI npeacTaBneHbl
KOPOTKONPU3MaTU4ECKMUMWN  KpUCTannaMn C TOHKOW  OCLUMISISILMOHHON
3oHanbHocTbio. Copepxanua U (363 - 563 /1) u Th (171 - 337) BapbupytoT
He3HaunTenbHo. OTHoweHne Th/U coctaensetr 0.39 - 0.62. Mo pecatu
3epHaM Nosly4yeH KOHKOpAaHTHbIN Bo3pacT 412+1 mnH. neT.

Takum o06pa3oM, Ha OCHOBaHMU MNPOBEAEHHbLIX WCCNeAoBaHWUA MO
LUMPKOHaM YCTaHOBMEHO, 4YTO CTaHOBJIEHWE PYLOHOCHOro MnopdUpoBOro
KOMIMeKca Npov3oLUsio B CPeAHEM OPAOBUKE, @ NMOCTPYAHbLIX NOPdUPOBbIX
WHTPY3MI B paHHeM AeBoHe. [1Ba LMpKOHa C OMCKOPAAHTHbIM BO3PacToOM
(1.3 n 72.7 mnpa. neT) n3 pyaoHOCHbIX FpaHUT-Nop1poB NpuHagnexar K
bonee OpeBHEN reHepauuu LMPKOHA, MCMNbITaBLIEA NOTEPH CBUHLUA. JTK
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OaHHble cornacylTca € npeanonioxeHnem asTopoB [3] o npucyTcTBuu B
KysHeukom AnaTtay foKeMOpUINCKon KOHTUHEHTaNbHOM nuTocdepsl.

Pab6oTta BbinonHeHa npu duHaHcoBow nogaepxke PODU (npoekt Ne 16-
05-00921).
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MepBble pesynbTaThl UCCNEAOBaHUS cUCTEMBI *°Sm-"4’Nd B
ApeBHelLmMx nopoaax OXoTCKOro Maccusa

Boromonos E.C."%, Casaretkos B.M.' KyabMMH B.K.2, KonbiTyeHko JT.A.",
JleBckui J'I K"

"nrrg PAH, CaHkT-nerepbypr; 2BCETEM um. A.l1.Kaprinrckoro, CaHKT-
[lerepbypr

N3yyeHne KOpOTKOXUBYLLEN N3OTOMHON CUCTEMbI 1405 m-"*Nd (T12 =103
MITH NeT) COBMECTHO C gonroxusyiuent +'Sm-"Nd (T, = 106 mnpg, ner)
No3BONAET BOCCTAHOBUTb UCTOPUIO Pa3BMTUA 3eMSIM Ha paHHMX CTaausaX B
TeYeHune nepBblX AECATKOB MUJINIMHOB JNIET Nocrie eé BO3HUKHOBeHUs. Kpome
TOro, U3yyeHuwe aHomasnMi KOPOTKOXMUBYLLMX M3OTOMHbIX CUCTEM BHOCMUT
BKNag B npobriemMy NOATBEPXAEHUSA WU OMPOBEPXEHUS XOHOPUTOBOM
mMozenu obpa3oBaHus nnaHeT 3eMHOM rpynnbl.

Bapwvauun 3HauyeHumn M *Nd B 3eMHbIX 06Pa3u,ax MOXHO OBBACHUTL Kak
pPa3fMyHbIM BPEMEHEM 3aKPbITUS CUCTEMBbI >Nd, Tak u XapaKTepom
UCTOYHMKA WUCCrneayemblx nopo,u, ,qennempoaaHHbm unu oboralleHHbIN.
Hapo 3ameTuTb, 4TO cuctema “°Sm-"*’Nd okasbisaeTcs 6onee YCTONYNBON
K nocnep,yrou.mlvl MeTamopduyeckum npoueccam Mo CpaBHEHUKO C
cuctemoir ’Sm-"**Nd. MpuunHoOn cTONb pPas3nMYHOrO NOBEAEHUA 3TUX
cuctem aBnseTcs 3Haqv|Teanoe oTNMuMe NepuodoB nonypacnaga
nsotonoe ®Sm u '¥’Sm. Hakonnenue pagunoreHHoro 2Nd npakTN4ecku
npekpaiiaetcs nocne 300 mnH. net OT Haqana obpazoBaHus 3emnu, n B
[JanbHenwem BennmynHa OTHOLLEHUS “2Nd/"*Nd He 3aBucuT oT Bapwuauum
OTHOLLEHUSA Sm/Nd, Bbl3BaHHOM MarmMaTuyeckumm nnnm
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MeTaMOpCbW-IeCKVIMVI npoueccamn. HanpoTtue, HakonneHne paguoreHHoro

“Nd npoucxomuT HenpepbiBHO A0 HACTOSLLET0 BPEMEHU, a BHELUHWE
Bosp,eMCTBMﬂ ,V13MeHsiolme oTHOLIeHNe Sm/Nd, NpuBOAAT K UCKaXEHUIO
oTHoLwweHus "Nd/"**Nd.

Maneoapxenckne  rpaHynuT-rHencoBble  obnactv, npeacTaBneHbl
NPEUMYLLLECTBEHHO  TPOHALEMUT-TOHANUTOBbIMKM  opTorHencamu.  OHu
OoTMe4YalTCcAd B [pEeBHENWMX aApax 3pefion  Kopbl KOHTUHEHTOB B
peHnavann, Kanage, CLWA, 3anagHon Asctpanun, KOxHon Adpuke.

B Beaywux MupoBbIX nabopaTopusix yXe B Te4YeHue MHorux net
npousBoaAaTcsa paboTbl N0 N3YYEHNIO KOPOTKOXMBYLLMX U3OTOMHbIX CUCTEM B
OpeBHelwnx obpa3oBaHMAX Halleln nnaHeTbl. Hanpumep, B 30apXenckux
rHencax toro-3anagHou ['penHnaHanmn ¢ Bo3pactom ot 3.7 mnpa net go 3.8
MNpA, NeT oBHapyxeHa nomnoxutensHas aHomanus p'**Nd, gocturatoas
20, a B 3eneHokaMeHHOM nosice HyByarnTTuk Ha ceBepo-BocToke KaHagpl B
nopogax c Bo3pactoM 3.7 mnpg NeT MnosioXutenbHas aHoManus p”sz
pocturaet 20.5+4 [1]. B nopogax ¢ Bo3pactom oT 3.0 mnppg net go 3.81
MIIpA, NIeT U3 apXenckoro Kommnnekca AHLIaHb B CEBEPO-BOCTOYHOW 4acTu
CeBepHoro KuTanckoro kpaToHa HepaBHO OOHapyXeHbl CyLLECTBEHHO
NONOXMTENbHbIE aHOManK p”sz, gocturawowme senuyumiel 9.8+3.2 [2].

Ha Tepputopum Poccum K gpeBHeNLIUM naneoapxenckum npoBUHLMNAM
oTHocutca  Kyxtyinckoe nogHsatme OXOTCKOro  MaccuBa, KOTopoe
npencraensaetr cobon KpynHbin  (45x120 KM) TEKTOHM4YECKUM 6ok,
CNOXEHHbI  paHHEeOOKEMOPUWCKUMM  MOpogamMu  TPpaHynuMToBOM U
amcubonuToBorn cdaunuin (0OXOTCKU Komnnekc). MonyyeHHble HaMU AaHHble
O BHYTPEHHEM CTPOEHUMU, BELLECTBEHHOM COCTaBe M BpeMeHWU 06pa3oBaHus
MeTamopuryeckux Tonw, KyxTyWckoro nopgHAatusa [3] ycTaHoBMAM, YTO
OXOTCKWA  KOMMMEKC npeactaBnseTr cobon  CnoXHoe  coyeTaHue
pa3HOBO3pacTHbIX 0Opa3oBaHWM, MNpUYEM [NaBHYK poJflb  UrparT
naneoapxewckne OpTOrHENChI, THENCOrPaHUTLI U KpUCTanInyeckme cnaHubl,
BO3pacT KOTopbix BapbupyeT B uHTepBane 3.25-3.6 mnpg net (U-Pb
SHRIMP-II meTog no umpkoHy, Sm-Nd M30XpOHHbIM MeToA, No nmopodam) u
nuwb Hebonbluasa 4YacTb OTHOCUTCA K 3oapxenckum (3.6-3.7 mnpg net) m
naneonpoTepo3oncknum nopogam. MeTtamopduueckas wuctopua KX
3akrno4yaeTca B MHoroaTtanHom (3.25, 2.7, 2.6, 2.0, 1.9 u 1.8 mnpa. ner)
npeobpa3oBaHnn  paHHegokeMOpunckmx nopog B P-T  ycnoBusix
rpaHynuToBon n amubonnToBon gawmm.

B cBeTe BbILIEN3NOXEHHOMO, M3YYeHUEe W3OTOMHOM CUCTEMBI ' °Sm

Nd B 3TOM pernoHe npeactaBnseT ocobbii MHTepec. B rHencax
KyxTynckoro nogHAaTua ¢ Bo3pactom 3.45 mnpa neT Ham yganoch nosyyntb
NOMOXMUTENbHYIO  U30TOMHYKD aHoManuio umNd paBHylo 16.2+2.8
OTHOCUTENbHO  CTaHAapTa JNdi-1. Pa6oTta no | M3yuenmio N30TOMHOWM
cuctembl  “*Sm-"*°Nd coemectHo ¢ cuctemon 'Sm-'“Nd B JaHHOM
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perioHe OyaeT NpOAOSIXEeHa W He OrpaHWYMTCs TOJIbKO MopoaamMu
KyXTyMCKOro NogHsTHSA.
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Bpemsa o6pa3oBanus u Sr-Nd nsoTtonHas cucremaTtuka
MOJS10ibIX OCHOBHbIX BYJIKAHUTOB 10XXHOM YacTu [IxaBaxeTCckomn
BYNnKaHu4eckoi obnactu Manoro KaBkasa (ApMeHus)

By6HoB C.H., Jle6enes B.A., Joky4yaes A.A., NonbumaH O0.B., OneitHukosa
T.N.

UTFEM PAH, Mocksa

MHaukaTopHom 0COOEHHOCTbIO HOXXHOM yactu [xaBaxeTckomn
HeoBYINnKaHuyeckon obnactm Manoro KaBkaza (Pecnybnuka ApmeHus)
ABMAETCHA LUMpoYalllee pa3BUMTUE NPOAYKTOB apeanbHO-MOHOIEHHOro
6a3utoBoro BynkaHu3ama. Monoable nnaTo6a3anbTbl, 3a KOTOpbIMU B
nuTepaType YCTaHOBMIIOCb HasBaHWe  «AoneputoBble  6asanbTbiy,
dopmupytoT penbed Jlopuinckoro ByfKaHU4Yeckoro nnaTo; 6a3uTbl 3TOro
TMna obpas3yloT obLupHble MOKPOBbI B npefenax BepxHeaxypsiHCckon wu
AMacuickon BMafuH, a TaKXe craraloT NpoTsaxeHHble (6onee 50 km),
CYMMapHOW MOLUHOCTbI0O [0 MEpPBbIX COTEH METPOB, lAaBOBble pPEKU B
naneoponuHax pek AxypsH, Oeben n J3oparerT.

O6paTHasa HamarHmyeHHocTb 1 K-Ar patupoBku (2.08-2.00 mnH. neT) nas
BEPXHUX U CpedHuX vacTen pa3pe3oB nnatobasanbToB yKasbliBaT Ha WX
obpaz3oBaHVe B renasvinckomM BeKe B NoSieOMarHWTHy0 anoxy Matysma, ¢
obpaTHOM reomarHuTHowm nonsapHocTbto [Trifonov et al., 2016]. Ba3uTbl HU30B
BYJIKAHOTEHHbIX pa3pe3oB - 6onee apeBHUe 06pa3oBaHust; K-Ar N30ToMHbIE
haHHble (2.51+0.12 MnH. net) MoryT cBuAeTenbcTBoBatb 00 MX
obpaszoBaHuK Ha pybexe nnuoleHa - nnencToueHa [Trifonov et al., 2016].

naBHble MuHepanbl eHoKpucToB 6asnTOB - ONMMBMH M NNarMoknas
(o6bl4HO Nabpapop); Yalle Bcero K HUM fobaBneH KNMHOMUPOKCEH (aBruT).
N3yueHHble nopoapl coaepxat 48.3-54.7 mac. % SiO,, 4.5-6.2 mac. % Na,O
+ KO npu 1.0-2.3 mac. % KO n oTtHocatca nubo k K-Na ymepeHHo-
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LLEeNOYHON (MyOoXuUepwuTbl, raBaluTbl), NMO60 K W3BECTKOBO-LLEOYHOM
(6azanbTbl) NETPOXUMUYECKUM cepusiM. Ba3uTbl oTNUYalTCA HU3KUMMU
copepxanuamm TiO, (1.0-1.8%) npu Mg# ot 0.45 po 0.58; oTHOLWEHNS B HNX
Nb/Ta (17.2-22.1) 6n13KM K XOHAPUTOBBLIM NPU 06bIYHO [OCTATOYHO HU3KUX
B nopogax oTHoweHusx Ti/Y (220-360). Meoxumuyeckuin obnuk nopop, B
LenoM OTBeYaeT BELEeCTBEHHbIM XapakTepUCTMKaM COOTBETCTBYIOLLMX
MarmaTu4ecknx obpazoBaHuit BHYTPUMIINTHBIX reoAMHaMn4ecKnx
obcTaHoBok [MarmaTunyeckue ropHble nopoabl, 1987; Mullen, 1983; Pearce,
Norry, 1979 n gp.]. Tak, Hanpumep, Ha guarpamme Zr-Zr/Y [Pearse, Norry,
1979] oHM B nogaBnsloWemM OOMbLUIMHCTBE MonagalwT B rnone
BHYTPUMNSINTHbIX 6a3anbToB.

O6paluaet Ha cebs BHMMaHNMEe HECOMHEHHOE CXOACTBO MO LenioMy psaay
reoXMMM4Yeckmx napameTpoB nyiaToba3anbToB XHONM YacTu [xaBaxeTcKon
obnactu n 6asanbToB oKeaHn4yecknx octpoeoB (OIB). Tak, No cpaBHEHUIO C
6azanbtamn OIB-Tuna [Sun, McDonough, 1989] u3y4eHHble BYNKaHUTHI
obnafalT B LENIOM CXOAHbIMU KOHLEHTpauuamu ctpoHumsa (Sr, 0.8-1.1),
unpkoHusa (Zr, 0.6-0.8), uttpus (Y, 0.9-1.2), nrrepbus (Yb, 1.0-1.5) n gp.
Bmecte ¢ TeM, B MyNbTMOMEMEHTHbIX CMEKTpax WCCMeLOBaHHbIX NaB
dukeupytotca nonoxutenoHaa U aHomanua m otpuuatensHble - Nb un Ti,
KOTOpble B HaleM cfiydae MoryT ObiTb OOBACHUMBbI  acCcuMUNAUMEN
OCHOBHbIMU MaHTUNHbIMK pacnnaBamu «OIB-Tuna» KOpoBOro BeLlecTBa.

Bapuauun HayanbHbIX OTHOLLEHMI ¥3r/*°sr u "3Nd/™Nd B N3YYEHHbIX
BYJIKQHWUTax cocTaBnsatT 0.70398-0.70446 n 0.51280-0.51287
cooTBeTCTBEeHHO (Mnun +3.1..+4.6 B eanHumuax eyg) [Neill et al., 2013 n Hawwm
AaHHble]. O6bIYHO 3HAYEHNSI M3OTOMHbIX OTHOLLEHWU CTPOHLNS U HEOAMMA B
nopozax umMelT obpaTHyo koppensauuio. Ha n3oTonHo-KoppenaunoHHon Sr-
Nd avarpamme TOYKU COCTaABOB Nopof, o6pa3yloT KOMMaKTHOE CKOMJieHMe B
| kBagpaHTe B none coctaBoB 6aszanbtoB OIB-tuna. [Ons [Oebepckomn
naBoOBON peku HabnpaeTca 3ameTHoe yBenueHe B NopoAax CHU3Y BBEpX
no paspesy Benn4yuH O'I'VHO1I:‘IéeHI/I1V‘IM Sr/7°Sr u 0683I'~IH806 KOMMNeMeHTapHoe
YMeHbLUEHNE OTHOLUEHUN Nd/ ™' Nd (0.70445 “'Sr/*°Sr npn +4.2 gy B
naBax BEpPXOB BYIKAHOrEHHbIX pa3pe3oB U, cooTBeTcTBeHHo, 0.70398
87Sr/%sr npu +4.5 gy¢ B 6a3uTax ocHoBaHWK pa3pe3oB). OTMETUM, 4TO
cornacHo HawuMm u onybnukosaHHbiM [Neill et al., 2013 n gp.] AaHHBIM HeT
CYLLECTBEHHbIX pasnunuMi B U30TONHOM coctaBe Sr m Nd B npoaykTax
renasnmickoM OCHOBHOW BYNKaHU4ECKOW aKTMBHOCTW B Mpegenax BCen
FOXKHOW YacTu [IxaBaxeTCKOW HeoBynkaHu4eckon obnactun Manoro KaBkasa
(0.70398-0.70445 873r/88gr npu +4.2.+4.6 €y B npegenax BOCTOYHOIO
Nopu-[ebenckoro cermeHta u, cootBeTcTBeHHo, 0.70416-0.70446 873r/88sr
npu +3.1..+4.6 €yg B 3anagHOM - AMacuincko-AXypsiHCKOM), UYTO MOXeT
yKasblBaTb Ha [AOCTAaTOMHO HU3KYK BELLECTBEHHYH TeTEpPOreHHOCTb
rMy6UHHOrO WCTOYHUKA, FEeHepupOBaBLUEro B 3TO BpeMs MaTepuHCKue
MarmaTudeckume pacnnasbl.
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MonyyeHHble pe3ynbTaTbl, B COBOKYMHOCTM C paHee ony6nnKoBaHHbIMM
OaHHBIMU MO ApPYrUM HeOoBYNKaHW4Yeckum obnactam Bosnbworo u Manoro
Kaekaza [llebegeB un pgp., 2006, 2009, 2010, 2013; Yyraes un gp., 2013;
By6Hos, 2003; by6HoB u gp., 2014; n ap.], onpegeneHHo NOATBEPXAAT
BblCKa3aHHOe paHee npeanonoxeHne o6 oBLLHOCTU NPOUCXOXAEHUA BCEX
HeoreH-4yeTBepTUYHbIX Nopop KaBkasckoro pervoHa [Ilebenes u gp., 2009;
n gp.] ¥ yKasblBalOT Ha pernoHarnbHbii MaHTUHBLIA pe3epByap OIB-Tuna B
KayecTBe OAHOro U3 Hambonee BEPOATHbIX WCTOYHUKOB KX MNEPBUYHBIX
pacnnaBoB.
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doccopuTbl XapaHypckoro MmectopoxaeHus OKUHo-
Xyb6cyrynbckoro 6acceitHa: U-Pb cuctematuka u Pb-Pb
BO3pacT

BacunbeBa U.M., OBunHHuKoBa [".B., Ky3HeuoB A.B., CmupHoBa 3.B.

Ut PAH, Cankr-llerepbypr

docdhoputbl ABAAIOTCA MEepCnekKTUBHbIMW NMopoAamMu A1 AaTUPOBaHUs

U-Pb (Pb-Pb) meTogom, Tak Kak rnaBHbI UX MUHEpan - anaTuT - COOAepXuT

b6onbwoe konudecteo U B Kpuctannmyeckon pelértke. IToT MeTop,

yCNewHO WCMOMb30BaH AnA  ONpefeneHns  Bo3pacTa  0Cafo4HbIX

doccoputoB B oTnoxeHuax pudea HKxHoro Ypana m BeHaa Kutaa u
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Cwubupu [1,2,3,4]. DaHHaa pabota npeactasnaeT pesynbtaTtel U-Pb (Pb-Pb)
baTtmpoBaHua hocopUTOB KPYMHOro XapaHypCcKoro MecTopoXAeHuS.

XapaHypckoe mMecTopoxzeHue BxoauT B coctaB OKMHO-Xy6Cyrynbckoro
docdoputoBoro bacceinHa, KoTopblii pacrnonoxeH B npeaenax OKUHCKO-
XamappabaHCKoro cknagyatoro COOPYXEHMS Ha loro-BoCcToke BoCTOuHbIX
CasH 1 aBnsieTcs ceBepHbIM 3amMblkaHneM 6onee KpynHoro Xy6cyrynbckoro
doccoputoBoro  H6acceliHa, NPUYPOYEHHOTO K  BEHA-KEMOPUINCKMM
KapboHaTHbIM OTJIOXEHUAM yexna TyBUHO-MOHrONbCKOro
MUKPOKOHTUHEHTa [5]. KapbGoHaTHbI 4exon MWKPOKOHTUHEHTa B CEBEpO-
BOCTOYHON 4acCTWU NOApasfenstoTca Ha npoTonnaTtOpMEHHYIO WPKYTHYIO
cBUTY U1 cybnnatopmMeHHble  GOKCOHCKy  ceputo.  PocdopuTbl
XapaHypcKoro  MeCTOPOXAEHUA  NOKanu3oBaHbl B HUXHEN 4acTu
BOKCOHCKOI cepuu - B 3abuTckoi ceute. Tun pygoBmeLLarLmx dopmaumi -
KapboHaTHbIN U KapOOHATHO-KPEMHUCTbIN.[6]

B atoin pabote uccneposaHa U-Pb cucremaTtuka tpex nutonornveckux
TMNoB ocopuToB 1 yTouHeH nx Pb-Pb BoapacT: kpeMHuCTbIX (hTaHuTOoB),
OHKONMUTO-3EPHUCTBIX U BpekuneBmaHbiX. Kycoukn doccopuTa TwatenbHo
oTbupanucb nop,  GuMHOKynApom, 4ToBbl  AOCTUML  MakCUMarbHOW
MOHOMMWHepanbHOCTU. 3ateM npobbl OTMbIBANIUCb OT  BO3MOXHbIX
NMOBEPXHOCTHbIX 3arpsi3HEHUN B YNbTPa3BYKOBOW BaHHE B OYULLEHHON BOAE,
nocrie 4yero pactMpanucb B nNyapy ANns panbHenwero aHanusa. Victeptbiv
doctoput pacteopanca B 1N HCl npu komHaTHOM Temnepatype. [Ba
obpa3ua - KpeMmHUCTbIN ocdhoput u OpekuneBugHbIi  dochopuT -
LOMNONHUTENBHO noaseprinncb CcTyneH4yaTomy pacTBOPEHMIO:
nocneposatensHo B 0.1N HCI, 0.5N HCI n 1IN HCI npu komHaTHOR
TemnepaTtype, YTo6bl KOHTPOIMPOBaTb BO3MOXHOE BbillenavmBaHe Pb un3
HedocdaTHbIX KOMMOHEHTOB HOCEHOPUTOB (CUNMKOKNACTUYECKOW YacTu
n/unn BTOPUYHbIX KapboHaToB).

Pb Bblgensinca us pacteopa Ha MOHHO-06MeHHOI cmorne Bio-rad, a U Ha
aKcTpakumoHHown cmone UTEVA SPEC. M3amepeHune nsotonHoro coctasa Pb
n U npoBefeHO Ha MHOrOKOMNMEKTOPHOM Macc-cnektpomeTtpe Triton TI.

Bce Tpu m3y4deHHbIx Tuna gocoputoB pasnuyarTca Mexay cobow no
COLEePXaHUo CBUHLLA, ypaHa U N30TOMHbIM OTHOLLEHMSAM CBUHLLA.

KpemMHuctble ¢occopuTbl (PTaHUTbl) XapakTepusylTCd He TOmNbkKo
camMbiMn Hu3KumMu cogepxavuamm U (11.1-17.6 wmkr/r) n Pb (1.67-3.47
MKI/T), HO M CaMbIMU HU3KUMU OTHOLIEHUAMM “*°Pb/**Pb (55.480-91.749) n
28y %Pp (642-651). TNpu 3tom, occopuTbl 3TOrO TUMNA copepxar
Hanbonbllee KONMMYecTBO TOPOreHHOro CBMHLA: 208pp20%py = 38.421-
41.336.

B 6pekuneBugHeix hoccoputax copgepxanue U (45.1-101 mkr/r) n Pb (8-
11.8 MKr/r) B HECKONBbKO pa3 borbluee, YEM B KpEMHUCTLIX. B aToM Xe Tune
thocopuTOB HaBMIOAAKTCA CaMble BbICOKMe oTHoLenus 2U/**Pb (1175-
2503) n 20pp20pp (221.340-270.490), HO Npy NOHWXEHHOM OTHOLLUEHMU
208ppy204pp, (37.557-37.688).
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OHKONUTO-3epHUCTLIN  hocoput coaepXxuT Gorblue Bcero ypaHa (124
MKI/r) n ceuHUa (21.2 wmkr/r). OTHoweHus 28U2%Ph u 2°pp/2*Ph B
OHKOSMUTO-3EPHUCTbIX CPELHUE MeXAY KPEMHMUCTbIMU U BGpekyYneBUgHbIMU
toccoputamm (832 1 106, coOTBETCTBEHHO), @ OTHoLeHne “®Pb/*Pb B
HeM MUHUMansHoe (37.394).

B koopavHaTax 207pp204pp-2%pp 2P Touku OpeKYMEBULHbIX U
OHOKJITUTO-3ePHUCTBIX pocdopuToB AatoT 3HaveHne 390+80 MnH neT npu
oyeHb Bbicokom CKBO=547. 3T1oT pas3bpoc MoxeT ObiTb 06ycrnoBneH
npucyTcTBuem ¢ocgopuTOB C pa3HbiM MNEPBUYHBIM CBUHLIOM, TakK Kak
B6pek4yneBnaHble U 3epHUCTLIE HOCHOPUTLI HEOAHOKPATHO NEepeMbIBannCh U
Takum o06pa3oMm, un3yveHHass npoba oKasanacb CMECbl HEeCKONbKMX
obpa3uoB. B otnmumne ot 3TOro, KpemHucTole ocoputel B KOOpAMHATaX
27pp2%pp-2%pp2%ph  pator Bo3pacT 5809 MnH neT npuM HU3KOM
CKB0O=0.99 (no 9 Touykam BasnoBbix 06pa3uoB U dpakuMaM CTyNeH4aToro
pacTtBopeHust). [NonyyeHHbln Pb-Pb Bo3pact kpemHucTbix docdoputos
xopowo cornacyetcs ¢ Pb-Pb Bo3pactom Huxenexawmx n3BeCTHAKOB TOMN
Xe 3abnTCKON CBUTBI.

PaccunTtaHHble Ons KpemHUCTbIX OoCOpuTOB B TEPMMHAX MOAENM
CTtenicu n Kpamepca napameTtpbl nepsu4Horo Pb paBHbIl: [y = 238/2%pp
9.26+0.03, (*°Pb/**Pb),= 17.45+0.01 n (*’Pb/**Pb), = 15.45+0.003, K,
4 n 6nM3KN K OaHHbIM Ansa KapboHaTHbIX nopod 3abutckon cBUTbI (U =
9.30£0.15 wun K, =4.1+x0.3), uytO noarBepxpaeTr wux ocago4vHoe
npovcxoxaeHve. Huskoe 3HavyeHMe MEpPBUYHOTO |y W MOBbILEHHOE
3HayeHve K, npepgnonaratoT, 4to nopoabl B obnactM cHoca 6binu
npeacTaBfieHbl FpaHyNUTamMmn Wunmn Menyu MaHTUAHOE MPOUCXOXAEHNE.

PaboTta BbinonHeHa npu pmuHaHcoBon nopaepxke PODPU (npoekT 18-05-
00623).

4
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TeKTOHO-TepMaribHas 3BOSIOLMA CEBEPO-BOCTOYHON YacTu

dPeHHOCKaHOuHaBCKOro wuta (KonbCckuin NoslyocTpos) 3a

nocnepgHue 1.9 Mnpa. net B ceeTe HOBbIX Ar/Ar AaHHbIX U
pe3ynbTaToB TPEKOBOro AaTUpPOBAHUA anaTuTa

Becenosckuii P.B. 1.23 , Apsamacuies AA. 345 , TpasuH A. B.S , 1onwy [, c’,
TomcoH C CaanMKoaa E. 5 CaMCOHOB A. B CTenaHoaa AB? Eou,ron
CB.*

"Te BOHOFM‘-/eCKMI/Id) -TMIY, MOCKBa ’Ud3 PAH, Mocksa; *UIFEM PAH
Mocksa; *Criery, CaHKr-ﬂerepﬁypr *UIT/ PAH, CankT-lTerepb) ypr; Surm
CO PAH, Hosocubupck, YHMBepCMTeTprs’OHb/ TycoH, CLIA; “Ul" KHL
PAH, lNetposzasosck; gJ/HMBepCl/ITeT TrobuHreHa, TrobuHreH, repmarms

[MpakTnyeckn NonHoe OTCYTCTBUE COBPEMEHHbLIX TEPMOXPOHOSIOMMYECKNX
OaHHbIX MO CeBepo-BOCTOYHOM YacTu PeHHOCKaHAMHABCKOro  LuTa,
oTBevawwen Tepputopum KOnbCKOro nOMyoCcTpoBa, He MO3BoOnseT
PEKOHCTPYMpOBaTb TEKTOHO-TEPMAribHYI0 UCTOPUIO A@HHOrO NIMTOCEepHOro
6noka. OcobeHHO OCTpPO akTyanbHOCTb pelleHMs 3ToW Mnpobnembl
onpepensetcs Ha QOHe p[eTanbHO W3YYEHHbIX TEPPUTOpPUN  CTpaH
CkaHavHaBuu, Ona KOTOpPbIX MMEKTCHA HE TOJNIbKO MHOroumncrnieHHole Ar/Ar
onpeneneHns U30TOMHOTO BO3pacTa, HO U Takxe OOonblioe KONMMYecTBO
HafeXHbIX TPEKOBbIX BO3pacToB UMpKoHa u anatuta (Hendriks et al., 2007).
Nmertowwmecs OLEHKN obbemMoB  AeHyaauuu KONbCKOW YyacTtu
®eHHOCKaHAMHABCKOro  Wuta UM COOTBETCTBYKOLME WM aMnnautygpl
BEpPTUKasbHbIX [ABWUXEHUA 3TOoro 6roka 3eMHOM Kopbl B (paHepo3oe
HEOAHO3Ha4YHbl. EAMHUYHbIE KONMUYECTBEHHbIE TEPMOXPOHONOrNYECKME
OaHHble, NonyYeHHble TPEKOBbIM aHanu3om anatuta, ceHa u UMpKoHa, a
TakxXe MOJIYKONIMYECTBEHHbIE  OLEHKU TNyObuHbl  3po3MM  OCTaHLIOB
0OCafIoYHOro Yexsnia M [EBOHCKMX WHTPY3UBHbIX Tes, B TOM 4ucne Tpybok
B3pbIBa, nokasarnm CYLLIECTBEHHbIE pasnuuus B amnnutyne
daHepO30MCKOro Bo3apiMaHusa Tepputopun wuta - ot 0 KM Ha nepudpepun
Konbckoro nonyoctpoBa Ao 6 KM B LeHTpanbHou ero yactu (Hall, 2015).
CKOnbKO-HMbYAb HafileXHble MOAENN A0KeEMOPUINCKON TEMMOBON UCTOPUN 1
KOJNIMYECTBEHHbIE OLLEHKM aMnnnTyabl BepTUKanbHbIX ABnxeHun Konbckoro
nonyocTpoBa B nuTepaType OTCYTCTBYHT. HepgaBHO Hamu 6bin BbINOSHEH
TPEKOBbLI aHanu3 anatuta W3 KepHa CKBaXWH, BCKPbIBLUMX MOPOAbI
XnMBMHCKOro MfyToHa Ha pasnuuHbix rnybuHax (Veselovskiy et al., 2015).
MonyyeHHble pe3ynbTaTbl MO3BOAWMAM MPEnJIoOXUTb MOLENb TEpMaribHOM
aBonoumm XmbuH B nHTepsane spemeHun 360-0 MIH. NeT; KpoMe Toro, Ham
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yhanocb OUEHUTb BENMYUHY reoTepMUYECKOro rpaguMeHTa gnsa nocnegHux
250 mnH. net B ~20°C/KMm.

[naBHOW Uenbld [aHHOrO WCCnefoBaHuA  aBnAnacb paspaboTka
MaKCUMarbHO AeTanbHON M HafeXHOW KONMMYECTBEHHOW MOAENN TEKTOHO-
TepManbHOW 3BOSOLUNN CEBEPO-BOCTOYHON PeHHocKaHaun. [na 3Toro mbl
ncnosb3oBanu onybnumkoBaHHble HamMuM paHee M 12 HOBbIX TPEKOBbIX
0ATUPOBOK anaTuta W3 pa3HOBO3PACTHbIX E0NOrMYecknx OObEKTOB,
pacnonoXeHHbIX B pasfMyHbIX parioHax Korbckoro nonyoctposa. Takxe
Hamu 6binn BbINOSIHEHBbI onpegeneHus Ar/Ar Bo3pacTa [OKEMOPUICKUX
MarmMaTU4ecKux nopof, CnarawLlyx LUMPOKO PpacnpocTpaHeHHble B
Konbckom pervoHe pavikm u cunnbl.  CUHTE3 nonyyeHHbIX W paHee
ony6NMKOBaAHHbLIX TEPMOXPOHONOMMYECKUX U FEOXPOHOSIOrMYECKUX LAHHBLIX
noseonun paspabotaTb Moaenb TepmarnbHoi uctopun CB deHHockaHaum
ans nocnegHux 1.9 mnpa. net, ond He3aBWCMMOW NMPOBEPKU KOTOpoW (Ha
MOCTAEBOHCKOM 3Tane) Obil  UCNOMb30BaH METOA  KOMMbIOTEPHOIo
MOZENNPOBAHUA OCTbIBaHMSA BEPXHUX FOPU3OHTOB KOPbI NMOCIE UX Nporpesa
noakopoBonM WHTpy3uen. [lpeanoxeHa TeEKTOHMYECKad WHTenpeTauus
NoSlyYeHHbIX AaHHbIX.

OcHoBbl pa3paboTaHHOW HaMU MOAENN TEKTOHO-TEPMAribHON 3BOSIOLUN
CB ®eHHOCKaHaMm B nocTcBEKOEHHCKOE BpeMsi 6as3upyroTca  Ha
crnepyoLwmx BblBOAAX:

1) ¢ kKoHua naneonpoTepo3os TepmanbHaa asonouua CB
®deHHOoCKaHAMM  XapakKTepu3oBanacb  «CMOKOWHbIM»  TemnepaTypHbIM
pexuMMmoM: HauyuHasa c pybexa 1.9 mnpa. net Hasag M OO HaACTOSLLEro
BpeMeHU, nopoabl COBPEMEHHOro 3PO3MOHHOrO Ccpe3a KOMbCKOW 4acTu
PeHHOCKaHAUN MOHOTOHHO OCTbIBann co cpepHen ckopocTbio ~0.1°C/MnH.
neT, 4to Haubonee BEpPOATHO CBA3aTb C MPOLECCOM CTabunbHOro
BO3ObIMaHUA BCMEACTBME TEKTOHMYECKOW I3KCrymMaumm npu ckopoctu ~5
M/MIH.  neT.  MHorouucneHHble  pesynbTatel  Ar/Ar  paTupoBaHus,
NnoslydyeHHble Hamu, CBUAETENbCTBYIOT O TOM, 4YTO C Te€X MNOp nopoapl
COBPEMEHHON [AHEBHOW MOBEPXHOCTM HE UCMbITbIBANIM  BTOPUYHbIX
nporpesos Bbiwe 300°C;

2) BenuunHa AeHyoaunoHHOro cpesa ¢ NoBepXHOCTY LWmMTa 3a nocnegHue
1.9 MnpAa. net oueHMBaeTCA MO reoxXpoHONOrM4YecknM fgaHHbiM B 7-10 KM,
4yTOo He3aBKCUMO noaTeepxpaercs OLEHKOW PT-napameTpos
Kpuctannusauuu cunna nonkunooduToBbix gonepuTtoB y noc. HanbHue
3eneHubl (Bpems Kpuctannusaumm ~1860+4 mnH. net, U-Pb, 6apneneut,
ID-TIMS);

3) B TepmanbHOM ucTOpuM 0Opas3LOB, MNpPeACTaBnAlWMX Haubonee
3anagHblii panoH CB ®eHHockaHanm (Konbckas cBepxriybokas ckBaxuHa),
duKcupyeTcs aTan oxnaxpaeHus, oTeBevawowuin paHHemy pudeto (71.5-1.4
Mnpa. net). K 3ToMy BpemMeHuM OTHOCMTCA MacliTabHbIn MarmMaTuam
rPaHWTOB panakuBuM U CBA3AHHLIX C HUMKU 6Ga3MTOB, KOTOPLIN LUMPOKO
n3secteH B O3 obpamneHnn Kapenbckoro 6510ka, a Takxke Ha TeppuTopum
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Konbckoro nomyocTtpoBa M COMPSIXEHHbIX TEPPUTOPUA MO HUXKHEKOPOBbLIM
KCEHONUTAM U KCEHOKPWUCTaM B AeBOHCKMX Tpybkax (Downes et al., 2001;
Samsonov et al.,, 2012). CkopocTb oxnaxgeHus nopop, B 3TOT 3Tan He
npesbiwana 1.3°C/MnH. ner;

4) ¢ MoMeHTa Haunbornee NO3QHEr0 BHEOPEHMS LUENOYHBIX PacniaBoB
okono 360 mnH. net Tomy Hazag 1 o 300 MrH. neT nopoAbl COBPEMEHHOIO
3pPO3MOHHOrO cpe3a dyHOAaMeHTa U AEBOHCKUX MHTPY3UBHbIX MaCcCUBOB
Konbckoro nonyoctpoBa Haxogunucb Ha rnybuHe 3-2 kM M 6binu
«aHoOManbHO» MporpeTbl A0 TemnepaTypbl B WHTepBane 250-110°C
BCIIEICTBUE MOBLILEHHOrO TEMSIOBOrO NOTOKAa (re0TEPMUYECKUNA TPaaMEHT
Mor pocturaTb 3HadeHua ~50°C/km). DTO paccmaTpuBaeTCcsl HamMu Kak
yKkasaHue Ha cyulectBoBaHve B aHepo30oMcKon wuctopun BocTouHo-
EBponenckon nnatopMbl  NPOAOSIKUTENBHOMO  «CKpPbITOro»  3Tana
3HOOreHHOM aKTMBHOCTU, OTBeYaloLlero nitepsany spemenn 360-300 mnH.
netT W, BEPOATHO, CBA3aHHOro c gpendom banTuku Hap adpuKaHCKUM
CynepnsitoMoM. oToT BbIBOA, noaTeBepxaaetcs pesynbTatamu
PEKOHCTPYKLMM TEPMUYECKON MUCTOPUM NO noneBomMy LwwnaTty u3 obpasua
rpaHMTOB NULKO-aparybckoro Komnnekca ¢ rnybuHbl 9.5 kM u3 Konbckon
CBEpXrlyboKoW CKBaXWHbl C UCMOSb30BaHMEM MOAENU «MgJ'IbTVILI,OMeHHOVI»
obbemHon pauddy3mm (Lovera, 1992) Ha ocHoBe Ar/°Ar  naHHbIX
cTyneHyaToro nporpeBa. [lpoBegeHHaaA PEKOHCTPyKUMA  duKcupyet
HanoxeHHoe Tepmuyeckoe Bosgenctane okono 300-400 mnH. neT Ha3aga.

NccnepoBaHusa BbINOMHEHbI NPY YacTUYHOW nogdepxke rpaHta PH®D Ne
16-17-10260, rpanta [lpaButensctBa P® (N2 220, npoekt
Ne14.250.31.0017), rpaHta [Npe3uvgeHta P® (MO 1116.2018.5), rpaHTa
P®®U Ne 18-05-00211, tem HUP 0153-2018-0007 UI'Td, PAH 1 0330-2016-
0013 I'M CO PAH.
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M30TONHO-reoxnMmyeckne Kputepum reHeTU4eCcKux TUroB
LMpKoHa (Ha npumepe Konbckon cBepxrilyboKkon CKBaXuHbI)

BetpuH B.P.

W KHL PAH, Anaruter; UMITP3, MockBa

B HacTosiwlem coobueHun rMokasaHa BEPOATHOCTb OMNpeaeneHns
reHeTUYECKNX TUMOB LIMPKOHA Ha OCHOBaHWW UX M30TOMHO-FEOXUMUYECKMX
(Sm-Nd un Lu-Hf) uccneposaHmin. C 3TOW Uenbl0 WM3y4YeH UMPKOH U3
nnarMorHencoB HWUXHEN 4YacTum paspe3a Konbckon cBepxrnybokon
ckBaxuHbl (CI-3), npobypeHHoW B ceBepo-3anagHon Yactu MypmaHckon
obnactu (69°25°c.w., 30°44°s.4.), c rnyoun 10779-10789 m (8-5 Tonwia, obp.
26), 11778-11795 m (10-a Tonwa, o6p. 43). N3mepeHnss M30TOMHOro
coctaBa Nd B nopopax BbinosiHeHbl Ha Macc-crnektpometpe TRITON TI
dupmbl  ThermoFinnigan MAT B UWWN BCEFEWN (r. CaHkt-MeTepbypr).
N3oTonHbIn coctaB Hf n KOHUEHTpauun 3nemMeHTOB NpuMecein B LIMPKOHE,
0aTMpoBaHHOM Ha WOHHOM MuKpo3oHge SHRIMP II (UM BCEIEWN),
onpepeneHbl B YHuBepcutete Makeapu, CugHein, ABCTpanuMs MeTOAOM
nasepHou abnauumn n macc-cnekTpomeTpun [BetpuH u gp., 2016].

Kpuctannel uupkoHa u3 nnarvorHencoB Cl-3 4acto MMET CroxHoe
CTPOEHME W COCTOSAT U3 SAep, 3aHUmawLWwmx npeobnagamoLyo 4YacTb
obbema 3epeH, 060no4eK M He 30HanbHbIX Kanm. KpucTtannusauus
ANepHbIX YacTel KpucTanmioB npegnonaraeTcs B FyOUHHbIX oyarax npwu
YacTu4yHoOW packpuctannu3auun TTI- pacnnaBoB B MHTeEpBasnie BPEMEHU OT
2887 po 2813 mnH. neT ansa nnarvorHencos 8- tonwu, n ot 2880 go 2830
MnH. net gna TTI 10-n Tonwm. B npouecce U3NUAHUA Ha NOBEPXHOCTb
npovcxoguna ObicTpas KpucTannusauuss pacnnaBoB € o6pasoBaHuem
obonoyek kpuctannos. Mpu Heoapxeiickom meTamopduame (277010 wn
2692+5 wMnH. net) B nepudepuyeckMx YacTsax KpuUCTannoB Obinu
obpa3oBaHbl He30HarnbHble Kanmbl [MynuH, BeTpuH, 2005]. B 10 Xe Bpems
ONUTENBbHBLIN UHTEPBAn KpUCTannu3auum AAepHbIX 4acTen KpucTansos, a
Takxe Mopdosormieckne oco6eHHOCTM 3epeH NO3BONAT Npeanonaratb Ux
obpa3oBaHne u B pe3ynbTaTe 3axBaTa MarMon KCEHOTEHHbIX KpUCTansoB
UMPKOHa U3 BMeLWalWwmx nopoAd. TpakToBka reHesuca obosioyek
KPUCTarnmoB TakXe He OQHO3Ha4YHa, 1 Hapsaay C MarMaTUYeCKMM reHe3ucom
JonyckaeTtcsi ux obpasoBaHue B NpoLecce rpaHynMToBoro metamopduama.

Mpy PEKOHCTPYKLUMM TEHETUYECKUX TUMOB ULUPKOHa LenecoobpasHo
ucnosnb3oBaHue wusotonHbix Lu-Hf u Sm-Nd cucrem, Bepywmx cebs
KOrepeHTHO B  Mpoueccax Marmatudeckon pudpdepeHumaumm, ¢
NMOMNOXWUTENbHON KOppensaumen HavyanbHbIX U30TOMHbIX oTHOWeHUn eNd(T) B
nopoge u €Hf(T) B nopoge wnn uupkoHe [Blicher-Toft, Albarede, 1997;
Vervoort, Blicher-Toft, 1999; Iloxos u gp., 2009]. Npaduyeckn ykasaHHas
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3aBUCUMOCTb MOBEAEHUSA W30TOMHbIX CUCTEM BbIpaxXaeTCs JIMHUEN C
napameTtpom €Hf(T)=1.36 x €Nd(T)+3.0, nonyumnBLlen Ha3BaHue ferrestrial
arrgy, vwim TA, M C y4yeTOM [OWNCNEPCUI OMNpPeAeneHns MW30TOMHbIX
napameTpoB - nonocon TA, umelowen wWupuHy nopsagka 2-4 epuHuy,
ancunoH (puc. 1). 3axBayeHHble (PEenUKTOBbIE) KpUCTanmbl LMPKOHA,
uMmelolMe B CpaBHeHMM C nopopow 6Goree [peBHWA BO3pacT, UMET
noBblweHHyo BennyuHy eNd(T), n Ha guarpamme pacnonaratTcs npaBee u
Huxe nons TA. o cpaBHEHMIO C MarMaTU4ECKMM LIMPKOHOM KpucTansbl
MeTamMopMyeckoro reHeauca MpuM UX MEHblleM BoO3pacTe W,
COOTBETCTBEHHO, NMOHUXEHHbIX 3HauYeHusx eNd(T) umeroT 6nm3kuii, Unm Kak
npaeuno 6onee papuoreHHbli coctaB Hf. Ero BenuunHa onpepensetcs
BKIa/lOM BELLECTBA UX MarMaTu4eckmx npe/aLecTseHHINKOB 11 KONMYECTBOM
paavoreHHoro ' °Hf, 3axBayeHHOro LMPKOHOM Mpu AU cy3MOHHOM 06MeHe
¢ Lu- cogepxalwimmMym TEMHOLUBETHbIMW MUWHeEpanamMu MopoAbl- FpaHaToM,
nupokceHamu, amcpunbdonom, GUoTUTOM.

Ha guarpamme B koopauHatax eNd(T) - eHf(T) Toukn coctaBoB saep u
060104eK U3YYEHHbIX KPUCTaNNoOB UMPKOHA 06pa3ylT BepTuKarbHble
TpeHAbl C MPUYPOYEHHOCTbIO UX CPEAHNX 3HAYEHUN K LIEHTPasbHbIM YacTsaMm
nona TA (puc. 1). HaxoxgeHne Touek cocTaBa B npepenax nona TA
onpegensaeTcs cornacoBaHHOCTbio Hf- n Nd- M30TOMHBIX CUCTEM B LIMPKOHE
1 nopofe, YTO HapsiAy C HanuuMem B KpucTannax pacniaBHbIX BKIIOYEHWN
nnarmopuoaaumnT-pmonuToBoro coctasa [MynuH, BetpuH, 2005] goctoBepHo

onpenenset MarmaTuy4ecKui reHesmnc anep " o6ornouex,
KPUCTannu30BaBLUNXCA B PaBHOBECUM C CUIUKATHOW MaTpuLIeil nopogpbl.
6 €Hf(T) i |
- i T Te1
. e s 02
i T o3[
=l S A4
2 ---" A5
3 1)=1.36X% N3 O/é = A6|
= eHf(l) = — =~ 47
e Te rrestr\a\ artay <8
= <9
=0 __=-T
3= § eNd(T)
I | I I [
-1.5 -1.0 -0.5 0 0.5 1.0 1.5

Puc. 1. V3otonHas Nd-Hf cuctematuka umpkoHa u3 nnarvorHernicoB CIr-3. 1-3 un 4-6-
COOTBETCTBEHHO, 06p. 26 n 43 (1, 4 -appa, 2, 5 - obonouykun, 3, 6 -kambl), 7-9- cpeaHue
3HayeHus Ana apep, obonoyek U kKaWM. BepTukanbHble NMHUM Y 3HAYKOB- MOTPELUHOCTH
onpegenenus eHf(T) Ha ypoBHe 10
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LIMpKOH BHELWHWX KanM KPUCTamnioB WMEET MOHMXEHHbIE 3HayeHus
eNd(T) un ¢€Hf(T), n npeobnapatowas 4acTb TOYEeK €ro cocTaea
pacnonaraetca B LeHTpanbHoi Yactu nonst TA, 4to 6oriee CBOMCTBEHHO
OnA UupKOHa MarmaTudeckoro reHesumca. B 1o xe Bpemsa 3aBegomo
MeTamoporeHHoe MPONCXOXAEHNE 3epeH MNO3LHEN reHepaunm LMPKOHa
OnpefenseTcsi OTCYTCTBMEM B HUX PachiiaBHbIX BKIIOYEHUA U Hannynem
ra3oBO-XUOKUX BKMYEHUMN BOOHbIX pacTBopoB, no P-T napameTpam
COOTBETCTBYIOLLUX YCINOBUAM perpeccuBHOro amdunbonnToBOro
MeTamopcdumama  nnarmorHencoe  CIr-3  [HUynuH, BetpuH, 2005].
KorepeHTHOCTb  M30TOMHbIX MapamMeTpoB  MeTaMOp(OreHHbIX 3epeH
LUMPKOHa 06bACHSETCA, BEPOATHO, 06pa3oBaHWEM KaiiM rfaBHbIM 06pa3om
3a cyeT BellecTBa saep M o0060M0YeK KpuUCTansioB MarmaTuyeckoro
reHesuca. [lockonbKy KpucTannbl LUMPKOHa B nnarvorHencax CrI-3
BKJ/IIOYEHbI NaBHbIM 06pa3omM B 3epHa Mfarvoknasa W Keapua, He
cofepXallmx 3HauyMMbIX Konm4yecTB Lu, 3To cnocobCcTBOBaNo COXpaHEHMIO
M30TOMHOrO COCTaBa MarMaTU4eCKMX YacTel KpUCTannos npu obpasoBaHum
MeTamMoprUECKUX Kanm.

WccnepoBaHua BbinomnHeHbl npu nopaepxke POOU (rpaHtbl 17-35-
50002, 16-05-00026a) n rockoHTpakTa N2 13/17-1.
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HuskoTemnepaTypHasa TpekoBasi TEPMOXPOHONOrus
Nno3gHenepMcKo-paHHeTPUacoBbIX FPAHUTOMAOB KonbiBaHb-
ToMcKo cknaa4YaTon 30HbI

Betpoe E.B."?, Xumynes ®.1.2, e Mpase 1.3, Ban Pancr I.%, Hautepranu
C.

"CHMIT uMC, Hosocnbupck; urm co PAH, Hosocubupck, Sreqrckmi
YHusepcurer, [eHT

Mony4yeHbl NepBble AaHHbIE TPEKOBOW TEPMOXPOHOMIOMM anatuta AnA
rpaHutTonaoB KornblBaHb-TOMCKOW CKNnagyaTon 30Hbl. TPEKOoBbI aHanus
anaTuta €BNSAETCS MEeTOAOM reonorM4eckoro AaTUpOBaHUSA, KOTOPbIN
OCHOBaH Ha MOACYETE MIIOTHOCTU TPEKOB OCKOJIKOB CMOHTAHHOIO AeneHus
apep ypaHa-238, HakannvBaloWMXCA B MUHepane B XOOE reonormyeckoun
uctopuun. HabnogeHne 3a TemnepaTypoil, O KOTOPOWA TpekoBas cuctema
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0aTVPOBaHUS OCTAEeTCH 3aKPbITON MO OTHOLUEHMW K COXPaHEHMH0 OOYEPHUX
NMPOAYKTOB, MO3BONSAET OMpeaennTb UCTOPUIO 3KCMo3vumMuM nopog A0
BbICOKMX TeMMepaTtyp B OMpedesieHHbIX [eosiormyeckux ycnoeusax. Bo
MHOMMX CryYyasx TakKue TepMOXPOHOMETPbl MO3BONAT ONpeaenuTb
BO3pacTbl, KOTOpble peako CBA3aHbl CO BpEMeHeM Hayana paboThbl
CcUCTEMbIl. OTU Kaxylmecs BO3pacTbl OTpaxalT 3anucb TepMaribHbIX U
TEKTOHMYECKMX  MPOLECCOB,  KOTOPble  KOHTPONUPYKOT  3BOMIOLMIO
ONUTENbHOM  AeHyfdauuu  3eMHOM  MOBEpPXHOCTM, a He BO3pacThbl
nepBoHavanbHoOro o06pa3oBaHWsa WM ocagkoHakonneHus. OpHako, ¢
MOMOLLLbIO AaHHbIX TPEKOBOW TEPMOXPOHOMOrMN BO3MOXHA PEKOHCTPYKLUSA
TepMarnbHON WCTOPMU MOPOA M, CnefoBaTernbHO, COObITUI OXNaxaeHus
ropHbIX MOpof B OOCTAHOBKE BEpPXHEW KOHTMHEHTANbHOW Kopbl. Takue
uccrnepoBaHusi, MO3BONSAOWME  BbIABAATL  NEpPUOAbl  TEKTOHUYECKOM
ctabunusaummn (neHenneHusauun) W akTUBHOCTU (ropoobpa3oBaHus),
0COBEHHO aKTyarbHbl AN aKTUBHbIX FOPHbIX cucTem LleHTpanbHom A3un.

TpekoBoe paTupoBaHMe anaTtuToB npoBedeHo B nabopatopum
MuHepanorun u netponorun [eHTckoro yHusepcuteta (MINPET, Ghent
University) no craHpapTHOM MeTogukKe C MOMOLLbI MeToAa BHELUHEro
[eTeKTopa C UCMOMb30BaHUEM TEMMOBOr0 HEMTPOHHOro 06MnyyYeHus. Tpeku
CrMoHTaHHoro penexusa U-238 B anatute noaBepranvicb XMMUYECKOMY
TpaBneHuto 5.5 M pacTBopoM a30THOW KUCNOTbI B TedeHne 20 cekyHa npu
Temnepatype 21°C. VnpyumpoBaHHble Tpekn U-235 npoaHanu3npoBaHbl B
MYCKOBUTHOM BHELLUHEM AeTekTope nocne obnydeHusa u TpasneHus 40%
pacTBopoM (pTOPOBOAOPOAHON KUCNOTbl B TeyeHne 40 MUHYT npu
Temnepatype 20°C. O6nyuyeHve kancynbl ¢ npobamu, cTaHoapTamu wu
ho3vmeTpamMu npoBoaunocb Ha 6Genbruiickom peaktope 1 (BR1) B
6enbrunckoM saepHoOM  uccrnepoBaTenbckoM LUeHTpe T Mon  (Belgian
Nuclear Research Centre in Mol). B kadecTBe cTaHpapToB Obinn
ucnonb3oBaHbl anatuTtbl M3 TycgoB Durango u Fish Canyon, B kauyecTtBe
nosumeTtpa - ontumusumpoBaHHoe cTekno IRMM 540. lMogcyetr Tpekos
npousBedeH Ha ckaHupytouwem mukpockone Nikon. KanubpoBka TpekoBbIx
BO3pacToOB OCYLLIEeCTBAANacb C WCMNOMb30BaHWEM YCpPeQHEHHOro 3eTa-
dakTopa. B fononHeHue K onpeaeneHnio TPEKOBbLIX BO3PacToOB, MOMYYEHO
pacnpefeneHve TPeKOBbIX AMWH, YTO MO3BOMINMO OMpedenuTb XapakTep
OXJTaXAeHUs1 NOPOA M BOCCTAaHOBUTbL TEpMasibHYH UCTOPUIO 3EMHbIX MOPOA C
MOMOLLLbIO TEPMOTEKTOHNYECKOro MOAENNPOBaHMS.

Pe3ynbTaTtbl TpekoBOro aHanu3a anatuta nokasanu Mno3gHeEMenoBble
(100-120 mnH neTt) TpekoBble BO3pacTbl. AHaNOrMyHble [AaTUPOBKM
M3BECTHbl B KIHYEBbIX panoHax LleHTpanbHo-A3naTckoro cknagyaToro
nosca - FopHom Antae, TaHb-lWlaHe, XaHrae, obuiickom Antae u ap.
3HayeHua cpefHUX TPEKOBbIX AMWH OT HU3KUX OO0 yMepeHHbix 10,4-13,2
MKM, 4YTO 3HA4MTeNlbHO MeHbLUe CpegHew OJIMHbI HOBOOOpPa30BaHHbLIX
TpekoB (16,3 MKM). OTO MOXET CBMAETENbCTBOBATb O [ANIUTESNIbHOM
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npebbiBaHUN NopoAbl B 30He YacTuyHoro otxura (60-120 °C). N'mcTorpaMmmel
pacnpefeneHns TPEKOBbIX ASIMH XapaKTepusyeTcs LWMPOKUM OCHOBaHUEM U
Hepepnko cnabo nposBneHHoW BMMOAANIBHOCTBIO, YTO MOXET ObiTh BbI3BAHO
KakK MMHUMYM ABYMS 3Tanamu 6bICTPOro oxnaxzaeHus.

MokasaTenbHbIM npUuMepom Me3030M-KalHO30MCKOM ncTopum
dopmurpoBaHus CTpykTyp KonbiBaHb-TOMCKOW CKNnaayaTon 30Hbl ABMseTCA
TepmanbHas wuctopua obpasua C-1, oTobpaHHOrO M3 MOHLIOrPaHUTOB
HoBocubupckoro maccuea ¢ U-Pb Bospactom umpkoHoB 256 mnH net. B
TepManbHON WCTOPUM OTYETNMBO BbIAENATCA [Ba KOHTPaCTHbIX 3Tana
(Men-naneoreHoBbIN U HEOrEHOBbIW),  OTpaxawlime  pasfnyHble
(Heo)TeKTOHMYECKME pexumbl. Hanuune topckoro 3tana  6bICTporo
OXJTaXAEeHUS MOXHO TOMbKO NpegnonaraTtb No BO3AbiMaHuio T-t-TpeHaa npu
YCMOBHOW 3KCTpanonauum nepBuYHON Mopenu TepmanbHon mctopun. Ha
NPoOTsiXXeHUn Bcero mena B TedeHne nodtn 80 mnH net obpasey C-1 6bin
OoXfaxAaeH MakcumMyMm Ha 4°C, uHaye roBopsl, CKOpocTb AeHyAaLMn Ha 9TOM
BPEMEHHOM WHTepBasie He npesbiwana 2 M/MAH neT. Takue 3HayeHwus
ABMAIOTCA Moka3aTefleM TEKTOHMYECKOW CTaburbHOCTM FOpHOro MaccuBa,
13 KoTtoporo 6bin oTobpaH 06pasey, C-1. Bo Bpemsa naneoueHa un aoueHa T-
t-TpeHa TepmanbHON UCTOpPUKM MOrpyxaeTcsa B CBA3M C HarpesaHuem (o1 60
no 70°C), kotopoe MOXeT ObiTb BbI3BaHO MpocefaHWeM B pesynbTaTe
HaKOMMEHUS1 MOLLHOW TOJILLM OCaf0YHOM nocnenoBaTenbHOCTU. 1o npAMbIM
pacyeTam (C y4eTOM CpPefHEro reoTepmasibHOro rpagueHTta uccnegyemon
Tepputopun 25-30°C Ha 1 KM) MOXHO CyAWTb O CYMMapHOW MOLLHOCTU
OTNOXEHUN, HAaKOMMUBLLUXCA B naneoleHe-soueHe - 250-300 M. BoamoxHo,
WMEHHO 3TOT nNpouecC MOrpyxXeHus nofd MOLLHON TONWen OCcaakoB
cnocobctBoBan Bo3BpaTy obpasua C-1 B 30HY 4YacTUYHOrO OTXMura, rae
TpekoBas cucTemMa anatuTta Obila YacTu4HO nepesarpyxeHa. [pocegaHue
npekpaTUocb K OfWroLeHy, BO BpPeEMS KOTOPOro TepmalsibHasd MCTopwus
XapaKTepu3yeTcsl ropu3oHTasnbHbIM NOBEAEHUEM TpeHAa. B camom Havane
HeoreHa o6bpazey, C-1 wucnbiTan 3aknouuTenbHylO ¢Galy ObicTporo
oxnaxgeHuss (ot 70 po 20°C 3a 25 mMnH net) n 6biN BbiBEAeH Ha
COBpPEMEHHY0 NoBEPXHOCTb. CKOPOCTb AeHyAauun oueHmBaeTca kak 60-70
M/MJSIH NneT.

ConocTaBneHne TepmarsbHbIX UCTOPUIA C reofiorMYeckKUMn AaHHbIMK, B
0COBEHHOCTN, C JUTOMOro-cTpaTurpaduyeckon netonucbilo  3anagHo-
Cwubupckoro ocapodHoro 6acceriHa, nokasano crnegywoulee a) pasBuTue
MOLLHBIX KOp XMMW4YECKOr0O BbIBETPMBAHUSA B MEJIOBOE BPEMSs COrfacyetcs
CO cTabunbHON TEKTOHMYECKON 06CTaHOBKOW, BbisiBNIEHHOM Mo T-t-TpeHaawm;
6) BbifiBieHHOe no T-t-TpeHAy npocefaHwe B naneoueHe-aoLeHe MoXeT
ObITb BbI3BaHO HakonneHwem 250-300 M Tonwy ocagkoB, YTO, B LIENOM,
corfacyeTcsi C MOLLHOCTbIO HaKOMMeHUs OCaaKoB ManeouleH-30LeHOBOro
Bo3pacTa B 3anapgHo-Cubupckom GaccelHe, n 4TO MOXET npegnonaraTb
6onee wrpokue macTabbl MOPCKOWM TpaHCrpeccumu, Kotopasi no JIMTonoro-

73



cTpaturpadmMyeckumM [aHHbIM OOCTUMf1Ia CBOEro MakCMyMa B CpefHeMm
30LEHE; B) HEOreHOBbI TEKTOHWYECKUN WMMYNbC, BbISIBNEHHbIA Mo T-t-
TpeHAaM CUHXPOHEH C HayanoM FMManawmckKom KONu3uw, pacyreHeHuem
neHensieHa u 3anoxXeHnemMm CoOBpeMEHHOro penbeda; r) o reonornyeckum
OaHHbIM K paHHeEMY Mery NpuypoYeHa perpeccusi Mopckoro 6acceiHa. B 1o
Xe Bpemsi Mo TepmasibHOW UCTOpMM NpepnonaraeTca Bo3fbiMaHue
TeppuTOpUK, YTO CKasanocb Ha nepepacnpeneneHun (Heo)TEKTOHUYECKNX
6nokoB u cMelleHun rnybokon dacTu wenbca 3anagHo-Cubupckoro
HacceliHa Ha ceBepo-3anag.

PaboTa BbinonHeHa npu rHaHcoBon nogaepxke PODPU npoekt Ne 16-
35-00010, a Takxe

P®®U un Mpaeutenbctea HoBocubupckon obnactu, npoekt Ne 17-45-
540758 p-a.

Meoxumus n nsotonHbin coctaB Sr n Nd
XernesomMapraHueBbiXx 06pa3oBaHuii akBaTtopuu TUXOro
OKeaHa: nepsble faHHble

BuwuHeBcKas VI.A.1'2, KocTuublH IO.A.S, JleTHnKoBa E.CD.1, Manos B.VI.1'2,
Mwuxaiinuk I'I.E.4, AcasuH A.M.2

"MIrM CO PAH, Hosocnbupck; 2HrYy, HoBocunbupck; *FEOXV PAH,
MockBsa, 4,ﬂB/' N [ABO PAH, Brigansocrok

B MupoBoM OKeaHe LUMPOKO pacnpoCTpaHeHbl TpU reHeTUYeckux Tuna
Xene3somMapraHueBbIX obpasoBaHuin (KMO). 3710 rMAPOreHHble
kobanbTboratble kopku (KMK) ranotoB, AuareHeTMYeckne KOHKpeLuu
(KMK) abuccanbHbix KOTMIOBUH U ruapoTepmanbHo-ocagoyHble XMO,
dopmupyloLmecs B TEKTOHMYECKM aKTUBHbIX panoHax. XMO sasnstoTca
NEepCneKTUBHLIM MPOMBILUSIEHHBIM  WCTOYHUKOM PEAKUX U  PacCesHHbIX
anemeHToB. [puyemM KOHLEHTpaLMM PyLHOrO BELLECTBa B HUX Hanpamyto
3aBUCAT OT KX npoucxoxgeHusa. B nepunopg pocta XMO Ha cdopmumpoBaHue
UX BELLECTBEHHOro COCTaBa OQHOBPEMEHHO MOTYT OKa3blBaTb BIIMAHWE KaK
SHOTEHHbIE, TaK U 3K30reHHble MPOLEeCChl C pa3HoW AoNein npeobnaaaHus
0fHOro n3 Hux. Ml NpoBenu nccnegoBaHMsa U3oTonHoro coctaea Sru Nd, a
TakXe pacnpefeneHus peoknx W peako3eMeslbHbIX 3MEMEHTOB AN
YCTaHOBMNEHUA UCTOYHMKA BeLLecTBa 3TMX obpa3oBaHuii. MaTepuanom gns
uccnepoBaHus nocnyxunu 11 obpasuos XMO, gparnpoBaHHbIX B pa3HbIX
yacTax Tuxoro okeaHa: OT ceBepa (NogHoXbe ArneyTCcKOW Ayru) [o tora
(parioH 3emnn Mepu bBepp, AHTapkTupa). PesynbTaTbl uccnepoBaHus
nokasanu, YTo, HeCMOTPS Ha LUMPOYaNLLNA reorpaduyeckuin pasbpoc Tovek
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onpoboBaHusl, MHOTME MapaMeTpbl M3OTOMHOMO W 3fIEMEHTHOrO COCTaBa
3TUX 06pa3oBaHuii 06Pa3yHOT YCTONYMBLIE NapHblE KOPPENSLUN.

Sr- n Nd-uzotonHble xapaktepuctukn KMK, oToBpaHHbIX B paiioHe
MarenaHoBbix rop, Va3y-boHuHckoro xenoba u MMHepaTOECKOFO xpebTa,
MOMHOCTBLI COOTBETCTBYHOT MOPCKOW BOAE, OTHOLIEHWE ’Sr/*°Sr HaxoauTcs
Ha ypoBHe 0.70914+0.0002, 3HayeHue €yy B HUX BapbupyeT OT -3 go -5.3.
Camblii 1oXHbIi 06pa3eL, - Kopka, B3faTasi B paiioHe 3emnu Mepu Bepg, no
nzotonHomy coctaBy Sr (0.70894) un €yg 630K K MOPCKOIN BOAE HOXHOM
yactu Twuxoro okeaHa. bonee 3K30TUYECKME XapaKTEPUCTUKU WMEIT
obpa3oBaHNs N3 KpaeBbIX, BYNIKAHUYECKN aKTUBHbIX YacTeun meoro okeaHa
- OHM OTNINYAIOTCH GONEEe HU3KUMW 3HAYEHUSMMU OTHOLEHNS o Sr/ESr u €Nd
(cMm. puc. A). M3oTonHbin cocTaB Sr obpasoBaHMit NOAHOXbS Kypunbckon
nyrn coctaensieT 0. 70762 a 3HaueHne eg -2.3, AN OXOTOMOPCKOM KOPKMU
XapaKTepHO OTHOLLEHMe 8Sr/%°Sr 0.70819 1 €4y -1.1, U30TOMHBIN cocTaB Sr
XernesomapraHueBbIX KOpPOK MNOAHOXbA AmNeyTCKOM Ayrn BapbUpyeT oT
0.70791 po 0.70874, a gyg NpMHMMAET NONOXUTENBbHOE 3HaYeHune +3.4.
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Puc. (A) Sr- n Nd-u30TOMHble XapaKTepUCTUKM W3y4yeHHbIx nopoA. (B) 3aBucumocTb
M30TOMHOro cocraBa Sr oT coaepxaHus Co B XenesomapraHueBbix obpasoBaHusax. SW -
ycpefiHeHHoe 3HaueHue 5'Sr/*°Sr Bop Tuxoro okeaHa. MayueHHble npobbl XXMO creaytoLmx
paioHoB: 7 - Na3y-BoHnHckuin xenob; 2 - imnepaTtopckuit xpebeT; 3- MarennaHoBbl ropbl; 4 -
3emna Mapu Beppg; 5- OxoTtckoe mope; 6- Kypunbckas gyra; 7- Aneytckas gyra

HepaBHumMn paboTamu yCTaAHOBNEHO, 4YTO W30TOMHbIN cocTaB Nd
OKeaHM4Yeckon BOAbl W3MEHsieTCA MO LWMpoTe W rNybuHe oOKeaHoB
[Tachikawa et al., 2017], Tak B Bogax cesepHoun Maundunkm BENUUNHDBI Eyng
n3MeHsieTca ot -3 A0 -6, a 1oXHOo! - 0T -6 A0 -9. AHanM3 U30TOMHbIX AAHHbIX,
NOMYyYeHHbIX A1 COBPEMEHHbIX MOPCKMX KapbOoHaTHbIX pakKoBUH W BoAbl
[DePaolo 1986; Capo, DePaolo, 1990; Henderson et al., 1994; KysHeLo0B un
op., 2012], nokasbiBaeT, 4YTO OTHOLUEHME 8sr/sr B BOOAX aksaTopuu
Tuxoro okeaHa BapbupyeT B wuHTepBane 0.70912-0.70926 (mepnaHa
coctasnset 0.70918).
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AHanu3 XMMMYecKoro coctaBa B COBOKYMHOCTU C N30TOMHbIMU AaHHbIMU
MO3BONUI BbISABUTb HEKOTOpble 3aKOHOMepHOCTU. C pocTOM coaepXaHusi
Co 1 Ni U30TOMHbIN COCTaB CTPOHLMS U HEOAMMA B KOpKax npubnuxaertca K
M30TOMHOMY COCTaBy BOAbl OKeaHa (cM. puc. B). Takaa xe 3aBUCUMOCTb
oTMeuyeHa Ana KoHueHTtpauum Sr, Cu, V, Th u P33. MakcumanbHoe
KONMNYECTBO 3TUX 3NIEMEHTOB 0OHapyxeHo B 06pa3oBaHMsAX, OTOGpPaHHbLIX B
panioHe MarenaHoBbix rop, Masy-boHuHckoro xenoba u VMimnepatopckoro
xpebTa, u, Kak Obino ckKas3aHO Bbie, WX W30TOMHble XapaKTepUCTUKU
MOMHOCTBIO OTBEYaT MOPCKOW BoAE.

M3BecTHO, 4TO pacnpepeneHve XMMUYECKUX SMEMEHTOB B KOpKax
NMOSMIHOCTbKD KOHTPOSNMPYETCH MX TFEHEe3NCOM. TakK ruaporeHHble KOpKU
OTNMYalTCa OT rMApPOTEPMArnbHO-0CAA0YHbBIX HU3KOW CKOPOCTbIO poCcTa U
noBbILWEHHbIMK KoHUeHTpauuamu P33, Ni, Co, Tl, Mo [Glasby, 2006].

lMpoBeneHHoe nccnepgoBaHue nokasbiBaeT, 4To KMK, oborauwleHHble Th,
P33, Sr, Cu, V, Co un Ni, HacneayT W3OTOMHbLIA COCTaB OKeaHW4YecKou
BOAbl, KOTOpasa ABMASETCA Afs HUX OCHOBHbIM MCTOYHMKOM BellecTBa. Ha
3MEMEHTHbIN 1 n30TonHbIN coctaB XXMO KpaeBbix YacTeln okeaHa 6onbLioe
BNUSIHNE OKa3blBaeT rugpoTepmMaribHbii U/Unu BYNKAHOreHHbIN MaTepuan,
6rnarogapa 4Yemy MpoMCXOOMUT CMELLEHME M3OTOMHOIO COCTaBa B CTOPOHY
yBENUYEHMSA_ Eng, BMIOTb A0 MONOXUTENbHBIX 3Ha4YeHU, U TMOHUXEHNSA
oTHoLLeHuns &'Sr/*®Sr.

PaboTta npoBefeHa npu cumHaHcoBon nopaepxke npoekta PH®P Ne16-
17-10076.
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HuxHeTyHrycckas (6opoBasi) ceuta TypyXaHCKOro
NoaHATUA: n3otonHas crpaturpacdus n U-Pb patuposaHue
DETPUTOBLIX LLUPKOHOB

BuwHeBckas VI.A.1’2, JleTHuKoBa E.CD.1, MBaHoB A.B.1’3, MpoLwweHKnH A.VI.1,
Conouwenko H.I.*, AHocosa M.O.%, Makcumosa A.A. "2

"MIrM CO PAH, Hosocubupck; 2HrY, Hosocubupck; ‘ury, UpKyTCK, ‘urr
YpO PAH, Ekarepunbypr; °IFEOXU PAH, Mocksa

B HuMXHem TeuyeHun pekm HuxHaa TyHrycka (TypyxaHckoe nogHATue)
BCKpbIBatoTCA OTNoXeHna Cubupckoi nnatdopmbl ¢ pudena Ao kembpus.
Paspe3 pudes npenctaBnieH TeppUreHHO-KapboHATHLIMU OTIIOXEHMAMM
MowHocTbio A0 4400 M M pacuneHseTca Ha CBWTbl: CTPENbHOTOPCKYHO,
AMHOK W CYXOTYHIyCCKYyl0  cpegHero  pudes,  OEepPEBHUHCKYIO,
HUXHETYHIYCCKYI0 (bypoBomn), LLIOPUXUHCKY!O, MUPOEONXUHCKYIO,
TYPYXaHCKYI0, PEYKMHCKYI0O W [OYPHOMbBICCKYIO CBWUTbl BEpPXHEro pudes
[PeweHus..., 1983]. Mpyn 3TOM NULLIL AN OQHOro NoapasneneHns nosy4yeHbl
KOpPpeKTHble onpeneneHuss abconoTHoro Bo3pacrta. [.B. OBUMHHMKOBaA C
coaBTopamu [1995] meTopom Pb-Pb patupoBaHus kapboHaTHbIX nopon
YCTaHOBWIMW, YTO NMOPOAbI CYXOTYHrycckon cButbl popmupoBanucs 1035160
MITH NIeT Ha3ag,

Mopoabl HUXHETYHIYCCKOW CBUTbI COFMlAaCHO 3aneraktT Ha OTJIOXEHMAX
OEPEBHVMHCKON CBUTbI M B LIENIOM COrMacHO, HO C obnacTtaMu foKanbHON
apo3un [[Netpos, Cemnxatos, 2009], nepekpbiBatoTcst 6a3anbHbIM NecyaHo-
aprunuToBbIM NakeToM KapboHaTHON LUOPUXUHCKOW CBUTbI. Pa3pes3 cBUTHI
npencTaBfieH NPEeMMYLLECTBEHHO OOMIOMOYHBIMA WM CTPOMAaTONUMTOBLIMM
nornomutaMmu U nsBectHAkamu. OTNOXEHUS CBUTbI HAMU ObiNM U3YYeHbI B
OBYX 0bHaxeHusix no p. HuxHas TyHrycka: y nogHoxbsi CTpenbHbIX rop, rae
Ha [HEBHYIO MOBEPXHOCTb BbLIXOOUT HUXHAS 4acTb CBWUTbl, U B panoHe
BopoHuxuHa mbica, roe B 6eperoBbix Bpe3ax BCKpPbIBAETCH BEPXHSA 4acTb
cBuTbl. B ocHoBaHum cBUTbI, B pa3pe3e Huxe CTpenbHbIX rop cpeau
KapboHaTHbIX NOPOA HaMW GbiNo O6HAPYXEHO HECKONbKO NMH3 (MOLLHOCTb

0.3-0.7 ™, npoTaxeHHoCTb 3-7 M) TEMHO-CEpPbIX [0 YepHbIX
KPYMHO3EPHUCTbIX NecyaHukoB. M3 Hux 6bina oTtobpaHa npoba Aans
hanbHenwero BblAeneHns " AaTupoBaHus LIMPKOHOB. Mpu

neTporpacdnyeckmx WUCCrNefoBaHWUsAX  YCTaHOBMIEHA  BYNKaAHOMWKTOBas
npupoga atux nopod. Cpean nopogoobpa3zytowmx o61oMKoB npeobnagaet
KMWw. CoctaB 3TMX 0Cafo04YHbIX OTIOXEHMN W OTCYTCTBME CreaoB
BTOPUYHbIX  M3MEHeHun opMbl  OBIOMKOB  MpM  MX  BO3MOXHOM
TPaHCMOPTUPOBKU B 30HE ruMepreHesa (OKaTaHOCTM) YKa3blBalOT Ha WX
NMPOKNacTUYECKYO NpUpoay M MO3BONSIOT KnaccuuumMpoBaTb U3YUYEHHYHO

nopoay, Kak TyconecyaHuku. Takum o6pa3om, Bo3pacT Haubosnee Mononon
77



nonynAauMn LMPKOHOB AacT HaM BO3MOXHOCTb OLEHWUTb BPEMSI HaKOMeHns
OTJTIOXEHWI HUXHETYHI'YCCUKCKOMN CBUTbI.

NccnepgoBaHme KOMMOHEHTHOW COCTaBNsAOLWEN KapOOHATHOM BbITSXKM, a
Takxe aHanu3 pacnpefeneHus 9TUX KOMMOHEHTOB M KOBapWaLMOHHbIX
amarpaMm, MO3BONUAN  BbISSBUTb HaWMeHee U3MeHeHHble 06pasubl
KapboHaTHbIX  MOpoA,  MOABEPrIMXCA  MUHMMAnNbHOMY  BTOPUYHOMY
BO3JEWCTBUIO W, CNefoBaTenibHO, COXpaHMBLUMX B CBOEM COCTaBe
N30TOMHbIVA COCTaB cpeabl CeAMMEHTaLNN.

N3mepenusa copgepxaHun Rb n Sr npoBoaunucb METOAOM M3OTOMHOrO
pas3baBneHns C NPUMEHEHMEM  MHOUKATOPOB ®Rb u  *Sr  Ha
TEPMOMOHU3ALMOHHOM Macc-cnektpometpe MU 1201AT (LUKM MUK CO
PAH, HoBocubupck). WM30TonHble OTHOLWEHUsT Sr M3MepsinM Ha Macc-
cnektpomeTpe TritonPlus (ZLI,KFI «leocananutuk» YpO PAH, EkaTepuHGypr).
MepBuuHoe oTHoweHne °’Sr/*°Sr B HaMMeHee M3MeHEHHbIX W3BECTHSKAaX
HUXHEN YaCTU HUXKHETYHIyCCKOM CBWUTbI Haxogutca Ha ypoBHe 0.70521, B
Bbienexawmx pgonomutax usmeHsetca ot 0.70566 po 0.70634.
ConocTaBneHne Mosny4deHHbIX AaHHbIX C KPUBLIMW Bapuauuii U30TOMHOro
cocraBa BOAbI pucenckoro  naneookeaHa, NMOCTPOEHHBbIX MO
reoXpoHONorMyeckn mnpuBsA3aHHbIM pa3pe3am [Halverson et al.,, 2010;
KysHeuoB n gp., 2014], K coxaneHuo, faeT Nub NPUMEPHbLIA MHTepBan
BpeMeHn (bopMMPOBaHNUS U3YYeHHbIX Nopos. Mbl MOXEM cKa3aTb, YTO OHU
Hakannueanucb gpesHee 800 MrH ner.

Mpobbl TydonecyaHuka O6binm oTobpaHbl gnsa nposeaeHuss U-Pb-
W30TOMHOr0 [aTMpOBaHWUA OETPUTOBLIX LIMPKOHOB AN OLEHKM BO3pacTta
NMopo, MCTOYHMKOB CHOCa W MOJlyYEHUS NpPEACcTaBfEeHUA O BO3MOXHbIX
HUXHUX  BPEMEHHbIX TpaHuMLaxX HaKomnneHua  CBuTbl.  M3oTonHble
uccnenoBaHus nposeaeHbl MetogoM LA-ICP MS ¢ npumeHeHnem nasepHom
yctaHoBkn UP-213 u macc-cnektpomeTtpa Element XR ¢ unoHusauuen B
WHOYKTUBHO-CBA3aHHON nnasme (TEOXU PAH, Mocksa). B
TydonecyaHnKax HUXHETYHIYCCKON CBUTbI MPUCYTCTBYIOT LIMPKOHbI TOMbKO
O[HOTO BPEMEHHOr0 MWHTepBana, KOHKOPOATHbIE 3HA4YeHUs KOTOPbIX
BapbupyloT B Auana3oHe Bo3pactoB oT 1.05 po 0.95 mnpa net. Takon
MoHonMk U-Pb  paTMpoBOK [eTpuTOBbLIX LMPKOHOB, MpU  OTCYTCTBMM
nonynAuMn LMPKOHOB ManeonpoTepo3os U apxed - AOMWHaAHTOB cpeau
WUCTOYHUKOB MOCTynneHnss o6NoMOYHOro MaTepuana B 0OCafoyHble
f6acceitHbl  Cubupckon nnatdopmbl, yKasblBaeT Ha  HaKomnneHue
KapboHaTHbIX OTNOXEHUA HUXHETYHrYCKOM CBWUTbl OAHOBPEMEHHO C
NMOCTaBKOW KIacTU4EeCKOro BYNIKaHOMUKTOBOrO MaTtepuana rnpu oTCyTCTBUM
OPYrMxX UCTOYHUKOB CHOCa B AMCTasbHbIX YacTax wenbda. Takum obpa3om,
obwupHas nonynAuMsa Hauboree MOJSOAbIX LMPKOHOB B MecyaHukax
HUXHETYIYCCKON CBUTbI OFpaHM4YMBaET BPEMS UX HAaKOMMeHus Ha pybexe
950 MnH net. YuntbiBasi OTCYTCTBME AOCTOBEPHbLIX AAHHBLIX O U30TOMHOM
coctaBe Sr B 3TOT WHTEpBas&l BPEMEHM, MOXHO 3aKJIlo4uMTb, YTO OH
BapbupoBan B nHtepsane 0.70521-0.70566.
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MpoTepozonckme nopoapl TypyxaHCKOro NMOAHATUSA U3y4alTca AOBOJIBHO
[Onroe BpeMsa U paHee yxe bbinn onybnvkoBaHbl pe3ynbTaTbl U3yvyeHus Sr-
C u3oTonHOro coctaBa kapboHaTHbIX MOPoA 3TOro pervoHa [Fopoxos v Aap.,
1995; Bartley et al, 2001]. KomnnekcHoe u3y4yeHuMe reonorn4yeckux,
reoXMMMYECKUX U N30TOMHBbIX XapaKTepUCTUK, a TakKXe NpUMEHEHNE HOBbIX
MeTOAOB WCCRefoBaHUA nopon MO3BOMMIO BHECTU KOPPEKTUBbl B
umeloLmeca NpeacTaBneHns 0 BpeMeHn (hopMMpoBaHNUsS 3TUX OTIIOXEHUN.
MonynAumna [eTpuToBbIX LMPKOHOB € Bo3pactoMm ~950 mnH net B
necyaHuKax HWXHETYHTYCCUKCOKA CBWUTbl YKa3blBaeT Ha CUHOCAAOYHbIN
BYJIKAHW3M NPWU HAKOMMeHUN KapOoHaTHbLIX NOPOA 3TOW CBUTLI U ABNSAETCA
NpaAMbIM yKa3aHueM Ha BO3pacT 3Ton cBuTbl. CnepoBaTtenbHO, nopoabl
nepeKpbIBaloLLEN LUIOPUXUHCKOW CBUTbLI Hakannueanucb nos3xe 950 MnH ner,
a OT/IOKEHUA  HUXenexaiwlen [OepeBHUHCKOW  CBUTbl, BEPOSATHO
dopmupoBanuck ao pybexa 950 mnH ner.

VccnepoBaHua BbiNonHeHbl Npu hnHaHcoBon nogaepxke PH®, npoekT
Ne16-17-10076.
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OTanbl aKTUBHOCTU BYNIKAHUYECKOro Maccusa AXTaHr
(CpeouHHbI xpebeT KamuyaTku) B HeoreH-4eTBepTUYHOe
BpeMsi

BonbiHey A.O.1, MeB3Hep M.M.z, JlebepeB B.A.3, ToncTbix M.J'I.4,
bab6aHckui A.,III,.3

"vBuc LBO PAH, lMetponasrioBck-KamyaTckmi, °IrUH PAH, Mocksa,
SWUIrEM PAH, Mocksa, *TEOXU PAH, Mocksa

Hamn npoBegeHo K-Ar un30TONMHOE pJaTupoBaHME JlaB  PasHbIX
CTPYKTYPHO-reoMoponormyeckmx OObEKTOB BYNKAHWYECKOro MaccuBa
AxtaHr B CpeanHHom xpebte Kamuatku (Tabn.). MonyyeHHble pe3ynbTaThl
B COBOKYMHOCTM C METPONOro-reOXMMNMYeCKUMMU [AaHHbIMW  NMO3BOIUN
BblAENMUTb HECKONbKO 9TanoB BYJIKAHUYECKON aKTMBM3auuM Maccusa
AXTaHr, a TakXe BrepBble [OKYMEHTarbHO MOATBEPAUTL Hanunyue
neprvoaoB NMOKOS.

3admkcrpoBaHHOE Havano akTMBHOCTHK (3Tan |) gaTupyetcs naMoueHom
(49 - 4.0 MmnH n.H., Tabn.). Ha atom 3Ttane 6biMn ccopmMUpPOBaHBI
nnatoobpasHble 3ddy3nBbl, LUMPOKO MNpPeacTaBfeHHble Ha XHOM U, B
MEHbLLEN CTENeHn, Ha 3anagHoOM MOAHOXMM MaccuBa. Ha 3aBepluatowlen
cTagum 6bin cchopMUpOBaH rMaBHbIN KOHYC ByfkaHa AxtaHr (h 1954.6 m).
Bce nopogbl nmepBoro  3tana  MMEKT  TUMUYHO-OCTPOBOAYXHbIE
XapakTepuctuku. [locne nepepbiBa ANWMTENBHOCTBIO OKONO 2 MIH net
Hauvanca |l atan aktmBu3aumu, paHHennenctoueHosbld (1.9-1.7 MAH n.H.,
Tabn.). Ha atom atane B 3C3 cekTope mMaccuBa B KpyrnHOM 0OBafibHOM
uMpKe  MAWOLEHOBOM  MOCTPOWKKM  obpa3oBasncsi NaBOBbI  BYJKaH
aHpgesnToBoro coctaea (h =~ 1500 M), a Ha 3aBepwawlen cragnm -
OTHOCUTENbHO HebonblIoW aHae3nbaz3anbTOBbI NaBOBbIM LEHTp Ha HO3
nogHoxmu rnasHon BepwuHbl Axtadra (h 1751.3 ™). Tpetun aTan
aktusmsauuun (Ill), cpepgHennenctoueHoBbin (0.3-0.2 MnH n.H., Tabn.),
Havasncs nocne nepepbiBa NPOAOIIXMTENbHOCTbIO 0Kono 1.5 mMnH neT. 3T0T
3Tan xapaktepudyetca (OPMMPOBAHWEM MHOIOYUCIIEHHBIX MOHOIMEHHbIX
LEeHTpoB, cekywmx maccue B CB HanpasneHuu. [peanonoxuTenbHo, atan
MOXET COCTOSITb M3 HECKONbKMX MocnefoBaTesibHbIX 3MNM3040B, KOraa
obpa3zoBblBanuch CYLLLECTBEHHO naBoBble unm CYLLLECTBEHHO
nupoknactuyeckne obpasoBaHuAa. K 3ToMy 3Tany OTHOCUTCS U
dopmupoBaHue TpeTben KO3 BepwmHbl maccuea (h 1655.9 m). Ons nopog
Il sTana xapakTepHo pa3Hoobpa3ue cocTaBoB (0T 6azanbToB [0
aHae3nba3anbToB) U LUMPOKME Bapuauuy CoAepXaHuin MUKPO3NIEMEHTOB.
Mo pe3ynbTaTaMm TePOXPOHONOrMYECKUX UCCNEeAOBaHUN  BYNKAHWU3M
rosfloLleHOBOro BpeMeEHN B MaccuBe AXTaHr He 3admkcupoBaH [[1eB3Hep,

2015].
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Tabnuua.

Pesynbratel K-Ar gatmpoBaHus naB BYNKaHUMYECKOro MaccuBa AXTaHT U COMPSXEHHOW
30Hbl MOHOFEHHOI0 BYJIKaH13Ma

*OAraoas (%) Boapacr,

Nena6. | NeasT. | Kanuit, %x0 | *°Arp, (HI/T)xo Oran*
B 06pasle | MnH neT+2o

16152 AX-1302 | 0.845+0.015 | 0.0139+0.0017 97.9 0.24+0.055

16147 AX-1353 1.35+0.02 0.023+£0.003 98.2 0.25+0.07

16150 AX-1343 1.17+0.02 0.0238+0.0013 88.9 0.295+0.035 1

16151 | KAR-1301 1.06+0.02 0.023+£0.003 98.1 0.31+0.08

16149 AX-1337 1.18+0.02 0.026+0.005 98.6 0.32+0.12

16203 AX-1326 1.15+0.02 0.133+0.002 79.3 1.7£0.1 I

16148 AX-1329 1.37+0.02 0.1832+0.0013 56.2 1.93+0.06

16202 AX-1322 0.88+£0.015 0.244+0.003 81.2 4.0+0.2

16154 AX-1304 0.732+0.015 0.226+0.002 47.6 4.4+0.2

16153 AX-1340 1.04+0.02 0.352+0.002 61.1 4.9+0.2

lMpumeyvarmst. OnpepeneHne copepXaHWA PajMOreHHOro aproHa npoBOAMNIOCH B
nabopaTtopuu N30TOMHOW reoxumumn n reoxporonorun UFEM PAH Ha macc-cnektpometpe MU-
1201 UI' meTomom m3oTONHOrO pasbaBneHns C MPUMEHEHWEM B KadyecTBe Tpacepa ®Ar;
onpegeneHne Kanvsa - MeTo4oM niamMeHHon cnekTpodotomeTpun [Jlebenes v ap., 2010]. Mpwu
pacueTe BO3pPacTa WCMONb30BANUCL KOHCTaHTLI: A.=0.581x107° ropg™; Ag=4.962x10"° rop™;
“°=0.01167 (a1.%) [Staiger, Jager, 1977]. [INA aHanNM30B MCNOMb30OBAHbI OCHOBHbIE MACChl
nopof, BblAeneHHble U3 NaB. * - 3Tan ByNKaHU4YeCKOWN akTuBM3aLumn.

3akntoyeHune.

BnepBble nonyyeHbl reOXUMUYECKME [aHHbIE, XapaKTepuayloLlime
3BOMIOLMI0 MaccuBa AXTaHI Ha MPOTAXEHWM MNOLLEH-YETBEPTUYHOrO
BpeMeHu. [lokasaHo, 4TO B COCTaBe MOpPoA Maccuea npeobnagatoT
6as3anbToBble M aHOe3Mbas3anbToBble Pa3HOCTU C OCTPOBOAYXHbLIM TUMOM
pacnpeneneHnss MMKpo3rieMEHTOB.

Mo pe3ynbTatam BnepBble NpoBefeHHOro K-Ar gatMpoBaHusi BblAENEHO
Tpu aTana aktususaumm: 4.9-4.0, 1.9-1.7 n 0.3 - 0.2 mnH neT Ha3ap.

Ona nnatosddy3nBoB MNANOLLEHOBOrO BPEMEHW BMNepBble YCTaHOBMEH
LEeHTp u3nuaHui. [lokasaHbl O[HOBO3PACTHOCTb MW NpUHUMNMANbHOE
reoXnMMn4eCcKoe CXOACTBO MOpop, Craratwmux BEPLUMHHYIO YacTb NOCTPONKM
BynkaHa AXTaHr u nnatoaddy3nBoB ero NOAHOXUA.

Ha npumepe maccuBa AxTaHr BnepBble JOKYMEHTANIbHO MOATBEPXAEHO
Hanuune pgnutenbHbix (1.5-2 MnH neT) nepepbiBOB B BYNKaHWYeCKOW
aKTMBHOCTU, MOCINE KOTOPbIX MEHANCS XapaKTep 3pynTUBHON aKTMBHOCTW.
BblgeneHHble 3Tanbl  aKTMBM3auMM MaccuBa AXTaHr KOPPEenupyrT C
pervoHasnbHbIMU  3MM300aMU  YCUSIEHUA BYNKaHU4YeCKOW akTuBHocTM C3
Mauundbuknm [Prueher, Rea, 2001], a cpegHennencToLeHOBbIN 3Tan oKa3arncsd
CUHXPOHEH 3NuW304y aKTMBM3auuMKu, MpuBeflleMy K o6pa3oBaHuio
Kniouesckon rpynnbl BynkaHoB [Calkins, 2004; Churikova et al., 2015], a
Takxe 06pa3oBaHUI0 MHOFOYUCHEHHBLIX MOHOMEHHbIX LIEHTPOB HAa BOCTOYHOW
KamuaTtke [Nishizawa et al., 2017].

PaboTa BbinonHeHa B cooTBeTCcTBUM ¢ oc3agaHuammu no temam VIBuC
OBO PAH Ne 0282-2016-0004 (aHanu3 gaHHbix) u FTMH PAH Ne 0135-2018-
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0037 (reoxpoHonorMyeckne WCCrnefoBaHusl), a TakxXe npu noanepxke
rpaHta POPUN Ne 17-05-00112 (aHanuTuyeckme paboTbl). ABTOpLI
6naropgapaT b. Tarmposa 3a NOMOLLb NPV NPOBEAEHMMN MOSEBLIX PaboT.
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IeBoHCKas BynkaHuyeckas accouuaums MuHycMHcKoro
npornba: MCTOYHMKM BeLlecTBa ByJiKaHUToB no Sr-Nd-Pb
N30TOMHbIM AaHHbIM

BopoHuoB A.A., Opunb C.A.

UIr'xX CO PAH, Upkyrck

B peBoHckoe Bpems TeppuTopus  tOro-3anagHoro  obpamneHus
Cunbupckoro kpaToHa cTtana apeHon MacliTabHbIX MarMaTYecKnx cobbITUn,
KoTopble MpuBenu K 06pa30oBaHWO PUPTOrEHHbIX YMEPEHHOLLEOYHbIX
NPOTAXEHHbIX N0 KPEMHEKUCIIOTHOCTU BYSfIKaHMYECKNX accoupaumin. Takue
accoumaumm Haubonee nOMHO W3yyeHbl B npepenax baTeHeBckoro
nopgHATMA MuHycuHckoro npormba [1]. B ero cTpoeHun yyacTByoT nopogbl
LLIMPOKOro Anana3oHa COCTaBOB: YMEPEHHOTUTAHUCTbIE U HU3KOTUTAHUCTbIE
6a3anbTbl, 6asanbToBble TpaxuaHAe3WTbl, TpaxuaHO4e3wuTbl, TPaxuThl,

TpaxmaauunTbl n PUOJTUTDI. "eonornyeckune HaGJ’HO,D,eHVIFl n
neTporeoxmMmmnyeckne pOaHHble CBUAETENbCTBYKOT O HanpaBJiIeHHOM
pa3BUTUN mMarmaTtusma, BKJllo4arwwem TpHn aTana, KOTOpble
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XapakTepu3ylTCs pasnuMyHbiMW  CepusMyn  MOpPOA4 WM COCTaBaMy  MX
MarmaTmyecKmnx NCTOYHMKOB.

Ina nepBoro atana xapakTepHa YyKopodeHHas 6GasanbtoBas cepwus,
npeacrasneHHas YMEPEHHOTUTAHUCTbIMU (TiO,=1.14-1.6%)
BbICOKOMIMHO3EMUCTEIMKU  6a3anbTaMyM CO CnopagMyeckn MposiBIEHHbIMM
BblcOKOTUTAHUCTBIMKU  (TiO,=1.7-2.15%) 6a3zanbtamu. Brtopon 3Tan
npencTaBfieH BYJSIKAHUTAaMW TFOMOAPOMHOWM MPOTAXEHHON Cy6LLenoYHoMn
cepun, BKMovyawowen B cebs 6asanbTbl, TpaxubasanbTbl, 6GazanbToBble
TpaxuaHaesuTbl, TpaxuaHgesuTbl W TpaxuTbl. [OnAa nNOpoA  TUMWYHO
nocnegosaresibHoe ymeHblueHne cogepxaHun Mgo, Fe,Ozpey), TiO,, Cal,
P,Os, cBA3aHHOE C (PpakUMOHMPOBAHNMEM TEMHOLBETHbIX, PYAHbIX
MUHEeparnoB, anaTuta, U HakonseHne peaKkmx HECOBMECTUMbIX 31IEMEHTOB B
Haumbonee KpeMHeKUCNbIX TpaxuToBbiX AunddepeHunatax. Cepua 3Tux
nopon oTpaxaeT AuddepeHumaumio UCXodHbIX 6a3anbToBbIX MarM B
KOPOBbIX Nepudepuvecknx oyarax, rae CMeLLnBanmCcb pacnasbl U3 pasHbiX
MaHTUMHBbIX MWCTOYHUKOB. OAMH K3 3TUX WUCTOYHMKOB NpoayLMpoBan
YMEPEHHOTUTAHUCTLIE  BbICOKOINIMHO3EMUCTbIE  pacnnaBbl, 06efHeHHble
Bblcoko3apsaHbiMu Nb, Ta, Zr, Hf, Th, U. [Opyron npogyumpoBan u
BbICOKOTUTaAHUCTbIE Oa3zanbTbl, KOTOpble OTNU4Yanucb 6oree BbICOKUMMU
ypoBHAMU copepxaHun HSFE. BazanbTbl 06oux TWUMOB NpOsiBNEHbl MO
BCeEMy pa3pe3y AnddepeHUMpoOBaHHON cepumn NOPOA, YTO CBUAETENLCTBYET
06  OOHOBPEMEHHOCTU  W3NUAHWA  Kak  OasanbToMgoB, Tak U
ondpepeHumaToB. 3aKknouMTENbHBIN TPETU 3Tan CBA3aH C pa3BUTUEM
TpaxvaaunT-puosIuToBOM Cepun C OAHOBPEMEHHBIMU  3NU30ANYECKNMU
U3NUSHUAMUN YMEPEHHOTUTAHUCTLIX 6a3anbToB.

Mo cpaBHeHMO C TpaxuTamu 6as3anbT-TPaxuToBOW CepuM, MOpoabl
TpaxupaunT-puonMTOBON  Cepunm  XapakTepusyloTca 6onee  HU3KUMU
copepxaHusmn La, Rb, Yb, Zr, Nb, Ta, obpaTHO Koppenupylowmummucsa c
POCTOM KPEMHEKUCIIOTHOCTM MOPOA. OTUM OHU OTAMYAKTCA OT KUCHbIX
NPON3BOAHbIX andepeHUnpoBaHHbIX 6a3anbT-TpaxmpuonnT-
KoMeHauTOBbIX cepuit Antae-CasiHckol pudToBOM 06nactu, KoTopble
XapaKTepu3yloTCsl MNOCNefoBaTENbHbIM  HaKOMMEHUEM 3TUX 3JIEMEHTOB
BMSOTb OO MOSABMEHUS B HUX PYyAHbIX KOHUEHTpauui. IameHeHna coctaBoB
B nopofax baTteHeBCKoro NogHATUS CBA3aHbl C pa3HbIMUM MEXaHU3MaMu UX
dopmupoBaHua. OuddepeHunaums 6a3nMToBbIX MarM AOXOAWUT TONbKO A0
TpaxuToBbIX pacnnaBoB. OHa npepbiBanacb B pes3ynbTaTe MosABMAEHUS B
MarMaTU4ecKon CUCTEeME aHaTeKTUYEeCKMX KUCMbIX Marm, KOTopble
B3aMMOENCTBOBaNM C TPaxuTOBbIMU pacnnaBamu, o6pazys
NPOMEXYTOYHbIE MO FEOXMMUYECKUM XapaKTeEpPUCTMKaM NpoayKTbl. B uenom
3TN npeacraBfeHns noaTBepXxaatoTcA MU30TOMHbIMMU Sr-Nd-Pb
XapaKTepuCTKamMu BYJIKaHUTOB Pa3HbIX TUMOB.

BbicOKOTUTAHUCTBIE U YMEpPEHHOTUTaHUCTble  6asanbTbl  UMeloT
pa3nuyHble u30TonHble Sr-Nd XxapakTepucTuku, 4YTO YKa3blBaeT Ha
pasnunyHble WUCTOYHMKM WX dopmMupoBaHus. [lepBble XapaKTepusylTcs
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BenMUMHaMY 87Sr/ Sr(305m2=0.7031-0.7041 1 eNd(30smz=6.1-7.7, Torna kak
BTOpblE - 873/ Sr395Ma —O 7044-0.7046 n sNd (39542) 3 4-4.7. TpaxuTbl
NPOTSIXEHHON ,umcbcbepeHu,MpOBaHHom cepun UMetoT Sr/® Sr(395Ma =0.7047-
0.7049 w» eNdgsma=3.4-3.6, uTO cCoBMagaeT C XapakKTepucTUKamu
YMEPEHHOTUTAHUCTLIX 6a3anbTOB U NOAYEPKMBAET TECHYH FEHETUYECKYIO
CBfI3b MeXAy 3TUMM TnamMu NopoA. PMonnuTbl n puogaumnTel BEPXHEN TOMLLN
MmeroT HECKOJIbKO bornee paanoreHHbIn cocTaB CTpPOHLMSA
87Sr/%sr, (395Ma)=0.7043-0.7055 npn €Nd(395ma)=1.5-3.6. Takum obpasom, Sr-
Nd wu30TOnHbIE XapaKTEPUCTUKU CPEAHMX W KUCHbIX Mopon, WCK4arT
3HauYMMOe Yy4yacTue KOPOBOrO KOMMOHEeHTa B WX reHe3suce. BeposaTHen
cuuTaTb KpUcTannmsaumoHHyo anddepeHunaumio u CMeLLeHe pacrnsiaBoB
OonpeaensalwmMm  NeTporeHeTMYeckuMmn npoueccamu, HOPMUPYIOLLUMM
CEpUIo NOPOA OT YMEPEHHOTUTAHUCTLIX 6a3anbToB Yepes TpaxuTbl K 6onee
KMCMbIM NPOV3BOAHbLIM. POMNb aHaTEKTUYECKON KOPOBOW KOMMOHEHTLI Gonee
3aMeTHa Mpu aHanu3e Bapualuii U30TOMHOro cocTaBa CBMHLA NOpoA
(Puc.1).
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Puc.1. NsotonHas puarpamma 2’Pb/”Pb - 2Pb/Pb [gns BbICOKOTUTAHUCTBIX W
YMEPEHHOTUTAHUCTbIX 6a3anbToB, TPaxuToB U puonuToB baTeHeBckoro nogHATUsA. M30ToMHbIN
aHanu3 CBUHLLA BbIMOJHANCSA METOA0M [ABOMHOIO M30TOMHOIO pa3baBrieHns C UCMonb30BaHUEM
MC-ICP-MS NEPTUNE LKIT nzotonHo-reoxmmmyeckmx uccnegosaHun UMX CO PAH. Mons
coctaoB MORB ArtnaHtMku un Tuxoro okeaHa, a Takxe PREMA HaHeceHbl no
MHOTOYUCSIEHHBIM NIUTEPATYPHBLIM AAHHBIM

Ha puarpamme BugHO, 4To 6asanbTbl, TpaxuTbl M puonNUTbl 0BOpasyoT
BbITAHYTbIV TpeHA 6nu3kuin kK NHRL. MNpu 3ToM To4kn coctaBoB 6a3anbToB
oboux TuNoB oOpa3ylT eguMHoe Mone, rpynnupysce B obnactu
gennetupoBaHHbix (MORB) unu ymepeHHo pennetvupoBaHHbix (PREMA)
WCTOYHMKOB BeLlecTBa. PUonuTel 1 puopgaunTbl MeloT 6onee pagnoreHHble
n3oTonHole coctaebl Pb, 4TO, BO3MOXHO, ABASETCA WHAMKATOPOM
CMELLEHNA BELLLECTBA OCHOBHbIX U CpegHMNX pacrnsiaBoB C BELLECTBOM KOPbl.
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M3oTonHbin coctaB Pb TpaxuToB u3MeEHSIeTCs B LUMPOKMX npepenax oT
«6a3anbToBbIX» MAHTUMHbBIX [0 «PUONUTOBBIX» KOPOBbLIX 3HAYEHUA.

WccnepoBaHns nopgaepxanbl rpaHtamm PODOU 16-05-00181 n 17-05-
00928.

Jluteparypa

1. BopoHuoB A.A., Apmontok B.B., ®epocees I.C., Mepdwunosa O.10., MNocoxos B.P.,
TpasuH A.B., Tlasuzoea T.®. [OuddepeHumpoBaHHana BynKaHu4eckas accouuaums
MwuHycuHckoro npornba: mexaHusmbl 06pa3oBaHUsi U UCTOYHWKM pacnnaBoB (Ha npumepe
BateneBckoro nogHATus) // Metponorus, 2015. T. 23. N2 4. C. 386-409.

"eoXxMMuA YeTHbIX U30TOMNOB ypaHa B YCIOBUAX AuareHesa
COBpPEMEHHbIX Kap6OHATHbLIX OTIOXEHUSAX MarbiX 03ep
(BankanbCcKku pernoH)

Bocenb lO.C.1, MenbryHoB M.C.1’3, Bocenb C.B.2’3, MakapoBa nB.'

"virm co PAH, Hosocubupck, 2UXKI™ CO PAH, Hosocunbupck; SHrY,
Hosocnbupck

Mpoueccol AunareHeza urpatoT CYLLLECTBEHHYIO ponb B
nepepacnpeaeneHnm MUKpPOSNEMEHTOB B OKeaHW4Yeckumx ocagkax. Tak,
yBenuyeHune cogepxaHuin U n ymeHblleHne copepxanui Mn BHM3 no ux
pa3pe3y O06BbACHAETCH OKUCIUTENbHO-BOCCTAHOBUTENbHBIMU MpoLeccamu ¢
yyactnem mukpoopraHuamos [Klinkhammer et al., 1991]. MNpepnonaraetcs,
yTo Mn oKcuaHbIX (pas, BOCCTAHOBIIEHHbIW B HWXHMX CNOAX, MATpUpyeT no
NMopoBbIM BOAaM BBEpPX MO pa3pely, F4e OH OKWUCMSeTCA M BbiNagaeT B
0CafoK. YpaH, Haxogsawmics B MOPOBbIX BOAAX B BUAE YpaHWU-MOHa
MUrpupyeT BHU3, [Ae OH BOCCTaHaBfMBaeTCA W BbiMagaeT B Buge
BOCCTAHOBMEHHbIX OKcuaoB. OpHako, nocregHee 06bACHEHUE OCTaeTcs
rMnoTe3oin, NockKonbKy Hanpamytlo 3adukcupoBaTtb a3y UO.., B ocagke
0ObIYHBIMM MeTofaMM aHanmu3a HEBO3MOXHO M3-3a ee BecbMa Marioro
KonuyectBa. EcTecTBEHHO NpepnofioXmWTb, YTO aHanorMyHble MNPOLECCHI
OOMXHbl MMeTb MecTo Takxe u B o3epax [Chappaz, et al., 2010]. Hawa
paboTta nocefiLleHa SKCMEPUMEHTaNbHOMY WCCNEeAOBaHWI0 MNpPOLEeCcCOoB
amnareHesa c yyactmem U n Mn B OTNOXeHMSAX 03ep C OCHOBHOW LENbIO,
nony4mTb Npsimble o6ocHoBaHMA obpa3oBaHua a3z U(IV).

U3yuanuce npecHoe o3epo Anatbl (53°12°51.65"N, 102°11'43.66"E) u
coneHoe - UaraH-Teipm (52°51°59.52" N-106°35'33.47" E). [lepsoe
NpoTouHOe 03epo, coctae Bog: HCO;-Ca”’-Mg?®*, oblas MuHepanusaums
280 mr/n. Btopoe - 3aMKHyToe, nuTallmecss rnybokuMM MoA3eMHbIMU
BOAaMu, HaxogouTcs B nepefenax rpabeHoBon cTpykTypbl (“‘nynn-anapt”
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paspbi) [CknsipoBa u Ap., 2002]. Coctae Bog; CI-SO,*-Na’-Mg?*, o6was
MuHepanusauusa 19000 mr/n. Oba o3epa nmetoT KapboHaTHbIN TUN ocagka.

OCHOBHbIM  METOAOM  UccnefoBaHua Obil  MeTod  CTyneH4yaToro
BbllenayMBaHna Ha ocHoBe MeToaukn Tecbe [Tessier et al., 1979]. MeTop,
Nno3BonsAeT OTAENUTb JMTOreHHble as3bl OT XEMOTrEeHHbIX, pa3fenutb
XeMoreHHble a3sbl Ha COCTaBngllWmMe U U3MepuTb MX KONMYecTBa,
M3MepUTb coaepXaHne N3oTonos 234238 Bo BCex ¢azax. B HemameHeHHbIX
nopoaax, KoTopble COCTaBNAT NUTOreHHble a3bl, U30TOMHOE OTHOLLEHNE
(akTMBHOCTEMN) 24y/28u=1. B NOBEPXHOCTHbIX BOAAx 3TO OTHOLUEHME, KakK
npaeuno, HamHoro 6onblwe [Yanos, 1975]. MNMoaTomy BbiCOKOE ZiyPay
OTHOLWEeHMe yaobHO MCMoNb30BaTb Kak MpAMOE [A0Ka3aTenbCTBO, YTO
MuUHepan obpasoBancs w3 pactBopa. Cxema ypobHa Tem, 4TO
ucnosnb3yemMble peareHThbl He MoryT B3aMMoaencTBoBaTb c
BOCCTaHOBMEHHbIMU coeamHeHnnamu U (ganee ®asbl U(IV)) n oHU ponxHsbl
ocTaBaTbCsl B HepacTBopuMbix ocTtaTkax (H.O.). ®as3bl U(IV) Becbma
WHEPTHbI U PacTBOPSIOTCA B KOHLEHTPUPOBAHHBLIX a30THOW WM CEpHOM
KMUCroTax, MpUYEM YpaHWHUT PacTBOPSIETCA TOMbKO MNPV HarpeBaHuM
[MvwamH, w pgp., 2003]. Mostomy pans ux o06HapyXeHWs MNpoOBOAUIIUCH
pononHuteneHble ctagun BeiwenadmsaHus HNO3 B TedeHne 40 muH (25°C),
1 4 (25°C), 3 4(90°C.), 244(127°C) u 3atem, (***U/**U) oTHoweHne B
nony4eHHoM pacTsope u B He pactBopuBLlenca yactn H.O. CopepxaHue
usotonos ‘U u ?**U B Bome n pacTBOpax M3Mepsnocb MeTOAOM O-
crnekTpomeTpuun. Onsa namepeHunsa KoHueHTpauun Ca, Sr, Mn u gp. B Bozae,
OOHHbIX ocafKax, B pactBopax un H.O., nonyyaembix nocne BbllenaynBaHns
0CafIKOB, UCMOMb30Barnca MeTof atoMHon agcopbuun (AA). KoHueHTpauus
NPUMECHBIX MOHOB Mn”* B kKap6oHaTax N3mMepsanach MeTOOM 3MEeKTPOHHOIO
napamarHuTHoro pesoHaHca (3IP). Mn B okcugHbIx ¢asax nonyvanun kak
pa3HoCTb n3amepeHuin metogamun AA n 3T1P.

MoBepeHne Mn B ocapgke o3epa AnATbl 0OKasanocb MOJIHOCTbIO
aHarnormyHbIM ero NoBeAeHno B okeaHnyecknx ocagkax. Konnvectso MnOy
B BEpXHUX ropm3oHTax ocapka, B crnoe 0-30 cm, pe3ko pacTétr no
HanpaBfieHUO K TpaHULEe OCafoK-BoAa, 4TO Jierko obbsAcHAeTcs
NPOTEKAHNEM aKTUBHbIX [AMAreHeTUYECKUX MPOLLEeCCOB, aHaNOrMM4HbIX
okeaHunyeckum. 1oaTomy MOXHO 6bINO oxuaaTb, YTo noBegeHne U Toxe
OyneT aHanormyHbiM, TO ecTb Ha rnybuHax OGonbwe 30 cm OyayT
obpazosbiBaThCsa hasbl U(IV). OcHoBHoe konnyecTBo U B OHHBLIX 0cajkax
oboux o3ep npepctaBneHo aytureHHbiM U. Mo BceMy paspe3y ocaakos
o3epa AndaThbl 207U B ayTUreHHbIX dpakumax cocTaBnsgeT MpuMepHO
1,910,3 n 6nu3ko Kk TakoBomy B Boae o3epa (1,66+0,27). B BepxHen
nonosuHe paspe3a 0-42 cm B H.O. 234U/238U=1,010,15, KaK U JONMXHO 6bITb
ONA TeppuUreHHon coctasBnAwoLwen, T.e. dasbl U(IV%. B 10 Xe Bpems Ha
6onbLion rny6uHe (93cm), kak n oxuganocs, B H.O. Z4y/28Y=1 ,510,29. 310
npAMO MoKasbiBaeT, YTo nommmo U TeppureHHon cocrtaenswowen B H.O.
OOMXHbl  MPUCYTCTBOBaTb HOBOOOpasoBaHHble a3bl U(IV). Ona  ux
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obHapyxeHusi cHavana O6bino NpPoOBeAEHO BbiLENayYMBaHMe a30THOM
kucrnoton H.O. poctaToyHo rnybokoro ropusoHTa (63-66cm). bBbino
obHapyxeHo, 4TO B Kucfore p,eMCTBMTeano nossnsetca HebonbLoe
konuuecteo U ¢ Bbicokum **U/?®U, opHako, ocHoBHas yacTb U, ocTanock B
3TOM OCTaTke, TMOCKOMbKY B HeEM [Jaxe nocne BblllenaynBaHus
24y/238y=15. MosToMy B AanbHenwem BbllenaynBaHne NpoOBOAUIIOCH C
HarpeBaHnmeM po 90°C. 3kcnepuMeHT nokasan, YTO Npuv BbiLENayYBaHnm
H.O. FJ'Iy6OKVIX [OpYSOHTOB 81-84 1 87-90 cm B KMCNOTE ONSATb NOABNSAETCS
U ¢ Bbicokum U/, HOBOOGpa3oBaHHbIE ¢)a3b| U&IV) BblLLenaymBaeTcs
NPaKTU4ECKU NOMHOCTbLIO, MOCKOSbKY B ocratke 2 U=1,0+0,2.

BCEX ayTUreHHblX dpakuuax oca,u,Ka o3epa LaraH-Tbipm
U=2,7+0,15 n BnonHe cooTtBeTcTBYeT BogHOMY (2,36%0,13). Ocagku
3TOro o3epa MNpeacTaBfsOT 0COOGEHHbIN MHTepec. OHO O4YeHb MESIKOe, C
BbICOKOW MUHepanu3aumen Boabl. 3UMOW NPOVUCXOAUT NMpakTUYECKM MOSHoe
€ro nNpomep3aHue, 4YTOo NPUBOOUT K PE3KOMY YBEMUYEHUIO KOHLIEHTpaLMM
cynbat uMoHa B Boge. OTO pJdaeT TOMYOK K passuTuio  cynbdat
peayumpytowmx 6akTepuin 1M MNOABNEHUIO pPe3Ko BOCCTAHOBUTENbHbIX
ycrnoBun (cunbHbI 3anax H,S) Ha rpaHuue ocapok-sofa. COOTBETCTBEHHO
Hanbonee 6naronpusATHble ycrnoeus ana obpasoBaHua da3 U(IV) aonxHbl
ObiTb B BEpXHMX FOpPU3OHTax ocapgka 3Toro o3epa. KMamepenusa, 6e3
pononHutensHon ctagun ¢ HNO;, npoBeaeHHble Kak Anst TOPU3OHTOB 0-3,
6-9 Tak u 33-35 cm, nokasbiBawT, yto B ux H.O. Z'UP®U > 2, u
cooTBeTCTBEHHO BO Bcex aTux H.O. ecTb xemoreHHbin U, T.e. moryT 6bITb
BOCCTAHOBMEHHble oKcuabl. BebiwenaunBanne H.O. «kucnoTton 6bino
NpoBeAeHO ANnsa 4eTblpex ropusoHToB: 3-6, 15-18, 24-27 u 30-33 cwm.
N3mepeHusa nokasanu, 4TO AnA BCEX YEeTbIPEX TFOPU3OHTOB M3OTOMHOE
oTHoweHue U, nepelleqliero B KMCMOTy nocrne Bbilenadmsanua e H.O.,
HamHoro 6onblue eauHUUbl U Tak Xe O6nM3Ko K BogHOMY. BaxHo Takxe
OTMETUTb, YTO 0cobeHHO Bonblioe konunyectBo a3 U(IV) obHapyxeHo B
ropusoHTe 3-6 CM; B TO X€ BpeMs, MOKasaHo, YTO B BEPXHUX CMOAX
NMOJSIHOCTBK OTCYTCTBYIOT OKCMAHbIE (pa3bl Mn, OHM NOABASTCA TOMLKO Ha
rny6buHe 12 cm n Huxe. Takoe nosegeHve U n Mn BnonHe o6bscHAKTCSA
pe3Ko BOCCTaHOBMWTESNIbHOW CPeoW B BEPXHMX FOPU3OHTax ocajka o3epa
Llaran-Teipm.

WUtak, npoBeaeHHOE nccnegoBaHne NOSIHOCTBIO NOATBEPXAAET rmnoTesy
06 06pasoBaHuM HoBoobpa3oBaHHbIX ha3 U(IV) B ocagkax o3ep.

PaboTta BbinonHeHa npu uHaHcoBow noaaepxke PODU, rpaHt Ne 18-
35-00072 mon_a. AHanu3  atoMHon  abcopbuun n  anba-
cnekTpomeTpuyeckuin aHanna BbinoniHeH B LKIMT MHOroanemMeHTHbIX u
M30TonHbIX nccnegosaHunin CO PAH.

234 B%s
u/
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M3oTonHas asonioums cybLLEenoYHOro 1 Weno4YHoro
MarmaTu3ma 3anagHou Yactu LleHTpanbHo-A3uaTckoro
OpOreHn4ecKoro nosica B naneo3oe-Me3030€e

Bpy6nesckuii B.B.

HU TTY, Tomck

eonornyeckoe pasButne LleHTpanbHO-A3MaTCKOrO OpOreHMYecKoro
nosca (CAOB) B naneo3oe-Me3030€ HEOQHOKPaTHO COMpPOBOXAAN0Ch
WHTPY3UAMM  CyOLLENOYHOro M LWENIOYHOrO0  COCTaBa,  KoTopble
cchopmupoBanu HebonbluMe MarmaTnyeckme npoBuHUMM B Ky3Heukom
Anatay, opHom AnTtae, KOro-BoctouHon TyBe, 3anagpHom 3abalikanbe,
CesepHon n HOxHow Mowronun, KOxHom TaHb-WaHe. Mo pe3ynbTatam
M30TOMHOrO AaTupoBaHus Wux o6pasoBaHMe MOrfo 3aBepllaTtbCcA Ha
BO3pacTHbIX pybexax ~ 520-480, 410-385, 310-260, 245-200, 150-120 Ma
(Hanpumep, AHgpeeBa, 1968; KoHoHoBa, 1976; Oosranb, npokux, 1980;
Awwuna, 1982; Hukudopos n gp., 2002, 2006, 2014; Viadykin et al., 2005;
Hopowkesny, 2013; Doroshkevich et al., 2012; Bpybnesckun n agp., 2003,
2004, 2012, 2014, 2015, 2016, 2018; BopoHuoB u gp., 2013; LpiraHkos u
ap., 2016; KpynyaTHukoB 1 ap., 2015; U36poaunn u ap., 2017; Vrublevskii et
al., 2018). B cTtpoeHun anddepeHUMpoBaHHbIX NAYTOHOB B Pa3HOW CTENEHU
npuHuMaloT ydactme K-Na-wenouHble wu  cybuienodHsle rabbpoupp,
MOHLOHWUTbI, TPaHWTONAblI, OCHOBHblE W YJIbTPAOCHOBHblE (OWAONUTHI
(MMONNT-MENbTENTUTBI, YPTUTLI, MOMEBOLUNATOBLIE WNOMWUTLI, YPTUTbI U
WAONUT-YPTUTbI), HedenuHOBbIE W LWeNoYHble CUEeHWUTbl, KapboHaTUTLI.
AHanM3 u3BEeCTHOW nuTepaTypbl MOKa3blBaeT, 4YTO HECMOTpA Ha
pa3HOpPOAHbIV NeTporpacmnyecknini coctaB, OLHOBO3PACTHbIE MHTPY3UBHbIE
KOMIMJIEKCHI obnapatoT N30TOMHO-TEOXUMMNYECKUM CXOACTBOM,
OOMyCKalLWMM  OLHOTUMHbIE WUCTOYHWKA MarMm U reoguHaMmyeckme
06CTaHOBKU X BHEAPEHUS.

MpousBogHble naneosorickoro (7520-260 Ma) cybwenoyHoro u
LENIoOYHOro MarmatmamMa XapakTepu3yTCA OTHOCUTENIbHO PagVuoreHHbIM
n3oTtonHbeiM coctaBom Nd (eng(t) = oT 0 po +7) u WMPOKMMKU Bapuaumusimm
87Sr/868r(t) ot 70.7032 po 0.7076. Cpeoum Hux npeacraBUTENbHBIMU
agnaTcsa:  (a) rabbpo-MOHUOHWUTOBbLIE, TPAHUTOMOHBIE U LLENOYHO-
6a3unToBbIE NOpOAHbIe accoumauun KysHeukoro Anaray, (6) cybwienoyHbie
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6az3anbTonabl obpamnsowmx ero MUHYCUHCKUX BnaauH, (B) NUPOKCEHUTI,
LLeSNIOYHbIE CUEHUTBI M KapboHaTUTbLI koMnnekca agenbseic B OB MopHom
Antae, (r) dongonuT-onsanToBble WHTPY3uBbI Butumckoro nnato B
3anagHom 3abaiikanbe, Haropbsi CaHruneH B OB TyBe wu HO3
Mpuxy6ecyrynbs B Monronun [Bpy6bnesckui, 2015; Bpy6nesckun u gp.,
2012, 2014, 2016, 2018; Doroshkevich et al., 2012; BopoHuos u ap., 2013].

MpoaykTbl Me3o030Mckoro (T245-120 Ma) marmaTtuama MoBbILEHHOW
LLLENOYHOCTH B [lopHom Antae  (namnpouTbl-namnpocmpsbl "
MOHLUOHUTOMABI), 3anagHoMm  3abaiikanbe  (LOHKWUHWUTbLI,  CUEHUTHI,
KapboHaTuThbI), HOXXHOM Taub-llane (3ccekcuTsl, dongonuTsol,
HedenuHoBble CUeHUTbl, KapboHaTuTbl), LleHTpanbHon TyBbl U KOXHOWM
MoHronun (BynkaHuTbl, KapboHaTuThbl) oTnMyatTca 6onee oboralleHHbIMM
uctodHnkamum [KpynuatHmkoB u gap., 2015; Doroshkevich et al.,, 2012;
Hukndopos n gp., 2002; 2006; Vrublevskii et al.,, 2018; Vladykin et al.,
2005]. 310 CBOMCTBEHHO HE TONMbKO CUNMKATHLIM NopoaaMm (eng(t) = oT +3 go
-6; ¥Sr/*°Sr,) ~ 0.7043-0.7092), HO 1 accoLMMPYIOLLMM KapBoHaTUTaM (Eg(t)
=~ o1 0 a0 -11; ¥’Sr/*Sry o ~0.7054-0.7095).

lWnpoknin gnanasoH 3HaveHun eng(t) ot +7 go -11, Habniopaemblx B
LLENMOYHbIX MHTPY3MAX Maneo3os M Me30305, MO3BONAET npegnonaratb
nMbo pasHble NO W30TOMHOMY COCTaBy MarMaTU4eckne npoTonuTbl B
nennetnposaHHon (PREMA-Tun) unu oborauwieHHon (EM-tun) manTtun, nnbo
HEMOCTOSIHHYIO CTeMNeHb CMELLeHWs MX BeliecTBa B Nepuod NioMOBOM
akTuBHoCTU. [lo-BMOAMMOMY, B Maneo30MCKUX KOMMIeKkcax npeobnagaet
6onee MCTOLEHHBIN MaHTUiHbIN MaTepuan PREMA. Mo cBoen npupoge oH
nogobeH rnaBHOMy KOMMOHeHTy CeBepo-A3naTckoro Ccynepnnoma,
KOTOpbIV MHUUMMpoBan 6a3nTtoBbli MarmaTtnam CAOB B paHHeM 1 cpeaHeM
naneo3soe [Apmontok, KoBaneHko, 2003]. Yyactuem oboralleHHON MaHTuu
EM B reHepauuu pogoHavasnbHbIX pacniaBoB MOXHO 0O6bACHUTL BapuaLlum
He TONMbKO Wu3o0TonHOro coctaBa Nd, HO ¥ NEPBUYHbLIX COOTHOLUEHUN
usotonos Pb. B rab66pougax, dongonurax n kapboHaTuTax, akLLeCCOpHOM
NUPPOTUHE UX 3HAYEHUSI (208Pb/2°4Pb 37.59-38.41; *’Pb/**Pb 15.53-15.64;
205pp20pp 18.05-19.29) Haubonee cooTBeTCTBYIOT pe3epByapy EM 2
[Vrublevskii et al., 2018].

XapaKTepHOWN M30TOMHON OCOBEHHOCTLI0O PACCMOTPEHHbIX CYyOLLIENOYHbIX
n wenoyHbix nopop CAOB saBnsetca npsmMas Koppenaums Mexay
NOBbILLIEHHLIMU 3HAYEHUSAMM 87Sr/868r(t) (oo 70.708-0.709) u 5" 0smow (Do
~8-15 %o), UTO CBUOETENBLCTBYET O KOHTAMMHALMN MaHTUNHBIX pacnsjiaBoB
BELLECTBOM 3penol  KOHTMHeHTanbHoW Kopbl  [[okposckuin, 2000;
Hukundopos n gp., 2002; Bpybnesckun n agp., 2012; Bpy6nesckui, 2015;
Doroshkevich et al.,, 2012]. CornacHoO COBpPEMEHHbIM AaHHbIM 3Ta
3aKOHOMEpPHOCTb OTMEeYaeTCs ANs MHOIMMX MfYTOHUMYECKUX KOMIMNEeKCoB
cknapg4yatbix obnactei. BepoaTHo, 6onbliee oborawleHne KOpOBbIM
MaTepuanomM LWENOYHbIX WHTPY3UA Me30308 OTHOCUTENbHO [ApPEeBHMX
aHanoros obycrnoBneHo Mx popMMpPOBaHUEM B 30HAX C YX€ MOBbILLEHHON
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MOLLUHOCTbIO nutocdepbl. KoHTamuHauma [ocTuraet MakcMmyma npu
nosgHeMarMaTMyeckom kap6oHaTuToo6pa3oBaHnm (5 °Oswow 40 ~ 17-23
%o). AKLECCOpPHbI NMPPOTUH kapboHaTMTOB Takxe obnagaeTr 6onee
«TAXENbIM», YEM MaAHTUNHbLIN, U30TOMHLIM COCTAaBOM Cepbl (634SCDT 4.6-
12.8%0). C HuM cornacyetcs BoO3pacTaHue B MUHeparne 207pp2%pp
[Vrublevskii et al., 2018], cBonCTBEHHOE 3BOMOLUN U3OTOMNOB CBUHLA B
oporeHax. B MeHblunx macwitabax nsotonHas (Nd, Sr, Pb) HeogHopoaHocTb
MHOrAa BLISIBAAETCA [aXxe B OTAESbHbIX MHTPY3MBaX, YTO MOXET ObiTb
CBSI3aHO He TOMbKO C MpOLECCOM KOPOBOW KOHTaMWHaLUMu, HO U C
HEepaBHOMEpPHbLIM MepeMeluMBaHMeEM LEeNSIeTMPOBAHHOIO M oboraleHHOro
MaHTUMHOIO BELLLECTBA B MOAHUMAOLLMXCH rMYyOUHHBIX pacnsiaBax.

UccnepoBaHns noppepxaHbl  rpaHtom  [lpaButenbctBa P®  Ne
14.Y26.31.0012.
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MepcnekTuBbl pa3BUTUA METOAA PEKOHCTPYKLUUK
KOHLUEHTpauui renus B rMyObuHHbIX Nnoa3eMHbIX Boaax (Ha
npumepe pa3spesa Cl-3)

FaHHmMb6an M.A., Tonctuxun U.H.

leonornyeckmii uHctutyt KHL PAH, Anatuts!

MeTon PEKOHCTPYKUMM KOHLUEHTpauun renns B NOA3EMHbIX BOAaXx,
OCHOBAaHHbI Ha PaBHOBECWMN KOHLLEHTpaUMiA renus BO BHYTPEHHEM 06beme
KBapua, goctynHoMm ansa renua (OFO) n okpyxatowen Boae, nNo3sonseT
nonyynTb 3KCNEpUMEHTasIbHble fAaHHble O 6GanaHce M MOABWMXHOCTM
pafMOreHHoro renusi B cUCTemMe Bofa-nopoja B Tex crnydasx, korga otéop
obpa3ua nopoBoN BOAbl 3aTPYyOHEH WM HEBO3MOXEH, Hanpumep - Ha
donbwunx rnybuHax [3]. Takue AaHHble, B CBOK o4vepefnb, MOryT ObiTb
MCMNOsb30BaHbl AN OLEHKM BO3pacTa rnybunHHbIX BoA,

N3oTonbl renMa B nopogax WM MuHepanax paspe3a Cl-3
XapakTepusyloTcs  MPEeUMYLLECTBEHHO PafUOreHHbIM MPOUCXOXAEHNEM
renus n OTHOCUTENbHO XOpOLWleh ero coxpaHHocTblo.  Kpome Toro,
HEeKOTOpoOe MOBbILEHWE OTHOLUEHUS *He/*He, no CpaBHEHWN0 CO CpeaHuM
ONa KOpbl, MPUYPOYEHHOE K onpeaeneHHbIM MHTepBanam rnybuH, a He K
nopogam/mMmvHepanam, a Takxe eguHoobpa3ue U30TOMHOro cocTaBa renwus,
W3BMEYEHHOTO  pasnMYHbIMM  MeTogamMu  (OpobneHwe, nnaBneHue,
CTyMneH4YaTbli HarpeB) FOBOPUT O AOMUWHWPYHOLLEM BIUSHUU IOMAHON
das3bl Ha hopmmpoBaHne HabngaeMoro pacrnpenefnieHus N3oTonoB renus
[1,2]. B cBasum ¢ 3tmm paspe3 CI-3 npeactaBnseTca NepcrnekTUBHbIM
06bEKTOM AN U3y4YeHUs pacnpefeneHus u3oTonoB He B cucteme Bopa -
nopoaa, B TOM 4Yucre, yrnoMsaHYTbIM BbllLEe METOAOM.

MepBble NOMBLITKM NPUMEHEHUA TaKoro MoAaxoAda K M3y4YeHu pas3pesa
CI'-3 6binv NpeanpuHATLI B Xoae pa3paboTku metoaa. Okasanocb, OAHaKO,
4YTO MeToaMKa, pa3paboTaHHaa A/l OEeTPUTOBOro KBapua M3 NnecHaHUKOB,
He noaxoauT ans obpas3uoB kBapua u3 xun u nermatutoB CIr-3. To
OaHHbIM CTYNeH4YaToro OTXWra, BbIMNOMHEHHOMO AN OAHOro0 U3 3TUX
obpa3uoB, renui M3 XWUMbHOTO KBapLua HauyvMHaeT BbIAENATbCA Mpu
Temnepatype Ha 150-200°C Huxe, yem 13 geTputoBoro. [lpuumHon aToro,
no-BUAMMOMY, ABNAETCHA AeKpenuTauma 3epeH KBapua nop BO34eNCTBUEM
dnonaHbIX BKOYeHU. Takum obpa3om, yacTb OO paspywaetca npu
HU3KOTEMMepaTypHOM  nporpeBe  obpa3ua, KOTOPOMY  HeusbexHo
noaBeprawTca BCce HaBecku npu onpegeneHun OO (mpu HacbiweHun
renuem). Hapsgy c paspywennem OO moxeT HabniopaTtbca ero
yBENUYEHNE, BbI3BAHHOE MWrpauuven 4actu crniouga M3 BKIAKYEHUN W,
COOTBETCTBEHHO, YBENIMYEHWEM B HUX Aonn obbema rasoBon ¢asbl (No

OTHOLUEHMIO K Xuakown). [Mockonbky obbem xupkoctn Bxogut B OO c
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MHOXuTenem H (moctosHHas [eHpu), COCTaBnSLWMUM B MPEecHON BoAe
okono 0,01, a B pacconax ewe Huxe, 0.0075, yBennyeHue [onu rasoBom
hasbl BO BKJIIOYEHUSIX MOXET KPUTUYECKN NOBAUATL HA U3MEPEHHbI 06beM
Oro. Cnegyer oOTMeTWUTb, 4YTO paspylleHue BKIIHOYEHUA W Murpaums
dnonga MoryT npoucxoauTb B OAHOM U TOM Xe obpa3sue. Tem He MeHee,
KOHLENLMA paBHOBECUSA KOHLIEHTPALMI renust B cMcTeMe «MmnHeparn -Boga»
KaxeTca A0CTaTOYHO MepCrneKTUBHON Ana TOro Ytobbl MpoAonxaTb NOUCKK
afeKBaTHbIX 3KCNEpPMMEHTaNbHbIX METOLOB €€ NccnenoBaHuns.

YT06bl OTbICKaTb M BbIAENUTb B obpasuax kBapua KoMnoHeHTy A0,
ycTtonumsyto npu Temnepatype okono 300-400°C, npu koTopown renui
MONMHOCTbIO BbiCBOOOXAaeTca M3 obpasua B TeYeHUe MpuemsieMoro
BPEMEHHOI0 MHTepBana (Hegenu), 6bino NpeanoXeHo nogseprate 06pa3upl
KBapua npeaBapuTelbHOMY  KpPaTKOCPOYHOMY  MPOrpeBy:  WCXOAHble
obpasupl - AnA Toro, 4YTo6bl pa3pywmnTb BKIYEHUSA, HECTabumbHblE Npu
HU3KUX TemnepaTypax, HacbllWEeHHbIE TenuMem - Ans Toro, 4Tobbl co3gaTb
OOMHAaKOBble YCrNoBWUs pera3aumu (Tak Kak npu nporpeBe MCXOOHbIX
o6pa3LoB, Hapsgy C paspylleHMEM BKIIHOYEHWA MPOUCXOAMT  Takxe
anddys3mnsa renuss u3 HenospexpaeHHow 4vactu Or0). 3T1oT cnocob 6bin
onpoboBaH ana obpasuos 38032d (rnybuHa otbopa 9860,8 M, 1 onbIT) K
41305 (rnybuHa otbopa 11352,2 M, 2 onbiTa). B aTMx onbiTax renun
n3Bnekarncsa u3 o6pasuoB NyTeM M30TEPMUYECKOr0 HarpeBa; NopLuu renws,
BblgENMBLUMECA B TeYyeHWe MepBOoro 4yaca nporpeBa (cymmapHas
anutenbHoCcTb Kaxporo onbita coctasnana 100..150 yacos) n3 Bcex
06pa3LoB OblNM MCKMIOYEHbI U3 pacCcMOTpeHusl. PeKOHCTpyMpoBaHHble
3Ha4veHusa Py, BO BHyTpeHHeM obbeme o6pa3suos coctasunm (1,58) n (1,17;
1,44) atm. pna o6pa3uoB 38032d n 41305, COOTBETCTBEHHO - BecbMa
6nm3kne 3HaueHus, CBUAETENBCTBYIOLLME O XOPOLUEN BOCMPOU3BOAMMOCTM
akcnepumeHToB.  OueHKa KoHUeHTpaumM He B Boge (nony4veHHas c
nCnonb3oBaHMEM 3HavyeHnsa pactBopumocTu renua B pacteope NaCl (40 r/n)
npu T 40°C, 7.5 x 10° em’CTL, /(CM3H20 aTMm)) CBUOETENbCTBYET, YTO 3TH
3Ha4YeHus BronHe NpaBAonoA06HbI.

OpHako, pns HageXHOW PEKOHCTPYKLMN HEOOXOAMMO BbICHWUTb, KaKoBa
dakTnyeckaa pacTtBopumocTb He B Boae/paccone npu KpanHe BbICOKOM
nnactoeom pgasnexHun (~ 1000 atm) u Temnepatype go 200°C.

Kpome TOro, Heobxooum HeE3aBUCMMbIA SMMOUPUYECKUA KPUTEPUN
[OCTOBEPHOCTU PEKOHCTPYKLMM 3HaYeHun Py, B OIO. lMpoule Bcero 6yanet
aHanu3npoBaTb HECKONbKO 06pasLoB kBapua ¢ 6nu3kux rnybuH unu gaxe
HECKOJIbKO HaBeCOK ofHoro obpasua. OTHOCUTENbHLIN 06bEM BKIOHYEHUN,
B TOM 4ucne TOW WX 4acTu, 3a cyeT kotoponm [OIO mMoxeT npetepneTb
HeoOpaTuMble U3MEHEHUs1 ABMAETCA WHOUBMAYarnbHbIM MapamMeTpoM He
TONbKO ANsA pasHbiXx 06pa3uoB, HO M AnA pasHbIX HaBecoK. [lpu 3ToMm,
NpennonoXuTenbHO, OH Xe SBMSIETCS MMaBHbIM WCTOYHUKOM BO3MOXHOM
owmnbkn. TMoatomy coBnapeHue Pp. [na Heckonbkux obpasuoe bypet
CBUAETENLCTBOBATb B MONMb3y MNPaBUSIbHOCTU Takux pe3ynbTatoB. Ewe
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HazexHee 6bino 6bl CONOCTaBUTL Pe3ynbTaTbl PEKOHCTPYKUUN Py B pa3Hblix
MUHepanax.

MpurogHoCTb TOrO WAM  WMHOTO MWHEpana pAand  PeKOHCTPYKLMN
KOHLEHTpauun rennss B OKpyXalolwmx NOA3EMHbIX BOAax onpegensercs
psaoMm kKputepueB [3], COOTBETCTBME KOTOpPbIM TpebyeT Tpy[moeMKMxX
3KCNepuUMeHTasbHbIX [0Ka3aTenbcTB. [lepBUYHBIMKM KpUTepusiMu Bbibopa
NnoaxoAsLero MuHepana, no-BMgUMOMYy, OOJDKHbI CTaTb KpanHe nioxas
COXPaHHOCTb 3aXBaY€HHOr0 renusa U NpPenMyLLLECTBEHHOE ero pa3meLleHmne
BO (PrIOMAHbBIX BKITHOYEHUSIX.

WccnepoBaHnss MeCT HaxOXAeHwWst renus B MPUPOLHbIX MUHepanax,
npoBeAEHHbIE HalIMM KONNEeKTMBOM B nocnegHue rogapl [4], mokazanu
XOpOoWy  MHGOPMATUBHOCTL  NIMHEMHOro  HarpeBa  obpa3ua ¢
OAHOBPEMEHHOM perncrpaumen Toka *He". [pn gocTtaToyHOW CKOpPOCTU
HarpeBa 3TOT MeToA No3BONAeT HabnopaTte Mpouecc BbICBOOOXAEHUSA
rennsi M3 pasHbiX MECT HaxoXAEHWs, COOTBETCTBYIOLUMX pPasHbIM MUKaMm
BbIXO4a renusa, a Takxe COCTaBUTb MpeAcTaBneHMe O ero MOABMXHOCTW.
Moka 4YTO Takue OnbiTbl OblM BLINOMHEHbI TOMBKO Afst HECKONbKUX
obpa3uoB kBapua 13 paspesa Cl-3. ConocTtaBneHne KpuBbIX BbiIxoda renus
3 aTux obpa3uoB Mexay cobor, a TakKkKe C aHanorM4yHoOm KpuBOM,
nosnlyyeHHon ansa «3TarnioHHoro» obpasua AeTpUToBOro Keapua no3Bosiniio,
no npuHUuNy Haubonbliero CcooTBETCTBMA, O0ToOpaTb MNOTEHUUanbLHO
npurogHole ob6pasubl, 3adUKCUMPOBaTb MOHUXEHHYD MPOHULLAEMOCTb
obpasua, Hannune nioMaHbIX BKAKYEHM.  TakMum 06pa3oM, NIMHENHbIN
HarpeB npefAcTaBnsieTca Havbonee npuemsniemMbiM CrocoboM nepBUYHON
pa36pakoBku 0bpa3uoB.

Jluteparypa
1. Apxeiickuit komnnekc B paspese CI-3. Anatutsbl, 1991. 185 ¢
2. Konbckas ceepxriny6okas...// M. 1998. M® «TexHoHedTeras». 260 c
3. Tolstikhin I.N., Gannibal M., et al./Earth Planet. Sci. Lett. 2005. V.238, P.31-41.
4. Tolstikhin I.N., Verkhovsky A.B. et al.//Chem.Geol.2016.V.444, P.187-198

Mpobnema Bo3pacra naneo3onckMx MarMaTu4ecKux
obpasoBaHuii CeBepo-KasaxcTaHCKOW YpaHOBOpPYAHOA
NPOBUHLMK

Fony6es B.H.!, CanbHukosa E.B.?, Wataruu K.H.!, Kotos A.B.2

"MIFEM PAH, Mocksa, “WIT/] PAH, CaHkT-ITetepbypr

Mpv paccmoTpeHuM BoMpoca O BoO3pacTe W OJINTENbHOCTU
(bOpPMUPOBAHUS  PYAHbIX KOHLUEHTPaLuii Ha OCHOBHbIX MPOMbILLSIEHHBLIX
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ypaHoBbIX  MecTopoxaeHuax CeBepo-KasaxCTaHCKOW  ypaHOBOPYAHOM
NPOBUHLMM, KOTOpasa no nsjowaan coBnagaet ¢ Kok4eTaBCKUM MacCuBOM,
BOSIbLUMHCTBO TE€OSIOroB NPUHUMAIOT KOHLIEMLMIO, COMTacHO KOTOPOM 3TK
MecTopoxaeHus o6pa3oBanuch B pesynbTaTe eaAMHOro rmapoTepmMarbHOro
npouecca B no3gHeaeBOoHCKoe Bpems /1-4/. [pu onpepeneHnn BpeMeHU
nposiBneHus pynoo6pasylolero npouecca OCHOBBIBAOTCA Ha (akTax
noKanu3auum HEKOTOPbIX PYAHbIX TeN B MarMaTu4yecKnx nopogax, yCnoBHO
OTHOCUMbIX K OEBOHY, M OAHHbIX O TOM, YTO B HUXHEKaAMEHHOYTOSbHbIX U
6osiee MonoAbiX OTNOXEHUSIX HE BCTPEYEHbI OpPEeOosbl rMMApOTEPMASIbHOrO
U3MEHeHWsA NOPOA, XapakKTepHble AN BCEX YPaHOBOPYAHbIX MOen permoHa.
OpHako Bo3pacTHas MpuBA3Ka Pas3nuyHbIX MOPof, OTHOCUMbLIX K AEBOHY,
6bina NocTpoeHa MOYTW UCKIIOYUTENIbHO Ha OCHOBAHMU COOTHOLLUEHWUS MX
mexay coboin u ¢ 6onee paHHUMU NO3AHEOPAOBUKCKMMM MarmMaTtu4yeckKumm
obpasoBaHusMu. [lpyu 3TOM ONUTENBHOCTL (POPMMPOBAHUS OTAENBbHbIX
TOJLL UM MacCuBOB, a CreoBaTeNIbHO, M BO3PacT KaxAoro nocnenywLwero
06paz3oBaHnsa OLEHMBANUCh OYEHb NPUBN3UTENBHO.

B pesynbtate W30TOMHO-TEOXPOHOSIOIMYECKOrO W3YYEHUS YpaHOBOM
MuHepanu3aumn, nposegeHHoro WIEM PAH Ha wmecTopoxaeHusax
3anagHow YacTu NpoBUHLMM /5/, BbINM NoNy4YeHbl AaHHbIe, YKa3biBaBLUME Ha
[OOEeBOHCKMIN Bo3pacT (415 MnH neT) ypaHOBOpYAHOro mnpoiecca. Otn
OaHHble MpOTMBOPEYUN MpeacTaBneHnsiM O NO34HEAEBOHCKOM BO3pacTe
NMPOMBILUMIEHHBIX YpaHOBbIX pyAa, pernoHa. OTMeYeHHble MpoTUBOpeYns
MOCNYXWNNU OCHOBaHWeM pAns nposegeHns B panoHe bankawwuHckoro
py4HOro nons, HaxoAALEerocs Ha KXHON okpanHe Kok4yeTaBCKOro Mmaccusa,
n30TOMHo-reoxpoHororndyeckoro (Rb-Sr n K-Ar) usyyenua marmaTu4eckmx
nopof, (KBapueBbiX NOPUMPOB M rPaHUT-NOPEHUPOB AKLLIMHCKOrOo Tuna) Mo
KOTOpbIM OMpefensnacb HUXHSA BO3pacTHasi rpaHuua ypaHOBOPYAHOro
npouecca /6/. Pe3ynbTaTbl NpOBEAEHHOIO0 MCCNefoBaHNA yKasblBarnu, YTO
3T nopogpl popmupoBanucb B cunypuinckoe Bpemsa - 416-425 mnH net
Ha3zag. OpHako B HepaBHO onybrnvkoBaHHOM o63ope reonorun Cesepo-
KasaxcTtaHckon pyaHOn npoBuHUMK /7/ OTMeYeHHble KBapueBble nopdupsbl
BHOBb 0603HayeHbl Kak 06pa30BaHMsA paHHe-cpegHeAEeBOHCKOro Bo3pacra.
YkasaHHble 06CTOATENbLCTBA NpeaonpenennnyM akTyanbHOCTb MOMyyYeHus
HOBbIX [JOMOJSIHUTENbHbLIX WM30TOMHO-FTEOXPOHOSIONMYECKUX  AaHHbIX  Ans
UCKITIOYEHUS  BO3MOXHOCTW  OBOSIKOW  TPAKTOBKM WX  BO3pacTHOro
MOMOXeHMUS.

B HacTosweln pabote npeactaBneHbl pe3ynbTaTbl NPOBEAEHHOTO B
nocnegHee Bpema U-Pb  M30TOMHO-reOXpOHOMONMYECKOro  U3Y4YeHus
LUUPKOHOB K3, HaxopslmMxcs B panioHe BamnkalumMHckoro ypaHoBopyAHOro
nons, KeapLeBbiX MOPgUPOB, MpopbiBalOWNX UX ENb3UTOB U rPaHUT-
nopuvpos.

KsapueBble nopdupbl 1M @enb3uTbl, nonyynBline B pyaHOM mMone
Hambonee WMpPOKOe pas3BuUTUE, OOpa3yldT MOKPOBbI, HEKKUW U
cybBynkaHuyeckne Tena. 3TU nopogpl crAyxaT pyAoBMELLAlOWUMU Ha
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BbankawmHCcKOM ©“  TYLWIMHCKOM ypaHOBbIX MeCTopoXAaeHusx. [ paHuT-
nopcumpbl  SKWWHCKOrO TUMa OTHOCATCS K 4ucny Haubonee nosgHMX
MarmaTmyeckmx obpasoBaHuii B paiioHe BbankalwmHCkoro pygHoro nons.
OHn, cyoa no uMMelWMMca TeofiormyeckuM AaHHbIM  /8/, ABnstoTCA
CEKYLUMMM MO OTHOLLEHMIO K KBapLeBbiM nopdupam u denb3utam. B atux
nopogax OTMe4alTcsa ruapoTtepmasnbHble U3MEHEHWUsl, aHanornyHble
U3MEHEHNAM TMna 6epeauTmzaumm, KoTopas npealecTeyeT
ypaHOBOPYZAHOMY npoLieccy.

U-Pb un30TOMHOE W3yyeHWe UMPKOHOB MNPOBEAEHO MO Kfaccuyeckoun
cxeme. XuMmnyeckoe pasnoxeHue u sbigeneHve U u Pb BbinonHanocb no
MoancuumpoBaHHo metoguke T.E. Kpoy /9/. W3oTonHble aHanu3bl
BbIMOSIHEHbI Ha MHOroKonnekTopHom macc-crnektpometrpe TRITON Tl B
CTaTl/I‘-IeCKOM (Pewile [ns u30TOMHbIX MCCNeAoBaHWM WUCMONb30Barics
Tpaccep ’Pb. TouHOCTb onpeaenenusa cogepxanunin U n Pb coctaBuna
0.5%. Xonocme 3arps3HeHne He npesblwano 15 nr Pb u 1 nr U.
OKcnepuMeHTanbHble faHHble ob6pabaTtbiBanu Mpu MOMOLLM Mporpammam
«PbDAT» /10/ n «ISOPLOT» /11/. TNpwn pacyeTe BO3pacToOB MCMOSMb30BaHbI
obLenpuHaATbIE 3HAaYeHUs KOHCTaHT pacnapa ypaHa /12/. MNonpaBku Ha
OObIKHOBEHHbI  CBMHEL, BBEAEHbl B COOTBETCTBMM C  MOZAENbHbIMU
BenuunHamm /13/.

U-Pb BO3paCT UMPKOHOB BCEX MW3YyYaBLUUXCA «OEBOHCKUX» MOPOA
oTBeYaeT paHHeMy cunypy. Ha pguarpamme C  KOHKOpguen
3KCNepUMMEHTanbHble  TOYKM  LMPKOHA U3  KBapueBbiX  nopdupos
pacnonaralTca Ha [OUCKOpAWW, BEpPXHEe nepecedyeHne KOTopon C
KOHKOpAMen cooTBeTcTByeT Bo3pacty 433x4 mnH netr, CKBO = 0.92.
KoHKOpAaHTHbIN BO3pacT LMpPKOHa denb3uTtos - 423.7+1.7 mnH net, CKBO
= 0.25. BepxHee nepeceyveHne OUCKOPAUN NO TOYKAM LMPKOHA U3 FpaHuT-
nopgupos - 425.0+5.4 mnH net, CKBO = 0.30.

Takum o6paszom, pesynbtatbl U-Pb uayyeHus UMPKOHOB «OEBOHCKUX»
MarmMatuyeckux nopop, 0b6pa3oBaHWe  KOTOPbIX  HenocpeacTBEHHO
npeawecTBoBano ypaHoBopygHoMy npoueccy B CeBepHoM KasaxcTaHe,
Hapsy € nonyyeHHbIMU paHee /6/ gaHHbIMUM Rb-Sr nsydeHusa atux nopog,
[aloT OCHOBaHWe yTBepXAaTb, YTO MX (DOPMMPOBAHWE MPOXOAWUNIO HE B
OEBOHCKOe, a B CWUMYpUINCKOE BpeMS OAHOBPEMEHHO CO CTaHOBMIEHMEM
paHHecunypuinckoro 6opoBckoro komnnekca /14/.

PaboTa BbinonHeHa npu ouHaHcoson nogaepxke PH® (rpaHt Ne 16-17-
10221).
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M3oTtonHasa xemocTtpaTturpacdus u reoxXxpoHonorus
NPOTEPO30MCKUX 0CaA0UHbIX Nopos AHAOapCKOro NOAHATUA
(CeBepHasi Cubupb)

MopoxoB VI.M.‘, Ky3HeLoB A.5.1, KoHcTaHTUHOBA F.B.1, Oy6uHnHa E.O.2,
Nunenkos I".B.3

"UIrr.[ PAH, Carxt-ITerepbypr; “UMEM PAH, Mocksa, *BCEIEM, CaHkT-
llerepbypr

Puden-seHackuin yexon AHabapckoro nogHatua CesepHon Cubupu
npencrtaensiet  coboll  0CafouHyl0  MOCnefoBaTeNbHOCTb,  KoTopas
HaKannuBanacb Ha MpOTAXeHMM OKono munnmapga net. Wmerowascs
xemocTpaTturpadudeckasn [[lokposckui, BuHorpagos, 1991; Knoll et al.,
1995] un reoxpoHonorunyeckas [Ernst et al., 2000; Xygonen un gp., 2007,
NopoxoB u ap., 1991, 1997, 2001, 2010; 3anuesa v ap., 2016, SpHCT 1 ap.,
2016] wmHdopmaumsa pgns STUX MNOpon He Bcerga CTporo npueA3aHa K
pa3pesy, a ee METOAOMOIMYecKne OCHOBbI HE BO BCEX CMy4YasdAX CMOCOO6HbI
obecneunTb [AOMXHBIA  KOHTPOSlb  CTpaTMrpacdMyeckoro pacyneHeHus
oTnoxeHui. lMockonbky 4exon AHabapckoro MOAHATUA BKOYAeT Mano
Marmatumyeckux obpasoBaHui, YOOOHbIX Ans M30TOMHOIO AaTMPOBaHUS,
XemocTpaturpaduyeckne  [aHHble, MOflyYaemble MO  OCaAO0YHbIM
kapboHaTHbIM MOpPOAaM M OCHOBaHHblE Ha oOnpefesnieHMn U30TOMHOro
cocTaBa CTPOHUMA 1 yrrepoaa, npuobpeTalnT 0cCobeHHOe 3HAYEHME.

B HacTtoswen pabote B NpoOTEPO3ONCKMX KapboHATHbLIX Mnopoaax
AHabapckoro nogHaTUA onpeaenexbl cogepxanusa Ca, Mg, Mn, Fe, Rb n Sr
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MU n3yyeH usotonHbin coctaB C, O u Sr. HMXHMEe ropu3oHTbl pa3pesa
(bunnsaxckan cepus: KOTYWKAHCKasi W tocMacTaxckas CBUTbl) CIOXEHbI
UCKIIOYUTENbHO  JONOMMTaMK,  JUWb B BEPXHUX  FOPU3OHTax
(cTapopeyeHckasa cBuTa), Hapsay C ONOMUTaMU BCTPEYAOTCA U3BECTHSKN
N LONOMUTUCTbIE U3BECTHSAKM.

MakcumarnbHbId BO3pacTHOM MNpefen oTnoxeHun yexna AHabapckoro
mMaccuBa onpepgensetca U-Pb Bo3pacToM 06S/IOMOYHbLIX LIMPKOHOB B
6asanbHbIX TOPU3OHTaAX MYKYHCKUX necyaHukoB - 1690+9 mnH net
[Xymoneit u gp., 2007]. U-Pb Bo3pacT 6aanenenToB U3 gornepuToBoro cunna
B nopoaax 6unnsaxckon cepun oueHnsaeTcs kak 1501+3 mnH net [OpHCT u
op., 2016], HO nonoxeHue cunna B pas3pe3e Cepumn ewe HeaoCTaTOYHO
XOpOLWO  yCTaHOBMeHO. [ns  rnaykoHWTOB  YCTb-UITIbUHCKOW  CBUTHI,
noacTunalmolwen KoTynkaHckne otnoxenus, Rb-Sr n K-Ar metogamu
nony4yeHbl BO3pacTbl cooTBeTCTBEHHO 1483+10 1 1459420 mnH net, a Rb-Sr
n K-Ar patmpoBku Al-rmaykoHnTa M3 HWXHEN MNOACBWUTbI HOCMaCTaxCKoWn
CBUTbI cocTaBnAlT cooTBeTCTBEHHO 1401+10 n 1417144 mnH net [3anueBa
n gp., 2016]. U-Pb BospacT 6apnenenta us guabazosoin panku [Ernst et al.,
2000], npopbiBatoLEN OTNOXEHNSI HUXHEN NOACBUTHI FOCMACTaXCKOW CBUTbI
[Xynonen, 2003], paBeH 138412 mnH net. Takum o6pa3om, Bo3pacT
OTNIOXeHUA KapboHaTHbIX OCadKoB OWMMAXCKOM Ccepuu, BEpPOATHO,
3aknodeH B npomexyTtke 1500-1400 mnH neT. Bospact pauareHesa
MOrpyXeHna CTapOpEeYEHCKOW CBUTbI, KOTOpas HecornacHo 3aneraeTr Ha
nopogax bunnaxckow cepuu, onpegeneH Rb-Sr metogom (7560 mnH net) no
TOHKO3EpHUCTON Ccybdpakuum unnuta, BbIAENEHHON W3  aprunuToB
BEpXHeN yacTu aTon ceutel [Fopoxos u ap., 2010].

3HauuTenbHaa 4YacTb W3Y4YEHHbIX Hamu  KapboHaTHbIX  NOpoA
yOOBNETBOPAET reoXumMuyecknm Kputepuam (Mn/Sr<6 u 5'80220.6%0 V-
SMOW pnsa [onoMuTtoB WM OONOMUTUCTBIX U3BECTHAKOB M Mn/Sr<d4 un
5'%0220.6%0 ans W3BECTHAKOB), MO3BONSAIOLLMM MCMOMb30BaTh 3Ha4YeHUd
5'°C B 3TUX Nopogax A1 PEKOHCTPYKLMM U3OTOMHbBIX XapaKTePUCTUK Cpesb
CeqMMeHTauuu. WHTepBanbl Bapuaumii  BenuumH O °C, MMeloLmxX
XemocTpaTurpaduyeckoe  3HadeHue, COCTaBMAT: B JoJloMUTax
KoTyrKaHckon cBuThbl -3.0..-0.4%0 PDB, B fonoMuTtax locCMacTaxckomn CBUTbI
-1.0..+1.0%0, B n3BeCTHAKaX, JONOMUTUCTbIX U3BECTHAKax W [O0JIOMUTax
ctapopeyeHckom cButbl -2.1... +1.8%o.

B cBA3M c Tem, 4to onA LONMOMWUTOB U OOSIOMUTUCTBIX U3BECTHAKOB
reoxMMmyeckne noaxopbl K TMOJNyYEHU0  Sr-xemocTpaTurpaduyeckmx
XapaKTepUCTUK NCXOAHOro 0CafloMHOro MaTepuana oo CuMx nop He HalaeHsl,
ONs NoNlyYeHus HOBOM MHGOPMaLMK O Cpese 1 yCroBuax 06pa3oBaHmsa 3TUX
kKapboHaTHbIX MOpoA, MNPUMEHSINAacb YCOBEPLUEHCTBOBAHHAA MeTOAMKa
nsydyeHua ux Rb-Sr cuctematukm [Li et al., 2011]. B 3ton MmeTtoauke
MCMoNib30BaBLUEECH paHee NnpenBapuTeNbHOE BhiLEeNavyMBaHNne pacTBOPOM
aueTaTa aMMOHNSI 3aMEHEHO XMMUYECKUM YO aneHMeM 3Ha4YMTENbHOW YacTu
obpasua ¢ nocneayroLmMM YacTUYHbIM PacTBOPEHWEM OCTaBLUENCs YacTu ¢
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MOMOLLbI0  YKCYCHOW KUCnoThl. Mpu 3ToM o6pasubl kapboHaTHbIX MOPOA
obpabatbiBanucb 0.2% CH3;COOH B o6bemax, BbIYACIEHHbIX TaKUM
obpazom, 4TObObI MoOCnefoBaTeSslbHO pPacTBOPUTH OKOMO OAHOW TpeTu
(dbpakumsa L1) n 3atem ewe ogHy TpeTb (dpakums L2) namenbyeHHOro B
NMOpOLLIOK Matepuana.

KaxeTcs BeposTHbIM, 4TO Ans aHabapckux kapboHaTHbIX Mopoa npu
TakoM nogxode nepBas CTyneHb pacTtBopeHusa (L1) npeacraensna
MOBEPXHOCTHbIE CNOWM KapboHaTHbIX 3epeH, B TOW WM WHOW Mepe
noABepriimeca anureHeTMYECKMM W3MEHeHMsIM, Torga Kak pacTBop,
NnomnyyeHHbIn Ha BTOpow cTyneHu (L2), B 3HaA4MTENbHOW cTeneHu Obin
oboraweH nepBUYHbIM  KapboHaTHbIM  maTepuanom. O6  3Tom
CBMAETENLCTBYIOT cogepxaHusa Rb n oTHoweHus "Rb/*sr, KoTOpble Ans
Bcex obpasuoB Bo dpakuuax L1 Gonblie, yem Bo cpakuusax L2. Kpome
TOro, Npy MOMOLUYU OMUCAHHOW METOAMKM A0Ka3aHOo, YTO InuUreHeTnyeckune
reoXnMMU4YeCKNe MnpoLecchl, 06pa3OBaBUJI/Ie g)paKLl,VIVI L1, npuBogunm He
TONBKO K M3MEHEHWIo OTHoleHus ° Rb/® HO M K TMpuBHOCY B
KapboHaTHbIN MaTepuan HeKOTOpOoro KOJ'II/NeCTBa PaAVIOreHHOro ’Sr.
BbluncneHHble 3HayeHWs NEePBUYHbBIX OTHOLLEHWIA ¥Sr/®sr Bo Bcex
obpasuax AONMOMUTOB, AONMOMMUTUCTBIX M3BECTHAKOB WM W3BECTHAKOB TpPEX
M3YYEHHbIX CBUT MNPOTEPO30OMNCKOro 4Yexna AHabapckoro nogHATMA Ans
BTOpOM cTyneHn (L2) pacTBOpeHusi MeHblle Mo abConoTHOM BENUUMHE U
NMoKa3blBalT 3aMEeTHO MEHbLUMI pa3bpoc, YeM COOTBETCTBYHOLLME 3HAYEHUSA
ona  nepeon ctyneHn (L1). 3ToT akT 4aBnAseTcA HECOMHEHHbIM
[0Ka3aTenbCTBOM  pPa3fnnynsi reoXMMUYECKOn uctopum kapboHaTHOro
MaTepuarna, pacTBOPSLLErOCS Ha pa3HbIX CTYMEHsIX KUCNOTHON 06paboTkm
o6pa3suos.

[MepBuYHbIE  OTHOLLEHUS ¥Sr/®Sr B HauMeHee  M3MEHEHHOM
kapboHaTHOM MaTepuarne NpoTeEPO30MCKNX 0Cafo4HbIX nopof AHabapckoro
NOOHATUS COCTaBNAKT: B KOTyhMkaHckon ceute - 0.70502+0.00017, B
tocmactaxckon -  0.70487+0.00005 wn B  CcTapopeyeHCKOW -
0.70857+0.00002. YTo0 Kacaetcs O0NOMUTOB HUXHe- n
BEPXHECMAaCTaxCcKon MOACBUT, COMOCTaBNeHMe WHTepBanos Bapuauui
NEPBUYHbIX OTHOLLUEHWUNI Sr/*®Sr  (cootBetcTBeHHO 0.70451-0.70537 w
0.70464-0.70519) n 3HayeHwui 5"°C (cootBeTcTBEHHO -0.3..+0.9%0 n
-1.0..+1.0%0) B 3Tnx nopofgax He AaeT OCHOBaHWA pasnuMunTb NOACBUTHLI Ha
OCHOBe xemocTpaTturpaduyecknx xapaktepuctuk. OnucaHHbIn nepepbiB
mexay nopceutamu [3nobuH, 1968], BeposATHO, npencTaensetT coboMn
anacremy. Moatomy npuaaHue 3TUM cTpaTurpacgmyeckum
noapasfeneHnsiMm paHra CaMOCTOATENbHbLIX CBUT - HIKKNIIXCKON U
yypbyKCKoW, Kak 3To cpenaHo B AHabapo-Buntonckol cepuiiHon nerenpe
HOBOrO M3AaHus reonorudeckon kaptbl nucta R-48 [[ocypapcTBeHHas...,
2016], kaxeTca B HacTosLLee Bpemst HeOCTaTOYHO ONPaBAAHHBIM.

[MepBuYHbIE OTHOLIEHUSA ’Sr/*®Sr Bo Bcex KapboHaTHbIX Mnopoaax
CTapOpEYEHCKONW CBUTbI, HECMOTPA Ha 3HauuTeNbHOE pasnuume ux
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XUMUYECKOro CoCTaBa, O4YeHb OnuM3KM Opyr K Apyry, naBas B cpefHem
3HaveHne 0.7085710.00002. 370 3HayeHWe XOpoLWO BMWCbIBAaeTcA B
KapTVHYy Bapuauui W30TOMHOro cocTaBa Sr B MO34HENPOTEPO30MCKOM
Mmopckon Bope [KysHeuoB u pgp., 2014; Xiao et al, 2016].
“XemocTpaTturpachnyeckuin  Bo3pact”  CTapopeyvYeHCKMX  KapOOoHaTHbIX
OCa/iKOB  OMPEAENseTcss MPOEKUMAMM VX  MEPBUYHOrO  OTHOLIEHMS
¥Sr/**Sr n 3HaueHns 5'°C Ha KpuBble BapuaLMii STUX BENMYMH B MOPCKOM
BoAe BO BpeMeHu u coctaBnsaeTt 545-550 mnH net. CoBnageHue OLEHOK,
MOMYYEHHbIX C NMOMOLLbI0 MeToAoB Sr- n C-M30TONHOM XemocTpaTurpaduu,
no3BoNngeT paccmaTpvBaTb WUTOrOBbIN pe3ynbTaT Kak BpeMsi OTMOXeHUs
0CagKoB CTAPOPEYEHCKOW CBUTHI.

Pab6oTta BbinonHeHa npu pmHaHcoBon nopgaepxke POPU (npoekTt 17-05-
00367).

MecTa HaxoxaeHusi u NOABUXHOCTb U30TOMOB reNnuns B
MuHepane (Ha npumepe amcubona)

lNyokos A. B.!, KameHckuin . KOJ1060B B.2 , TapakaHoB C.3, ToncTuxun
N.H.

"I KHL| PAH, Anarturel 2LUOTIIC KHL| PAH, Anatutsi, *J1CC,
C.llerepbypr

Ha6niopaemble notepu wn3otonoe “He u *He MuHepanom uHorga
0Kas3bIBalOTCA pasHbIMU 1 MOLENMPOBAHME UX MUTPALUN MOXET OKa3aTbCs
nonesHbiM AN MNOHMMaHUSA OCODEeHHOCTEeN CTPOeHMs MWHepana wu ans
peweHna Bonpoca 06 BO3MOXHOCTM WCMOMb30BaHUS  MOMYYEHHbIX
pe3ynbTaToB Of1f1 ONMCaHUA ero TEpPMUYECKON 3BOMOLMMK, onpeaenstowen
Murpauuio atomos He npomnom

Avanu3  U-Th-Li-*He->He  wu3oTonmHOi  cucTembl B amdumbonax,
BblAEMEHHbIX M3 LWENMOYHbIX rpaHuToB [loHonckoro maccuBa (Konbckun
nonyoctpos), MoKasan, 4YTo B 93TUX MWHepanax coaepxartcs
npenMyLLLEecTBEHHO paanoreHHble n3oTonsl renus. Npepnonaras, 4To Bpems
UX HaKomnfeHns cooTBETCTBYeT Bo3pacTty CBekodeHCKoro metamopduama
(1802 MnH. neT), coxpaHHOCTb ‘He B OByx obpa3suax amdubona, ans
KOTOprX 6binn onpepeneHbl KoHueHTpauunm U u Th, coctaensier L, =
HeM3M/ Hepac = 0.15. AHanorunyHoe con00TaBneHme N3MEPEHHbIX U
pacCuYMTaHHbIX KOHLIEHTPALMI HYKIIeOreHHOro *He npvuaeno K 3HAYUTENBHO
6onbwemy KoacpduUMeHTy coxpaHHocTu, L; = He|/|3|v|/ Hepac = 0.3
[Tolstikhin et al., 2016]. I'Ip|/| NMpOYUX paBHbIX YCMOBUAX (B FOMOFEHHbIX
mMartepuanax) p,vlq:)cpysvm *He pomxHa 6bITb MefneHHee, YeM “He, Tak 4To
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fnyylwaa COXpaHHOCTb JlIerkoro u3oTorna He SBNAETCA TpuBUaNbHbIM
pe3ynbTaToM U HyXAaeTcs B 06 bACHEHUM.

Ob6a pagunoreHHbix usotona He BO3HMKAOT B 3K30TEPMUYECKUX
Af0epHbIX Mpoueccax, MpoTeKawwmx ¢ 063pa303aH|/|eM paavaunoHHOro
Tpeka. OHeprus, Bbigensemas a-pacnagom , 25U n 22Th, BapbUpyeT B
npegenax ot 4 oo 9 MaB, uto cooTBeTcTBYET p,nvmaM a-TpekoB mexzay 10 n
35 MKM, B 3aBUCUMOCTU OT 3HEPIrUM WU CTPYKTYpbl MuHepana. CpepgHsas
aHeprua 6nuska K 5.4 MaB, a cooTBeTCTByKLlEE CcpeaHee ,JopMO3Hoe
paCCTOFlHVIe coctaBnseT =20 MkMm. CpefHsia aHeprua peakuuu 8L (n, a) *H
—°He (T2 = 10.2 1.) cocTaenseT 4.8 MeV, 1, cnepoBaTtenbHO, ANMHA Tpeka
6nM3KM K TaKOBOW TUNUYHOW AnA a-pacnaga. Takum obpasom, napaMeTpbl
TPEKOB HE AOMXHbl  CYLYECTBEHHO anddepeHumpoBatb NOABUXHOCTb
atoMoB He u “‘He u NpMBOAMTL K Pa3fnuyHbiM  Ko3adhpuumneHTam
coxpaHHocTM. OpHako MecTa HaxOXAEeHUA POAMTENbCKMX M30TOMOB B
amdubonax CyLEeCTBEHHO pa3fnyHbI.

MoHbl Li+ nmetor pagnyc 0.68 aHrctpem, 6nuskum Kk pagmycam Mg+
(0.74), Fe++ (0.8) u Al+ (0.57) n, noatomy, Li 06blMHO paBHOMEPHO
pacnpegeneH no KpucTannuyeckon pewetke amdwubona, un3oMopdHo
3ameLLas Takme noHol. COOTBETCTBEHHO, TPEKM AeneHns “Li pacnpeaeneHsl
paBHOMEPHO B 06BbEME 3epHa MuHepana.

U n Th, B otnnume ot Li, aBnAwTCA KpanWHe HECOBMECTUMbIMU
3/1IEMEHTAMM U KOHLEHTPUMPYHOTCA BONU3U rpaHuL, 3epHa, BAOSb HApYyLUEHUN
CTPYKTYpbl unu B 6oratbix U 1 Th MMKpPOBKMOYEHMAX TaKUX MUHEPASIOB Kak
LUMPKOH, pyTun, anatut. CoOOTBETCTBEHHO, paauaunoHHbIE O-TPEKU 4YacTo
pacrnonoxeHbl BO6MU3W rpaHuy, 3epHa WM BUAE paguanbHbIX CTPYKTYp
BOKpPYr pagmMoOakTMBHOMO MWKPOMUHepana, co3gaBas MeTaMUKTHble (M
NoTOMY NErko NpoHulaemble gnsa He) opeonsi.

Takoe pasnuune B MNOBEAEHUM POAMTENbCKUX M30TOMOB MOXET
CTMMYNMpoBaTb OOMbLUYIO NMOABUXHOCTb aTOMOB “He, koTtopble: (1) moryT
MUrpupoBaTtb MO  HapyleHHbIM JOMEeHaM  3epHa, W Mo3Tomy
xapaktepusyoTca 6onee BbICOKOW MOABUXHOCTBIO; (2) MOryT MUrpMpOBaTh
Ha 6onee KOpoTKMe paccTosHuA. [Ons mogenvpoBaHus npouecca Murpaumm
paguoreHHblXx u3oTonoB He OblNM  BbIMOMHEHbI  3KCMEPUMEHTbI MO
CcTyrneH4yaToMy HarpeBy amdwubona B BakyymMe C NOCMEAyYOLWUM U30TOMHbIM
aHanu3om Bbigenusweroca He (Puc. 1). Crtynen4yatbii omxur He 6bin
NOBTOPEH C 6onblnM pa3pelleHnemM (TemnepaTypHble cTyneHu yepe3 50

°C) 1 npeumyLecTBeHHbIe NOTpK *He npu HeBbICOKMX TeMnepaTypax Gbinu
BOCMPON3BEAEHbI, XOTA pasnuuve Mexgy wmurpauvenn “He un *He w3
MUWHepana oka3anocb MeHbLIMM. Ha OCHOBaHMM 3TUX 3KCNEPUMEHTOB Obinu
NMoCcTpoeHbl ABe MoAenu: mogenb 1 npepnonaraeT pasHble CKOpPOCTU
ondaysum *He 4He a Mo,u,enb 2 - pa3sHble pa3mepbl ANdPEY3NOHHBbIX
LOMeHOB ans atomos “He n *He npu 6nm3kmx Anddy3noHHbIX NapameTpax.
CnepyeT oTMETUTb, YTO MoAenu 1 n 2 He ABNATCS B3aUMOUCKITHYaOLWMMN
1 B NMpUHUMME MOryT GbITb peann3oBaHbl COBMECTHO.
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Mony4yeHHble napameTpbl (oA mopenu 1 oHW npuBefeHbl Ha puc. 1)
6nm3KuM K onybnmkoBaHHbIM ans amdubona [Baxter, 2010; TOLSTIKHIN et al.,
2016].
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Puc. 1. Pesynbtatbl Bbigenenus usotonoB He us amcubona (obpasey 23/90) npu ero
CTyMeH4YaToOM HarpeBe B Bakyyme. 3aflaHHOe 3HauyeHue TemnepaTtypbl yCTaHaBMBaETCsA 3a =
10 MuHYT 1 ocTaetcs TakoBbiM B TedeHne 100 MuHyT. 3aTem ycTaHaBnuBaeTcsi HoBasi 6onee
BbicOKasi TemnepaTypa u cnegyetr 100 MuHyTHaa Bbigepxka u T.4. Bcero mns obpasua
Bbigenunock ‘He = 3.4 x 10° monb, *He = 2.1 x 107" monb. PasmepHocT AnddyY3NOHHBIX
napamMeTpoB Ha PUCYHKE W B TEKCTE: 3HEPrus akTuBaLmm E J/Mosb, YacToTHBIN dakTop Do M
cek'; paguyc aucddysun npuHumancs pasHbiM 0.5 MM. W3 pucyHka crepyet, uTo
annpokcumMauusi murpaumm He amdy3vMoHHbIM NpoLeccoM (KpMBbIE) XOPOLLO corfiacyeTcs ¢
3KCNEPUMEHTOM (3a UCKITKYEHNEM OOHON TOUKN)

Cnepnylowen 3apgaden aBnseTcd onpeaeneHue ycrnoBuin, Npu KOTOPbIX
npovcxoguna murpaums He u3 mumHepana B MpoLWOM, @ MMEHHO -
Temnepartypa v ANMTeNbHOCTN MHTepBana ee AeNCTBUS, KOTOpble MOrnu Obl
obecneuntb Habnwgaemble Ko3a(pdUUMEHTHI COXpPaAHHOCTU u30TOMoB He.
PacueTbl, BbINOMHEHHbIE B pamMKax MoZenu 1, nokasanu, 4to Habnogaembie
KO3IhPULMEHTLI COXPaHHOCTU [AfiIS U30TOMNOB *He u °He MOryT ObITb
nony4eHbl Npu Harpeese obpa3ua o = 400 °C B TeueHue = 2 cyToK. Takue
napameTpbl HeAOCTUXMMblI B NPUPOAHBIX YCIOBMAX AN MWHEpanos,
OTOOpaHHbIX MX MarmaTuyeckax nopog. Bonee ToOro, 3aBucumocTb
Ko3hpuumneHToB auddy3un *He n *He or TemnepaTtypbl NPUBOAUT K
BbIBOAY O HEBO3MOXHOCTM onncaTb NOoTepU U30TOMOB renus B «pearbHbIX»
YCrOBUSIX W ANA OpYyrux COOTHOLUEHUA KOS(MULMEHTOB COXPaHHOCTH,
BMMOTb A0 Ly /L3 = 1: TemnepaTtypbl 1 ANMTENBHOCTU NpoLecca Murpaumm
He n3 MnHepana HECOBMECTUMbI C MPUPOAHLIMU YCITOBUSIMMN.

OnucaHne npouecca murpauum atomoB He uz amcumbona mogenbto 2,
npu Kotopow Anddy3noHHbIE NapamMeTpbl NpUHMManucb 6nmnskumm (E; = E,4
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= 1.14 x 10°, Doz = 3.5 x 10°, Doy = 3.0x 10°), a paguyc ancddy3umn ‘He
oKa3ancs MeHblue yem °He (Rz = 0.5, R4 = 0.386), Takxe nossonunmu
MoNy4YMTb XOPOLLYH annpoKCUMaLUsa 3KCNEpUMEHTa, NoKa3aHHOro Ha puc.1.
3aBncnuMocTn  KO3MPULMEHTOB  COXPAHHOCTM  OT  TemnepaTtypbl MU
ONUTENbHOCTM  3KCMO3uumMM  gns  Mogenu 2 CBUAOETENbCTBYOT O
BO3MOXHOCTW WUCMOMb30BaTb 3Ty MOAENb A1 ONMCaHMsA NoTepb U30TOMOB
renvsa B MpowsioMm: Habniogaemble  Ko3((UUMEHTBI  COXPaAHHOCTM
COOTBETCTBYIOT pacCUMTaHHbIM Npy HU3KKUX TemnepaTypax (okono 100°C) u
3HAUNTENbHbLIX OAUTENbHOCTAX 3Kcnosuumm (okono 1 mnH net). bBonee
AeTanbHoe MoAenupoBaHue TEMNJSIOBOW 3BOSIOLMM MUHEpana Ha OCHOBaHUU
N3Y4YeHMs MPOUCXOXAEHUSA U MUIPaALMOHHBLIX MapameTpoB OGraropofHbIX
rasoB SIBMSieTCA cnepyoLlen 3agayen npoekra.

Jlntepartypa
Baxter, E.F. (2010) Rev. Mineral. Geochem. 72, 509-557;
Tolstikhin, I. N. et all. (2016) Chem. Geol. 444, 187-198.

MonMXpOHHbIM BO3pacCT LIMPKOHOB B NO3AHEMESIOBbIX
aHpe3unbazanbtax HuxHero MNpuamypba (CUxoT3-AnuHb)

rypbsinos B.A.", Oo6kun C.H.2 tOpuetko 10.10.%, Hurait E.B."

"wrur LBO PAH, Xabaposck; ‘ocri (gﬂaﬂbreocpmnka» AO
«[anbHesocroyHoe 1 O», Xabaposck, “®IbY BCEIEU, CaHKkT-
llerepbypr

B HacTosiem coobuieHun obcyxpatoTcs nepeble pesynbtatel U-Pb
0aTUpoBaHNA MO3QHEMENoBbIX aHAe3nba3anbToB canacyCckom Toswm
HuxHeamypckoro apeana CuxoTa-AnNMHCKOW BYNIKAHO-MAYTOHUYECKOW 30HbI
(CABIM3) BocTto4uHo-CunxoTaanuHcKoro OKpPaWHHO-KOHTUHEHTarbHOro
BYJNIK@HOreHHOro nosica.

leonornyeckasa cutyauyms. MNpu nposegeHun AOM-200 Ha TeppuTopum
nucta M-54-XIIl B coctaBe HuxHeamypckoro apeana CABI13 BbligeneHsbl
BEpXHeMenoBble aHae3utoBas 6onbbuHckas u ee cybBynkaHuyeckue
aHanoru, AJauuT-puonuToBas TaTapkuMHCKas cBUTbI W 6asanbToBas
canacyckas Tonuia, cy6BynkaHmyeckme o6pa3oBaHUsi 90LEHOBOIO PUOMMUT-
TPaxuaaunToBOrO NUXTAYCKOro KOMMMEKea, a TakkXe MUOLLeH-NnnoLeHoBas
6a3anbToBas OCTpOropckas Tosa.

bornbbuHckas csuta (450-500Mm), cnaratowasi OCHOBaHWE OPOreHHoro
KOMMekca, NpeacTaBneHa aHae3uTamu, aHaesmbasanbtamu, ux Tycpamm u
Tycdoanesponutamu. [OKpoBbI CBUTbI HECOrNacHO 3aneralT Ha b6appem-
anbbckux cknagvaTbix 06pa3oBaHUSIX NapracHCKON U YKTYPCKOW CBUT U, B
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CBOIO O4Yepedb, HECOrnacHO nepekpbiBalTCA KucnbiMu addy3uBamu
TaTapKMHCKOW CBUTbI U aHae3nbasanbTtamu canacyckon tonwm (Jo6KuH,
2016). AGCOnOTHbIN BO3pacT aHAe3UTOB GONbOMHCKON CBUTHLI, MO AaHHbLIM
K-Ar metopa (Mnues, 1958), npubnuxaetca k 90 mnH net, ykasbiBas Ha
TYPOHCKUI BO3PacCT BYNKAHUTOB.

TaraprkmuHckas csuta (200 M), cnoxeHHasa paumtamu, puonutTamu, ux
nasobpekunaMu n Tydamu, HapawmBaeT pa3pe3 60nbOUHCKON CBUTLI U
Nno3ToMy €€ BO3pacTHOE MOJSIOXEHNE 3aBUCUT OT BpeMEHN (hOpMUPOBaHHUS
noactunatoLmx obpasosaruin. Mo gaHHbIM K-Ar onpegeneHuin, eé Bo3pact
- 71 1 73 mnH net (Jo6kuH, 2013).

Carnacyckas rosnwa (300m) Boigenena B 2013 r. no pesynbtatam TON1-
200 Ha conpepgenbHoM C ceBepa Tepputopunm nucta M-54-VIlI Ha
neeobepexbe p. Canacy. OCHOBHOW MOPOAHbIA (QOH CanacyCckol TOosLM
npeacraBfieH TEMHO-cepbiMK aHAe3ubasanbtammn u 6asanbtamu. OHu, B
OTNNYMe OT TaKoBbIX OONMbLOMHCKOM U TaTapKUHCKOW CBUT, UMEKT CBEXUN
KaHOTUMNHBIA  O6NUK. B cTpaturpadumyeckon KOSIOHKE BYNKaHUTOB
HuxHeamypckoro apeana aTta Toslia pacnonaraetcs Mexay TaTapkMHCKON
cBuTOM  (TypoH-KamnaH) K yfickoM  Tonwen  (naneoueH-30UeH).
Pagvonornyecknin Bo3pact 6a3anbToB, ONpefesieHHbI Ha CONpeaenbHON
Tepputopun nucta M-54-VIl B UM BCEMEW U-Pb metopowm, coctaBnset
71,6 n 72,4 mnH net (kamnaH-maacTpuxT) (JobkunH, 1913).

lluxtadyckmii  KOMMIEKC  PUONUT-TPaxvMaauuToBbIv npeacrasneH
Ccyb6BYNKaHMYECKUMWU UHTPY3USIMU PUONTUTOB, PUOLALMTOB M AAUMTOB cpeaun
MOKPOBHLIX 06pa3oBaHuMin GOMLOMHCKOM CBUTbHI W Canacyckom TONLLW;
30LIEHOBbIV BO3PacCT NPWHAT MO aHanorun ¢ NOKpoBHON chauuen B nerenge
Hukonaesckon cepun. Wmetowmeca K-Ar onpefgeneHua Bo3pacTa Ha
cocegHem nucte M-54-VII - ot 56,5 po 82,1 MnH neT M He NO3BONAIT
ucnosnb3oBaTb WX [NA yBepeHHoro onpegeneHna Bo3pacTa (TUHLKOB,
Kanpanos, 2009).

Pesynbratel mnccregqosaqui. Pabotammn no OM-200 Ha Tepputopuun
nucta M-54-XIll 6bInn cneumanbHO M3y4YeHbl NMOKPOBbI aHAe3vba3anbLToB
canacyckow Tonwm. IaydyeHHas npoba aHgesnbazanstos (N2 1170-5) Becom
12 kr 6bina B3ATa Ha neBobepexbe p. YkTyp (6ac. p.l'yp). Xvmudeckun
coctaB (Mac.%): SiO, - 55.68, TiO, - 0.91, Al,03 - 17.80, Fe,O3 - 6.03, FeO -
2.04, MnO - 0.17, MgO -2.71, CaO - 7.48, Na,O - 3.69, K,0 - 1.87, P,Os -
0.39, SO;3-0.01, H,O - 1.28.

Ona onpegeneHuss Bo3pacTa canacyckom Tonwu  npoBedeHO
haTvpoBaHue no  LMPKOHaMm C  MOMOLLbIO BTOPWYHO-MOHHOTO
maccnektpomeTpa SHRIMP-II B LleHTpe WM30TONHbLIX WCCNeaoBaHUi
BCEIEW no metoamke B pabote [Williams I.S.//Reviews in Economic Geol.
1998. V.7. P. 1-35].

JeTanbHoe n3y4yeHMe aKLeCCOPHbIX LIMPKOHOB B aHae3unbazanbrax,
BKJIlOYaloLee ontuyeckoe n katogoniomuHucueHtHoe (KJIT) nceneposaHus
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BHYTPEHHEro CTpPOEHWs 3EpeH, YCTaHOBWIIO MPUCYTCTBUE HECKONbKUX
reHepaummn 3Toro MMHepana.

PaHHsa reHepauusa (6 onpegeneHuit) npeacTtaBneHa cybyrnoBaTbiMu
dparmeHTamu (pennktamm) 3épeH nonynpo3pavyHon CBETNO-CEPON 1 cepon
OKpacKu, COXPaHMBLUMMUCS B LIEHTPArbHbIX YacTsAX KPYMHbIX KpUCTannoB
LMpKOHa. NoBepXHOCTb 9TMX (hparMEHTOB MesnKas syeucrtas Lwepoxoaras.
Ona HuX XxapakTepHO HanMyne CBOEN BHYTPEHHEN 30HaANIbHOCTW,
CBUAETENbLCTBYIOWEN O MNEepBUYHO MarMaTMY4EeCKOM reHe3nce 3Ton
reHepauum, M 4acTO He COBMajawllerd C OPUEHTUPOBKOW 30HANbHOCTU
BMELLAoLLMX UX Kpuctannos. 3épHa (pparmeHTsl) pazmepom 50 x 80 MKM -
cybusomeTpuyHo-TabnutyaTon OpPMblI  C  YACTUYHO PaCTBOPEHHLIMMU
(pacnnbiB4atbiMn) K «pasmbiTon»  KJ1 ouepTaHusamu; KoadhdULNEHT
yonvHeHus - 1.1 - 2.0. [1na 3epeH paHHen reHepaumm TUNNYHbI HEBbLICOKME
copepxanua U (52-96r/1), Th (44-74r/1), Bbicokne Pb*(23.3-39.9), 3HaueHus
Th/U = 0.80-0.97. U-Pb paHHble no uUupKOHaM 3TOro Tuna nokasblBaloT
3HaveHune 2710126 mnH net. [ng makcnmanbHO KOHKOPAAHTHbIX (D = oT +1
00 -1) umpkoHoB (n=5) paHHen reHepauuy NoslyvyeHbl Bo3pacta Takxe no
M30TOMHOMY OTHOLLUEHUIO 207pp2%pp, paBHble 2712121 mnH. net, a ansa
O[HOr0 HE30HasIbHOro0 HM3KOTOPUEBOTO (2r/T) UMPKOHA BHYTPU 30HANbHOro
KpucTtanna Bo3pacT coctaBun 1891+17 mnH net. Cnegyet oTMETUTb, YTO
paHee B LM BCEIEWN 6binn nonyyeHbl Heoapxeinckue U-Pb pgatuposku
ONs LMPKOHOB MOA0GHOro TMna M3 MUMPOKCEHUTOB M NEPUAOTUTOB FYPCKOro
komnnekca borbacumHckoro maccuBa B 2760+18 wn 2733143 mnH net
cooTBeTCcTBEeHHO (BacbkuH, 2009).

Bornee no3gHAA reHepauua (9 onpegeneHun) npeactaBfieHa
npuamaTuyeckumm  3épHamm M UX  0B6nomMKamu,  YANMHEHHBbIMU
nonynpo3payvHbiMu 6eCLBETHBIMU U HEMPO3paYyHbIMKU OT KOPUYHEBATOM [0
CBETNO-CEPON U po30BOM oKpacku. Kpuctannbl u nx o6510MKM 30HasbHbI, C
MENKUMW BKIIOYEHMAMN U c OGenécbiMm obonoykamm obpactaHus. B
pexume KJT B UMpPKOHaX Habnopaetcs 4YéTkas MarmaTtudeckas
30HaNbHOCTb, WMHOrAa CO CcnejamMyM YacTUYHOW NepekpucTanMsaumm B
KpaeBbIX 4acTaAx 3épeH. BTopasa reHepauumsa obpasyeT kak COOCTBEHHO
KpucTannbl, Tak U obpactaHuMa Ha LMpKOHax paHHen reHepaumu. OnuHa
KpynHbiX 3épeH ao 300-400 mkm, menkunx - 100-150 MkM; koapdULneHT
yonvHenus - ot 1.5 go 3.0. Mo3aHAsA reHepaums LUMPKOHOB umeeT Gonee
Bblcokme cogepxanua U (108-252r/1), Th (79-252r/1), cooTHoweHne Th/U ot
0.63 po 1.02 u BbICOKYIO CTeneHb AWCKOPAAHTHOCTM BO3pacToB. [eBATb
3HayYeHun U-Pb Bo3pacTta UMPKOHOB BTOPOM reHepaumm MpakTUYecKu
paBHOMEPHO 3anonHunun guanasoH ot 71.9+1.3 go 77.1+£0.8 mnH ner.

BbiBog. Bonbliasg 4acTb UMPKOHOB B canacyckumx aHpesvbasanbrtax
obpazoBanachk B NpoLecce No3gHEMESIOBOro 3Tana MarmaTuama, Ho B HUX
NPUCYTCTBYET YyCTOMYMBaA rpynna 3EpeH LUMPKOHOB MO3[0HEapXencKoro
BO3pacTa, 4YTO CBMAETEeNbCTBYeT O [0(aHepO30MCKOM 3Tane WucTopuun
pa3sutus dyHaameHta Cuxota-AnuvHa Ha  Tepputopunm  HuxHero
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Mpuamypbs. BellwenpuBeaéHHble NpeasapuTesibHble pe3ynbTaTbl NOSyYeHbl
B pamkax [focypapcteeHHoro 3agaHus UTUIM OBO PAH un B pamkax pabot
no ob6bekty @Y «BCEFEW» «[lpoBegeHne B 2017-2019 roay
permoHanbHbIX reofioro-CbeéMoyHbix paboT macwTaba 1:200000 Ha rpynny
nuctoB B npegenax [danbHeBocTtoyHoro PO  (KOxHble paioHbl)»
(CocypapcTBeHHOMY 3agaHuto ®depnepansbHOro areHTcTBa no
Hegpononb3oBaHTio oT 11.01.2018 N2 049-00009-18-00).

XpOHONOrnA rpaHUTOMAHOrO MarmaTuama BOCTOYHON YacTu
BypenHckoro maccuBa LleHTpanbHO-A3UaTCKOro ckrag4yaToro
nosica

MNypbsHOB B.A.1, HwraiA E.B.1, lOpueHko lO.lO.z, JJoOKuH C.H.3, Apanos
B.H.3, Amenun C.A2

"wrur LBO PAH, Xabaposck;, 2@rey «BCEMEMy, Carkrt-llerepbypr; ‘ocr
«anbreogpusnkar AO «[anbHesoctoqHoe 1 Oy», Xabaposck

B nocnepgHue rogpl npu uccnegoBaHWM rpaHUTOMOHOrO MarmaTtusama
f6onblloe  BHMUMaHME  yaenseTrca  BOMPOCaM  FeOXPOHONIoOrMU U
reognHaMmuMyeckon noavmuun. [pyron HemanoBaXHbId acrnekT Mu3yyeHus
rPAHUTOMAOB - UX WHOMKATOpHaa ponb B (POPMUPOBAHMU U 3SBOSOLUK
3eMHOn Kopbl. BocTouyHaa 4vacTtb bBypeuHckoro maccuBa LleHTpanbHO-
A3maTCcKoro cknagyatoro nosica - ogHa u3 Haubonee KpynHbix obnacTten
pas3BUTUS IOBEHUITBHOrO KOPOOOpa3oBaHUA, NPOTEKABLUErO B AMana3oHe oT
no3gHero HeonpoTepo3oa [0 paHHero Mmeszo304 [1, 6], M KoTopasd
npencraesneHa TypaHcKum, N'yaxanbckum " ManoxmHraHckum
dparmeHTaMn Naneo30MCKON OKPaANHHO-KOHTMHEHTANIbHON MarmMaTuU4ecKon
Oyry, HanoXxeHHoN Ha 6onee ApeBHUE aKKpPELMOHHbIE KOMMIIEKChI MaccuBa,
onpefensaoLLyo pofib B hOPMUPOBAHUM KOTOPOro Urpanu KOmnu3nOHHbIe
npoueccsl [1].

Mo reoTEeKTOHUYECKUM PEKOHCTPYKLUMAM, CKNagdyaTtoe CoopyxXeHue
BOCTOYHOI YacTu BypenHckoro maccuBa npeacrasnseT cobon KanegoHCKMin
TeppeiiH Cc npeobnagaHMemMm B COCTaBe CTPYKTYPHO-BELLECTBEHHbIX
KOMMJIEKCOB, COOPMUPOBABLUMXCH HAa aKTUBHON KOHTUHEHTANIbHOW OKpauHe
Maneoasnartckoro okeaHa [1, 2]. [Ona Heé xapaKTepHO HeOAHOpOoOHOE
6noKoBOEe CTpPOEHWE C 4YepefoBaHMEM  BbLICTYMOB  AOKEMOPUIACKOro

dyHnameHTa, paHHeKanefoHCKUX NOAHATUIA " nporu6os,
cpeAHenaneo30MCcKux pPUDTOreHHbIX BNajuH, CITOXEHHBbIX
HEeOonpoTEPO30MNCKO-KEMOPUCKUMU KapboHaTHO-TEpPPUreHHbIMU "

BYJIKAHOreHHbIMUN 06pa3OBaHI/IF|MVI, a TakXe [OeBOH-KaMeHHOYroJibHbIMU
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CyOKOHTMHEHTaNbHbIMKU BynkaHuTamu. Hapsiay ¢ oduonutamm u WenovHo-
6a3nTOBbIMM  UHTPY3MSAMM  30ECb LUMPOKO pPasBUTbl  FPaHUTOMAHbIE
accoumaumn, 60MbLUNMHCTBO M3 KOTOPbLIX COCPEAOTOYEHO B BMAE KPYMHbIX
6aTonuToobpasHblx Ten. Mpu 3ToM Ans HUX oTMedaeTcs Hanbonee OCTpbIN
0edUUNT KOPPEKTHBLIX FTEOXPOHOSOMMYECKMX U FTEOXMMUYECKUX AaHHbIX, YTO
co3faéTt oGonbwue nNpobrnemMbl NpPU  reosliorM4eckoM  KapTUMpOBaHUMU,
TEKTOHMYECKMX M METammoreHM4YeckMx noctpoenusix. Bompoc o
NPOCTPaAHCTBEHHOM, XOTSl Obl 4aCTMYHOM COBMELLEHMM apearnoB paHHe-,
No34HENaneo30MCKNX U  PaHHEME3030MCKMX 3TanoB  PaHUTOUOHOrO
MarmaTuama HeOoOHOKpaTHO MNOAHUMAancCa B reofliorMyeckon nutepartype
[1,3], oaHaKo reonornyeckumm MeTogamu OH [OoNnroe Bpems He Mor ObiTb
pa3pelwéH BCMeACcTBME  OAHOPOOHOCTM  COCTaBa  Pa3HOBO3PACTHbIX
rPaHNUTOMAOB N BO3PACTHOW HeONpeAenéHHOCTM MPOpPbIBAEMbIX UMW TOJILL.
Hamu cUcTeMaTM3NpPOBaHbI, 0606LEeHbl pe3ynbTaThbl paHee
onybnMKoBaHHbIX n BHOBb NONyYeHHbIX reoXpoHONOrMYecKuXx,
reoOXMMM4YeCKUX U MUHepanoro-neTporpauyeckux  UccneaoBaHui
rPaHUTONAHBLIX KOMMIEKCOB BOCTOYHOM 4Yactu bypeuHckoro maccuBa. 3a
OCHOBY B3ATbl MaTepuarbl 1 pe3ynbTaTbl COBPEMEHHbIX r€0NI0rOCbEMOYHbIX
N KapTOCOCTaBUTENbCKMX paboT Mo 3TOMY PErnoHy, B YacTHOCTU MO
Cytbipckonn  (M-53-XIlI) un  MenbruHckon  (M-52-XI1l)  nnowagsam.
MpocmoTpeHo Gonbluoe KONMMYECTBO LWMGOB NOpoA, pa3HbiX KOMIMIEKCOB;
npoBefeHbl 0TOpPaKoBKa M3MEHEHHbIX rpaHUTOMA0B U BblbOpKa 06pa3uos,
COMpOBOXAaBLUAACA [feTaNbHblM OMNUCaHuMeM WANGOB TUMOBLIX BUOOB
nopog ANA panbHenwux nabopaTopHO-aHaNUTUYEeCKUX WCCnenoBaHUN.
Cnepyet OTMETUTb, YTO paHee rpaHuTOMAbl ONN3KOro BELLECTBEHHOrO
cocTaBa Ha ocHoBaHuu K-Ar n paHHux U-Pb gatmpoBoK ux Bo3pacta 4acTto
OTHOCUIIMCb K pas3HbiM KOMMMeKcaM U HaobopoT pa3Horo cocTaBa
obbeguHanncb B  OoAMH Komnnekc. [lpyu 3TOM Ha pasHbix 3Tanax
KapTOCOCTaBUTENbCKUX  paboT  KONMMYECTBO  KOMMJIEKCOB  MOCTOSHHO
MEHAOCh B 3aBUCUMOCTU OT MpPEeAnoYTEHUs aBTOPOB, MHOIAA OAWH U TOT
X€e MacCuB rpaHMTOMOOB B KOPPENALUMOHHBIX CXeMax mMarmatuama 1 Ha
N3[aHHbIX reoNorMYecknx KapTax 4acTo OTHOCUIICS K pa3HbiM KOMIJIEKCaM;
fonbllas 4acTb MaCcCMBOB, YCITIOBHO OTHECEHHbIX K TOMY WU MHOMY
KOMMIEKCY He umena [aTUpoBOK. Tak B nereHpe bypeuHckow cepun 6bin
HeoBOCHOBaAHHO yNpasAHEH anTaxTUHCKUIA KOMMNEKC U Ha NOAroTOBNEHHbIX
K n3gaHuio focreokaprax nocrnefgHux neT oH yxe otcyTcTBoBan. Mcxopa n3
aHanu3a UW30TOMNHO-TeOXPOHONOMMYECKUX AaHHbIX, MonyyYyeHHbix U-Pb
SHRIMP-II meTtogom no umpkoHam B LI BCEFEU un ony6nukoBaHHbIX
pesynbTatoB [1,3-5], ¢ onpenenéHHon cTeneHbl HaOEXHOCTU MOXHO
roBoputb O [AOCTOBEPHOCTM BO3pacTa Cleayllmx  UHTPY3UBHbIX
KOMMJIEKCOB:

1) no3gHuUM Tpuac - paHHAA topa, PaHOLMOPUT-NIENKOrPaHUTOBLIN
XapuHcKui - 212-185 mnH net (Apanos, 2017; Job6kuH, 2015; [3, 4]);
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2) cpegHuI - NO3OHUIA TpUac, pUONIUTOBLIN TanoBckun - 215-208 mnH net
(Aparnos, 2017);

B) cpenHun - no3gHui Tpuac, MOHLOHUT-TPaHOCHEHNT-
LLLEeNOYHOrpaHUTOBLIN anTaxTuHckui - 235 - 225 mnH net ([1]; Apanos,
2017);

3) nospgHsA nepMb - paHHUMI Tpuac, rab6po-rpaHoANOPUT-TPAHUTOBBIN
TbIpMO-6ypeuHckuin -260 - 247 mnH net (Apanos, 2017; Oo6kuH, 2015;
BacbkuH, 2009);

4) paHHWA OpAOBWK, FPAHUTOBbLIN cynapuHckui - 490 - 460 mMnH net
(BacbkuH, 2009; Oo6kuH, 2015; [4]);

5) kembpwuii - paHHUI OpAOBWK, rabBpo-rpaHnToBbLIN KnBunNuckuii - 530 -
490 mnH net (BacbkuH, 2009; OobkuH, 2015; Apanos, 2017; [4]);

6) HeonpoTepo30M, MeTarabbpo-rHencorpaHuT-nenkorpaHuToOBbIN
HATbIrpaHckui - 940 -933 1 804 - 789 mnH ner [5].
HeopnHo3HauHoOM ocTaértcs npobnema BO3pacTa nopoa

KpucTannmyeckoro  yHaamMeHTa  BOCTOYHOM  Yactu  BbypeumHckoro
dyHaameHTa. lpu nogrotoBke K msgaHumo nuctoB M-53-XIII n M-52-XII
NPUHATbI HEOMPOTEPO30MCKNE BO3pacTa ANA HATbIFPAHCKOro KoMmMnekca
(1050, 940-789 mnH net) [5], n ocTaBneH No3gHeapxenckuin Bo3pacT Ans
npeBHebypeunHckoro (2714 MnH neT?) KoMnsjekca, TaCcTaxCKonW cepunm u
aqarparnenckon tonwm. B mctopum pasBuTMA HATBIFPAHCKOrO KOMMJEKca
BblAENEHO [Ba 3Tana nposiBfieHNsa HeEONpoOTEPO30MCKOro marmaTnama - 940-
933 n 804-789 mnH net [5]. MNepBbin 3Tan - copMupoBaHme npoTonuTa
mMeTarabbponsos n amMdun60n-61MoTUTOBBIX rHencorpaHuToB,
reoXMMuyeckne OcobOEHHOCTU  KOTOpbIX  CBUMAETENbCTBYOT 00  ux
obpa3oBaHnM B OCTPOBOLAYXHbIX YCNOBUAX HA KOHTUHEHTANIbHOM OCHOBaHWUU
WM aKTUBHOW KOHTWHEHTaNbHON OKpauHe. BTopon atan - dhoopmupoBaHue
OMOTUTOBBLIX NENKOrpaHUTOB W TFaCTUHICUT-NENUOOMENAHOBbLIX TFPaHUTOB
rpaHuToB A-TUNa MO TrEOXMMWYECKMM OCODEHHOCTAM  Onu3Kux K
BHYTPUMAUTHBLIM rpaHuTonaam [5].

VMccnepoBaHue BbiNonHEHO B pamkax [TocynapcteeHHoro 3aganua NTUM
OBO PAH wn npu nopaepxke denepanbHOro areHtctea  no
Hegpononb3oBaHuio  (FOC.  KOHTpaKT Ha MOArOTOBKY K  W34aHuWIo
NocreonkapTbl-200 nuctos M-53-XI11 M-52-XIl).
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6. Apmontiok B.B., KyabmuH M.U., BopoHuoB A.A. //Teonorus n reodmsnka, 2013. T. 54, Ne
12. C. 1831 -1850.

ManeonpoTepo3oickasa nepekpucTannmsauus
HeoapXxemncKoro LMpKoHa U3 BbiCOKOOapHOil IENKOCOMBI,
Benomopckas aknorutosas nposmHuua, Poccus

OokykuHa KA., Xunnep B.B.2

' reonoruqeckmi uretutyt PAH, Mocksa, ? VIHCTUTYT reosiorvm v reoxvimmum
YpO PAH, ExarepuHbypr

B npepenax HOXHO-KONMbCKOW aKTMBHOM OKpavHbl BOONb CEBEPO-
BOCTOYHON rpaHuubl BenoMopckoro akkpeunoHHOro OporeHa pa3mMeLleHbl
Tena 3KNornToB, C(POPMMPOBaHHbIX B pe3yfbTate Me30-HeoapXenckon
cybayKLMN OKeaHWYECKUX UM KOHTMHEHTAaNbHbIX KOMMJEKCOB (accoumaumm
Canma un 'puaunHo). MpoTtonutom 3knorntoB Canmbl ObINNM OKeaHU4eckue
rab6bpougbl ¢ Bo3pactoMm 2.89-2.82 mnpa net. B accouuauum puaunHo
HP/UHP wmeTtamopcu3amMy nogsepranvcb KOHTMHEHTanbHbleE MNOponpl,
BKIHOYAlOLLME KUCHbIE THEWChI, coaepXalune parMeHTbl MOPOA OCHOBHOIO
W yNbTPAOCHOBHOIO COCTaBa W  MHTPYAWPOBAHHbIE  HECKOSbKMMM
reHepauusimm madudecknx aaek. LiupkoHoBble Npobbl Bbinn BblAeneHbl 13
rpaHaT u QEeHruT-cogepxallen fenkocombl, copmMnpoBaHHON Npwu
nekomnpeccmoHHomMm nnasneHun UHP/HP nopog lMpuauHo.  Jlenkocoma
ucnbeiTana MeTacomaTuyeckme n mMetamopduyeckme npeobpa3oBaHust nNpu
nepemMelleHn nopod M3  yCrnoBuMW  3KnorutoBorm  dauum  4depes
rpaHynuToBYyl0 Qauuio BbICOKMX AABMEHUA K ycnoBusM amdubonMtoBon
daumn. MeTaMUKTHble LMPKOHbI  OblM  YacTMYHO WMIAN  MONHOCTLIO
nepeypaBHOBELUeHbl B  MpuUCYTCTBME pacnnaBa wim cnouga c
dopMNpPOBaHMEM HOBbIX JOMEHOB COrMacHO ABYM OCHOBHbIM MexaHW3Mam
nepekpuctannusaummn: guddy3voHHOMY U pacTBOPEHUS - NEPEOCAXAEHUS.
Zr-BblcBOOOXAAOLLNIA dnong, onpegenun BbIGOPOUHYHO
nepekpucTannn3aumio CyLLeCTBYHOLWEro UMPKOHA W MNpoueccbl pocTa
HOBOOBOpPa30BaHHbIX KalM.

LinpkoHbl 13 nenkocombl Obinu gatupoBaHbl U-Th-Pb mnsotonHbiMu u©
HeunzoTonHbIMN MeToaamu. Knaccuyeckum U/Pb mMeTooom no HaBeckam wu
€0VHNYHBIM 3epHam bbin nonyyeH Bo3pact ~2.65 mnpa net [JokykuHa u
ap., 2012]. Metogom SHRIMP Il 6binv gatMpoBaHbl Marmatuyeckue U
MeTamopmyeckne UMPKOHbI, KOTOpble MO sApaM [anu CTaTUCTUYECKU
3HAYMMYH0 OLEHKY BO3pacTa OKoso 2.71 mnppg neT, a KaMbl 3TUX LIMPKOHOB
cchopmupoBanuce Ha pybexe 1.9 mnpg net [HdokykuHa wm gp., 2012].
OpHako, camyl pacnpOCTPaHEHHYI Tpymnny LUUPKOHOB C METaMWUKTHLIMM
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AgpaMy C BbICOKMMW KOHUeHTpauuamu U, Th, Pb un Hf uzoTonHbimu
MeToAamu fIoKanbHO 4aTUpoBaTh HE yaanocsh.

HewnzotonHoe XUMUYECKOE haTupoBaHue MeToa0oM CHIME
METaMUKTHbIX LMPKOHOB B WAallke M B wWiude npoBOAUnM Ha
MukpoaHanuszatope CAMECA SX 100. PaccumTaHbl BO3pacTbl UMPKOHA Kak
no eauHWYHbIM onpeaeneHuam cogepxanua U, Th, Pb B Touke no metony
[Montel et al., 1996], Tak n no noctpoeHuto rpacpmka PbO-ThO2* no metoay
[Suzuki, Kato, 2008]. bbino nony4yeHo Tpu N30XPOHbI C Bo3pactamu ~2.7, 2.4
n 1.9 mnpg net (Puc. 1). Xummyeckne n3oxpoHHble Bo3pacTtbl 2.7 n 1.9
MApA ~ NeT  MOBTOpMNM  pe3ynbTaTbl  U3OTOMHOIO  AATMPOBAHWUS.
[ManeonpoTepo30MCKUA M3OXPOHHbIN XUMUYECKUA Bo3pacT ~2.4 mnpa net
COOTBETCTBYET peKkpucTannmMsauuMnm UMpKOHa B npucyTcTBum cronga wu
pPOCTY MWHepasbHbIX BKIOYEHUA TOpUTa W ypaHWHUTA B HEKOTOPbIX
nepekpucTanin3oBaHHbIX JOMEHaX.

Age, Ga

(8)

2732+ 133 Ma <
03 MSWD = 0.8 e
z N & 2450£25Ma
o) 2 MSWD=034
O L] ] =
02|® o N=10
6 1924 + 19 Ma
MSWD = 1.2
0.1 N=11
3
0 0
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ThOy*, wt. % ThO,*, wt. %

Puc. 1. NMpumep aatvpoaHHoro metogom CHIME uupkoHa B wnudpe 13 rpaHat u deHrnT-
copepxallen neiikocombl (a) u (6), BSE uzobpaxenus. Kpyxku obosHauvatot Touku CHIME
aHanu3oB. TouyeuHble CHIME Bo3pacTbl papoM € KpyxXkamu npuBefeHbl B Mipg, neT. 'paduk
ThO,*-PbO, nocTpoeHHbIN N0 MUKPO3OHAOBLIM aHanu3am 3epHa LMpKoHa (B, T). Inmunchbl -
BENIMYMHbI NOTPELLHOCTU 20, LTPUX-MYHKTUP - IMHUW perpeccum (M30XpOoHbI)
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MNMo3gHenaneosonckue rpaHnTonabl BoctouHoro
3abailkanbs: reoXpoHOnorus, reoguHaMm4eckoe NnorioXeHune u
MCTOYHUKMU BELLIeCTBa MO U3OTOMHbLIM JaHHbIM

Opunb C.U., CkysoaToB C.10., Hockoea 10.B., Npuropses [.A., benbkos
O.A.

UIX CO PAH, Upkyrck

B HacTosiLlee BpeMs pa3paboTaHbl MHOrOYMCIIEHHbIE reoAMHaMnyYeckmne
Mmogenn passutuss MoHrono-Oxotckoro oporeHHoro nosica (MOIT),
npeanonarawwme CcyLecTBoBaHUe naneo3onckoro MoHrono-OxoTckoro
naneookeaHa, B Npefenax KOTOporo B pa3Hoe BPeEMs CyLLECTBOBasM 30HbI
crnpeguHra, OCTPOBHblE AYIM U aKTUBHblE KOHTUHEHTasNbHblE OKpauHbI.
Cyb6ayKUMOHHbIE MPOLECChl, @ TakXe MNpPOLECChbl aKKpeuuu U KOonansum
COMpoBOXAanucb (hopMMpOBaHMEM Pa3fIMYHbBIX MO CBOEN reOXMMUYECKON
crneuundurke cepuii rpaHNTONO0B.

B naneosoickoe Bpemsa 6binim cchopMUMpOBaHbl ABa NPOTAXEHHbIX Nosca
KPYMHbIX MaccuBoB W 0aToNUTOB NafMHIEHHbIX W3BECTKOBO-LLENOYHbIX
rpaHMTONAOB, OOpaMmALWMX C tora U ceBepa CyTypHyi 3oHy MOIl B
panioHe BoctouHoro  3abaiikanba.  KOXHbIA  MoAC  nNpencTaBneH
rpaHUuTOMAaMM  YHAMHCKOrO  KOMMnekca, obpamMnsoWwyMy  CEBEPHYIO
OKpauHy ApryHckoro cynepteppenHa. C ceBepa cyTypa OKalMIieHa
rpaHMTONAaMMn ONEKMUHCKOIO KOMIMIEeKca, fokanu3oBaHHbIMK B npegenax
3anagHo-CTtaHoBOro TeppeniHa.

B coctaBe YHOMHCKOrO KOMMJEKCA MWCCrnefoBaHbl Mnopodbl  YCTb-
TeneHryiickoro maccuBa, BepxHeyHauHckoro 6atonuta u Mapryuekckoro
MaccuBa, pacrnosfioXeHHbIX Mo npodwunio ¢ cesepa Ha tor oT OHOHCKOro
TepperHa  akKKpeLUMOHHOro  KnuMHa  4yepe3  rpaHvuy  ApryHCKoOro
cynepTeppenHa BO  BHYTPEHHIO 4acTb  nocnegHero.  MaccuBbl
ONEKMMHCKOro KOMMJeKca uccrnepoBaHbl Mo LWMPOTHOMY Npodunio BAOMb
H0XXHOWN OKpaunHbl 3anagHo-CTaHOBOro TEppeHa B panoHaXx HXHbIX OTPOros
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HepuunHckoro xpebTa (rr. BepwunHo-LapacyHckuii - Wunka) n Aneypckoro
xpebTa B Mexaypeube pp. KyaHra - Wunka.

N3otonHoe Rb-Sr (TIMS) paTupoBaHue rpaHUTOUAOB YHOMHCKOrO
KOMMnekca MO3BONWUMO MONyYuTb cregylowme pesynbtatbl: 1) YcTb-
TeneHrynckuin maccms - 25713 mnH. net, 1(0)Sr=0.70598+6, MSWD = 3,6; 2)
Mapryuekckun maceus - 248+3 mnH. net, 1(0)Sr=0.70535+0.00022, MSWD
= 0.64. paHuTbl BepxHeyHOuHCKOro maccmea 6binn npogatupoBaHbl U-Pb
LA-ICP-MS wmeTogom no uuMpkoHy. [Ons Haubonee KOHKOPOAAHTHbIX
aHanu3oB (OUCKOPAAHTHOCTb < 5% Nofy4YeHoO CpefHEB3BELLEHHOE 3HaYeHne
Bo3pacTa Mo oTHoweHuio °Pb/*®U, paBHoe 249+4 mnH net (MSWD =
0.75). BospacT rpaHMTOMO0B ONEKMUHCKOrO KOMMMEKCa Mo nuTepaTypHbIM
OaHHbIM nexuT B npeaenax ot 31912 mnH. net [1] go 35812 mnH. net [2].

leognHamuyeckass ob6cTaHoBKA (HOPMUMPOBAHUSI  FPaHUMTOMAOB  Kak
YHOMHCKOrO, TaK U OfIEKMUHCKOrO KOMIMIIEKCOB, OMpeAeriHHas MUCXoas u3
OOLLENPUHATBIX  FEOXMMUYECKMX OUCKPUMWMHALMOHHBLIX KputepueB [3],
COOTBETCTBYET OOCTAHOBKE KOM/IM3MM OCTPOBHAasl Ayra - KOHTUHEHT, 4TO
COOTBETCTBYET reognHaMmyeckon KoHuenuum passutua MOIT.

Sm-Nd  u30TOMHbIE  XapakKTepUCTUKU  FPaHUTOMOOB  YHAMHCKOrO
Komnnekca npuBegeHol Ha Puc.1 M COOTBETCTBYIOT MNapamMeTpam
HEeoMnpoTEPO30OMNCKON KOHTUHEHTaNbHOW Kopbl. Hanbonbline Bapuaunm
BennumH eNd(t)= - 2,2 - (- 5,5) n TNd(DM-2)=1220 - 1500 MA xapaKTepHbl
Ansa nopoa BepxHeyHAMHCKOro 6atonuta, YTo yKasblBaeT Ha CyLLECTBEHHYIO
HEOOHOPOAHOCTb MCXOOHOro MNpoToNuTa rpaHuToMaoB. [ns rpaHMTOMOoB
YcTb-TeneHrynckoro maccuBa XxapakTepeHbl 6Gonee  BblAepXaHHble
n30TonHble xapaktepuctnku: eNd(t)= - 2,1 - (- 2,6) n TNd(DM-2)=1220 -
1260MA. AHanorn4yHbiMM XxapakTepucTukamm obrnagalT MeTaocafouHble
nopoapl  akkpeuuoHHoro knuHa MOIM  (Puc.1), u4Tto nosBonget
paccMaTpmBaTb UX Kak BO3MOXHbIA UCXOLHbIA NPOTONUT Afs rpaHUTOUA0B
B Npoueccax akkpeuun/Konnmsuu.

N3otonHble  Sm-Nd  xapakTepucTukum  rpaHuMTOB  ONEKMWHCKOro
KOMMJSIeKCa TaKXe COOTBETCTBYIOT TaKOBbIM A1 HEOMNpOTEPO30MCKOMN
KOHTUHEeHTanbHon kopbl (Puc.1), obpa3ya npu 3TOM [ABE KOHTpPaCTHble
rpynnbl coctaBoB. [paHuTOoMapl Aneypckoro xpebTta xapaKTepusykTcs
BennumHamn eNd(t)= -5.1 - (-5.7) n TNd(DM-2)=1520 - 1580 MA, uTO
CBMAETENLCTBYIOT O MPUCYTCTBMM B WCTOYHUKE 3TUX MOpoA Martepuana
HecKonbko 6onee ApeBHEro, MO CPaBHEHMWIO C FPaHUTOMAAMU YHAMHCKOro
Komnnekca. AT0 MOXeT ObiTb CBA3AHO C aCCUMMUNSILMEN ONEKMUHCKUMMU
rpaHMTOMAaMn M30TOoMHO 6Gonee «ApeBHEro» BeLLECTBA BMELLAIOLLMX
MeTaocaZlouHbIX nopon wupravHckon cBuTbl (Puc.1). B 1oXHbIX oTporax
HepunHckoro xpebTa nopoabl KOMMJIEKCa MMEKT CcyllecTBeHHO 6ornee
«Morofible» u3oTonHble xapaktepuctukn eNd(t)= 0.4 - (-1,1) n TNdpwm-
2=1060-1200 MA,  cBugeTenbCTBYs O  3HAYUTENIbHOW  M30TOMHOM
reTeporeHHOCTU UCXOOHOro NPOTONMTa AN ONEKMUHCKUX FPaHUTOUAOB.
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Takum 06pa3om, no3oHENaneo30MCKUe TpaHUTOMAbl YHOMHCKOTO U
ONNEKMMHCKOro KoMnnekcoB, obpamnsiowme cytypy MOI1 c tora un cesepa,
dhopmMupoBanucb B 06CTaHOBKE KOMMM3UW OCTPOBHAs Ayra - KOHTUHEHT.
MameHumBocTb Mx Sm-Nd M30TOMHLIX XapaKTEPUCTUK MOXET ObiTb B
3HauUNTENbLHON Mepe CBfi3aHa C HEeOAHOPOOHOCTbID COCTaBa KOPOBOIMO
cybcTpaTa, BOBMEKaBLUErOCS B MPOLLECC reHepaunn KACHbIX pacniaBoB.

WccnepoBaHnns nopgaepxanbl rpaHtamm POOUN 18-05-00840 n 18-35-
00425.
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Puc.1. JeonioumoHHas pauarpamma e€Nd - BO3pacT Ans FPaHUTOMAOB YHAMHCKOrO W
ONEKMUHCKOro KoMMnekcos BoctouHoro 3abaikanbs.

YcroBHbie 0603Ha4YeHns. paHuTOMabl YHOUHCKOrO Komnnekca: 1 - BepxHe-YHAMHCKWI
6atonut, 2 - YcTtb-TeneHryickun maccuB, 3 - Mapryuekckun maccuB; 4 - rpaHuTOMAbI
ONeKMUHCKOro komnnekca. MNonamu o603HaveHbl obnactu aBontoumn n3otonHoro coctasa Nd
B MeTaTeppureHHbIX MopoAax akkpeuuoHHoro knuHa MOI 1 meTaocapouyHbIX MOpoAax
MpramHckon cBuTbl 3anagHo-CTaHOBOro TepperHa, a Takke B KOpe apXemnckoro,
HeonpoTepo30MCKOro U Naneo3ocKoro Bo3pacTa
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Pt-He reoxpoHonorusa poccbinHbix MMM Ha BocToke
Cubupckon nnatdopmbl

Opyxununa X.10.', Aky6osuy 0.B."2, OkpyruH A.B.%, 3pHer P.°

'Criery, Canxr-erepbypr; U PAH, CawkT-lTerepbypr; *MIABM CO
PAH, Akyrck; “Tr Y, Tomck; °Carleton University, Ottawa

Ha Cwubupckonn nnatcgopme, NOMMMO NNATUHOHOCHBIX POCChINen ¢
[OCTOBEPHO M3BECTHbIMU MaTepuHCcKuMn nopogamu (KoHaep, WHarnw,
UuHen, MNynu, Hopunbck 1 gp.), WWMPOKO  pacnpocTpaHeHbl
poccbinenposBneHus MuHepanos nnatuHoson rpynnel (M), 3aHumarowme
orpomMHbie TeppuTopun 6acceinHoB pek Bunion, JleHa, AnpaH, AHabap u
OneHek, HO He uWMeWMe [O CUX MOP YCTAHOBIIEHHbIX KOPEHHbIX
UCcTo4YHUKOB (puc. 1). NpoayKTMBHbIE NOLWAAHBIE NIATUHOHOCHBLIE POCCHIMNK
06bIYHO CBSI3aHbl C KPYMHbIMU M3BEPXEHHbIMU MPOBUHLUUSIMU Pa3fINYHbIX
MaduT-ynbTpamadutoBblx  dopmaumn. Ha ocHoBe conocTaBneHus
MWHEPaNoro-reOXMMmn4eCcKmnx ocobeHHocTen Mnr n 6asunT-
yNbTpaba3nToBbIX KOMMJIEKCOB, BO3pacTOB MNMaTMHOBbLIX METanfioB U3
poccbinen, patupyemblx Pt-He metogom [WykontokoB u ap., 2012], u
BO3pacTOB KpYMHbIX MarMaTudeckmx cobbituii Ha Cubupckon nnatdgopme
[Ernst n gp., 2016 ] Hamu penalTca NOMbITKU YCTAHOBUTb BO3MOXHbIE
MaTepUHCKME MOPOLbl POCCHINHONW MAaTUHBbI.

Pue. 1. CxemaTtunyeckass kapta

pOCChbINHO NNaTUHOHOCHOCTM
Cubupckor nnathopmbl
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[aHHble o Bo3pacte MM M3 pocCbiMHbIX NPOSABMEHUI Ha TEPPUTOPUU
Cunbupckoi nnaTgopmbl, Ha HaLl B3rnag, Takxe MoryT 6blTb UCMONb30BaHbI
0N PEeKOHCTPYKUMM YCIOBUW OCafKOHAKoMMeHMa Ha nnatdopme, Kak
OOnofiHeHWe K pesynbTataM W30TOMHbIX MCCNneAoBaHui 060MOYHOro
umpkoHa. lNocnegHee BO3MOXHO BBUAY TOro, 4Yto umctoyHukom MIIM B
poOCCbINAX C HEeYyCTAHOBMEHHbIMWU KOPEHHbIMU WCTOYHUKAMKN SABMAOTCA
ocafiouHble nopogbl 4Yexna Cubupckon nnaTcdopmbl. Takum o0b6pasom,
nosiBNsieTCA BO3MOXHOCTb MCMONb30BaTh AaHHble no Bo3pacty MII, ans
OONOSTHEHWS «TETONUCU» MOCTPOEHHOW MO 06I0MOYHOMY LIMPKOHY. Tak Kak
nopoapl, SBMAKOWMECAS UCTOYHUKOM  MNNATUHOWAOB, Kak  MpaBuio,
NPakTU4eCcKn He copaepXaT UMPKOH. A 3HauuT, BKMa[ TaKuMX MCTOYHUKOB
CHoca MOXeT BObITb HegooueHeH. OfHAKO CTOUT yUYnUTbIBaTb, YTO AaNbHOCTb
TpaHcnopTuposku MIT pegko npebiwaeT 30 km [Patyk-Kara, 2002].

B obuiert CnoxHocTM HamMu OblNo U3y4eHo 22 3epHa Xenesucton
nnaTuHbel M M30depponsaTtvHbl U3 CNeaylLlmX POCChINENpPOSBIEHNA pekK
MakanraH, Bunton, Yapa, bunnsx, KeHkeme n Kapctoebiii. Mecta otbopa
npo6 cxemaTnyHo m3obpaxeHbl Ha puc. 1. Mo 19 u3 3Tux 3epeH yaanocb
nonyuntb Pt-He Bospact (MCY-I-01-M, WITLO PAH). W3mepeHus
NpoBOAWMWCE MO €AWHUYHBIM 3epHaMm, MO3TOMY  AnA  ONpeaerneHus
BO3pacTa «U30XPOHbI» HEe CTPOMNUCb, a BO3pacT paccyUTbiBancs Mo
dopmyne:

1 *He

t= oo M 0.001296 Pt

Ha puc. 2 npepncrtaBneHa ructorpamma pacnpefeneHiss Bo3pacToB
MMM  poccbinen  Cubupckor  nnatdgopmbl.  bomnbluve  owmnbKK
onpefeneHnss BO3pacTa HEKOTOpPbIX 3epeH MfaTuHbl CBA3aHbl C  UX
He6onbwum Becom (MeHee 0,1 mr). KnHetvka BblaeneHusi renms us Bcex
NpeAcTaBfieHHbIX Ha rMCTOrpaMMe 3epeH nmena «Krnaccu4eckumny xapakrep
- B3pblBOOOpa3Hoe BblAeneHue renus npu Temnepatype nnaenexHus. Bo
BCEX POCCHIMNHBLIX MPOSABMEHUSIX, KaK MpaBuiio, NPUCYTCTBYIOT pasHble Mo
BO3pacTy UcTouHnku MIT.

B 06Lielt cnoXxHOCTU NonydeHHble 3Ha4YeHUs1 Bo3pacTa pa3buBaloTca Ha
Tpu rpynnbl: ~140; 500-600; 1 ~1750 mnH net . Cambii monogon ~ 140 mMnH
neT, MNo-BMOUMOMY, CBfi3aH C  TEKTOHO-MarMaTU4Yeckon aKTuBM3aumen
AnpaHckoro wmTta, npusBepwein K obpa3oBaHuo Mectopoxaenun ML,
Takux kak Konpep, NHarnu n Yaga. MonyyeHHble 6onee ApeBHUE 3HAYEHNS
BO3pacTa MMaTUHOBLIX METannoB M3 MOWAanHbIX POCChINENpPOsIBIIEHNN
BocToka Cubupckon nnatcdopmbl MNOATBEpXAalT 6Gonee  paHHue
npepnonoxeHusa [OkpyruH, 2000] o cyuwecTtBoBaHun nop PZ-MZ uyexnom
OPEBHMX MOrpebeHHbIX KOPEHHbIX MCTOYHMKOB MAaTWHbI Af1s YHUKANbHOMo
«BUJIIOACKOro» TuMa pocchinei.

Pab6oTa BbinonHeHa npu nogaepxke PO®U (npoekt Ne 17-05- 00390).
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Puc. 2. Tuctorpamma pacnpeneneHusi 3HadeHun Pt-He Bo3pacTa xenesucTon nnaTuHbl U3
poccbinenposBneHnii Ha Cubupkon nnatdopme. [OnuHa wTpuxa COOTBETCTBYET OluMbke
onpegerneHus
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N3oTonHbii coctaB Nd u Sr B amanu 3y6oB u3 Fe-Mn
KOHKpeuuin Kanckoi KOTNOBUHbI (ATNaHTUYECKUIA OKeaH):
BO3pacT, UCTOYHUKM BELLLECTBA U CKOPOCTU POCTa KOHKpeLmii

Oy6uHuH A.B.1, KysHeL0B A.5.2, Pumckasa-KopcakoBa M.H.1, CadwuH TX!

"MO PAH, Mocksa; *MUrr/i[] PAH, CankT-lTetepbypr

B HacTosiLee BpeMsi M3OTOMHbIA COCTaB CTPOHLMA B OKeaHe MOCTOAHEH
BO BCEM ero obbemMe, OOHaKO OH 3aMETHO MEHANICA B reofIorM4yeckom
npotnom. Cnoco6GHOCTb MOpPCKUX KapboHatoB, docdaTtoB U Apyrux
ayTUreHHbIX MUHEpPasoB COXPaHATb U3OTOMHbIA COCTaB CTPOHLMS BO BpeMS
(opMMUPOBaHMA OKEaHCKMX OCaAKOB MO3BONAET MPOBOAUTbL KOPPENALUIO
cTpaTturpacuyeckmnx paspeson. BenuunnHa 8Sr/%°Sr B amanu 3y60B MOPCKUX
pbi6 MOXET CNyXuTb CPEeACTBOM ONPEAENneHuss Bo3pacTa OTIOXEHUN,
NULLIEHHBIX OCTATKOB HaHOOCCUIEN.
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CTpoHuuii nocTynaeT B anaTtuT 3y60B BO BpPEMS XM3HW XUBOTHbIX, a
HaKoMMeHne pegKko3eMerbHbIX 3NIEMEHTOB, K KOTOPbIM OTHOCUTCSH HEOOUM,
NpoucxoauWT Ha JHe Tocfie CMEepTM XMBOTHOrO wunu notepu 3yba.
NcTouHMKOM Heoguma CnyXuT MNpUMAOHHAA MNM NopoBas MOpcCKas BoAa.
CopepxaHue pepnko3eMerbHbIX 3NEMEHTOB BO3pacTaeT C yBENMYEHUEM
BpeMeHM npebbiBaHMSA KOCTHOrO JAeTpuTa Ha [pHe, C YMEHbLUEHNEM
KPYMHOCTM OCTaTKOB U yBenuyeHmem ux nopuctoctu. M3otonbl Heoamma
UCNOSb3YKTCA NPW U3ydeHUU okKeaHa AN onpefenieHus BOAHbLIX Macc U
OKEaHCKOW LIMPKYALUA B MPOLLSIOM.

Llenb paHHOM paboTbl 3akni4yanacb B WCMNOMb30BaHUM MeToAa
CTPOHLMEBOW N30TOMHOW XemMocTpaTturpacum ana onpeaeneHns Bo3pacra u
CKOpPOCTU pocTa KOHKpeuunh Kanckon KOTMOBMHbI, AApaMn  KOTOPbIX
CNyXunu 3y6bl XWLWHbIX pbl6. [1OCKONbKY CTPOHLMIA OKCUrMAPOKCUAHOM
000MI04KM KOHKpEeUM He COXpaHsAeT WCXOAHbI W30TOMHbIA COCTaB, TO
3ajjaya HacToAWEro WccnepoBaHus coctoana B pa3paboTke meToaa
KONMMYECTBEHHOrO ypaneHua okcurngpokemgos Fe n Mn ¢ noBepxHOCTU
amManu 3y6oB gns  NpefoTBpPaLleHMst  KOHTaMWHaUUW  CTPOHLMEM
COBpPEMEHHON MOPCKON BOAbl. B OTnuMume OT CTpOHLMA, HEOAUM B 3Manu
3y60B 1 OKCUIMAPOKCMAOB OTpaxXaeT U30TOMHbIA COCTaB OKEaHCKOWN BOAbI B
MOMEHT uX (OPMMPOBaHUS, HO MOXET ObITb W3MEHEH npoLeccamm
AmareHesa [OHHbIX OCafKOoB.

MaTtepuanom anst pabotbl cnyxunu ase 6uomopdHele Fe-Mn koHkpeuun
Kanckon KoTnoBuHbl (cTaHuma 2188, KoopauHaTbl TpaneHus: Ha4vano
33°39.65" to.w. n 2°31.37" B.A., mMy6uHa 4631 - koHel, 33°41.26" to.lW. n
2°31.49° B.A., rnybuHa 4703). KoHkpeuun oTtobpaHbl B akcnegnummn HNC
«Akagemuk Modde» B 2009 roay y toxHoro nogHoxua KutoBoro xpebTa
6uonornyeckum Tpanom Curcbu. Appamm KOHKpeuun criyxunu 3yobl pbid
pasmepom 34.7x30.3x6.2 mm (0bp. 2188/4) n 40.2x26.5x9.5 mm (0obp.
2188/5). TonwuHa OKCUrMAPOKCUMAHbLIX CrioeB 6bina 6osbliue Yy OCHOBaHUS
3y6oB un pocturana 14.3 Mm, B cpefiHei 1 BepxHei YyacTty 3yba oHa 06bl4HO
He npes.blwana 2 mMm. C uenbio onpegenntb Bapuaunm M30TOMHOIO COCTaBa
CTPOHUMA M HeoguMma  BHyTpU  3y6oB,  OCBOOOXAOEHHble  OT
OKCUMMOpPOKCUOHbIX 060noYvek 3ybbl Obin pacnuneHbl Ha 4 4YacTu Kaxabin
napannesibHo OCHOBaHMIO.

Ona ynaneHusa okcurngpokenaoB Fe u Mn o6pasubl 3y6Hon amanu 6binu
NnoABeprHyTbl MEXaHUYECKOM OUYUCTKE B YrbTpa3BykoBoW 6aHe n obpaboTke
OUTUOHUTOM HaTpusl B MPUCYTCTBUM uuTpata Hatpusa. CTeneHb OYUCTKM
KOHTpoNnupoBanacb aHanu3oM XuMmyeckoro coctasa metogom UCIT MC.
N3oTonHbim coctaB Sr u Nd 6bin mM3ydyeH B 4-x cbparmeHTax 3yb6oB
(KoHkpeuun 2188/4 un 2188/5) mn Tpex dparmMeHTax OKCUrMAPOKCUOO0B
Xenesa u MapraHua (Tonbko KoHkpeuus 2188/4). PactepTblie obpasubl (30
Mr) anaTuta 3y6HOM SManuM M OKCUrMOPOKUCAOB pasnarannucb B CMeCH
KOHUEHTpupoBaHHbIx HF+HCI+HNO; kucnot npu Temnepatype 110°C.
BblgeneHve XMMWYECKMX SMEMEHTOB  MPOBOAUIIOCE  MOHOOOMEHHBIM
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crnocobom nocnepoBatefibHO: Sr ¢ KaTnoHMToM Dowex, a Sm u Nd - LN-
C50-A. WUsotonHbin coctaB Sr m Nd B o06pa3suax wu3MepeH Ha
MHOIOKOS1EKTOPHOM macc- cneKTpomeTpe Triton TI. ToyHOoCTb
oripegeneHna  OTHOLUEHUS ¥RbSr B obpa3uax npuHUManach
paBHOM+0.5%,  2'Sr°Sr+0.01%, 'YSm/"™'Nd+0.5%, a oTHOLIeHUs
3Nd/"**Nd+0.005%.

OdhekTMBHOCTE ounCTKM nNpob amanu 3y6oB oueHMBanacb no
COLEpXaHU OCTaTOYHOro Xenesa, KOTOpoe COCTaBuIO B cpegHem ans 9
npo6 530186 mkr/r. MNMpu cooTHoweHun Sr/Fe B OKCUIMAPOKCMAAX (5 npob)
0.0068, owwmbka B onpeneneHun BenNUYUHbI 8Sr/%8Sr coctaBuT MeHee
0.000002, 4To MeHbLIEe ownbKn aHanusa bonee 4yem B Tpu pasa. BnusiHue
NUTOTEHHOTO MaTepuana Ha pesynbTaTbl WCClefoBaHuMa 3amanu 3y6os
OuEeHMBanocb No copepxaHuio aniomuHunsa. CopgepxaHve aniMuHWa B
npobax 3y6oB MeHsinocb ot 10 go 127 mkr/r. CnegoBaTenbHO, BRMSIHUE
NWTOTEHHOrO MaTepuana Ha W30TOMHbIA COCTaB CTPOHUMA OyaeT eue
MeHbLUe, TaK KakK IMTOreHHbIN Matepuan CoaepXuT MeHbLue ctpoHuma (117
MKI/T N0 HaLWWM AaHHbIM), YeM KoHKpeuun (738-850 MKr/r).

MN3oTonHbIN cocTaB cTpoHuus B 4 dparmeHTax 3y6HOM amanu (o6p.
2188/5) 6bIN romoreHHbIM M coctaBun B cpegHem 0.708965+0.000010.
CornacHo CTPOHUMEBOW M30TOMHOW XemocTpaTturpagum BO3pacT 3amanu
3yba coctaBun 6.6+0.3 mnH net. M3otonHbin coctaB Sr amanu obpasua
2188/4 Takxe He pasnuuyanca ansa Bcex 4 parMeHTOB W COCTaBwWil
(0.709031+£0.000007), uTtOo cooTBeTcTBYeT BoO3pacTy 5.2+0.2 mnH ner.
BbluncneHHble MUHMMarnbHbIE CKOPOCTU pocTa CIOEB oKcuruapokcugoe Fe
n Mn coctaBunu 0.4-2.8 MM 3a MJIH net. 3T pe3ynbTaTbl CXOAHbI CO
ckopocTtamm pocta 1.8 - 3.6 mm/ MJ']H net, KOTopble NonyyeHsbl No copmyne
R (mm/mnH net) = 13.8x[Mn]/[Fe] 2+0.75 ans FMAPOreHHbIX KOHKpeLuin
nenarvanu okeaHa.

Haunbonee maccuBHble Xene3omMapraHLeBble KOPKM y OCHOBaHuA 3yba
2188/4 wumenu TakoW Xe M3OTOMHbIA COCTaB, Kak M 3ybHasa amanb u,
BEpPOSATHO, TOT Xe Bo3pacT. OKcUrnmapokcuabl Xxenesa W MapraHua,
oToOpaHHble BHYTpU 3yb6a U Ha ero BEPXHEW MOBEPXHOCTU Y BEPLUMHBI,
UMENN U30TOMHbIN cocTaB Sr, 6MM3KMIN K coBpeMeHHoM Mopckoi Boge. OH
CBUAETENLCTBYET O TOM, 4YTO OKcurupgpokcugpl nubo 6Gonee monoppie
obpazoBaHus, MMH0 M3OTOMHbIK COCTaB CTPOHLMSA B HUX (DOpMUpOBAsICs Npu
obmeHe ¢ CoBpeMeHHOW NPUAOHHON BOAON.

HecmoTpsa Ha To, 4To 06€e KOHKpeLuun AparnpoBaHbl Ha OOHOW CTaHLMW,
M30TOMHbIA COCTaB HeoaUMa 3aMETHO pas3fMYaeTca He TONbKO MeXay
OByms obpasuamu 3y60B, HO 1 MeXAy OTAeNbHbIMU UX YacTaMu B ob6pa3sue
2188/4. BenuumHa €ng B cpegHeM ana 5 parmeHtoB 3yba 2188/5
coctaBuna -8.7+-0.1. 3OToO 3HayeHWe coBnagaeT C [aHHbIMKM AN
aHTapKTM4eCcKow AOHHOW BoaHOW Macchl (Antarctic Bottom Water, AABW), B
npepenax KOTOpol HaxoAAaTCs AOHHblEe OTNOXEeHUs cTaHumm 2188 (rnybuHa
4631-4703 ™). BenunumHa €ng B aape AABW cocTtaBnget B HacToslee
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Bpemsi oT -8.6 Ao -9.6. N3oTonHbIN cocTaB Heoauma B obGpa3sue 2188/4
nocrnegoBaTesibHO MOHWMXAETCA OT OCHOBaHWA 3yba K ero BepluuHe oT -5.2
0o -6.9. O6oraweHne amanu 3yba 2188/4 pagnoreHHbiM Nd moxeT 6biTb
CBSI3aHO C BIUSIHUEM TMOPOBLIX BOA, OCAAKOB, COAEpPXaliuxX HEOOUM,
BbILLLENOYEHHbIA NPU AMAreHeTU4YECKOM KU3MeHeHun 6GazanbToB KutoBoro
xpebTa co cpeaHeln BennunHom gyg = 0.6. Bapunauun gyy B obpasue 2188/4
MOryT ObITb Pe3yNbTaTOM BAUSHUA AOMWHMPYIOLLEr0 UCTOYHMKA BellecTBa
BO Bpems AMdy3nOHHOro NPOHUKHOBEHNS HEoAUMA B CTPYKTYpy anaTtura:
NPUAOHHOW BOAbI W MNOPOBbIX BOA. MI3BEeCTHO, 4TO 3aMelleHune
pefKo3eMesbHbIX 3NIEMEHTOB B CTPYKTYpe anaTuta 3y60B NPOMCXOAMT B
OCHOBHOM CO CTOPOHbI OCHOBaHUs 3yba.

Takum o6pa3om, ucnonb3oBaHve anatuTa 3yOHon amanu pblb, Takxe
Kak opamuHudep U  ayTUreHHbIX OKCUIMAPOKCMOOB OCagKoB, B
NaneopeKoHCTPYKUMNAX AMHAMUKN BOAHbIX MAcC Ha OCHOBaHMU M30TOMHOro
COoCTaBa Heouma, O4EBUAHO, TPebyeT Noncka AOMOSIHUTENBHbLIX KPUTEPUEB
Onsi Bblbopa AmareHeTU4eckn HeM3MeHeHHOro BeLLecTBa.

PaboTa BbinonHeHa npu grHaHcoBon noanepxke PODU (npoekt Ne 17-
05-00339).

MepBble pesynbTrathl U-Pb reoxpoHonoruyeckux (LA-ICP-
MS) uccnepnosaHuin [ETPUTOBBIX LLUPKOHOB U3
HUXHEME3030MCKUX MeTaocafo4HbIX Nopoa, YHbsA-bomMckoro
TeppeitHa MoHrono-OXoTCKOro cknag4artoro rnosca

3auka B.A.1, CopokuH A.A.1, KoBau B.I'I.2, KoTtoB A.B.z, OBuMHHMKOB P.O."

"Ururl BO PAH, Bnarosewenck, UIT,L PAH, CankT-lTetep6ypr

MoHrono-Oxotckun cknagyateln nosac (MOCII) asnsetca ogHUM U3
Hanbonee KpynHbIX CTPYKTYPHbIX 3neMeHToB BoctouHon Asun. B
HacTosllLlee BpeMsA €ero MNPUHSTO paccMaTpuBaTb B KayecTBe penukra
OLHOMMEHHOrO naneookKeaHa, 3aKpbIBLUErocs B pe3ynbTaTe Konansuu
CeBepo-A3unaTckoro KpatoHa U AMypCKoro cynepreppenHa (KOMNo3uTHOro
MaccuBa). CyLLecTBYIOLLIME B HACTOsILLEE BpeMA reoguHaMmnyeckme Moaenm
dopmupoBaHus MOCIT nmeloT BO MHOroM NPOTUBOPEYUBLIN XapakTep (CM.
063op B [MapdeHoB u pgp., 1999 wu pgp.]). MNpu 3tom Haubonee
OUCKYCCUOHHBbIMM  SIBIAAIOTCA  BOMPOCbI O  BO3pacTe  reosiormyeckmx
KOMMJIEKCOB, YYacTBYHOLINX B CTPOEHMM TMOsICA, @ TaKXe BPEMEHU W
XapaKTepe NposiBNEHNA aKKPELIMOHHbBIX N KOJIITM3MOHHBIX MPOLLECCOB.

B HacTosALEeN cTaTtbe obcyxpatoTca pe3ynbTaThbl U-Th-Pb
reoxpoHonorudeckux (LA-ICP-MS) uccnegosaHui 4eTpUTOBbIX LIMPKOHOB U3
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IOPCKUX METaoCafouHbIX MOpoA YHbs-bomckoro TeppenHa - OZHOroO U3
KIto4eBbiX OGBEKTOB B CTPYKType BOCTOYHOW yactu MOCI]. 31oT TeppeiH
CNOXEH BEPXHETPUACOBBIMU, HUXHE- U CPEOHEIOPCKMMN NMPENMYLLECTBEHHO
dnuwonaHbiMmn OTITIOXEHNAMM. U-Th-Pb reoxpoHosiorn4yeckune
uccnepoBaHua BbIMOJSTHEHBI ans 0EeTpUTOBbIX LIMPKOHOB n3
MeTaTeEPPUreHHbIX MOPOL HUXHEKPCKON KypHanbckon (o6p. C-1296) un
YCINOBHO CpefiHelopCKon aMmkaHcKom (06p. C-1290) ceur.

BbligeneHne uMpKoHa BbLIMOMHEHO B MWHepanornyeckon nabopatopum
Ul OBO PAH c npumeHeHumeM Taxenbix xwupkocten. U-Th-Pb
reoxpoHosornyeckune nccnegoBaHus UHOVBUAYaNbHbIX LMPKOHOB
BbINONIHEHbI B ['eoxpoHonornyeckom LleHTpe Apu3oHckoro YHuBepcuteTta
(Arizona LaserChron Center, USA) ¢ ncnonb3oBaHWeM CUCTEMbI fla3epHON
abnsaumm Photon Machines Analyte G2 n ICP macc-cnektpomeTtpa Thermo
Element 2. [MogpobHoe onucaHMe MeTOOAUKM TNpPUBEAEHO Ha cawnTte
www.laserchron.org. llpu  nocTpoeHun  ructorpaMm M KpuUBbIX
OTHOCUTENBbHOM  BEPOATHOCTM  BO3PaAcTOB  AETPUTOBBIX  LIMPKOHOB
UCMONb30BaHbl TOJNIbKO KOHKOpPAAHTHblE OLEHKM BO3pacTa, KOTopble
paccuyuTaHbl B nporpamme Isoplot v. 4.15 [Ludwig, 2008].

Ona U-Th-Pb reoxpoHonornyecknx (LA-ICP-MS) uccnepoBaHuii
MeTaaneBponnTa KypHanbckon cButbl (06p. C-1296) ucnonb3oBaHbl 126
3epeH AEeTPUTOBBLIX LMPKOHOB, AN KOTOPbIX Nofly4eHo 98 KOHKOpAAHTHbIX
oueHok Bo3pacTta. OHu HaxoaaTca B uHtepsane 195 - 522 mnH net. lNukun Ha
KPMBOW OTHOCUTENIbHOM BEPOATHOCTN BO3pacToB cooTBeTcTBYOT 207, 244,
323, 362, 433, 452 wn 473 mnH net. [1Ba 3epHa UUPKOHA WMEKT
HeonpoTepo3onckun Bo3pacT (606 n 828 mMnH ner). ,D,J'IH LJpex. 3epeH
LMpKOHa NosfyyeHbl NaneonpoTepo3oncKue oueHKn Bo3pacTa ( Pb/?° Pb)
uHTepBane 1735-1928 mnH ner.

Ona U-Th-Pb reoxpoHonorunyeckux (LA-ICP-MS) uccneposaHui
MeTaanesponuta amkaHckon cButbl (06p. C-1290) wcnonb3oBaHbl 122
3epHa AEeTPUTOBbIX LMPKOHOB. [na 87 u3 HUX NonyyeHbl KOHKOPAAHTHbIE
OLEHKM BO3pacTa, KoTopble HaxogsaTcsa B uHtepsanax 211 - 515 n 823 - 895
MITH nieT. Ha KpuBOM OTHOCWUTENBHOW BEPOSITHOCTU BO3pPacTOB OTHETIMBO
BblaenatTcs nuku 212, 260, 278, 303, 358, 405, 484, 504, 830 n 892 mnH
net. OgHO 3epHO MMEET KOHKOpAAHTHbIM BO3pacT okono 1872 mnH ner.
MATb 3epeH LUMPKOHa xapakTepuaytoTcs Bospactom (*°’Pb/*%®Pb) ot 1604 fo
2992 mnH ner.

PesynbTaTthl U-Th-Pb reoXpOHOJSIOrMYECKMX nccnegoBaHuin
CBUAETENLCTBYIOT O TOM, 4YTO B YHbs-Bomckom TeppeiiHe Hanbonee
MOnogble MWKM Ha KpPUBbIX OTHOCUTENIbHOW BEPOATHOCTM BO3PacTOB
coctapnsawT 207 n 212 MNH neT COOTBETCTBEHHO AfS LMPKOHOB W3
MeTaaneBponuTa KypHanbCKOW CBUTbI U M3 MeTaaneBponmMTa aMKaHCKOMW
cBUTbl. Bbnuskne oueHKM Bo3pacta Hauboriee MoNoAbIX AETPUTOBbLIX
LIMPKOHOB MOJIyYeHbl U ANsl MeTaoCafouHbIX MOPOA rapmakaHckou (185 mnH
net) u anrauwHckon (198 MnH net) cBUT TYKYpUHIpCKOro TeppenHa
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http://www.laserchron.org/

BocTo4vHom yactn MOCI1 [3avka u agp., 2018]. OTo cBMOETENBCTBYET O TOM,
YTO HWXHEME3030MCKUE nuIonaHble KOMMeKcbl B cTpoeHun MOCTI
pa3BuTbI CYLLECTBEHHO LUMPE, YEM NPUHATO CYMTaTb B HacTosLLEee BpeEMS.

Pe3ynbTaThl reOXpoHONOrMYeCcKmUX UCCefoBaHUin 4ETPUTOBBIX LIMPKOHOB
U3 MeTaTeppureHHblx nopon YHba-bomckoro TeppeinHa no3BonsalOT
NpeanonoXuTb, 4YTO CHOC MaTepuana B 0OacceliH 0OCagKOHaAKOMMeHus
NPOVCXOAWIT NPENMYLLLECTBEHHO CO CTOPOHbI KOHTMHEHTASIbHbIX MacCUMBOB
AMypckoro cynepteppenHa (C tora B COBPEMEHHbIX KoopauHaTax). B
YaCTHOCTU, B CTPOEHWM MOCMEAHUX [OCTATOYHO LUMPOKO MpencTaBrieHbl
no3gHeTpuacoBble-paHHEpPCKNe, NepMmckme, cpefHe- U No3gHeaeBOHCKME,
OpPOOBUKCKME U KEMOpPUINCKME MarMaTU4ecKue KOMMIEKCHbI, B nocnegHue
rogbl BbIfIBIEHbl TakXe HeONpPOTEPO30WMCKUEe WHTPy3uu. [pucyTcTBre B
NUCCNEefOoBaHHbIX  OTNOXEHUSAX PaHHEOOKEMOPUICKUX LIMPKOHOB AaeT
BO3MOXHOCTb Mpegnonaratb, YTO WCTOYHMKAMW 3TUX LUMPKOHOB MOIMK
ABMATLCA MarMaTuyeckme M metamopduyeckne Kommnnekcbl [Xyraxypo-
CtaHoBOro cynepreppemnHa u oxHon yactu AngaHckoro wuta. OgHako ux
SIBHO TMOAYMHEHHOE KONMYECTBO YKasblBAaeT Ha TO, YTO BKNag 3TuX
WCTOYHUKOB 6blfT MMHUMArbHBIM.

VccnepoBaHua BbINOMHEHbI NpU  (bnHaHcoBon nopaepxke POOU
(npoekT 17-35-50056).
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Bo3pacT 1 UCTOYHUKM OBNTOMOYHbBIX LIUPKOHOB U3 I0PCKUX
TeppuUreHHbIX oTNoXeHuit CTpenkuHckon BnaguHbl (toro-
BOCTOUYHOEe 06pamMneHne CeBepo-A3naTCKOro KpaToHa)

3awuka B.A.1, COpOKUH A.A.1, KoTtoB A.B.z, KoBau B.I'I.2, CMmupHoBa IO.H.

"vrun LHBO PAH, BbriaroBeljeHck, urr, L PAH, Cankt-llerepbypr

HecmoTpsa Ha TO, 4TO MOHrono-OXoTCKUin cKknagyaTbiid NOsiC ABNAeTCA
OLHOW M3 rNaBHbIX CTPYKTYPHbIX 3N1EMEHTOB A3UKN, MHOTUE KapAWHalbHble
BOMPOCHI €ro 3BOJIOLMM HE peLleHbl. [Mpu aToM Hanbornee ANCKYCCUOHHBIMM
ABNSATCS BOMPOCHI O BPEMEHU U XapaKTepe MpoABEHNS aKKPELIMOHHbIX U
KOJITM3NOHHbIX NMPOLECCOB B UICTOPUM Er0 re0sIorMYeCcKoro pasBuTms.
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OoHuM 13 WUCTOYHMKOB  MHGOPMauMW, MNO3BOMSALWEN  BHECTU
OonpeferneHHbI BKMaj B pelleHne 3TOro BOMpoca, SBNATCA CBEAEHUS O
BO3pacTe, WCTOYHMKaX CHOCA W TEKTOHMYECKUX YCIOBMAX HaKOMEeHns
TEePPUreHHbIX NOpoa, Me3030MCKUX 0Caf04HbIX BacCenHOB, PacnoNoXeEHHbIX
B npefenax KOHTUHEHTAaNbHbIX CTPYKTYp O6pamneHusi BOCTOYHOW 4acTu
MoHrono-OXxoTCKOro nosica M HEenocpeacTBEHHO COMPSIXEHHbIX C 3TUM
MOSICOM.

B oTonm cBA3M Mbl MpOBENU KOMMMEKCHbIE WCCNEeNOBaHUSA HOPCKUX
TEPPWUreHHbIX  OTMOXEHMN,  BbIMONHAWMX  CTPENKMHCKYI0  BMaguHy,
pacriofioXeHHy B Mpefdenax toro-eoctoyHoro obpamneHus Cesepo-
A3naTckoro kpatoHa, obpalieHHoro k MoHrono-OxoTckoMy nosicy. 3JTa
BMaanHa BbINOMHEHA TEPPUrE€HHbIMU OTIIOXEHUAMN BEPXHEN 0Pbl - HUXHETO
Mena, OTHOCMMbIMMK K CTpenkuHckon cuTe [[leTpyk, Kosnos, 2009]. OHa
CNoXeHa rpyb03epHUCTbIMK NecYaHMKaMu, KOHroMepaTtamu, rpasenutaMmm
C NpoCosMW W JNMH3aMW apruiiutoB U MENKO- U CpefHEe3epHUCTbIX
NMec4YaHUKoB, KOTOpPble XapakTepusyloTcsi rpybblM COCTaBOM, MIOXON
COPTUPOBKOWM M OKaTaHHOCTbO OGNIOMOYHOrO MaTtepuana U OTCYTCTBUEM
yeTkon cnouctoctn. MowHocTtb ceutbl 940-2150 M [MeTpyk, Koznos, 2009].

U-Th-Pb  reoxpoHonoruyeckve uccnefoBaHWs  BbINOMAHEHbl  ANS
DEeTPUTOBbIX LMPKOHOB M3 LEMeHTa KoHrnomepatoB (06p. K-9-2)).
BblaeneHne uMpkoHa NnpoBeAeHO B MUHeparnornyeckon nabopatopumn UIMull
OBO PAH ¢ nomoubio Taxenbix xugkocten. U-Th-Pb reoxpoHonormyeckne
uccnepoBaHua MHOMBUAOYANbHbIX LMPKOHOB BbINOSTHEHbI B
"eoxpoHonornyeckom LleHTpe ApusoHckoro YHuBepcuteta (Arizona
LaserChron Center, USA) c ucnonb3oBaHMeM CUCTEMbI Na3epHon abnsaumm
Photon Machines Analyte G2 u ICP macc-cnektpomeTpa Thermo Element 2.
MoppobHoe onucaHne METOAMKU NpUBEAEHO Ha cante www.laserchron.org.
KoHKOpAaHTHble BO3pacTbl paccyuTaHbl B nporpamme Isoplot v. 4.15
[Ludwig, 2008]. MNpu nocTpoeHun rmMcTorpamMm U KpUBbIX OTHOCUTENbHOWM
BEPOATHOCTM BO3PACTOB [AETPUTOBbLIX LIMPKOHOB WCMOSb30BaHbl TOJSIbKO
KOHKOpAaHTHbIE OLleHKM BO3pacTa.

Bcero npoaHanuaupoBaHbl 115 3epeH AeTPUTOBBLIX LMPKOHOB, Ans
KOTOpbIX nony4deHa 81 KOHKOpAaHTHasA oueHka Bo3pacTta. OHM HaxopATcs B
uHTepBanax 162-213, 339-357, 1862-2031, 2160-2260, 2381-2591 mnH ner.
MUK Ha KpMBOW OTHOCUTENBbHOW BEPOATHOCTM BO3PACTOB COOTBETCTBYHOT
170, 179, 349, 1890, 2018, 2438, 2520 mnH neT. MNpun aTom, Hanbonee
XOPOLLO BblpaxeHbl MMk ¢ Bo3pactom 1890, 2438 n 2520 mnH ner.

Mcxopss w©3  pernoHanbHbIX  3aKOHOMEPHOCTEN  pacnpoCcTpaHeHus
MarmMaTudecknx n metamopduyecknx komnnekcos [IlapuH wn ap., 2015;
BenukocnasuHckuin u ap., 2017], koTopble MOrAN NOCNYXUTb UCTOYHUKAMMU
06MOMOYHbIX LMPKOHOB B LIEMEHTE KOHINIOMEepaToB CTPENIKUHCKOW CBUTbI,
MOXHO fpegnosaraTtb, YTO CHOC MaTepuana B 6acceiiH ocafKoOHaKoMneHns
OCYLLECTBMANICA CO CTOPOHbI Oro-BoCTO4HOro ob6pamneHuss Ceepo-
A3naTckoro KpaToHa (C ceBepa B COBPEMEHHbIX KoopanHaTax). o Hawwemy
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npeactaeneHmio  CTpenkuHckas BnaguHa cdopmupoBanacb  nocrne
3aBepLUEHNST OpPOreHUMYECKMX MPOLECCOB, CBA3aHHbIX C 06pa3oBaHMEM
MoHrono-OXxoTCKon CyTypbl.

WccnepoBaHns BbINONHEHbI Npu  (pvHaHcoBon nopaepxke POOU
(npoekT 18-35-00002-mon1-a).
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"eoxpoHonorusa nepexoga «nNo3aHWUN MNSIEACTOLEH -
nosgHeneaHukoBbe» B 6acceitHe p. CeBepHoit [1BUHbI (Ha
npuMmepe AoNnuHbI p. Beluergpi)

3apeukas H.E.1, MaHuH A.B.2, HeuywKkuH P.N.!

"rUH PAH, Mocksa; °MIrY, UIr PAH, Mocksa

OnpepeneHne Bo3pacTa WU MOMOXEHWS  TpaHUUbl  MOCNeOHero
(CkangnHaBckoro) oflefleHeHus1 - ofHa U3 akTyalnbHbIX npobnem
YeTBEPTUYHOM reonormm K reoxpoHonoruun. [lpsimoe AgaTupoBaHue
NeJHNKOBBLIX OTMIOXEHWW He BCerga OOCTYMHO - B OCHOBHOM, B CBfA3M C
OTCYTCTBMEM JaTupylowlero maTepuana. [lo3Tomy Ha nepBbid MnaH
BbIXOANUT AATUPOBaHWE OTMOXEHWUN, NOACTUNAWMX UNN NepeKpbiBaoLLMX
OTNOXEeHus nocnepHero orneneHeHus, pacnpocTpaHEéHHbIX BO
BHENeOHNKOBON 30He. OTO MOryT OblTb Kak OpraHOreHHble OTHOXEHMUs,
TpaguMUMOHHO  [aTuMpyemble  paauoyrnepogHbiM  MeToAoM, TakK MU
MUHeparnbHble (Hanpumep, annioBuanbHble, XyxXe - croBuornaumnanbHble
necku), patupyemble OCJIl-metogoM. Takum obpa3om, Habupas
«CTaTUCTUKY» - MaccuBbl AaT - Mbl MOXEM Nony4nTb “terminus post quem” n
“terminus ante quem”, KoTopble MOryT AaTb Ham BO3pacTHble paMKu AnA

BPEMEHU pPacnpoOCTPaHEHUA MOCNEAHEro OflefeHEeHNss Ha TOW WU UHOWN
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Tepputopun.  3aecb pas3bupaeTcA NpUMEHEHME Takoro mnoaxoda Ha
npvMepe 0ro-BOCTOYHOM TPaHuubl NOCnedHero OofiedeHeHns U ero
pacnpocTpaHeHus B 6acceliHe p. CeBepHoi [1BUHbI.

Mpobnemon pacnpocTpaHeHWss M BO3pacTa MocneaHero oneaeHeHust
3aHuMManuch ¢ KoHua XIX Beka, u oyepegHas akTMBU3auUMA UccrnenoBaHUN
Hactynuna B 1990-e roabl. Pe3ynbTtaTthl 6bin1v 06061WweHbl B [Svendsen et al.,
2004], a no3gHee - onybnukoBaHa  PEKOHCTPYKUUS  OAUHAMUKK
CkaHgnHaBckoro negHukooro wmta B nepuog 40-10 Teic.f1.H., coenaHHas
Ha ocHoBe 6a3bl AaHHbIX Bcex onybrnnkoeaHHbIx AaTt [Hughes et al., 2015].
3peck, Hapsagy ¢ Hambonee BEPOSITHbIMW, MOKa3aHbl KpaHWe BO3MOXHble
OLLEHKM NONOXEHMA rpaHuLbl egHMKa BO BpeMsi NoCnefHero negHMKOBOro
MakcuMyma, U Haubonbluas HeOoNpeaenéHHOCTb XapakKTepHa Ans Hro-
BOCTOYHOMN T[paHuupbl nocnegHero oneaeHeHns gna nepuoga 21-16 T.1.H.
[Hughes et al., 2015]. lNoatoMy uenb faHHOW paboTbl - OMpPeAenuTb
BO3pacTHble U MPOCTPAHCTBEHHbIE OrPaHWYEHUS MakKCcumMyma MnocnegHero
onefeHeHusa B gonvHe p. Beluergpl - Tepputopuun, 0O NOCNEHEro BpEMEHU
apnsalowenca Hanbonee CrnopHOMW B BOMpPOCe WCTOPUK nocnegHero
CkaHamMHaBCKOro NegHUKOBOro LWmMTa.

Bbluerga - kpynHenwmii npaebiii NpuTok p. CeBepHom [BUHbI, NpoTeKkaeT
NpaKTM4eckn cybLUIMPOTHO C BOCTOKA Ha 3anap, no Tepputopun pecny6bnmku
KoM wn ApxaHrenbckom obnactm (camoe HuxHee TedeHne). Bce
NPeACTaBieHUs O XPOHOJSIOMMM U COBLITUMHOCTM MO3QHEro nnencroueHa -
nosgHenegHukoBbs GacceHa p. Bbluergbl MOXHO NOAenuTb Ha Tpu
OCHOBHble KoHUenuuu. CornacHo nepson KoHuenuuu (MOXHO Ha3BaTb ee
«NpUNeaHNKoBOEe 03epo») - B AonuHe p. Boiverabl okono 20-18 (unn 18-16)
T.Jl.H. pacnpocTpaHanocb NpuneaHMKOBOE 03ep0 C PEBEPCUBHBIM CTOKOM B
f6accertH Bonrmn, a rpaHuua onefeHeHust pacrnonaranacb B [OSIMHE P.
CeBepHon [BuHbl [KpacHoB, 1971; KBacos, 1975; Svendsen et al., 2004;
Demidov et al., 2006 n gp.]. CornacHo BTOpon («negHuK + o3epo») - 18-16
T.ILH. B JONWUHY p. Bbluergbl NpoHWKana nonactb negHuka, 6nokupoeana
CeBepHbli CTOK Bbiyergbl, n dopmupoBanocb npuneaHMKoBoe 03epo
6onbliero macwTaba c TeM Xe peBepCUBHbIM CTOKOM [J1aBpoB, [loTaneHko,
2005; Larsen et al., 2013]. TpeTba KoHUeNUMA («BHENEeAHUKOBas 30Ha») -
npeanonaraeT COXpaHEHWEe CEeBEPHOro CToka Bbluergpl B No3gHeM
nnencToueHe 1 No3gHeNneqHUKOBLE, a NTeAHMKOBbIE N NOANPYAHbIE ABNEHNUS
npovcxoaunu yxe B gonuHe p. CesepHon OBuHbl [Sidorchuk et al., 2001;
Zaretskaya et al., in press]. Huxe npuBogAaTca reonorndyeckue u
reoXpoHOJSIOrMYecKme AaHHble B MONb3Yy TPETbEN KOHLENUUN.

[onuHa p. Belvergpbl 6bina nporiieHa aBTopamMuy ¢ 3yyeHnemM 6eperoBbix
obGHaxXeHWn Ha BCEM CBOEM npoTsxeHun. o 6GopTam AONMHbI U Ha
NpUBOAOPa3AesbHbIX NMOBEPXHOCTAX NPaKTU4eCcKu NOBCEMECTHO
BCTPEYalTCA MOpeHa U nepekpbiBawowue eé dnioBuorngumnanbHble
OTIIOXEHUS, O0AHaKo, mx Bo3pacT - 170-130 T.f.H., T.e. OHM OTHOCATCA K
Bblyeroackomy (MockoBckomy) onegeHeHuo [[TK, 2016]. OTtnoxeHus,
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OTHOCALUMECH K KOHLY MO3OHEro mnrencroueHa u no3gHenefHUKOBbIO,
BCKpbIBAKOTCS B NEPBOW HaaNOMMEHHOW Teppace p. Bolvergbl. OTa Teppaca,
BbICOTOM 5-7 M Hap, MEXeHHbIM ype3oM BOAbl, BCTpeyaeTcs hparmMeHTamm
no BCeWn AONvHe, U ABMAETCA NONIMXPOHHbIM obpa3oBaHneM. OHa crioxeHa
KOCO- U rOpPM30HTANIbHOCNOUCTLIMU anmoBUanbHBIMKU Neckamu, 4acto - C
30M10BOM HaAcTporikon. B eé nopowee BcTpeyawTCa ManoMOLLHbIE
rOpuM3oHTbl  MOrpebeHHOro  opraHoreHHoro  matepuana -  Topda,
OTOpOBaAHHOIrO CyrNMHKa, pacTuTenbHOro paetputa. PapguoyrnepofHbiv
BO3PAaCT OpPraHOreHHbIX OTNIOXEHWU pa3buBaeTca Ha ABE XPOHOMOrnyeckmne
rpynnbi: 25 - 21 C (29.5 - 25.5 kan.) T.n.H., 1 14 - 10 C (17 - 11.4 kan.)
T.N.H. XapakTepHo, 4YTO B Neckax Teppac 6onee gpeBHero Bo3pacra 4acTo
BCTpeYalTca KpuoreHHsle aecdopmauum (Kpuotypbauum n moposoboinHoe
pacTpeckuBaHue), 4To, NO-BUAMMOMY, OTpaxaeT rnybokoe noxosiogaHue
nocrnegHero negHukoesoro mMakcumyma. OCJl-gata, nonyyeHHas Mo necky
n3-nop, KpuoTypbupoBaHOro ropu3oHTa CyrfiMHKa, COCTaBnseT okKomno 23
T.N.H. KproreHHble HapyLueHNA BCTPe4atoTea 1 B 6onee Monoapix Teppacax,
ux Bospact okono 10 c (11.4 kan.) T.n.H. (pata no Topdy W3 3aNONHEHNS
MOPO3060MHbIX TPELLMH), YTO OTpaxaeT NoXofiofaHme No3aHero Apuaca.

OuyeBMOHO, BPEMEHHOW XMATyC B OpraHOreHHOM OCaAKOHaKOMmeHuu
3HaMeHyeT  MakCMMyM  nocnegHero  onepeHeHus.  [lo-BuamMmomy,
dopmupoBaHne 6Gonee pApeBHeN reHepaumn 1-n Teppacbl p. Bbluerabl
conpoBoxaanocb 06pa3oBaHMEM  CUHKPUOreHHbIX  Aecopmaumn B
annioBuasnbHbIX Meckax He paHee 23 T.J.H., TO €CTb, COXPaHANUCb
dntoBuarnbHble 06CTaHOBKU 0CaAKOHAKOMMEHNA U He NpeKpaLlancst CToK Ha
ceBep. 3aTem, NO-BUOAMMOMY, B pe3ynbTaTte crycka noAnpynHoro osepa B
ponvHe p. CesepHoi [1BMHbI NpOM30LWSIO Bpe3aHue pekun, u He no3gHee 17
T.J.H. Hayana gopmMmupoBaTbcs 6bonee monofas reHepaumsa 1-n Teppacol p.
Boluerabl. JanbHeime nccnenoBaHusa no3BonAaT yTouHUTb Bo3pact 1M B
[aHHOM pervoHe, Ho, MO-BUAMMOMY, OH 3aKOHYMICA He no3gHee 17 T.1.H.

Pa6ota npoeegeHa npu duHaHcoBon nopaepxke PPDU, rpaHt Ne 17-
05-00706, u B pamkax Noc3zagaHus 'MH PAH Ne 0135-2018-0037.
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MN3oTonHbIN cocTae yrnepopa kKapboHaToB M3 rny6oknx
rOpu3oHTOB KUMGEpNIMTOBbLIX AuaTpem

3unHuyk H.H.

3ananHo-AkyTckui HayYHeii yeHTp AH PC (A), MupHbii

[na BbiIscHEHNss 0cOOEHHOCTEN BNMSAHWUA Ha 0Opa3oBaHUSA guaTpem
BMELLAILWMX TePPUreHHO-KapboHaTHbIX N KapboHaTHbIX nopos, 6bin M3yyeH
M30TOMHbLIA cocTaB yrnepoaa kapboHaTHOro martepuana Kum6epnuTos,
OTO6pPaHHbIX U3 pa3BefoYHbIX CKBaXWH, BCKPbIBLUMM rnybokue (8o 1,2 Km)
yactu Tpy6kun Mup, pacnofioXeHHOW B LeHTpanbHon vactu Cubupckon
nnatgopmbl. OQHOBpEMEHHO OnpefeneH W30TOMHbIN COCTaB yriepoaa
kapboHaTOB M3 TMPUKOHTAKTOBbIX 30H BMeLLlalwWmx Tpybky nopop,
OCafloYHOr0 Yexsia, OTHOCAWMXCS K TonbayaHCKOW CBUTE HUXHEro
Kembpus. NonyyeHbl TakXe HOBblE f@HHbIE MO M30TOMNWKM yriepoaa 6utymos
u3 KUMOEpPNUTOB M BMeLlallWmx nopod. [Ans cpaBHEHUS UCMONb30BaHbI
Takxe mMaTtepuansl Mo 3TOMy HanpaBneHuo Apyrux uccnegosatenen [1-3 u
ap.]. KwumbepnutoBasa Tpybka Mwup npepctaBnser cobon  no4Ttu
BepTUKasribHOe Tero, 3aKOHOMEPHO cyxatowleeca ¢ rnybuHon. Ouatpema
npopbIBaeT TeppuUreHHo-kapboHaTHble U ranoreHHo-kapboHaTHble nopoapl
ToN6ayYaHCKoM CBUTbI HUXHEro kembpusa. Paspe3 kum6epnuToBbIX MOPOL,
OCIMOXHAETCH HanMynem OBYyX y4aCTKOB BMeLLaloWwmux nopon, B MHTepBanax
1109-1110,1 »n 1152-1162 ™. T[lepBbli M3 HUX ABMAAETCA KPYMHbLIM
KCEHONNTOM, a BTOPOM - MEPEMbIYKON MeXAy [ABYyMsi MNOoABOOALLMMM
KaHanamu, KOTOpble Bbille COEAMHAIOTCA B OAHO TeNlo HECKOSbKO
YONMHEHHOW ((POPMblI  C  HE3HaAYUTENbHLIMU  MEpPeEXUMamMnM  MPUMEPHO
nocpeavHe. KceHOnMT  CrnoXeH  TOHKO3EpPHUCTbIMW  TAIMHUCTBIMU
gonomMutaMmyn C MNPOXWIKaMM KanbuuTa W CKOMIEHWAMU KanbuMT-runc-
aHrMgpuToBOro coctasa. [1onoMuTbl MepecnamBaloTCsd C  Meprensmu,
copgepxawmmmn natHa 6utymoB. B npepenax nepemblykKu  pasBuUTHI
nenuToMopdHble U3BECTHAKU C PEeAKOM BKpansieHHOCTbIO Cynbduaos,
nepeceyeHHble  MHOFOYMCIIEHHBIMW  MPOXWUIKaMW  MESNKO3EPHUCTOro
KanbuMTa U runca, Hepegko C NpUMeECbld aHrugpuTta. B npukoHTakToBOW
YacTu KakK B MW3BECTHsKax, Tak W B KuMbepnuTax YyBenuMyMBaeTcs
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cofepxaHue cynb@aTtoB U pyaHbIX MUHEpanoB CyfibaTHO-MarHeTUTOBOrO
coctaBa. KumbGepnuTbl npeacTaBneHbl OpekunsMKu, cpegu  KOTOpbIX
BblgensaeTca [3] HECKONMbKO pa3HOBUOHOCTEW, pasnuyalolmuxca Mexay
cobo xapakTepoM MNopoAoobpas3yloWmMX BKpPanieHHUKOB, COCTaBOM
CBAA3YIOLLEN MacCbl M copepXaHnemM B Hux 06JIOMOYHOro MaTtepuana.
KnmbepnutoBble 6pekynm npeacTasneHsbl KnacTonoppupoBbIMU,
KpynHOMOp(rpOoBbLIMMU, MWKPONNTOBLIMY " aBTONIUTOBBIMU
pasHoBugHocTaAMKU. OT BbllEeHa3BaHHbIX Opekunii pesko oTnM4vaeTcs
nopoga c rnybuHbl 1135,7 M. Mpu obwem nopdupoBom ob6MKe OCHOBHas
Macca [aHHOW nopoabl MMeeT MUKPOGENb3UTOBYIO CTPYKTYPY M CrOXeHa
NOBbILLIEHHbIM KONIMYECTBOM Tarbka, Ha (poHe TOHKoarperaTHbIX BblAeneHui
KOTOporo 060cobnatTcsa oTAeNbHbIE OKPYrfion hOpMbl YHacTKM Kanbuuta u
penkue YeLymnkm drnoronuTa. OTtnuunTensHon 0COBEHHOCTLIO
KUMOEpnNUTOBbIX OGpek4nin rNyboKUX TOPU3OHTOB SABASAKTCA: LUMPOKOE
pacnpocTpaHeHue Mo TpewmHaM amMakuMHWUTa, MupoaypuTa, MNosiBNeHue
oTAenbHbIX OOpHBIX MWHEpanoB - ekaTepuHuTa, eppoccanbenuuTa,
patonuta. [NpuYmMHON BO3HMKHOBEHWS crneunmdunyeckon MuHepanusauumn B
Kumbepnutax rnyb6okux 4acten Tpybkun Mup MOXHO cuuTaTbh BRAMSAHME
BMELLLaIOLLMX ranoreHHo-KkapboHaTHbIX nopoa c npocnoamMm
BbICOKOMWHEPanM30BaHHbIX paccorsos Ha HarnpaBneHHOCTb "
WHTEHCUBHOCTb Npeobpa3oBaHNa MaTEpPUHCKMX Nopog Tpyoku. AHannsnpys
ocobeHHOCTU pacnpeeneHns M30TOMHOro coctasa yriiepoaa kapboHaToB
M3 KUMOEepnuToBbIX Opekynid, MOXHO OTMETUTb, 4YTO €ero Benu4yMHa
yKNaabiBaeTca B OCHOBHOM B MHTepBan oT -1,5 go -12,3 %o.. Kumbepnutsl,
paspeneHHble yNoMAHYTbIMI Bbille BYMS y4acTkami BMeLLaloLx nopoa,
CYLLLECTBEHHO OTNUYalTCa Mexay cobow no BennyuHe 5"%C (ans BepxHero
oHa konebnetca ot +0,4 po -7,2 %o, X=-4,4 %o, p[ONA HUXHeEro,
COOTBETCTBEHHO, OT -4,6 po -12,3 %o, X=-8,7 %o), u4TO 4BRAeTCA
0ObEKTMBHLIM  MOATBEPXAEHMEM HanNUuuMsa Ha rNyboKMX FOpU3OHTax
amatpembl  OBYX  MNOABOASLIMX  KaHanoB, KUMOGEepnutbl  KOTOPbIX
XapakTepusyloTCsl  pasfi4yHbIM  CcOYeTaHMeM KOpOBOrO W  ryBuMHHOro
yrnepopa. N3oTomnHbIN cocTaB yrrepoda kapboHaToB M3 BMELLALLMX NOPOA,
B 30HaX BEPXHEro U HUXHEro KOHTAKTOB C KUMOepnMTtamu u3MeHseTcs
He3HauuTenbHO: OT -3 A0 +1,5 %o M COOTBETCTBYET BenuyMHaMm,
XapaKTepusyoLmm KapboHaTbl HOPMaIIbHO-0CaA04HbIX MOPCKUX
OTNOXEHUiA. YTO Xe KacaeTcs 3HaueHwn O'°C u3 KapboHaTHbIX Mnopoa,
ABMAIOWMXCH  KCEHONMUTaMW  BMelwjawux obpas3oBaHuiAi, TO  OHU
XapaKTepu3ylTCsl BEMMYMHON, TUMUYHON ANs yrnepoaa kumbepnuros (-6,9
%o). Yrnepop n3 kapboHaTHbIX NOpPOA, NEPEMbIYKU MO U30TOMHOMY COCTaBY
3aHMMaeT MPOMEXYTOYHOE TMONIOXKEHNE MeXAY YrNepoAoM BMELLALLNX
nopog u kumbepnutoB (-1,9 n -3,0 %o). MNpoBeneHHbI KOPPENALMOHHbIN
aHanus (c MCnonb30BaHMEM MOCTPOEHHOrO COOTBETCTBYIOLLEro rpaduka)
Mexay BEeNMYUHON 5°C n cogepxanuem B nopope CO,, gemMoHCTpupyeT
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YETKO BbIPAaXEHHYK 3aBUCMMOCTb MeXAy 3TMMWU XapaKTepucTukamu, 4to
oTMevanochb n apyrumu nccneposarenamu [1-2].

Takum o06pa3om, B pesynbrate MNPOBEAEHHbLIX UCCNeaoBaHUN
YCTaAHOBMNEHO: a) W30TonHbId CcoCTaB yrrnepoga BMeLLaWmMX nopon,
rnyboKMx ropu3oHTOB KumMOepnutoB Tpybku Mup 6nM30K K HOpMasnbHO-
0CafOYHOMY COCTaBy yrnepoga MOPCKOrO  MPOUCXOXAEHUS,  YTO
cBUAeTenbCTByeT 06 o4yeHb crnabom BAUSHUM Ha Gonbwnx rnybuHax Ha
NMPUKOHTAKTOBbIE 30Hbl AMATPEM KaK MaHTUNHOW YrNEKUCNOThl, Tak U COz
OpraHMYeckoro MPOWUCXOXAEHWS; 3TO NO3BONSET N0 BenuuMHe O '°C
OnpeaenaTb NOMOXEHNE KOHTaKTa Mexay Kumbepnutamu n BMeLLaloLwmmMm
MX Nopofamu B TeX Crly4vasix, Korga nepexoq Mexay HAMW HeYeTKUiA 1 30Ha
nepexoga npeacTaBfieHa W3MEHEHHbIMU KUMOEpNMTOBLIMKM  NMOPOAaMMU,
KOTOpble B psife CryyYyaeB 3aTpyAHUTENbHO OTAMYUTL OT BMELLAKOLLUX
kKapboHaTHbIX o0bpa3oBaHun; 6) Yrnepon kapboHaTHLIX MOpog, NepemMblYKn
noaBeprca BO3LAENCTBUIO YINEKUCIOTbl MaHTUUHOTO WU OpPraHoreHHoro
NPOWCXOXAEHWS, B CBA3N C YeM OH npuobpen Gonee nerkuii coctas, Yem
yrnepop NepBUYHO-0CaA04YHbIX MOPOA MOPCKOro NpoucxoxpeHus; B) B
pe3ynbtate BO3OENCTBMSA YINEKUCNOTbl 3HAOFEHHOro wunu 6uoreHHoro
NpoVCXOXAeHnA yrnepoa KapboHaTHoW nopoppl KCeHONMTOB oboraTturncs
06neryeHHbIM U30TOMOM, YTO MPUBENO K BbiPaBHUBaHMIO &'°C BMeLLaoLLMX
NMOpOZL, U OCHOBHOW Macchl KuMOepnuToB; r) Pasnnyue B n3otonHom coctaee
yrnepoga KumbepnuToB AuMaTpembl ABYX «CTONGOB» Mopoabl, UMEHLMX
camocCTosATeNnbHble  MOABOAALLME  KaHambl, SBASETCs  CneacTBuMeM
BO3JENCTBUS HA KUMOBEPNUTbI HUXHErO «CTonbay yrnekucnoTbl GuoreHHoro
npovcxoxaeHus; o) Hannume 6MTyMOB OTMeYaeTcs Ha BCEM MPOTSXEHUU
onuncbiBaemMoro paspesa KUMOepNTOB: OT BEPXHUX FOPU3OHTOB [0 MyOUHBI
npumepHo 1,2 KM, Ha KOTOpPyl MpobypeHbl pa3BefoYHble CKBaXWHbI; €)
Haubonblive KoHueHTpauun OWUTyMHOro BellecTBa 3adMKCUpPOBaHbl B
MPUKOHTAKTOBbIX C  KCEeHoOnMUTamMu 30Hax; X) [a3oHacbILWeHHOCTb
Kumbepnutos Tpy6kn Mup BbicoKasi, YTO 3adhMKCMPOBaHO Npu €€ pa3Beake
M 3KcnsyaTauuu; npu 3TOM B COCTaBe ra30B CYLIECTBEHHbI 06beMm
3aHnmatoT CO, n CH4 ¢ 06bIYHBIM ANA MX OpraHn4yecKoro I'IpOVICXO)K,D,eHVIFI
N30TOMHBIM COCTaBOM YrNepoaa; 1) YCTaHOBNEHHOe pe3koe pasnuuve d'°C
B Kumbepnutax AByx a3 BHeApeHUs MOXeT ObiTb peKOMEHAOBaHO Ans
MCMosib30BaHUs  M30TOMHOrO CcocTaBa yrnepoga nMpu  MUHepanoro-
NeTposIorM4yeckoM KapTMpOBaHUM MOPOA ANATPEM U BblAENEHUN PasfNYHbIX
a3 BHeApeHUs KUMBEPNMTOBbIX NOPOA,
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Heobbl4yHble paHHENpPOTEepO30MCKMe NOPOAbI C
LLIOLLOHUTOBLIMW XapaKTepuctukamm B Kutockom 6noke 1oro-
3anapa CMbupckoro KkpaToHa: pesynbTaThbl
reoXpOHONIOrMYECKUX, FEOXUMNYECKUX U N3OTOMHO-
reoXMMM4YeCKnX uccnenoBaHnm

VIBaHOB AB. J'IeBMu,KMM n.B.2 J'IeBMu,KMM B.N.2 , Kopdy ®3
EN.' Pe3HV|u,Kvw| n.s.t, I'IaBnosa n.Az2 KaMeHeLl,KVIVI B.C.
B.M.5

OdeMoHTepoBa

4 , CaBaTeHKoB

M3k CO PAH, Vpkyrck; 2Urx CO PAH, 5pKyTCK ,VHMBepcurer Ocrro,
Ocrio; yHMBepCMTeT Tacmarmm, Xobapr, “UIT/L PAH, Canxt-lTerepbypr

Cuntaetca, 4to CuBMPCKUA KpaTOH OKOHYaTenbHO OOpMUIICH BO
BpeMs KOPOTKOrO paHHENpOTEepo30McKoro cobbiTvsa, korga psaa 6onee
OpeBHUX GnOKOB coeauHUICS ApYyr C ApYromMm B pe3ynbTaTe Komnu3um u
crnasifica B €O4MHOE LIenoe MOCTKOMMU3UOHHBIMKU FpaHuTamn. Ha npumepe
Kutonckoro u WpkyTHoro 6noka, BbIAENAOTCA [Ba, CMELLEHHbIX
OTHOCUTENbHO ApYyr Apyra, Bo3pacTHbiXx nuka: 1880 MnH neT Hasag -
meTamoppuam 1 1865 mnH net Haszag - marmatuam (pucyHok). C nmkom
rPaHWTHOro MarmatvMama COBMagalT OATUPOBKU AaeK C reoXMMUYEeCKUMU
xapaktepuctukammn OIB [nagkouy6 u pgp., 2013] M nnaTMHOHOCHOrO
Xupgonckoro MHTpy3amBHOro MmaccmBa [MexoHowwmH u  ap., 2016],
XapakTepusyoLme 3Tan NnoCTKOMIM3MOHHOIO PacTAXEHUS.

B cpegHem TeyeHun pekn Kutor Hamu 6bin obHapyXeH HeGOsbLLION
maccue (He 6onee 500 M) ¢ pasHoobpasHbIMK TUNaMKU BOHMHUTONOAOBHbLIX
nopos W  CROANUCTbIX  LUOLWOHWTOMOAOOHBIX [AaeK O4YeHb CBEXEro
netporpaduyeckoro obnuka, c abCconoTHO He M3MEHEHHbLIM MIarMoKnas3om.
YuuTbiBas CBEXECTb MOPOL, M He 3Has WX BO3pacT, No HuM Obino
ocyLecTBneHo npeaBaputensHoe K-Ar aatupoBaHue. BoHMHUTONOAOOHLIE
nopoapl nokasanu pasdpoc K-Ar gatmpoBok ot 1941+42 pno 3213+110 mnH
net [lvanov et al., 2017]. LlupkoH n 6apaenent B HUX He Bbin oOHapyXeH 3a
VICKTIOUEHMEM HECKOMbKUX AECATKOB, BEPOATHO, KCEHOrEHHLIX LINPKOHOB, a
Ar/°Ar  paHHble nMoka  He nosny4vyeHbl.  YuuTbiBas  BO3PaCTHYHO
HeonpedeneHHoCTb, Aanee 3Tu NopoAbl He paccMaTpuBaloTCA.

WowoHnTonogo6Hble Nopoabl Mo neTporpadun U XMMMYECKOMY COCTaBy
noapasfensaTcsa Ha BbICOKO- (> 12 mac.% MgO) u Hu3komarHesumanbHbIn (<
10 mac.% MgO) Tunbl. Mo HUM nonyyeHbl K-Ar patupoBku 1814158 un
1919442 MnH neT, COOTBETCTBEHHO. M3 3TuUX Xe nopof 6binu BblaeneHbl
LMPKOHbI ¥ pgatupoBaHel U-Pb mMeTogom no eanHWyHbIM - 3epHam,
npepBapuTenbHo 06paboTaHHbIM  MpYM  MOMOLUU  aspo- U XUMUYECKOM
abpasuun. [1Ba pasHbix obpasua nokasanu U-Pb patupoBku 186418 u
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1864.7£1.8 mnH net. lMocnegHass gaTMpoBKa MPUMHUMMAETCS B KauvecTBe
UCTUHHOrO BO3pacTa. Kak BMAHO, OHa MOSIHOCTbLIO COBMajaeT C Apyrnmu
hatupoBkaMu 6a3nNTOB B 3TOM PErMOHE [PUCYHOK].

Hadku OIB muna —
Pt-HoCHbIE UHMpPY3UU -
LllowoHumosesle daliku B
5 <
4 -
5 ¥
e ocmKonnu3uoHHsIe paHynums!
T 2paHume!
2 -
1 4
¢ ! U T T

1
1800 1820 1840 1860 1880 1900 1920
BospacT, MnH net
Puc. PacnpepeneHuns, nonyvyeHHble METOAOM SAEPHOW OLEHKWM NMOTHOCTM BEpPOSTHOCTU
[Vermeesch, 2012], pns p[aTMpoOBOK pPaHHENpPOTEPO30WCKWX FPaHyNUTOB W FPaHUTOB
Kutonckoro n WpkytHoro 6nokoe Cubupckoro KkpaToHa. McxopHble reoxpoHomnorunyeckue
OaHHble Te Xe, 4To u B 0b630pHoi cTatbe [Rojas-Agramonte et al., 2011], ¢ gobaBneHuem
LaHHbIX U3 cTaTten [IleBuukuii n ap., 2002; 2010; INleByeHkoB u ap., 2012; Turkina et al., 2012].
DanHble no OIB pavikam [nagkouy6 u ap., 2013], @ no NNaTMHOHOCHBIM MHTPY3USM
[MexoHowwuH v ap., 2016]. [aHHble No LWOLOHUTOBLIM Aalikam - 3Ta paboTa

Banbl 1 KMCNOTHbIE BBITAXKN 06pa3uoB, aAaTupoBaHHbix U-Pb meTopom,
noxartcsa Ha Pb-Pb n3oxpoHy ¢ HaknoHom 1880+160 mnH net, B cornacum c
U-Pb n K-Ar aaHHbIMuK, 04HaKo cepus apyrux o6pasuoB (kak BbICOKO- TakK U
HU3KOMarHe3uasnbHbIX) NTOXUTCA Ha NCEBOOU3OXPOHY C HaknoHom 2120+40
MITH NIeT, He WMeLWMM reonormyeckoro cmeicna. llocnegHuin HakmoH
obycnosneH Tem, 4Yto hopmMupyloLMe ero nopodbl NpeacTaBnAlT cobon
CMeLleHne Marm, BbINNaBMBLUMXCA M3 ABYX WCTOYHWKOB - KOPOBOMO MU
oboralleHHOro MaHTUAHOrO (CornmacHo Moaenu SBOMILUN  CBUHLA).
BblcOKO- ¥ HU3KOMarHesuanbHble  LUIOLOHMTOMNOAOOHbIE  MOPOAbI
OTNNYalTCA Mo NEepBUYHOMY W3OTOMHOMY cOCTaBy Heoauma. [lepsble
XapakTepusyTcs pe3kooTpuLlaTenbHbIMU (TMnNnyHO KOpOBbIMW)
3HayveHuamMu eNd; fio -18, a BTOpble - 3HaYEeHUAMN OKOSO HYNS.

BbicokoMarHeaunasnbHbli  TUN MOPOA, XapakTepu3yeTcs HEBEPOSATHLIM
pa3Hoobpa3nem pepgkolemMenbHbIXx ocdaToB, a Takke MUHepanamu, He
MOTyLMMKN  KpUCTannn3oBaTbCA M3 OOHOrO M TOrO Xe pacnnasa B
paBHOBECUU ApYyr C Apyrom (Hanpumep, ONuBMH W KBapu). BcTpevarotcs
9Kk3oTuveckne asbl - eppobpycuT, Kak nNpoayKT rugpaTauuun
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depponepuvknasa - 3ak/loYeHHble B BUAE BKIIIOYEHUN B OPTOMUPOKCEH U
OCHOBHOM nnaruoknas. ®epponepuknai MoxeT 06pa30BbIBATLCS MpU
OaBIEHNAX BEPXHEW MaHTUW, HanpumMep, B KapboHaTU3MPOBAHHBLIX AYyHUTaX
[Brey et al., 2004].

Ona  OObACHEHUS  reoXMMMUYeckonm cneuudukn U U30TOMHbIX
XapaKTEPUCTUK BbICOKOMarHesmarbHbIX MOpPOA, HaMu nNpenyioxeH Wux
rmépuaHbIi reHe3unc - nnaefieHne cyb6ayLMpoOBaHHOIO KOPOBOrO BELLECTBA C
obpazoBaHMeM KUCAbIX WM KapboHATUTOBbLIX pachnnaBoB U UX
nocrnegywuwee 3apaxeHune OpPTOMNMPOKCEHUTAMW MaHTUWHOIO KinuHa. OTa
MOZENb, PAaBHO KakK M CaMW COCTaBbl LUOLOHUTONOAOOHbLIX MOpod, UMET
OTYETNIMBbIE aHanorym cpeayn MOCTKOMU3NOHHOIO Marmatuama Tubeta
[Campbell et al., 2014]. Takum o6pa3om, Mbl Npeanonaraem, YTo B paHHEM
npoTepo3oe clumnBka CUBMPCKOro KpaToHa NpPoMCXoauna cXoxXum obpasom,
Kak 3TO MPOUCXOOUT MPU KOMMMU3WUM KPYMHbIX KOHTUHEHTamnbHbIX Macc Ha
COBPEMEHHOM 3Tane TEKTOHWKMW NINT.

Pab6oTa BbinonHeHa no rpanty PH® 16-17-10068.
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MpobnemMbl AaTMPOBaHNA BLICOKOYPaHOBbLIX MUHEpanoB (Ha
npumepe JMLeBCKOro ypaHoBopyaHoro paoHa Konbckoro
NoJslyoCTpoOBa)

KaynuHa T.B., JlanuHa J1.M., AsegucaH A A., UnbyeHko B.J1.

W KHL PAH, Anarutsi

JlvueBckMin ypaHOBOPYOHbIA palioH pacrnofioXeH B ceBepo-3anafHoun
yactu KornbCKOro mnonyocTpoBa B HeNocpeAcTBEHHOM obpamneHun
MeyeHrckom cTpykTypbl. CornacHo gaHHbiM A.B. CaBuukoro ¢ coaBtopamm
Ha OCHOBE [aTUpPOBaHUS ypPaHOBbLIX MUHEpanoB (ypaHWHUTa U 6paHHepuTa)
B panoHe BbIOENSETCS 4eTblpe 3Tana YpaHOBOW MWHepanu3aumm B
uHTepsane ot 2.7 po 0.37 mnH. net [CaBuuknin n gp., 1995 u ccoinku tTaml.
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PesynbTatel nocnepytowero SHRIMP Il patupoBaHusa ypaHuHUTA W
HacTypaHa He TMOATBEpPAMNIM MEPBOr0 apxemckoro 3tana ypaHOBOW
MuHepanu3auuu [Serov, 2011].

IOna yToyHeHWs BoO3pacTa ypaHOBOW MuHepanuM3auunm Hamum 6bino
npoBeAeHO [AaTMpoBaHue ypaHuHuTa M MoHauuTa U-Pb knaccuueckum
MeToAOM u3oTonHoro pasb6asneHus (ID TIMS) u MeTOAOM XMMMYECKOro
natvmpoBaHus (CHIME). Mpobbl oTbupanuch M3 XWUrbHbIX NerMaTouaHbIX
rpPaHMTONAOB U METACOMATUTOB C NOBbILLIEHHBIM PagnoakTMBHbIM (DOHOM Ha
y4yactkax CkanbHoe u [ukoe JTMueBcKoro panoHa.

YpaHoBble U ypaH-cogepxalime MuHepasnbl BblIAENSAnMCb B COCTaBe
TAXenon pakuMm U KU3yvanucb B UCKYCCTBEHHbIX  aHLnudax.
lMpencTtaBneHbl OHWM YPAHWHUTOM W MOHaUMTOM (B cOOTHOweHun 3:1),
YpaHUHUT HabnogaeTcs B CPOCTKAX C anaTUTOM U LUMpKOHOM. Ha rpaHuue
ypaHuHWTa W Mnaruokrnasa pas3BuBalOTCA KaWMbl ranbreHbepruta wu
aHrnesuta (Ca(Ce,La),(C0O3)4*H,0) (puc. 1).

Puc. 1. CpocTKM ypaHUHWUTa U MOHaLMTa U pa3BUTUE KaiiM ranbreHbepruta u aHrneaura Ha
rpaHuLe Mexzay YpaHMHUTOM W Nnarmoknasom (hoTo B 06paTHO-paccesiHHbIX MEKTPOHaXx)

Bospact MoHauuTa onpegeneHHbin U-Pb (ID TIMS) metogom no
BEpPXHEMY MepeceyeHnio JUCKOPANU C KOHKOpAMEN ANnsa YeTbipex dpakuui
paBeH 254917 MnH. net (puc. 2). 3TOT BO3pacT, CKopee Bcero, oTpaxaet
BPEMS KpUCTaNNmM3aLmm XurbHbIX rPaHUTOUAOB M COrnacyeTcsa ¢ BO3pacTom
MMWKPOKJITMHOBbIX FPaHUTOB panioHa, onpeferieHHbIX Mo LMPKOHY B 2526119
MIH. neT (Hawwu paddble). Ona U-Pb patupoBaHua ypaHuHuTa 3epHa
ypaHUHWTa W3BEKanncb U3 3MOKCUAHOW LWanbbl nocrne MUKPO30OHOO0BOMO
aHanuza. Tpu dpakumm ypaHuHWTa OnpefenslT BepxHee nepeceyeHue
auckopamu ¢ KoHkopauen B 228917 mMnH. net (puc. 2). NockosnbKy, cornacHo
BO3pacTy MoOHauuTa, BpeMs KpucTannusaumm xunbl 254917 mnH. ner,
obpa3oBaHne ypaHuHWTa B 2.3 MNpA. JNeT, BuUAUMO, pes3ynbTaTt
rmapoTepManbHOro nepepacnpegeneHns ypaHa. Kak yxe ynomuHanoce,
CYLLEeCTBYIOT [aHHble 00 apxernckoM BO3pacTe ypaHMHWUTa y4vacTka
CkanbHoe - 2730£30 mnH. net [CaBuukun 1 gap., 1995], Bo3pacT ypaHuHuTa
3TOro Xe yyacTka, nony4vyeHHbln Ha Mmacc-cnektpomeTpe SHRIMP Il paseH
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1825+20 mnH. net [Serov, 2011]. Takxe npucyTcTByeT 6Goriee no3gHui
ypaHuHUT - 45516 MnH. neT, a ana yyactka HamBapa JluueBckoro parnioHa
nonyyeH U-Pb (SHRIMP Il) Bo3pacTt ypaHuHuta 2185181 mnH. net [Serov,
2011].
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Puc. 2. lnarpamma ¢ KOHKOpAVEN ANS MOHAUMTa U ypaHUHWUTA U3 XUIbHbIX NerMaTouaHbIX
rpaHuToMaoB yyacTka [ukoe JluueBckoro painoHa

MonyyeHHble Hamu [aTUPOBKM, B KOMMNSIEKCE C fuTepaTypHbIMM
AaHHbiMu [Serov, 2011], MoryT cBuAeTEenbLCTBOBATb Kak O MOSIMXPOHHOCTU
YpaHoOBON MUHepanu3auum, CBA3aHHON C mnpoueccaMy TeneckonupoBaHus
(coBmMelleHMas B OOHUX U TexX Xe pyaoBMeLlalwmnx CTPyKTypax
MUWHepanbHbIX accoumaL i pa3Horo Bo3pacTa M CoCTaBa, YTO XapaKTepHOro
Ona  rmapoTepmarnibHO-MeTacoMaTU4eCKMX MeCTOPOXAEHUN), Tak U O
HapyweHun U-Pb cuctembl, 4To 0COOEHHO CKa3blBaeTCA Ha pe3yfbTaTtax
NOKanbHOro AaTMpoBaHus.

MonbiTkM onpegeneHns Bo3pacTa ypaHWHMTaA M MOHauuMTa MeToAOM
NOKasibHOro XMMWYECKOro AaTMPOBaHWUs MPUBENWU K MONy4YeHuto pasbpoca
Bo3pacTtoB oT 947 no 1490 mnH. net ana ypaHuHuta u ot 2400 go 2900
MIH. netT AnAa MoHauuta. [logobHaa pasHuMua Mexay pesynbTatamu
Banosoro (ID TIMS) n nokanbHoro (CHIME) meTofoB cBMAETENLCTBYIOT O
3aMeTHON MWrpauumn CBUHUA B npegenax 3epeH ypaHuHuta. NopobHoe
AIBMEHNEe XapakTepHO [N BbICOKOYPaHOBbLIX MMWHEPANioB M CBS3@aHO C
HapyLeHWeM KpUCTanfMYHOCTM CTPYKTYpbl B pe3ynbTate pagnmoakTUBHOIO
pacnaga, 4To cnocobCcTBYeT AOCTAaTOMHO cBOBoaHON Anddy3umn cBMHLA Mo
HapyweHHbIM 30HaMm. B okcumgax u cunukatax ypaHa ob6pa3oBaBLUMIACA
CBMHEL, He ocTaeTcad B CTPYKType, a BbIxoguT B Mex6nokoBoe
NPOCTPaHCTBO, rae obHapyxmBaeTcsi B hopMe MeTaNIMYeCKoro CBUHLA Uiu
ypaHata PbUO4 [CupopeHko wu gp., 2001]. CeobogHblii  BbIHOC
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pPafMOreHHOro CBUHLA W3 aMOpP(HbIX Y4acTKOB M MeX6I10KoBOro
NMPOCTpaHCTBa MPUBOAWUT K HEMpaBWIlbHbIM pacyeTamM BO3pacTa W, Yem
OpeBHee ypaHOBbIN MUHepars, TeM 6osblue NoTepy paanoreHHoro CBUHLA U
fonblue BEpOATHOCTb OWNOKN. DTOT BbIBOA, NOATBEPXOAETCS OTCYyTCTBMEM
Bapuauui BO3pPacCTOB M CXOAMMOCTbIO AATUPOBOK, MOSYYEHHBLIX PasHbIMM
MeToAaMu no naneo30McKMM ypaHuHuTam Kak B JIMLeBCKOM painoHe, Tak 1
B Canna-KyonaspsuHckon 3oHe [CaBuukui u gp., 1995; Serov, 2011;
KanuHuH v gp., 2015].
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Mo6yXCKuiA rpaHynIMTOBLIA KOMIMNEKC YKPaNHCKOro LuTa:
CoCTaB, U30TOMHOE AaTMpoBaHue, BO3pacT

Kupuniok B.I1.

JIbBOBCKMI HALMOHa IbHBIN yHUBEPCUTET UMeHU VIBaHa @parko, JIbBos,
YkpanHa

paHynuTOBas accoumauusa 3anagHow YacTn YkpauHckoro wuta (YL,
nonyymBllas HasBaHuwe "nobyxckuin komnnekc" [1], usgaBHa npuenekaet
BHUMaHWE uccnepoBaTtenend CBOEW  OOCTYMHOCTbIO AN U3yyeHus,
[OCTaToO4YHO Xopowen OOHaXEHHOCTbID W 4Ype3BblYalHbIM  MOPOAHbIM
pa3Hoobpa3uem. B nocnegHve pecAtunetus UHTepec K MNobyXCcKomy
KOMIMIEKCY eLle ycunuicsa B CBA3U C MOJlyYeHUEM AN Hero Haubonee
"npeBHUX" M3 U3BECTHbIX B HacToswee BpemMs B EBpone [A0CTOBEpHbIX
M30TOMNHbIX AaTtnpoBokK, pocturaowmx 3780 mnH net [2]. OpgHako, Bce
noslydeHHble AaTMPOBKM TaKOro Mopsiaka YyCTaHOBSfIEHbI MOKa TOMbKO Ha
opgHom yyacTke CpepHero [Mobyxba, B panioHe n. 3aBanbe, M Ha
CpaBHUTESNIbHO OrpaHUYEHHON TeppuTopuu, NNowanbio B nepeble k. Tem
He MeHee BbIBOAbI, KacalLUXCs cocTaBa U U30TOMHO-reoXPOHONOrMYEeCKon
XapaKTepUCTMKM 3TOr0 paiioHa, pacnpoCTPaHSAOTCA Ha Becb MOBYXCKui
KOMMJIEeKC, NPeacTaBnasa ero B UCKaXeHHOM Buge. OTO KacaeTtcs, npexae
BCErO, SIBHbIX UMM HESIBHbIX MOMbITOK MpeacTaBuUTb NOBYXCKUA KOMMNEKC B
KayecTtBe "ApeBHENLLEN KOpbl TOHANUT-TPOHALEMWUTOBOrO coctaea" [3, c.
220-221]. O6 3TOoM CBUAETENLCTBYET M TO, YTO MOPOAbI, M3 KOTOPbIX
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nonyyeHol Haubornee "gpeBHME" [OATUPOBKM, Ha3blBalOT 3HAEepOuTo-
rHemcamu wWnu gaxe nNpocTo 3HAepbuTamu, XoTa neTporpadmyeckn 3To
rmnepcreHcodepXalume nnarnorHenchbl - BCEro fulib OAMH U3 XapaKTepHbIX
TMMNOB MOPOZ, FPaHYNMUTOBbIX KOMIMJIEKCOB.

MonHbIN pa3pe3 NobyXCKOro KOMMeKca, 3aHNMatoLEero noLazb 0Kono
40000 aF, BKMIOY@ET CeMb cTpaTureHHblx dopmauuin [1, 4], obwen
MOLLHOCTbI0  cBblwe 15-17 kM (cHM3y BBepx): kuHUuruToByro (1),
TMNEepCTEHOBbIX  THEHCOB M KPUCTA/UTMYECKUX  C/IGHLEB (2),
JIVIKOrpaHyIMTOBYrO (3), BbICOKOITIMH3EMUCTO-KBAPUNTOBYO (4), Mpamop-
Kkanbuynguposyto (5), koHgammroByro (6), rMHO3emucTo-6asntoByro (7).
Bonblwas 4actb U3 HWUX MpeacTaBneHa MNpenMyLLECTBEHHO MEPBUYHO
NUTOreHHbIMU 06pa30BaHUAMU U NULWb GOpMaLHs rUNepCTEHCOAEPXaLynx
THEVICOB U KPUCTAILIINYECKUX CIaHLeB, MOLLHOCTbI0 okono 4000 m, nwmeer,
BEPOSATHO, UCXOLHYI ByIKaHoOreHHyto npupogy. OTAenbHble Tena u nayvku
rmnepcTeHcoAepXallmx rHencoB U KpUcTananyeckmux cnaHueB BCTpPeYakTcs
1 B gpyrux bopmMaumsix, HO TONbKO B NMOAYMHEHHOM KONUYECTBE.

B yTBepxpeHHon cTpaturpaduyeckon cxeme YL nobyxckuin komnnekc
6€e3 [oCTaTouHbIX OCHOBaHWI pacyneHeH Ha ABe pa3HOBO3PacCTHble Cepuun:
naneoapxewnckyt OHEeCTPOBCKO-6yrckyto (gopmavmm 7-3) 1 Heoapxemnckyo
oyrckyto (gopmaymn 4-6). Caman BepxHAs TMMHO3eMUCTO-O6a3nToBas
dopmaunua B CxeMe He BblOENAeTcA, a cnarawwue ee ob6pa3oBaHus
nokasaHbl Ha KapTax KaK TbiBpOBCKas cBUTa (dopmaumsi rMnepcTeHoBbIX
rHENCOB U KPUCTaNIMYECKUX CNaHLueB).

Becb komMnnekc ucnbiTan  WHTEHCUBHLIA  yribTpameTaMopusm.
Haunbonee oT4eTnMBO OH MpPOSABMEH B TPEX HUXHUX, MOLHbIX (3-4 KM
Kaxgas) u OTHOCUMTENIbHO OOHOPOAHbIX hOpMaLMsaAX, B KOTOPbIX UCXOOHbIE
MeTamopduryeckue nopoabl NpuobpeTatT NAYTOHUYECKUA 06K 1 COCTaB,
6nun3Kumn K rpaHNTONAHOMY (4ynHoBO-6epanyeBckue "rpaHunTbl",
pa3Hoobpa3Hble 3HAEpPOUTHI UM YAPHOKUTLI, arnsiCKUTOBblIE TIpaHUTbl U
rpaHuTO-THewchl). B Bbilwenexalmx dopmauusx, uMmetowmx 6onee necTpbii
MOpOAHbLIN COCTaB C npeobnagaHneM U YacTbiM  nepecriavBaHvem
MeTanuToreHHbIx 06pa3oBaHuin, NPOSABMEHNs yribTpaMeTaMmopurama MeHee
otyeTnuBbl. OHKM  BblpaxXeHbl B  BUAE  CPaBHUTENbHO  pPeaKuX
OBYMONEBOLNATOBbIX  FPAHUTOUAHBLIX  XWIbHbIX W THE3AOBbIX  Ten
aHaTeKTMYeCKoW MpupoAbl, a Takke B MNpuobpeTeHun TUMUYHLIMU
napanopogamu - KBapuuTamu, Mpamopamu, rpaHaToBbIMW THencamu u
OpYrMu - rpy603epHUCTOro "nnyToHUYeckoro" obnuka.

N3oTonHbIM OaTMpoBaHUEM oXxBayeHa BCA TeppuTopusa
pacnpocTpaHeHus NobyXCKOro Kommnsiekca, Ho Hanbornee M3y4YyeHHbIM Kak B
reofiormyeckom, Tak M B MW30TOMHO-FEOXPOHOMETPUYECKOM OTHOLLEHUU
ABnseTca panoH n. 3aBanbe. MakcumanbHble 3HayeHuWs Bo3pacTa 34ecb
Brnepsble Obinu nonyyeHol E.B. Bubukoson [2]. Mo ee paHHbIM, "Ans
MakCUMaribHO KOHKOPAAHTHbIX LMPKOHOB MO M30TOMHOMY OTHOLUEHMIO
207pp2%py, nonyyeH Bo3pacT, paBHbln 3,65-3,60 mnpp net. Ona ogHoro
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HEe30HanbLHOro fApa BHYTPM 30HANbHOrO KpucTarnna onpeeneH Mnoytu
KOHKOpAaHTHbIM Bo3pacT - 3,78 wmnpg net” [2, c. 16], koTopbIn
paccMaTpvBaeTCcs aBTOpPOM KakK BpeMs "copmMupoBaHuWA KOpbl B
Moponbckom 6roke YU [2, c. 17]. Kpome Toro, elle "aBa rnaBHbIX TEKTOHO-
TepManbHbIXx cobbiTns (okono 2,8 u 2,0 mnpa net) dukcupytotcs
LMpKOHaMn meTamopdoreHHoro reHesnca” [2, c. 17].

Mocnepyowme MN30TOMHO-TEOXPOHOMETPUYECKME  WCCNEAOBaHWA B
pavioHe n. 3aBanbe [5) npuBEeNM K YCTAHOBIIEHUIO HOBbLIX [APEBHMX
natnpoBok, "Bo3pactom Ao 3800 Ma (378914 n 377515 mnH. net) ¢ noytn
HEeHapyLIEHHON ypaH-CBMHLIOBOW M30TOMHOM cuctemon” [5, c. 117], a Takxe
MHOrOYCNEHHbIX 3HaYeHNn BO3pacTa, KOTopble M0 M30TONHOMY OTHOLUEHUIO
27pp2%pp 3aHMMaloT Bech AnanasoH Mexay 3500-1900 Ma" [5, c. 109]. Ha
3TOM (poHe, "OTYETNMBO MpoCMaTpuMBalOTCA, MO KpawnHen Mepe, OBe
ctagum metamopduama - 2700-2800 mnH net u okono 2000 mnH net
Hazapg" [5, c. 117].

Wunpokun ananasoH gaTUPOBOK Ans 3TOro xe y4dactka npusogdar C.b.
JNlo6ay-Xy4eHko 1 coaBTopbl, MO AAHHLIM KOTOPbLIX "NOyYeHHble 3Ha4YeHus
OOCTOBEpPHbIX (KOHKOPAAHTHbIX) AaT fexaT B BO3pacTHOM uHTepsane 3.65-
1.99 wmnpa net [6, c. 3]. B atom pguana3oHe aBTOpbl BbIAENSAOT
OVNCKPETHbIV pAfd, reoflorMyeckux CcobbITMR, Taknx Kak (opMupoBaHue
rHeWCco-3HOaepObUTOB,  BHEOpPeEHVWE  OaeKk  rpaHuToB, MaduToB MU
ynbTpamapuToB, HAKOMNIEHNE 0Caf0YHO-BYITKAHOMEHHbIX MOPOJ, HECKONbKO
aTanoB MeTamopdu3ma, B TOM YMCRE 3aKNioYMTerNlbHbIA FPaHynMTOBbIN
mMeTamopuram okono 2 mnpg net (7, c. 96].

CnemyeT  MoOQYEpKHYTb, 4TO MO  pe3ynbTaTam  CTPYKTYpHO-
cTpaTurpadmn4eckoro UsydeHus [4], Bce aTu JaTUPOBKU OTHOCATCA K CaMOM
BepxHen bopmMauun paspesa Nnoby>XCKOro KOMMIEKCa, BbiLLE TOW €ro 4acTu,
KoTopas BbIOENAETCA Kak Heoapxewhckas Oyrckaa cepusa. OTo pgaet
OCHOBaHWe Afsi BblIBOAA O TOM, YTO WUCXOAHblE TOMLWM BCEro NobyXCKoro
KOMMJIeKca - 1 JHECTPOBCKO-6yrckon, n 6yrckon cepuit - gpesHee 3780 MrH
net. Mo Tem Xe AaHHbIM PT-ycrnoBua rpaHynMToOBON GaumMm Ha 3TOM
y4yacTtke cyuwectsosanu BnnoTb Ao 2000-1900 mnH neT Ha3apg. 3TOT BbIBOA
coBMagaerT c pe3ynbTaTaMy 4aTUpOBaHMsA KOMMJSIEKCA Ha BCEW NMoLaamn ero
pasBuTUsi, B TOM 4YuUCNe U C [AaTMpoBKamMu yrbTpameTaMopUyeckmx
obpazoBaHuit. BbiBogbl 0 gpeBHem (cBbiwe 3780 MnH neT) Bo3pacte
MCXOAHbIX TOJLY NOBYXCKOro KoMmnnekca v anutensHom (Bnnote o 2000
MIH JNeT Has3aj) HaxOXAEHUM ero B YC/IOBMAX TpaHynuToBOW haunn
OTHOCATCA KO BCeMy MOOYXCKOMY rpaHynMTOBOMY KoMmmfekcy. YTo
KacaeTcs MomnbITOK MPUBA3KU MPOMEXYTOYHbIX AATUPOBOK K KOHKPETHbIM
"cobbITMAM", TO C Y4ETOM 3TUX YCIIOBUIN OHU NPEACTABAITCA r€0Nornm4eckm
Mano o060CHOBaHHbIMKM, nMBO, B Ny4ylleM CcryyYae, WMMEKT JIoKasbHbIN
XapakTep.
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FeoxpoHoMeTpuyeckue npobnembl cTpaTurpacdmm HUXHero
AoKeM6pusa YKpauHCKOro LWuTa

Kupuniok B.I1., borgaHosa M.U.

JIbBOBCKMI HALMOHa IbHBIN yHUBEPCUTET UMeHM VIBaHa @parko, JIbBos,
Ykpanra

Hapexabl, KoTopble BO3MaranuMcb Ha 3ape MpUMEHEHWUs W30TOMHOro
0aTMpoBaHUs Ha TO, 4TO "ycnexu B pa3paboTke MeToAoB onpeaeneHus
abconoTHOro BO3pacTa MO3BOMAT BHECTW CYLIECTBEHHble W KpanHe
HeobxoaoMMble YTOYHEHUA B cTpaturpaduio  gokembpua" [1, c. 124],
onpaBpanncb Aaneko He MOMHOCTbIo. K YnMciy HECOMHEHHbBIX LOCTUXEHUW
M30TOMHOW  TFEOXPOHOMOrMKU  JOKemMbpusi  criegyeT  OTHeCcTM:  a)
YCTaQHOBMEHHYIO yXe B TMepBOe [ecATUNeTUe LWUPOKOro npuMeHeHus
usoTtonHoro gatvpoBaHusa (50-e roabl XX-ro Beka) 3HauMTenbHO 60nbluyto,
4YyeM 3TO npeprnonaranocb paHee, 06LLYIO NPOAOIKUTENBHOCTb PaHHEro
OOKembpus, cocTaBnsiowylo 6Oosblie MOMOBMHbI BCEW FE0NOrM4eckon
uctopun (o1 6Gonee uyem 4.0 po npumepHo 1.9-1.7 mnpg ner); 6)
OPWEHTUPOBOYHYK, W TakXe 3HauyuTenbHO 6onbliylo  ONUTENLHOCTb
OTAENbHbIX FEOXPOHOMOrMYECKUX NoapasaeneHnini paHHero aokemobpus; B)
HagexHoe yCTaHoBMeHune "abCconTHOroO Bo3pacTa"
cnabomeTamopdn30BaHHbIX CTpaTUrpaddU4ecKux KOMMIeKCoB, B YaCTHOCTH
3eNeHOKaMEHHbIX, ONPeAeneHne NX HUXKHUX U BEPXHUX BO3PACTHBLIX FpaHuLL
W, TakKum 06pa3oM, BbIACHEHME MNPOAOIKXUTENBHOCTU (OpPMUPOBaHUS; T)
BbISIBIIEHWE HA pa3HbIX LMTAX CXOAHbLIX MO COCTaBy pPa3HOBO3PACTHLIX
3eNeHOKaMEeHHbIX KOMIMJIEKCOB; I) OnpeaerieHne BO3pacTa MHTPY3UBHbIX
KOMMMEeKCoB, 3aBepwalowmux ¢opmMmMpoBaHue paHHeOOoKeMOPUACKOro
dyHaamMeHTa ApeBHUX nnaTgopmM.

Mexgay Tem, 4To KacaeTca cTpaTurpadun BbICOKOMETaMOPU30BaAHHBIX
KOMIMIEKCOB LUUTOB, TO MPUMEHEHUE METOLO0B M3OTOMHOMO AaTUPOBAHWUS
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ONs UX cTpaturpaduyeckoro pacuysieHeHUss He TOMbKO He Aarno OLWYTUMbIX
MOMOXWTENbHbIX Pe3ynbTaToB, a HaMNpoOTUB, MPMBENIO K HeonpaBAaHHOMW
pEBM3UN B pPa3HbIX PerMoHax MHOMMX, YCTOABLUMXCA Ha OCHOBE
reonorM4ecknx AaHHbIX, NPeAcTaBneHMn O BO3PACTHbIX COOTHOLLUEHUAX U
OTHOCUTENbHOM MNOCNEenoBaTENbHOCTU CTPATUTEHHbIX MeTamMopgUYEeCKux
KOMMEKCOB. M BbI3BAHO 3TO HE MOMYYEHHbIMU U30TOMHBLIMU AATUPOBKaMW,
HaEeXHOCTb KOTOPbIX MPU COBPEMEHHbLIX METOAax WCCefoBaHUsA He
BbI3bIBAKOT COMHEHWSA, @ UX HEKOPPEKTHOW UHTEpNpeTaumnen, KoTopas 4acTo
nenaetca 6e3 ydyeTa reosfiorMvyeckux HabnwaeHuin u  pes3ynbTaTos
reonorn4yeckoro kaptuposaHus. [Mpyu 3TOM, BO3HUKalOLWIME NPOTMBOpPEYMS
NPenoaHOCATCA Kak pa3Hornacus Mexzay reonormyeckumMum m U3oTOMHbIMU
OaHHbIMK,  XOTA  OONMBLIMHCTBO W3  HUX  OTHOCUTCSA K  cyry6o
reoXpoHOMETpUYECKMM  npobnemam, CBA3aHHbIM C  [E0NOrnyYeckon
WHTEpnpeTauunen N30TOMHbIX AaTUPOBOK.

He wu3bexanu 3Tux nNpoTMBOpPEYMA U uUccnepoBaHns B obnactu
cTpaturpadgummn n HUXHero nokembpus Ykpauxckoro wuta (YLL). Hanbonee
paHHUM M3 pa3HOrnacuin, Kak u no4vTy Ha BCEX LUWUTax, CTano Npu3HaHue B
KayecTBe CaMblX APEBHUX apXenckux crpaturpaduyeckux noapasaeneHumn
3€MEeHOKaAMEHHbIX KOMMJIEKCOB, Ha OCHOBaHWM MOMyYEHUA U3  HUX
0aTVMpOBOK CBbile 3 MNpA feT, KOTopble Ha TO BpeMsi OTCyTCTBOBanu A
BbICOKOMETaMOP(hM30BaHHbIX KOMMNekcoB. [locnenywuime BbiBIEHME B
pa3HbIX pernoHax cHavyana BbICOKOMETaMOP(U3OBAHHbLIX KOMIMMEKCOB,
NoACTMNAOWNX 3eNleHOKaMEHHble, a 3aTeM U YCTaHOBMEHue ANnd HUX
bonee "ApeBHWMX" [ATUPOBOK, MO CPaBHEHW C 3efeHOKaMeHHbIMU
KoMMnekcaMmu, MpUBENO K MOSIBNIEHMIO KOHLUENUUM OPEBHENLUMX TOHANUT-
TpoHAbeMuUT-rHencoBblX (TTG) komnnekcos, unu "cepbix FHeWcoB", U ee
LLUMPOKOMY pacrnpoCTpaHeHuto Ha YKpauHcKoM wute. MNMepeoHayanbHo TTG-
KoMMnekcaMu cumTanuch Tonbko obpasoBaHua amdubonutoson dauum, HO
CO BpPEMEHEM K HUM CTanMm OTHOCUTb U runepcTeHcodepxalime
nnarnorHemcoBble accouuauuun, BXOASWMEe B COCTAB IPaHyfMTOBbIX
KOMMMEeKcoB. N3 HMX B HacTosilee BpemMsi M MOJSlyYeHbl ApEeBHenne w3
n3BecTHbIX Ha YU, aatupoBku B 3780 MNH net Ana nobyXckoro Komnnekca
n 3650 mMnH neTt and nNpuasoBCKOro KoMMsjekca, NoATBEPAMB TEM CaMbIM
paHee CyLlecTBOBaBLUME MpeacTaBneHnss o Hanbonee ApPEBHMX Ha LMTax
rPaHyfIMTOBbIX KOMIMJIEKCax.

B crpaTturpacdum HuXHEro AokemMbpusi YKpauHCKOro Lwmuta u cendvac
UMeEeTCs pAf, O4EBUAHbIX TEOXPOHOMETPUYECKUX MPOTMBOPEUMI, CBA3AHHbIX
C [aTMPOBAHMEM BbICOKOMETaMOP(MU3OBaHHbIX KOMIMIIEKCOB, TpebyoLmx
CBOEro 06 bACHEHMA N COrNacoBaHUA C reoslIorMyeckMMm gaHHbIMKU. Tak, no
reofiorMyeckUM [[aHHbIM B COCTaBe HWMXHeapXenckoro mnobyXcKoro
rpaHynMTOBOro KOMMEKca yXe AaBHO Oblnn BbiAeneHbl ABe caMble HUXHWEe
B pa3pe3e, COrnacHo 3aserawwme cynepkpycranbHble dopmauum un
COOTBETCTBYIOLUME MM CBUTbI: HUXHAS - KUHUMUruToBas (6epesHuHcKas
CBUTA) M Bblllenexalan - aHaepbuto-rHencosasn (TbiBpoBckasa cBuTa). o
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pe3ynbTaTam KX nocrneayoLwero AaTMpoBaHus, Ansa ThiIBPOBCKOW CBUTHI Obi
npuHAT apxencknin U-Pb n30xpoHHbIN BO3pacT apeBHee 2815 MiH neT, a
ans 6epe3HnHCKo cBuThl, No pesynbtatam Sm-Nd, Rb-Sr n U-Pb meTopos,
nonyyeHol pe3ynbTatbl B AumanasoHe 2200-2470 mnH net. Ha atom
OCHOBaHUM Gepe3HuMHCKas cBWTa B cTpaTurpadudeckon cxeme 6bina
nomelleHa Bbllle TbIBPOBCKOW, M Jaxe npepfiaranocb ee OTHECEeHue K
HUXHeMy npoTepo3ok. K HacTosiwemy BpEMEHM B CTPaTtoTUMMYECKOM
panioHe pana obeux CBWUT YCTAHOBMEHbI OAMHAKOBbIE MaKCMMasibHble
paHHenpoTepo30MCKNe AaTUPOBKU - He Gonblue 2.2-2.3 MnpA neT, B CBS3U C
YyeM, M BOMPEKN TreosniorMyeckMM fAaHHbiM 06 ux cTpaTurpaduyeckom
MonoXeHun B HU3ax pa3pe3a MobyXCKOro KoMmmniekca, npegnaraercs ux
OTHEeceHue K HUXHeMy npotepo3oto [2]. [pu aToM, cnegyet OTMETUTb, YTO
Haubonee OpeBHWe OATUPOBKKU, cocTaenswowme 3780-3650 mnH net, no
reofiorMyecknm AaHHbIM OTHOCATCS K CaMblM BepxaM pa3pe3a nobyXckoro
komnnekca [3].

ABHO OLWMBOYHbIM ABnseTcs pasgeneHue Ha OocHoBe
reOXpOHOMETPUYECKMX  OaHHbIX  €AMHOro  MoBYXCKOro  rpaHynmTo-
rHerNCOBOro KOMMJeKca Ha ABe pa3HOBO3PacCTHbIE CEPUM - MAneoapXxemncKyio
OHECTPOBCKO-OYrckyto M Heoapxewckytlo Oyrckylo, a npuasoBCKOro
KOMMeKca - Ha naneoapxencKyr 3anagHonpua3oBCKYH U HEOapXencKyto
LleHTpanbHOMPMa30BCKYH. Ha Taknx Xxe ocHoBaHMAX B CcTpaTurpadmnyeckon
cxeme YKpauHCKOro LuTa MnokasaHbl B KayeCTBe pa3HOBO3PAaCTHbIX
noapasfeneHnii naneoapxenckas aynbCkas cepus U Heoapxeunckas
POCMHCKO-TUKMYCKass  cepws,  npeacTtasnsiowme  cobon  TUNUYHbIE
ampunbonnTo-rHencosbie ("ceporHenicoBble") KOMMJIEKCDI.
Pa3HOBO3pacTHbIMK  cuMTalOTCA MNaneoapxenickasi 3eneHosieBajoBCKas
cBuTa NoBYXCKOro KOMMEKCa N Heoapxenckas LeHTparibHoMpua3oBcKas
Cepusi, CNOXEHHbIE OOWHAKOBOW JENKOrpaHynMTOBON CynepKpycTanbHOW
dopmaumen.

OpHako Hanbonee NPoOTMBOPEUNBLIM, HE UMEIOLLUM HU FE0SI0rM4ecKoro,
HU TeopeTuyeckoro o0O6O0CHOBaHWA, SBNSAETCA MOMELLEHME B CXEME
Mpua3zoBckoro Merabnoka Mexay 3anagHornpras3oBCKoOn "
LeHTpanibHOMNpPYa30BCKOW cepuamu, MeTamopn30BaHHbIMU B
rpaHynuToBon dauumn, Me30apxenckoro KOCMBLEBCKOrO 3ef/IeHOKaMEHHOro
KOMMeKca.

OTn 1 MHOrme gpyrue npumepsl u3 "cTpaturpaduyeckoro nNpownoro” un
COBPEMEHHOr0 COCTOSAHMA cTpaTurpacdunyeckon CXeMbl YL
CBUAETENBLCTBYIOT O TOM, YTO T[EOXPOHOMETPUYECKOE [AaTMpOoBaHue
BbICOKOMETaMOP(PM30BaHHbIX KOMIMIEKCOB HE MOXET MCMNOJSIb30BaTbCA AN
CcOBCTBEHHO cTpaTurpadmyeckmx noctpoeHuin. Bce nonyyaemble gnsa aTmx
KOMMIEKCOB [ATMPOBKM  SBASIIOTCA  OTpaxXeHuem Uux nocnenyroLlien
ONUTENbHOM  3HAOrEHHOM  3BOSOLMKW, B TOW WIN  WHOW  CTEMEHM
"OMOMOXeHHbIMKU", MO CPaBHEHUIO C UX "cTpaTurpadunyeckum Bo3pactom”, n

138



b Haubonee [OpeBHME U3  HUX MOTYT paccMaTpuBaTbCs  Kak
MUWHMMarbHas HUXHAS BO3pacTHas rpaHuLa KOMMSIeKCoB.
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M3otonHo-reoxummyeckoe (Sr, Pb) uccneposanue paspesa
NOYBEHHO-PACTUTENIbHOIO CIIOSl B pailoHe apXxeosiorMyeckux
NaMATHUKOB 3rnoxm 6poH3bl Ha KOXHOM Ypane

Kuceneea [.B., Waranoe E.C.", 3aiiuesa M.B.", Ctpeneuxas M.B.”,
Kapnosa C.B.

"vrr YpO PAH, EkarepuHbypr; ZYpCDy, Exkarepurbypr

MaTtepuanbHble npegMeTbl KynbTYpHOro Hacrnegus - UCKonaemble
KOCTHble 1 3yOHble TKaHW YenoBeKa U XMBOTHLIX, APEBHNE OpyaAusa Tpyaa u
npegMeTbl U3 MeTarnna, KaMHsl, KepamMuK1 1 T.4. LUMPOKO UCMNONb3YTCA Ans
nosly4YeHunst AaHHbIX 06 0bpa3e XU3HN N MUrpaLUsaX HaceneHus 1 AoMallHMX
XUBOTHbIX, @ TakKxe onpegeneHns WCTOYHMKA MWHEPanbHOro Cbipbsi B
OPEBHOCTM Ha OCHOBE pPasfiMYHbIX WU30TOMHBLIX OTHOLUEHWA, B 4aCTHOCTMU
ctpoHums [Ericson, 1985] u ceuHua [Chirikure, 2014].

MopobHble MccrnenoBaHUsA HEBO3MOXHbI 63 BCECTOPOHHEro M3Yy4YeHus
OKpYyXaloLLen reonorm4eckon U aKONormyeckon obCcTaHoBKW, onpepeneHms
€€ MW30TOMHO-TEOXUMMUYECKUX XapaKTepuUCTUK, NpeacTaBnslowWwmx cobon
Hekne pedepeHCHble TOUYKM UM POHOBblE BENUYMHBLI AN MpoBeAeHUs
COMOCTaBMEHUN, Hanpumep, onpefeneHnss Tak Ha3blBaeMOro JI0KarbHOro
«buopoctynHoro» Sr [Bentley et al., 2004].

B 6acceitHe p. Kaparainbl-AaT (YenabuHckasa obnactb) pacrnonaratotcs
apxeorsiormyeckne NamMsaTHUKU No3gHero OpOH30BOro BeKa - YKPEMSEHHbIe
noceneHna KameHHobii AM6ap n KoHonnsHka (21-17 BB. A0 H.3.), MOTUIbHUK
Henntoesckuint (19-16 BB. oo H.9.) [Kucenesa wn ap., 2017 n gp.]. PainoH
uccrnepoBaHMin NpeAcTaBfeH rPaHUTOMAHBIMU MaccuBamm - HenmoeBckum
n BapwaBckum nnytoHamu. Bmewawwmmu nopogamu ang Hux cnyxart
TEPPUreHHblE MNOpPOAbl HWXHE-CPegHEOPAOBUKCKOW PbIMHUKCKOW CBUTHI,
obHaxeHHble K 3anagy OT rpaHuTougoB. BocTouyHee, Ha TeppuTOopuK
apxeosiorMyecknx NaMsTHUKOB, 3aneratT YrinUCTO-TIIMHUCTbIE (OUNINTOBLIE
CnaHubl paHHEKaMEHHOYTONMbHOro BO3pacTa, a loXHee - runepbasvToBbIN

maccuB [TeBeneB u ap., 2006]. HecmMoTpsa Ha HannyMe M3OTOMHbIX OAHHbIX
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no Henniweeckomy u BapwaBckoMy rpaHutongHeiMm MaccuBam (Rb-Sr
Bo3pacT [TeBeneB wu pap., 2006]), paHHbIM paloH npeacTaBnseTcs
HEOCTaTOYHO M3YYEHHbIM, 0COBEHHO B 0651aCTU N30TOMHO-TEOXMMMUYECKMX
XapaKTEPUCTUK CMOXHOW CUCTEMbl B3aMMOAEWNCTBUS  MOACTUNAOLLUX
rOPHbIX MOPOA, MOYB, MOBEPXHOCTHLIX U NOA3EMHbIX BOA, PACTEHUN N XUBbIX
OpraHu3MoB.

Lenbio paboTtbl aABnAnacb  M3o0TOMNHO-reoxumuyeckas (Sr, Pb)
XapakTepucTMka MEeCTOHaxXOXAEHUN psafa apXeosiorMyeckMx MamMATHUKOB
KOxHoro Ypana anoxu 6poH3bl; BbISIBNEHWE MATeEPUanoB, NMPUroAHbIX Ans
onpefenennst NIokanbHOro G6MoAoCTYMHOrO CTPOHUMSA M UCMONb30BaHUS B
apxeoniorMyeckon UHTepnpeTauuM WCKonaemMbix 06pa3LoB KOCTHOM U
3y6HOM TKaHMW.

Matepuanbl u Metogbl. B npepenax kaxpgoro namsiTHMKa oTobpaHbl
o6pa3subl pevHol Boapl (pekn Kaparannol-Aat, AHObipka, AKMynna), ropHbIX
nopoga, pasnu4yHbIX YacTen NOYBEHHOIo NpPoduns, a Takxe pacTUTENbHOCTU
(TpaBbl) - Bcero 36 006pa3uoB, XapakTepu3ylLMX MeCTHOCTb B
uccnegyeMom panoHe.

Mpo6onoaroToBka U aHanu3bl NpoBeAeHbl B 6510Ke YNCTbIX MOMELLEHNI C
knaccamu unctotel 6 1 7 NCO (UI'T YpO PAH, r. EkatepunHbypr). Ona
nopoA, 1 MOYB MCMONb30Bajii MUKPOBOSIHOBOE BCKPbITUE CMECBLIO KWCHOT;
ons TpaBbl - oTKpbITOoe BeKpbiTe HNOs; n H,O,. [Ina nsotonHoro aHanusa
Pb 1 Sr 6b1nu xpomaTorpacuyeckm BbigeneHbl Ha cMonax BioRad AG 1x8 u
Triskem Sr-Spec, cooTBeTCTBEHHO. W3mepeHuss U30TOMHbIX OTHOLUEHWUN
nposogunu Ha Neptune Plus meTopom 6pekeTtuHra c ncrnonb3oaHvem NIST
SRM 987 (Sr) n metogom Tly (Pb).

PesynbTtaTthl " obcyxpaeHue. WccnepoBaHHbIe obpasupl
XapaKTepusyloTCsl  3HaAUUTENbHLIMW  BapuauusiMu ¥Sr/%Sr,  npuuem
Hanbonbwnin pas3ber OTMeYeH AnA Nopos W MO4YB: MaKCMMarbHbIMM
3HaYeHMAMMN B npegenax nccneaoBaHHbIX MECTOHaxX0XAeHUN
xapaktepusytotca dwunnut  Bapwasckoro maccuBa (0.71564), rpaHut
Henntesckoro maccua (0.80755) u kBapumuTOCnaHey, M3 panoHa [.
KoHonngHka (0.75355), a Takxe no4yBbl, 0TOOpaHHbIE Haf, CEPNEHTUHUTaMW,
KameHHbIn Ambap (0.71488 n 0.71946), B pantoHe a. KoHonnsiHka (0.71040-
0.71814) n B paioHe wmorunbHuka Henmwesckun (0.71433-0.71541).
MoHUXeHHbIe OTHoweHus °'Sr/*°Sr B TpaBe 0.70716 (KameHHbin Ambap,
Hag cunnutammn) mMoryT 6biTb 0BycnoBneHbl NpuMeHeHneM docdaTHbIX
yaobpeHuin (Henopaneky pacnonaraloTcsi 3eMiM CeNbCKOXO35IMCTBEHHOO
Ha3Haquv|ﬂ [Maurer et al., 2012]. B uenom, HaumeHblnn paz3bpoc
3Hauenuit ¥'Sr/*esr xapaKTepeH ans nqu VI BoAbl. [lpn conocraeneHuu ¢
NoNy4YeHHbIMW paHee [aHHbIMU MO ¥Sr/%Sr B MckonaeMbix KOCTHbIX M
3y6BHbIX TKaHSAX YesioBeka M XMBOTHbIX [Knucenesa u gp., 2017] BbisiBNEHO,
4yTo 06pasubl NOACTMNAKWMX MOPOA, no4s, PACTUTENbHOCTM W BOABI B
uenom ob6nagatoT 6Gonee paavoreHHbIM ' Sr/*°Sr oTHoweHuem, uyem
NCKOMaeMbIl U COBPEMEHHLIN BuoanaTtuT, YyMeHblIaAacb B pagy nopoja -
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MoyBa - pacTuTeNnbHOCTb. TEM He MeHee, criefyeT OTMETUTb, YTO FPaHUTbI 1
cepneHTMHUTbI BapwaBckoro MaccMBa WMMEKT MeHee pafuoreHHble
BenuumnHbl °'Sr/®*Sr no cpaBHeHWo ¢ apxeonornuyeckumn obpasuamu U
COBpeMeHHON KocTbto cycnuka [Kuceneea u pgp., 2017] n, Haobopor,
yBENNYMBAOTCA B PAAY NOPOAaA - NOYBa - pacTUTENbHOCTL. PeyHasn Boga un3
BCEX Tpex peK umeeT OnM3KWMA M30TOMHbIA cocTaB cTpoHuus (0.71094 -
0.71176), Gonee pagMOreHHbI MO CPaBHEHUIO C apPXEONOrnMYeckKumMu
obpasuamu. [eTanbHbll NMOYBEHHLIA pa3pe3 No npodwunio B paioHe A.
KoHonnsiHka BbISBMIT paBHOMEPHOE YBENUYEHME Sr-OTHOLUEHMIN OT HUXHUX
CNOEB K BEPXHUM C Makcumymom B nnogopofgHom cnoe (0.71814), npnyem
ONnsi TpaBbl OTMeYeHO Hu3Koe oTHoweHune (0.70898), 6nmM3koe K HUXHEMY
necyaHomy cnoto npodcuns (0.71040).

Takum  obpaszom, M3  BCEX  WCCMeAOBaHHbIX  MaTepuanos,
XapakTepusylwux 6Mo[0CTYNHbIN  CTPOHUMNA, Haubonee O6nM3KUM K
apxeorormyeckum obpasuam sBnseTcA COBpeEMEHHaa KOCTHas TKaHb; Tpaea
M BOOA, XOTb W XapaKTepusylTcA ManbiM pa3bpocom Benu4uH ¥sr/*sr,
UMEIT HEecKoNbko 6ofiee pagmoreHHbll M30TOMHbIA COCTaB CTPOHUMA. B
LuenomM, Bce apxeonoruyeckue o6pasubl yknaabliBaloTCA B AMana3oH
N30TOMHbIX OTHOLUEHUA GMOAOCTYMHOrO CTPOHUMS, a pa3bpoc 3HayYeHun
¥Sr/®Sr B HUX 3HAUMTENBHO MEHbLUE MO CPABHEHMIO C «(DOHOBBIMMUY
MaTepuanamu, YTO He OfnpoBepraeT BbIABUHYTYIO paHee runotesy ob ux
aBTOXTOHHOM npoucxoxaeHun [Kucenesa v ap., 2017].

N30ToMHbIE OTHOWEHMA CBMHLUA B MOpoAax W MNO4YBax W3YYEHHbIX
MECTOHaxoXaeHun BapbupyloT B npegenax 18.41 - 19.26 (2°6Pb/2°4Pb),
15.64 - 15.70 (*’Pb/**Pb), 38.33 - 40.06 (*®Pb/**Pb). Mpu aTom
OTHOLIeHMA B no4Bax 060cobneHbl U Ha rpadukax pacrnonaralTcs Mexay
ToYKamMu noAacTunawwmx nopof. [lonyyeHHble p[paHHble MOryT ObiTb
MCMNosb30BaHbl gnA atpubyumMnm ApeBHUX MNPOAYKTOB MeTasypruyeckoro
nepegena (pyabl, LWNakoB, OPOH30BbIX W3OENWA) W KepaMuku Ans
onpeaeneHns UCTOYHUKOB MUHEParnbHOro Cbipbsi B APEBHOCTM.

Pabota BbinonHeHa B LIKM «eoaHanuTuk» B pamKkax roc6roaxeTHowm
Tembl N2 0393-2016-0025.
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BospacT 1 MICTOYHUKK TeppUreHHbIX OTOXEHUN YAOKaHCKON
cepun YA0KaHCKOM 30HblI Koaapo-YpokaHckoro npornba
(AngaHckui WKT): pe3ynbTaTthl reoxpoHonoruyeckux n Nd
M30TOMHbIX UCCIea0BaHUMN

Koeaq B.n. , KotoB A. 5 , CanbHukoBa E. B.! FnaqKoqu . n.2 CKHFIpOB
E.B.2 Tonmaqua E B.' BenuKocnaBMHCKMM c.n., Fopoxoacmw B. M
I'Iop,Kosblpoa B.H.! J'Iapvu-| AM. , 3aropHas H. IO Mnotkuna HO. B
CDe.u,oceeHKo AM.

"UrrA PAH, r. CankT-llerepbypr; ’U3K CO PAH, r. UpKkyTck

TeppureHHble OTNOXEHUS YOOKAHCKOW cepuu, BbinosnHsawwme Kogapo-
YpokaHckuin npornb, HecornacHo 3anerawT Ha apxelckux nopogax Yapo-
OnekmuHcKoro reobnioka AngaHCKoOro WuTa u SBAAIOTCA TMNOCTPaToTUMNOM
HuxHero npotepo3osa Cwubupn wn [HanbHero Boctoka. MowHoCTb
TEPPUreHHbIX OT/IOXEHWN YOOKAHCKOW cepun, MeTamop(U3OBaHHbIX B
yCIoBUAX 3eneHocnaHueBon n amcpmbonutoBoi caumnn, npesbiwaoT 10 Km.
B ee cocrtaBe BbigenswT (CHW3Yy BBEpPX) KOAAPCKYI, YMHENCKYI U
KeMeHCKylo  noacepuun. BaxHenwen  0COBEHHOCTbIO  TEepPPUreHHbIX
oTnoxeHun Kogapo-YaokaHckoro npormba ABnseTca ux MeaeHOCHOCTb.

BospacTHble rpaHuubl  OPMUPOBaAHWA YOOKAHCKOW cepunm u  ee
OTAenbHbIX CcTpaTurpaduyecknx noapasfeneHni, a Takke WCTOYHMKMK
CHOCa cnarawwmx ee TeppureHHbIX MopoA HABMAAKTCA BO MHOMOM
HeonpepeneHHeiMu. [Ona peweHna 3Tux Bonpocos B WIMTHO PAH
BbinonHeHbl Nd u3otonHele n U-Th-Pb (LA-ICP-MS) reoxpoHonornyeckue
uccrnepoBaHuA MeTanecyaHUKOB UYMHEWCKOW M KeMEeHCKOW noacepuin, a
Takxe U-Pb  reoxpoHomoruueckue  unccrnepoBaHua — FpaHWTOWMAOB,
NpOpbIBaOLLMX KOJAPCKYH0 NOACEPUIO. YCTaHOBMEHO, YTO:

1. CraHoBneHue paccrnaHuoBaHHbIX OWOTUTOBBLIX MNArMorpaHNToB,
KOTOpble MpOpbIBAlOT 0OCafo4vHble MopoAdbl KOAApCKOM noacepunm U
COBMECTHO C HMMM MOABEPralwTCad  CTPYKTYPHO-MeTaMopduyecKkum
npeobpa3oBaHuAM B YycnoBusAx amdubonutoBow dauum, NponsoLno
2105+6 MnH net Hasap. OTa ouUeHKa Bo3pacTa B MepBOM MNpuUbAMXeHun
COOTBETCTBYET BEPXHEN BO3PaCTHOWN rpaHuLe (hopMrMpoBaHUS TEPPUreHHbIX
MOpOA, HUXHEN YacTu pa3pes3a YAOKaHCKON cepuun (Kogapckas noacepus).
MpuHumas BO BHuMMaHue pesynbrtatel Nd M30TOMHBLIX MCCNeAoBaHWN
MeTaocalouHbIX Mopof, Kogapckon noacepun (tng=2.5-2.3 mnpa ner),
MOXHO cpenatb BbIBOA O TOM, UYTO BO3pacT TEPPUreHHbIX OTMOXEHUN
HUXHEN YacTu pa3pe3a YOOKaHCKOWN cepum HaxoguTcsa B uHtepsane 2.1-2.3
Mnpa ner.
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2. KoOHKOpAaHTHble OLEHKM BO3pacTa [AeTPUTOBbIX LUUPKOHOB W©3
MeTanecyaHUKOB  anekCaHApPOBCKOW  CBUTbI  YMHENCKOW  Mnoacepun
HaxogATca B MHTepBanax 1874 - 2109, 2450 - 2554 n 2687 - 2825 mnH ner.
Ha KpuBbIX OTHOCUTENBHOW BEPOSITHOCTM  BO3PAcTOB  OTYETIUBO
BblAenaATcsa nukn ¢ Bo3pactammu 1.90, 1.98, 2.50, 2.55 n 2.72 mnpa nert.
[Ba 3epHa UMPKOHA MMEKT KOHKOpAaHTHble Bo3pacTbl 2932 n 3086 mnH
net. MoxHO nonaraTtb, YTO HUXHASA BO3pacTHas rpaHuLa HakomfeHUs Nopos
anekcaHgpoBCKOM CBUTHI YMHENCKON noacepum coctaBnseT
npubnuantensHo 1.90 mnpa  net. BepxHas Bo3pacTHaa rpaHuua
HakonneHus nopof  3TOW  noacepun  onpepenseTca  BO3pacToM
NpopbIBalOLWLMX MX MarmaTudeckux nopopn YuHenckoro maccmea (18673
MIH neTt). Takum o06pa3om, BO3pacT OTIIOXEHWA YMHENCKON MoAcepun
HaxoguTcsa B MHTepBane 1.87-1.90 mnpp, ner.

3. KOHKOpAaHTHble OLEHKM BoO3pacTa [AeTPUTOBbIX LUUPKOHOB U3
METarnecyaHWKOB CaKyKaHCKOW, TanakaHCKOW W HaMWHIMHCKOW CBWUT
KEMEHCKON MOACEepUU YOOKAHCKOW cepun Haxopatca B uHTepsanax 1875-
2195, 2350-2589, 2665-2860 wn 2911-3071 mnH net. Ha «kpueon
OTHOCUTENBbHON BEPOATHOCTM BO3pacToB BbigensawTca nukn: 2.02, 2.16,
2.18, 2.38, 2.54, 2.73, 2.82, 2.93, 2.97, 3.00 n 3.04 mnppg net. nsa Tpex
3epeH LMpKOHa NonyYeHbl KOHKOpAAHTHbIE oueHKn Bo3pacta 3137, 3161 u
3328 mnH net. Takum obpa3om, BO3pacT MNPOTOSIUTOB METaAoCafOuYHbIX
nopoa KemeHckon noacepun He npesbiwaeTr 2.0 mnpp net. BepxHas
BO3pacTHas rpaHuua WX HaKoNneHwss onpepenseTca  BO3pacToOMm
NPOpPbIBAOLLMX FPAaHUTOB KOJAPCKOro Komnnekca - 1876+4 mnH ner.

4. WcToyHMKamMn cHoca MeTanecyaHUKOB UYMHEWCKOW U KeMEHCKOW
noAacepuin YOOKaHCKON Cepun NMOCIyXWUM NOpoAbl NaneonpoTepo30MCKOro,
HEO- U MEe30apXerCKoro BO3pacToB. B kKayecTBe WCTOYHUKOB HEO- W
ME30apXeNCcKUX LUMPKOHOB MOIMMW BbICTYNaTb TOHANUT-TPOHALEMMUTOBbIE
OpTOrHemnchbl ONeKMUHCKOro Komnnekca Yapo-OnekmuHkoro reobnoka
AngaHcKoro wuTa v rpaHuToMabl YapoLoKaHCKOro KOMMeKca, a LMpPKOHOB
¢ Bo3pactoMm 2.07-2.11 MnH neTt rpaHMTOMAblI KaTyrMHCKOro KOMMmekca, a
Takxe rpaHutomMabl C Bo3pactoM 21056 MnH neT, npopbiBaOLWNX
OTNOXeHus Kopgapckon noacepun. Bospact okono 1.90 mnpg ner,
coBMagjaeTr C BO3pacTOM MOCMEeOHUX CKnag4yaTocTu W perMoHanbHOro
MeTamopcm3ma, MNPOSBMEHHbIX B Mpefenax 3anagHouM yactu Yapo-
OnekmuHckoro reobnoka (1908t5 wmnH neT). Marmatuyeckne u
MeTamopduryeckne KoMmniekcobl ¢ Bo3pactom okono 2.02-1.98, 2.38 n 2.50
Mnpg net B npegenax Yapo-OnekMuHKoro reobnoka AngaHckoro wura He
YCTaHOBMEHBI.

5. MeTaTepureHHble nopoabl XxapakTepusylTcsa 3HadeHuamu  Nd
MOAENbHBLIX BO3PacToB tngpmy = 2.7-2.3 MIpA NeT, YTo CBMAETeNbCTBYET O
NPUCYTCTBUM  CpPeou  WUCTOYHMKOB CHOCA KaK MOpOA  apXenCKowm
KOHTUHEHTanbHOMW KOpbl WNW MNMPOAYKTOB WX nepepaboTku, Tak U Mopop,
naneonpoTepo30McKoro Bo3pacta. MuHumarnbeHble oueHkn Nd mMoaenbHoro
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Bo3pacTa (2.3 Mnpph neT) XapaKTepHbl A1 Nopof, KoAapCcKon noacepun,
TOrga Kak Mnopodbl YMHEWCKOW MOoACepuy XapakKTepu3ylTcs 3HaYeHUsMu
tnaom) = 2.6-2.4 Mnpa, neT, a KeMeHckon - 2.7-2.6 mnppa net. NonyyeHHble
pe3ynbTaTbl CBUAETENLCTBYET O GonblUeM BKNage nareonpoTepo30MCKuX
OCTPOBOAYXHbIX WAU OKPaWHHO-KOHTUHEHTAalbHbIY KOMMMEKCOB MOpOA B
Hayane opmMnpoBaHNsa OCaOOYHbIX MOCneaoBaTeENbHOCTEN YOOKaHCKOM
30Hbl Kopapo-YpokaHckoro npornba v npeobnagaHum MCTOYHWUKOB C
apxenckumm Nd mofenbHbIMKM BO3pacTaMu Ha 3aBepLualLlmX CTagusax ee
pa3BuTUS.

6. [MonyyeHHble K HacTosWeMy BpeMEeHW [aHHble O Bo3pacTe
TEpPPUreHHbIX OTNOXeHnn Kogapckon (2.1-2.3 mnppa net), ynHernckon (1.87-
1.90 mnpg net) u kemexckon (1.88-2.0 mnpa net) nogcepuin yaoKaHCKon
cepun Kopapo-YpaokaHckoro nporvba CBUAETENbCTBYET O 3HAYMTENbHOM
nepepbiBe B HAaKOMJIEHMM NPOTOSIMTOB META0CAA04HbIX NOPOA, KOOAPCKOW 1
3aneralwmx BbllIE META0CaAO0YHbIX MOPOA YMHENCKOM W KEMEHCKOW
noacepum.

PaboTta BbinonHeHa npu duHaHcoBow nogaepxke PODU (rpaHT Ne 16-
05-00905).

CTpyKTypHbIE, reoxpoHonorundyeckne u Sm-Nd nsortonHo-
reoxmumMuyeckue faHHble B OCHOBE pelueHus NpobneMsl
dyHpameHTa [13abxaHCKOro «KpaTOHHOro TeppeiHa»
LleHTpanbHO-A3naTCKOro ckfiag4aToro nosica

KozakoB VI.K.1, CanbHuKoBa E.5.1, AHuUcnMoBa VI.B.1, KoBau B.I'I.1,

Mnotkuxa 10.B.", [Bubukosa E.BF, KupHosoea T.W.2, ®yrsan M.M.?

7///Hcr14ryr reosiormy u reoxpoHosiorum gokemopus PAH, Carnkt-lletepbypr;
2 UIHCTUTY T reoxumuy u aHannTudeckon xummuu uM. B.U. BepHasckoro PAH,
MockBa

[3abxaHCKni TepperiH paHee paccMaTpuBasnca Kak dparMeHT ApEBHENO
KpaToHa (MWKPOKOHTMHEHT C paHHefoKeMO6pUnckum cyHaaMeHToM) B
CTPYKTYpe KanefmoHun, LeHTpanbHOro cermeHta LleHTpanbHO-A3naTckoro
cknagyatoro nosica (LLACIT). MNpenmyLlecTBeHHO KapboHaTHbIE OTNOXEHUS
LaraHoONMOMCKOW CBUTbl BKIIOYaANUCb B COCTaB  BeHA-KEMOPUIACKOro
wenbdoBOro Yyexna 3Toro TeppenHa. B coctaBe ero gyHaameHta 6binu
obbeaMHeHbl BbiCOKOrpagHble nopopgpl [3abxaHckoro, Bampapukckoro,
Tap6araTtarickoro un CoHruHckoro 6nokoB (MoccakoBckuin u pgp., 1993).
Mo3pHee 3T 6nMokM ObINMM OTHECEHbI K TaK Ha3blBAEMbIM «KPATOHHbIM
TepperiHam» (Badarch et al., 2002). OgHako paHHegoKeMOpUickuii Bo3pacT
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060CHOBaH TONMbKO [AJ1s1 BbICOKOrpaAHbIX MOPOJ CEBEpPO-3anafHoW 4acTu
Baipapukckoro u Tapbarataiickoro TeppeitHoB. PyHaameHT [13abxaHckoro
TeppeiiHa npeacTaBnseT cobOM TeTEPOreHHy CTPYKTYpPY, CIOXEHHYO
TEKTOHMYECKMMM nNnacTuHamym M 6nokamMu HeonpoTepPO30NCKMX MOPOL
pa3Horo cocraBa M npoucxoxpaeHusa - [3abxaHckuin TeppeinH (Ko3akoB u
ap., 2017).

B npepenax [3abxaHckoro TepperiHa M ero obpamneHusi, a Takxe
Opyrux  cTpyktypax HOxHoro ob6pamnenns Cubupckon nnatdopmbl
npeacTaBfieHbl CTPYKTYPHO-BELLECTBEHHbIE KOMMJIEKChbl SHCUANUYEeCKUX W
3HCUMaTUYECKUX Ayr, dOpMUPOBaHNE KOTOPbLIX MPOUCXOAUIIO B MHTEpBanax
okono 960-930, 890-860 n 810-780 mnH neT Ha3apf,. B ykasaHHble nepuoppl
dukcnpyeTca nposiBfieHne MnpoLecCcoB perMoHanbHOro mertamopguama,
KOpPOBOr0O, rPaHNTOMAHOIO U OCHOBHOrO MarmMaTuama.

dopmMupoBaHne ocTpoBoayxHoro kommnnekca (Kozakoe u pgp., 2016,
2017), yctaHaBnuBaeMoe B [13abxaHCKOM TeppeiliHe B MHTepBane OKOJSio
960-930 mnH net Haszap, MOXeT oOTpaxaTb MpOosBAEeHNe MpoLeccoB
IOBEHMNBHOTO KOpoobpa3oBaHMA B ManeookeaHMyeckom 6accellHe B
nepvop, OTHOCUTENbHO CTabWNbHOrO CyLLECTBOBAHUS CYMNEPKOHTUHEHTa
PoauHus - 1000-850 mnH net Ha3apg (Condie, 2001; Li et al., 2008).

B wuHTepBane okono 890-780 mnH net dukcupyetca macwTabHoe
NPOSsIBNEHNE HEONMPOTEPO3ONCKMX MPOLECCOB KOHBEPreHLUMU, C KOTOPbIMU
cBfizaHO opMUpoBaHMe HOBOOOPA30BaHHON KOHTUHEHTaNbHOW KOpbl B
CTpyKTypax ueHTpanbHoro cermeHta LACI. CxopgHble BO3pacTHble
3HayYeHus onpefeneHbl AnA  BHYTPUMAWTHBIX  BYJIKAHO-MSYTOHMYECKNX
KOMIMIEKCOB, KOTOPbIE LIMPOKO pPa3BUTbl B KPaTOHHbIX 6riokax AHU3bI K
KaTasunn KOxHoro Kutas, Tapuma n Asctpanun. [NpegnonaraeTtcd, YTO OHK
dUKCUpPYIOT paHHWEe CcTaguu pacnaja CcynepkoHTuHeHTa PoauHua B
uHTepsane okono 830-795 mnH net (Li et al, 2008). MoxHo npegnonaraTth,
YTO HEeOoNpoOTEPO30MCKUE 30Hbl KOHBEPreHuMu, C KOTOpbIMW CBA3AHO
hopMupoBaHue HOBOOOPA30BaHHON KOHTMHEHTANIbHOM KOpbl B UHTEpBane
okono 890-780 mnH neT, npeacTtasneHHon B cTpyktypax LIACII, oTpaxatot
pa3BuTue rnobanbHon CcybayKLMOHHOM CUCTEMbl B ManeooKeaHU4eCcKom
obnactm obpamnenuss cynepkoHTuHeHTa PopauHua - Circum-Rodinia
subduction-accretion system (Cawood et al., 2013, 2016, Ge et al, 2014).
NcTouHnkamn  OeTpUTOBbIX  LMPKOHOB  C  paHHeOoKeMOpUiCKUMM
3HaYeHnaAMM Bo3pacta B nopogax dyHaameHTa [13abxaHCKoOro TepperHa
MOrnn ObiTb MOpoAbl APEBHUX KPATOHOB M TOSLL MX MACCUBHbLIX OKpawH,
BXOAMBLUME B COCTaB ManeonpoTePO30MCKOr0 U Me30MNpoTEPO30NCKOro
cynepkoHTUHeHTOB Konymbust n PopguHua (Rogers, Santosh, 2002, 2003),
u/vnn ux pparmeHTbl, 06pa3oBaBLUMECA NocSe pacnaga PoguHun.

3HaueHuna Nd  MopenbHbIX  BO3pPAaCTOB  TEPPUreHHbIX  MOPOA
[3abxaHckoro TeppeiiHa u Hf nsotonHble AaHHble B ETPUTOBbLIX LIMPKOHAX
[aloT  OCHOBaHMA npepnonaratb y4vyacTMe B UCTOYHMKAX CHOCa Kak
HEONMpPOTEPO30OMCKUX U  paHHEedOKEMOPUMINCKMX  KOPOBbLIX  MOpog C
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apxenckuMmn 1 naneonpoTepo30MCKUMM MOAENbHbIMM BO3pacTtaMu, Tak U
nopof HeonpoTepo30iCcKoro Bo3pacTa, 0b6pa3oBaHMe pacnsiaBoB KOTOPbIX
ObINO CBfA3AHO C MMaBMEHWEM CMELUAHHbIX HOBEHUMbHBIX W KOPOBbIX
WUCTOYHVKOB.

B uenoM nony4yeHHble K HACTOSLLLEMY BpPEMEHW Treonormyeckue,
reoxpoHonorudyeckme n Nd M30TOMHO-reOXUMUYECKNE AaHHble UCKMYaloT
MoAdenu, npegnonarawwme oTHeceHne [13abxaHckoro TeppeiHa K
dparMmeHTaM OpeBHEro KpaToHa, BXOAMBLUETO B COCTaB CyrNepKOHTUHEHTa
PoaunHna. O6pa3oBaHus paHHero [okembpus BbICTYMalT B KayecTse
OLHOTO U3 UCTOYHUKOB TEPPUrEHHbIX MOPOL, U KOPOBbIX FPaHMTONO0B.

Pab6oTta BbinonHeHa npu nogaepxke PODPU (npoekt N2 17-05-00130).

Jluteparypa

Kosakoe W.K., Kosau B.I., Bubukosa E.B. u gp. MNosgHepudenckuii atan opMmpoBaHus
KpuUcCTannuyeckmx  KomnnekcoB  [13abxaHCKOro  MUKPOKOHTWHEHTa:  reosiornyeckue,
reoxpoHornormyeckune n Nd nsotonHo-reoxmmmnyeckme ganHolie // Metponorus. 2014. T. 22. Ne 5.
C. 516-545.

Kozakoe W.K., Kroner A., KoBau B.Il. PaHHeHeonpoTepo3oickuii atan B hopMMpoBaHMn
dyHoameHTa [03abxaHCKOro TeppeiHa BOCTOYHOrO cermeHta LleHTpanbHo-A3naTtckoro
cknapyaTtoro nosica. / TekTOHWKa, rNy6uHHOe CTpoeHue U MuHepareHusi Boctoka Asum: IX
KocbirmHckne yteHus, 2016, matepuansl Bcepoccuiickolt koHdpepeHuun. Xabaposck: UT u I
OBO PAH, 2016. C. 35-38.

Kozakos M.K., Ky3Heuos, A.b., OpaaHaxapran Y n ap. HeonpoTepo3oickne KOMMNeKChbI
dyHoameHTa wenbgoBoro 4exna [3abxaHcKoro TeppelHa BOCTOYHOrO  CermMeHTa
LleHTpanbHO-A3maTcKoro cknagyatoro nosica // Ctpaturpadus. eonornyeckas Koppenaums.
2017. Tom 25, Ne 5, c. 3-16.

Moccakosckun A.A., PyxeHues C.B., Cambirmun C.I', XepackoBa T.H. LleHTpanbHo-
A3naTckui cknagyaTbii MOSAC: reoguHaMuyeckas aBomniouma U uctopua dopmuposanusa //
[eoTekToHMKa. 1993. N2 6. C. 3-33.

Badarch G., Cunningham W.D., Windley B.F. A new terrane subdivision for Mongolia:
implications for Phanerozoic crustal growth of Central Asia // J. Asian Earth Sci. 2002. V. 21. P.
87-110.

Cawood, P.A., Y.J. Wang, Y.J. Xu and G.C. Zhao (2013), Locating South China in Rodinia
and Gondwana: A fragment of greater India lithosphere? Geology, doi: 10.1130/G34395.1.

Cawood P. A., Strachan R. A,, Pisarevsky S. A,, et al/ Linking collisional and accretionary
orogens during Rodinia assembly and breakup: Implications for models of supercontinent cycles
/[ Earth and Planetary Science Letters 449 (2016) 118-126.

Condie K.C. Continental growth during formation of Rodinia at 1.35-0.9 Ga // Gondwana
Res. 2001. V. 4. P. 5-16.

Ge R., Zhu W., Wilde S. A., He Ji. et al. Neoproterozoic to Paleozoic long-lived accretionary
orogeny in the northern Tarim Craton. // American Geophysical Union (2014). All rights
reserved.

Li Z.X., Bogdanova S.V., Collins A.S. et al. Assembly, configuration, and break-up history of
Rodinia: A synthesis // Precambrian Res. 2008. V. 160. P. 179-210.

146



PaHHuWe cTagun opMMpOBaHUA IOBEHUITbHOMN
KOHTUHEHTasIbHOM KOpbl repuuHug tora LieHTpanbHo-
A3unaTcKoro cknag4aroro nosica: BO3pacT U reogMHaMmu4yeckas
nosnumsa

Koanoeckuit A.M.", Apmoniok B.B.', CaBarenkos B.M.?

"MIrEM PAH, Mocksa; *MIT,4 PAH, CarkT-lTetep6ypr

B LeHTpanbHO-A3naTCcKoM cKnagyatom nosce CTpykTypbl HOxHown
MoHronum n BoctouHow OxyHrapuu Bbigensitotcsa npeobnagaHvem cpegHe-
NO34HENaNeo30MCKNX  BYNKAHWYECKUX U BYNKAHOr€HHO-0Caf04HbIX
KOMMJIEKCOB, Craralowmx Kapkac HBEHUIbHON KOpbl 3TOr0 peruoHa.
eonornyeckne, reOXMMUYECKNE U U30TOMHbIE AaHHble CBUAETENbCTBYIOT,
YTO [OMMHMpYIOLLAs 4acTb 3TMX KOMMMEKcoB Obina cdopmupoBaHa B
YCINOBUAX SHCMMATMYECKOW OCTPOBHOM Ayru unu cepuu ayr. B 1o Xxe Bpems
30€eCb BbIAENATCA KOMMIEKChI LWAPOBbIX SlaB U rManoKnacTtutoB, KOTopble
MoryT ABNATLCA hparmeHTamm 0NONUTOBBIX accoumauni,
nNpeacTaBnawWmMX OKeaHu4eckyto Kopy [laneoasmaTtckoro okeaHa. B
KOxHon MoHronuu Hanbonee n3BeCTHble Takue oUONNTOBbLIE KOMIMIEKChI
npenctaenedsl B Xp. [O3omneH, [ypeaHn-CailxaH un Hamart-Yna, Ha
OCHOBaHUM KoTopbiX Obina BblgeneHa [13oMneHckas 30Ha B CTPOEHUM
repuuHug, npoTArnBaloLaaca BAOMb OXHOMO ux kKpad. OgHako Bpems
¢dopMUpoBaHUa OMUONUTOB N UX FeoguMHamMuyeckaa npupoga ocTakTca
Nioxo 060CHOBAHHLIMMU.

Hamu 6binn m3ydeHbl oduonutbl xp. Hamart-Yna BOCTOYHOM 4acTu
3aanTaiickon Mobu. OHM pacnonaratoTcs B OCEBOW 4YacTu repumHug tora
LleHTpanbHO-A3uaTcKoro cknag4aTtoro rfosica M paccmaTpuBaloTCa Kak
TUNOBbIe cpefHenaneo3onckme oduonuTel. B oceson vyactu xp. Hamart-Yna
B KayeCcTBe TEKTOHMYECKOW MNiacTMHbl Ha MOBEPXHOCTb BbIBEOEH
anddepeHUnpoBaHHbIi  rabbponaHbiii Maccue, B HOXHOM obpamreHun
KOTOpOro (pmkcHMpyeTca MOHOKMHANbHO 3arerawolas ByfKaHM4ecKas
Tonwa. [lpocTpaHcTBeHHO ¢  rabbpompgpamm  accoumvpyeT  Teno
paccnaHLuoBaHHbIX NNarnorpaHNToB, @ TakXe CEPNEHTUHUTOBBLIN MenaHXx.
Cpeav BynKaHMYecKux nopof npeobnagatoT aHae3vbasanbTbl, OAHAKO B
BEPXHUX 4acCTsX pa3pes3a (UKCUPYIOTCA OTAerNbHble MOTOKM [ALUTOB U
puonuTtoB. [abbpoumabl W  6GazanbTomabl MMEKT TUMNWYHbIE  AnA
0hMONUTOBLIX accounauuin coctaBbl. OHM OTHOCATCHA K HWU3KOKaNMEBbIM
nopogam (K,O 0.09-0.85 mac. %), marHesuanbHocTb rabbpougoB
BapbupyeT okono 0.77, 6azanstongos - 0.39-0.53. [nsa pnonuToB, AauMTOB
W NNarmorpaHMToB TakXe TUMUYEH HaTPOBbIN XapakTep COCTaBOB C HU3KUMM
koHueHTpauuamm K,O 0.07-0.65 mac. %. CnekTp peako3eMenbHbIX
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3IEMEHTOB BYJIKaHW4YeCcKMx nopog v rabbponaosB obnagaet TMNMYHLIM Anis
MarmMatuMyecknx nopoa OUONUTOBLIX KOMIMIIEKCOB NMOMOXUTENbHBIM
HaKNoHoM Cc  oTHoweHusmu  (La/Yb)y B  ra6bpoupgax  0.1-0.3,
aHpe3nbaszanbTtax 0.3-0.5 u puonutax 0.6-0.8. B aToi nocnenoBaTenbHOCTU
duKcupyeTcst yBenmyeHme kKoHueHTpaumi REE, B ocoGeHHOCTM nerkux, u
nosiefieHMe cnabon otpuuaTensHoW aHomanuu Eu, opgHako paxe B
Haubonee 6oratbix REE puonutax HOpMMpoBaHHbIE KOHLEHTPALUN NErknx
REE He npeBbiwatoT TakoBble Taxenbix REE, coxpaHsaa nonoxurtenbHbin
HaKfIOH CNekTpoB. B oTnnume OT BynKaHUYECKUX MOpofd, nnarnorpaHut
umeetr cnabbii  oTpuuaTenbHbld  HaknoH  cnektpa REE, 4to
xapaktepusyeTcsa oTHoweHuem (La/Yb)y = 1.4. Yto kacaetca LILE n HFSE,
TO Ans BCEX NOpof, XapakKTepHbl MNOBbIWEHHbIE KOHUeHTpauun Rb, Ba, U n
Sr 1 HebonbLluKe oTpuuaTenbHble aHomanuu Nb u Ta.

Mo wu3oTonHoMy cocTaBy Nb Bce wu3y4deHHble nopoAabl oOboralleHbl
paguoreHHblM HeoaMMOM WM TEeM CcaMbiM  AOCTaTovyHO Onu3km K
OenneTMpoBaHHON MaHTuM. BenuuumHa eny(T) B rabbpovpax coctaBnset
+8.3 n +9.7, B 6azanbtompax - +9.4 n +9.6, B puonutax - +9.7, a B
nnaruorpanuTe - +9.3. Takum obpa3om, n30TonHbln coctaB Nd M3yyeHHbIX
nopoz, NokasblBaeT C OAHOW CTOPOHbI BELLECTBEHHYIO CBA3b 3TUX MOPOA U C
OpYrov CTOPOHbI AenneTUPOBaHHbIE XapaKTEPUCTUKUN NX UCTOYHMKA.

EOnHbIN reoxnMmunyecknin pag, coctaBoB OT rabbpongos O puonnTOB Npu
cxofcTBe usotonHoro coctasa Nd no3sonseT paccmaTpuBaTtb 3TW MoOpoapl
Kak npoaykTbl KpucTannusauumoHHou AauddepeHumaumm OQHOPOJHOro
pacnnaga. [narmorpaHutel Npy CXoacTBe M3oTonHoro cocrtaea Nd umerot
crnerka OTNNYHbIE TEOXMMWYECKUE XapaKTEPUCTMKK, KOTOpblE XOpPOLUO
COrnacyrTca C MEXaHU3MOM 4YaCTMYHOrO MnaBfIEHMA OCHOBHbIX MOPOA
0hMONMTOBOro KOMMJIEKCa.

CxoAcTBO  MCTOYHMKA W TEeHeTMYeckas CBA3b  MOCPEACTBOM
KpucTannusauuoHHon aunddepeHumnaummn rabbpounaos, 6as3anbTongoB U
pUOnMTOB, @ TakXe 3HauyuTenbHble Bapuauuu OTHOLLEHUS *7Sm/"™Nd ot
0.1996 po 0.3245 nossonunu ucnonb3oBatb Sm-Nd M30TOMHYIO cucTeMy
ONs  oueHKM Bo3pacta rab6po-6a3anbT-pyonNuTOBON accouuaumm  Xxp.
Hamart-Yna. Sm-Nd n3oxpoHa uMeeT HaknoH, COOTBETCTBYIOLLNIA BO3pacTy
385142 mnH net, CKBO=0.38. KoHeuHO, TaKylo OLleHKY BO3pacTa Hernb3s
cuuTaTb  YAOBNETBOPSAIOLIEN COBPEMEHHbIM  TpeboBaHuam. OpgHako
haTupoBaHue 0UONNTOB BCEraa 3aTpyaHUTENbHO, K TOMY Xe NMOSyYeHHbIN
OEBOHCKUIA BO3pacT BeCbMa BEPOATEH, [MOCKOJSIbKY OCTPOBOAYXHbIE
KoMMnekcbl 3aanTtaickon obu Takke MNpeumyLLeCcTBEHHO OTHOCATCHA K
OEBOHY.

M3 nnarvorpaHnToB ObINN BblAENEHbl 3epHa MarMaTU4ECKOro LIMPKOHa,
KOTOpbI n3yyanca metogom U-Pb BTOPUYHO-MOHHOW Macc-CneKTpocKonuu
Ha npubope SHRIMP-II. Beino npoaHanusvpoBaHo 12 3epeH C xopoLlluen
MarmMaTU4ecKon 30HasIbHOCTbI0. BCce M30TONHbIE onpeneneHnss KOMMNakTHO
pacnonaratlTCA Ha KOHKOPOUM, a pacCYMTaHHbIN MO HWM BO3pacT
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coctaBnsaeT 344+3 mnH netr, CKBO=0.0038. Ha ocHoBaHWM MOMy4Ye€HHOro
paHHekapboHOBOro BO3pacTa MMarnMorpaHuToB, 3TW MOpoAbl Henb3A
paccmatpuBaTb B cocTaBe opMonMToBON accoumauum xp. Hamart-Yna. Ux
Nd-n30TOMNHbIE U FEOXUMUYECKNE XapaKTepUCTUKW, MOKa3biBaloLlimMe, 4To
nnaruorpaHnTbl  ABAAIOTCA  pe3ynbTaTOM  MMAaBfEeHUa  OKPYyXatoLmx
0UoONNTOB, CBUAETENLCTBYIOT O TOM, YTO TakKoe MnaBfeHue MOrso
NPOU30NTN He3aBUMCUMO OT OpMUpPOBaHUS rabbpo-H6asanbT-puonMToBOM
accoupaumm U 3HauuTenbHO no3xe. PaHHekapboHOBLIN  BO3pacT
nnarMorpaHNTOB XOPOLLIO COrfacyeTtc C OKPaUHHO-KOHTUHEHTarnbHbIM
3TanoMm pas3BuTua repuuHug tora LleHTpanbHO-A3MaTCKoro cknagyatoro
nosca.

Feoxumnyeckme u Nd-uzotonHole ocobeHHOCTM rab6po-6azanbT-
puonutoBoM accoumaumm xp. Hamart-¥ma, a UMEHHO: HU3KOKanueBsbln
xapakTtep, cxogHble ¢ MORB cnektpbl REE, Hebonblwion muHnmym Nb-Ta,
noBbILLIEHHbIE KOHUeHTpauun Rb, Ba, U, Sr n gennetupoBaHHbIn M30TOMHbIN
coctae Nd, ¢ ogHOM CTOpPOHbI MOKa3biBalOT CXOACTBO C nNopoaamu
oKeaHun4yeckux XxpebToB, C ApYron CTOPOHbI NpeanonaralT yyacTve B
MarmoreHepaumm HaacybaykumoHHbix dnongoB. Takoe coyeTaHve B
HanbonbLle Mepe cornacylTcs ¢ 06CTaHOBKOM 3aayroBoro 6acceriHa unm
3apoXaaloLLenca OCTPOBHOM Ayru, XOTA ANA NocneaHen Hennoxo 6bio 6bl
BCTPETUTb OOHMHMTLI, KOTOpble MoKa B 3aanTtanckon [obu He HanpeHbl.
[MosBNeHne HU3KOKANMEBBLIX PUONINTOB B BYJIKAHMYECKOW accouumaLmu,
HaMpoTMB, XOPOLUO corfiacyeTcs C ycrnoBusaMu 3agyroBoro bacceviHa, rae
Takue pMonuThbl 4OCTaTOYHO 0BbIYHbLI KakK, Hanpumep, B Tpore OKnHaBga.

Takum obpasom, odwmonutbl Xp. Hamart-Yna npepcrtaBnsitoT cobon
dparmMeHTbl AEBOHCKOro 3aayroBoro 6acceiHa u 04EBUMOHO COXPaHWUINCH B
OCHOBaHWUN OCTPOBOAYXHbIX KOMMMEeKCcoB 3aanTtaickon obwn.
MnarvorpaHuTbl He OTHOCATCA K oduonuTam, a popMMpoBanmcb NULLb 3a
cyeT WX nNnaBfeHnss B paHHekapboHOBoe BpemMs B  OKpawHHO-
KOHTUHEeHTanbHoN o6CTaHoBKe.

PaboTa BbinonHeHa npu duHaHcoBon nopaepxke PODU (npoekT Ne16-
05-00361).
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Northwest Africa 6486: HOBoe cBMAETENLCTBO O
KaTacTpoduryeckom cobbiTun Ha L-XOHAPMTOBOM
poAUTENbCKOM Terne

KopouvaHuesa E.B. 1o JlopeHy, KA., Hopp J2 ByikuH AWN.', KoHoHkoBa
H.H.", Ky3bMKHa T.r.

"FEOXU PAH, r. Mocksa;* VIHCTUTYT HayK 0 3emrie YHuBepcuTera r.
Xavigenbbepr, [epmarus, *e-mail: kpv-life@mail.ru

BeepeHue: Meteoput Northwest Africa 6486 (NWA 6486) sasnsetcs
HeobbIYHbIM YAapHbLIM pacnnaBoM L-xoHApUTOBOro coctaea, 060ralleHHbIM
Kanuem. YpapHble pacnnasbl L-XOHAPUTOBOro coctaBa, NpeAcTaBnswolme
Tonbko 0.1% L-xoHaputoB [1], HECYT BaXHYl MH(OpMaLuio 0 TepManbHON
uctopum poputenbckoro Tena L-xoHgputoB. B HacTtosiwen pabote
npeacTasreHsbl pe3ynbTaThl KOMMSIEKCHOro MUHepanoro-
netporpacunyeckoro, M30TOMHO-FTEOXMMUYECKOTO M TFEOXPOHOMOrMYECKOro
nccnepoBaHus meteoputa NWA 6486.

Pesynbtatel: NWA 6486 wvmeeT axoHOPWTOBOE CTPOEHME U
npeacraBnseT cobON MENKO3EPHUCTYH TOPHY0 MNOpoAy NOopdUpUTOBON
CTPYKTYypbl. [lopoga cocTouMT M3 runuaMoMopdHbIX U HEMpPaBUSIbHBLIX MO
dopme kpuctannos onueumHa pasmepoMm 300-500 mMkm (57.3 06%) wu
BTOpOCTENeHHoro nupokceHa (8.6 06%), Norpy>XeHHbIX B OCHOBHYH Maccy,
COCTOSILLY U3 OeBUTPUPUUMPOBaAHHOIO ctekna (29.6 06%) n ckeneTHbIX
KpUCTannoB NUpoOKCeHa. BTopocTeneHHble M aKLeccopHble MUHepanbl —
Tpounut (2.2 06%), HMKenuctoe xene3o (1.3 06%), doccat Ca, xpomur,
NpoayKTbl 3eMHoro BbiBeTpuBaHua (FeNi rugpokengbt).

OnuBuH (Fo773) uWMeeT MO3auMyHOe noracaHue B  CKpPELLeHHbIX
nonapusatopax, YTo CNyXWT MHANKATOPOM yOAapPHOW Harpy3ku B MHTepsarsne
ot 15 po 50 TITMa. lNupokceH En,;yWo; Haxogutca B accoumaumm c
Kpuctannammu onveBuHa. MeHee wMarHe3nanbHbli nupokceH (Ensz{Wo,)
obpasyeT yANMHEHHble CKeneTHble KpucTanibl pa3mepoM o 300 Mkm,
KpucTtannbl nupokceHa <100 MKM umetoT cocTaB B npegenax Ensgg,Woq -
EngssWo39. MeTann u tpounut obpasytoT arperaTtbl HenpaBuiibHOW hopMbl
pa3mMepoM [0 HecKonbkux MM (48 06% meTanna). TpounuT rpaHynnpoBaH,
4YTO ABNSAETCA MHAMKATOPOM yoapHOW Harpy3ku B nHTepsane 40-60 Ma [2].

Wnnd nepeceyeH HECKOMbKUMM JIMHEWHbIMW MPOXWUSIKAMM CTekna
wupuHon 10-20 MKM M ONAMHOW OO HECKOSIbKMX CM, KOTOpblE SIBMAKTCA
pe3ynbTaToM BHEAPEHMWS yAapHOro pacnnasa.

BanoBbin xummnyecknii coctaB NWA 6486, nonyyeHHbln metogom POA
(mac%): Na 0.9; Mg 13.9; Al 1.74; K 0.53; Ca 1.67; Si 22.2; Ti 0.1; Cr 0.4; Fe
15.5; Mn 0.3. M3oTonHbIA cocTaB kucropoga B o6pasuax, MpoMbITbIX B

150


mailto:kpv-life@mail.ru

kucrnote (. Franchi, OTkpbiTbin YHuBepcuteT, BenukobputaHus),
cnepytowmit (%o): 870 = 3.489+0.13, 5'°0 = 4.591+0.22, A0 = 1.103+0.02.

CAr-*Ar OaTMpoBaHWe meTeopuTa, NpoBefeHHoe B Xanpenb6eprckom
yHuBepcuteTe ([epmaHna) Ha BbICOKOMPELU3NOHHOM Macc-CnekTpomeTpe
CH5 w™meTopoM cTyneHyatoro omTxura c 60OfblMM  KONMYECTBOM
TemMnepaTypHbIX CTyneHen, nokasbiBaeT, 4To 6Oonbllias 4acTb aproHa
BblaenseTca npu temnepatype Huxe 1000°C. TpexusoTonHasa guarpaMmma B
KoopAuHaTax 4°Ar/36Ar3aXB, - 39Ar/36Ar3aXB, yKa3blBaeT Ha NpucyTcTene
n3bbiTouHOro Ar. M3oxpoHa, nocTpoeHHas AnA TeMnepaTypHbIX hpakumit
560-1100°C, BbiABNAET 3aXBaYEHHbIN aproH C OTHOLLEHMEM (4°Ar/3 Ar)3axs,
paBHbiMK 522159. B pe3ynbtate KOppekuMM Ha 3axBay€HHbIi KOMMOHEHT
BO3PaCTHOW CNeKTp NokasbliBaeT 00LIMPHOE NNaTo ¢ BO3pacToM 45318 MIH.
net (1o; ~87% BbIXOAOA *Ar, cwm. PUCYHOK). 3HayeHue 3axBayYeHHOro
KOMIMOHEHTA U COOTBETCTBEHHO CKOPPEKTUPOBAHHbLIA BO3pacT 3aBUCAT OT
BblOOpa TemnepaTypHbIX bpakuMin Ofs NOCTPOEHUss U30XPOHbI. Tak, ecnu
TemnepatypHyto dpakuuio  1100°C  wuckniounTb, TO TemnepaTypHble
tpakuum 560-1070°C ykasbiBatoT Ha npucytcTaue (‘°Ar/*°Ar)zaxs =488+69.
BospacTHoi cnekTp npu KOppekuuu Ha 3TO 3HayeHue AaeT BOo3pacTHoe
nnato ¢ Bo3pactom 47710 mnH. net (1o; ~83% BbIXOAA 39Ar). O6a
BO3pacTa B npefenax ownbkn 20 coBnagaloT U MOSTHOCTBIO COrMacyTes C
BO3pacTom KaTacTpodmnyeckoro  cobbiTus, npoun3oLlesLem Ha
poauTtensckom Tene L-xongputos 470+6 mnH. neT Hasag [3].
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—_— 40 5 36 _ °
8 — (A Ar)lrappe ,=522+59 (560-1100°C) -
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45318 Ma
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Fractional *Ar release

PucyHok. BospacTtHble cnektpbl NWA 6486, ckOppeKTMpoBaHHbIE Ha COCTaB NEpPBUYHOIO
aproHa ¢ oTHoleHnem (“°Ar/*°Ar)3axe.=1+1 no cTaHaapTHON Mpoueaype W Ha 3aXBaueHHbIi
KOMMOHEHT, NAEHTUMDVLMPOBAHHBIV C MOMOLLbIO TPEXU30TOMHOW AnarpamMMbl
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KoHueHTpaumna kanuda, onpegeneHHaa Ar-Ar MeTOAOM [aTUpOBaHUA,
coctaensaeT 0.5217% v ngeHTUYHa 3HAYEHUIO, MOJSTYYEHHOMY C MOMOLLbIO
MeToAa peHTreHO-(hTyOpPEeCLEHTHOW CMEKTPOMETPUM.

3aknioveHune: Meteoput NWA 6486 - npooykT yaapHoro nnaeneHus L
XOHApUTa 1 6NM30K NO CTPYKTYpPE M COCTaBY K APYTUM HEMHOIOYUCIEHHbLIM
meTeoputam Takoro Ttmna [1]. TlOHMXeEHHble copepXxaHua mMeTanna wu
cynbcuaa cBMOETENbCTBYIOT, YTO B Mpouecce 06pa3oBaHus npovcxoauna
cerperauva metann-cynb@uaHOW N CUNUKaTHOM Xuakocten. NoBblleHHoe
Mo CpaBHeHMIO C L-xoHaputammn cogepxaHue Kanusi 1 HaTpus yKa3biBaeT Ha
cxopncTtBo no atomy napametpy NWA 6486 ¢ HekoTopbiMU NOPHUPUTOBLIMU
BKJIIOYEHUAMM B OObIKHOBEHHbIX XOHAPUTaX [4,5] 1, Nno-eugnmomy, ABnseTcs
pe3ynbTaToM CEeNeKTUBHOrO UCMapeHus W KOHAEHCauun  LEenoYHbIX
MeTannoB B ypapHom npouecce. BepositTHo, BewectBo NWA 6486 B
pacnnaBfeHHOM COCTOSIHUM OKa3anioCb Ha KOHTaKTe C yAapHbIM Mapom
oboraweHHbiM K 1 Na B 4acTM4YHO 3aKkpbITOM CUCTEME (B MPOCTpaHCTBE
TpewmrHbl B OCHOBaHMM KpaTepa) W MOBEPXHOCTHbIA CMOW pacnnasa
HaCLITUNCS Kanuem npu noHuxeHun Temnepatypbl. “°Ar-Ar uccnegosatue
NWAG6486 no3sonuno BbISABUTb COCTaB U3ObITOYHOIO aproHa M NOfy4uTb
3HAYNMYI0 TEOXPOHONMOIrMYECKyd MHopMaLmnio O TepMarnbHON WUCTOpUn
meTeopuTa. lNMonHas nepeycraHoBka K-Ar cuctembl meteoputa NWA 6486
npov3oLuna BO BpeMsl kKaTacTpodU4eckoro cobbITua Ha poauTENbLCKOM Tene
L-xongputoB ~470 wmnH. neT Hasaa [3], B pesynbrate KoOTOpOro
obpasoBancsa ygapHbli pacnnae. [locrnenoBaBwMi 3a 3TMM  YAapHbIN
MeTamopun3m (cornacHo MwuHepanoro-neTporpadnyeckuMm AaHHbIM), He
nosnuan Ha K-Ar cuctemy NWAG6486 BBuay crnaboro KpaTKOBPEMEHHOrO
Harpesa.

Pabota 6bina nogaepxaHa rpaHtom PODU Ne17-05-01078.

Jluteparypa
1. The Meteoritical Bulletine (2017) https://www.Ipi.usra.edu/meteor/ metbull.php;
2. Bennet M., Il and McSween H., Jr. (1996) MAPS 31: 255-264;
3. Korochantseva E.V. et al. (2007) MAPS 42: 113-130;
4. Yakovlev O. and Parfenova O. (1980) LPSC XI, 1285-1287;
5. Yakovlev O.l. et al. (1985) LPSC XVI, 926-927.
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TepmanbHas uctopusa meteoputa Liapes

KopovaHueBa E.B.", JlopeHy, KA., Hopp J2 ByikuH AWN.', KoHoHkoBa
H.H.1, Ky3bMuHa T.F.1, KopouaHues AB!.

"FEOXU PAH, r. Mocksa;* VIHCTUTYT HayK 0 3emrie YHuBepcuTera r.
Xavigenbbepr, epmanus, *e-mail: kpv-life@mail.ru

BeepeHue: MeteopnT LlapeB - OObIKHOBEHHbI XoHApWUT (Tun L5),
npeactaenswowmin  cobon  rpyboobnomoyHyto  6Gpekuntio, codepxallyto
yOapHbli  pacnnaB. MeTeopuT coctouT M3 (parMeHTOB  CUJIBHO
M3MEHEHHOro B pe3yrnbTaTe OAHOro UM HECKOSNbKMUX yaapHbIX cobbITUIA Ha
poouTenbCKoM actepoupe BewectBa (yaapHaa cragua S4-5). B
XOHAPUTOBLIX 0BNoMKax HabnopalTCcs ra3oBble MOOCTM U MPOXWUIKK
CTeKrna, HUKENWCToro xenesa W Tpowunuta. MeTeopuT MMEET HU3KYIo
cteneHb BoiBeTpuBaHusa (W1). OH saBnaeTca NnepcnekTuBHbLIM 06 beKTOM Ais
NMony4YeHUss HOBOW MHOpMauMmM O TepmanbHOM UWCTOpUWM  yAapHO-
N3MeHeHHbIX L-XOHAPUTOB 1 MX poguTenbckoro Tena. B ogHom 13 obpasuoB
3TOro MeTeopuTa Hamu 6bIno 06HapyXeHO YHUKANbHOE BKIIOMEHWE CBETO-
Cepon axoHOpuToBOW nopodpl pasmepom 2x4 cm. Mbl  nposenu
MUHeparnoro-neTporpacuyeckoe UccrnenoBaHue atoro obbekta u “CAr-PAr
hatvpoBaHue obpa3ua OCHOBHOM Macchl MeTeoputa M OByx o06pasuos
axOoHAPWUTOBOrO BKJIIOYEHUSA, OTOOPaHHbLIX N3 €ro BHYTPEHHEN (CBETNON) U
BHeLLHen (bonee TEMHON) 30H.

PesynbTtaThl: BknoyeHne nmeet nopgrpuToByto CTPYKTYPY U COCTOUT U3
YONMHEHHbIX U W30METPUYHbIX, HECOBEpLUEHHbIX MO O4YepTaHUAM
KpuctannoB onuemHa Faoss pasmepom po 500 MKM, pexe nMpOKCeHa
Fs207W02,, MOrpyXeHHbIX B OCHOBHYytO Maccy. KpynHble 3epHa OnvBMHA
OTNNYaTCA HanuuMeM npoxunkoB Tpounuta u FeNi metanna u moryt
ABMATLCA KCEHONMUTaMU WU NPEeACTaBnsaATb COOOW PEenuKTbl CTPYKTYpbl
ucxogHor nopogbl. OCHOBHas Macca CIOXeHa HeCTEXMOMETPUYHBLIM
CTEeKNMOM, WMelLWMM KayeCTBEHHO MOfeBoWwNaToBLIl  cocTaB  6e3
CYLLECTBEHHbIX MpuUMecei Opyrmx anemeHToB. B cTekne HeogHopogHo
pacnpegeneHbl  MUKpoOnuTbl  NupokceHa EngWoyus M BKNOYeHUst
aKLLeccopHbIX MUHepanoB (Xxpomut, a3za SiO,, poccat Ca).

BanoBbi XMMUYECKNIA COCTaB B LIENTOM COOTBETCTBYET OObIKHOBEHHbBIM
xoHgputam L rpynnbl. OAHako MO CPaBHEHUKD C HUMM BKIHOYEHME
He3HauuTenbHo oborauieHo Na, Al, P , 4To oTpaxaeT NoBbIWEHHYO OO0
NEerkonnaBKoW NiarnokKna3oBon KOMMNOHEHTLI B pacnnase, 1 06egHeHo Fe u
S, 4TO 9ABnAeTCA pe3ynbTaToM cerperauMmM HeCMecumMon MeTann-
CyNbUAHON XNOKOCTU U cunmkaTHoro pacnnasa. ObegHeHne MeTanNIom u
CyNbUAOM XapakTepHO AN MHOrMX L XOHOpUTOBBIX NepennaBneHHbIX
nopof. B HEeKOTOpbIX M3 HMX OTMEYaKTCA CTPYKTypbl TeYeHus MeTans-
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cynbuMAHOro pacnnasa, NO3TOMY MOXHO npepnonaratb, 4TO cerperauus
3TOM  KOMIMOHEHTbl OT CWIMKATHOrO pacnnaBa npoucxoauna B
OUHamMuyeckom pexume. PacnipegeneHne P33 BO BKIOYEHUMM Takxe
6nM3ko K TakoBOoMy B L XoHApuTax, ofHaKo OTnu4aeTcs He3HauuTenbHO
NOBbILLEHHLIMN OTHOCUTENbHBIMUK cogepXaHuamn nerknux P33, 4To, no Bcen
BUOMMOCTU, CBA3AHO C MOBbILEHHbIM cogepXaHuem cocdarTa.

Haubonee BeposiTHO, 4TO BKIYEHME MpeacTaBnseT cobon L-
XOHAPUTOBbLIV YAapHbIA pacnnae GrmM3Kuii No cocTaBy K ApYrMM noao6HbIM
nopogam. CocTaBbl CTEKON BO BKIHOYEHUM 0OpasyloT YeTKMIn JNIMHENHbIN
TpeHa B koopauHaTax Ab-Or, 4yTo MOXeT ObITb CBSI3@aHO C MPOLIECCOM €ro
obpa3oBaHNss — Hanpumep, C CENeKTUBHbIM WCMapeHWeM HaTpus U3
MCXOQHOro pacnnaea npu ero obpasoBaHuM B yaapHoMm npolecce. Pasmep
M KONMUYECTBO MWKPOJSINTOB BO BKIIKOYEHUN MPUMEPHO COOTBETCTBYIOT
CKOPOCTY OXNaxAeHus pacnsiasa ~50°C/M [1]. §

Ar-"Ar patTnpoBaHue o6pasuoB ObII0 NpoBeAeHO B Xanaenbbeprckom
yHuBepcuteTe ([epmaHna) Ha BbICOKOMPELU3NOHHOM Macc-cnekTpomeTpe
CH5 w™meTogom cTyneH4yaTtoro oTxura C 6ofblWMM  KONUYECTBOM
TemnepaTypHbIX cTyneHen. MNMonyyeHHble KOHUEHTpauun kanusa B obpasuax
coctaBnaT 0.0481 - 0.0751%. CnekTpbl BblOENEHUS aproHa CrOXHbIe.
3HaunTenbHass 4YacTb aproHa BblAENsieTCs Mpu BbICOKOW TemnepaTtype
>1000°C. Tpexu3oTonHble AunarpamMmbl B KOOpAMHaTax 4°Ar/36Ar3aXB, -
39Ar/36Ar3aXB. yKasblBalOT Ha MNpUCYTCTBME 3axBayeHHOro Ar BO BCeX
obpas3uax. BospacTHble cnekTpbl cefnoobpasHble, C MWHMMaNbHLIMU
Kaxylummmcsa Bo3pactamu okonio 700 mnH. net gna obpas3ua OCHOBHOM
Maccbl 1 500 mMnH. neT Ana obpasuoB BKIOYEHUS, KOTOpble SIBNAOTCS
COOTBETCTBYIOLUMUN BEPXHUMU Npefenamm Bo3pacTa OTHOCUTENbHO
MONoforo yaapHoro cobbitna. Koppekuusa Bo3pacTHOro crnektpa obpasua
OCHOBHOW Macchl Ha 3axBayeHHble KOMIMOHEHTbl, WOeHTUMNLUMPOBAHHLIE C
NOMOLLBbID TPEXM3OTOMHOW AMarpammbl B KOOpAMHaTax 36Ar3aXB'/4°Ar -
SArOAr [(*°Ar/*°Ar),0xe=469+15 ans 700-860°C, 247+18 pns 1180-1260°C,
n 1700 pgna 1360-1550°C], He npuBOAUT K OMPEeaEerieHu0 TOYHOro
BO3pacTa yAapHoro cobbiTusi, HoO No3BoNAEeT oueHuTb ero B ~ 500 MnH. ner,
CBA3blBasi BO3pacT MeTeopuTa LlapeB C¢ BpemeHeM KaTacTpodu4yecKoro
cobbITusA Ha poanTenbcKom Tene L-xoHaputos, npounsolieawem 47016 MnH.
net Hasapg [2]. bonee ToyHaA oueHka BO3pacTa nonyyunacb Ans ABYX
06pa3LoB BKMOYEHUs. VIX HU3KoTemnepaTypHble hpakumn nNpu KOppekunm
Ha 3axBa4YeHHble€ KOMIMOHEHTbI, ONpeAeneHHble C MOMOLLBI TPEXUIOTOMHBIX
ouarpamm [(4°Ar/36Ar)3aXE_=287i11 Anga TemnepatypHbix dopakumin 720-880°C
obpasua BHYTPEHHEN 30HbI U (40Ar/36Ar)3aXB_ =424+23 ona TemnepaTypHbIX
dpakumin 700-950°C obpasua BHeLLUHeN 30Hbl], NoKasblBaloT 4YacTU4Hble
nnaTo ¢ Bospactamu 451+7 MnH. neT (10; ~20% Bbixoga >°Ar) n 457+7 MIH.
net (10; ~33% Bbixoga >Ar), cooTBeTcTBeHHO. CnepoBaTenbHo, K-Ar
cuctema Meteoputa LlapeB, Tak Xe, Kak M MHoOrmMx L-xoHoputoB U, B
yactHocT, NWA 6486, pesynbtarthbl Oar-ar 0aTUpOBaHUA KOTOPOro
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npeacTaenieHbl B 3Tom cbopHuke [3], 3aq3MKcmpOBana geMﬂ KatacTpodbl
Ha actepouge. Pesynbtatel NpegbloyLliero PAr-*Ar JaTupoBaHus
meTeopuTta LlapeB [4] nokasanu 6onee BbICOKWUIA BO3pacT MNocnegHen
nepeyctaHoBkn K-Ar cuctembl L-xoHgputa (650+50 mnH. net), no Bceu
BUAMMOCTM, BBUAY WUCMNONb30BaHUS amocd)epHoro cocTaBa aproHa pns
KOPPEKLMM BO3pacTa, a He TOUHO onpegeneHHoro (“CAr/°Ar) saxe..

BbicokoTemnepatypHble dpakuun (>1240°C) o6pas3uoB BKIOYEHUS,
CKOPpPEKTMPOBAHHbIE HAa 3axBayeHHbI aproH, OnpeferfieHHbId  Ha
TPEXU30TOMHbIX Auarpammax, MokasbiBaloT Bo3pacta 3-3.5 mnpa. ner.
Bo3moxHbl ABa cueHapusa: 1) pacnnaBHoe BKJOYeHWe o6pa3oBanocb A0
KaTacTpodunyeckoro cobbiTusi, B xode kotoporo ero K-Ar cuctema Obina
NMUWb YacTUYHO nepeycTaHoBneHa (06blMHO K-Ar cucTembl yaapHbIX
pacnnaBoB CTaHOBATCSI 60siee YCTOMUMBLIMY K MOCIEAYOWMM TepMarbHbIM
cobbituam [5]) wnu  2) BKoYeHMe obpasoBaniocb B peaysbTaTe
KaTacTpohnyeckoro cobbiTUsi, HO COAEPXWUT 3HAYUTENIbHOE KOSIMYECTBO
yHacnefoBaHHOro aproHa. Nepsbiii cueHapuin 6onee BeposiTEH, NMOCKONbKY
3TO BKIIOYEHUE ABMAETCA NPOAYKTOM Cerperauum XOHAPUTOBOrO pacnsaea
N CKOpPOCTb €ro KpucTannusaumu Obinia OTHOCUTENIbHO MEASIEHHOW, YTO
npeanonaraeT MOMHYIO WKW NPaKTUYECKU MOJSIHYI0 MOTEPI paavoreHHoro
aproHa BO BpeMsa 00pa3oBaHUS BKJIIOYEHWS U, COOTBETCTBEHHO,
BO3MOXHOCTb MOJyYeHusi OBLIMPHOro Bo3pacTHoro mnato npu “CAr->°Ar
OaTMpoBaHUN.

3aknioveHue: MNonyyeHHble faHHble Ana obpasuoB meTeoputa Llapes
NnokasblBaloT, YTO 3TOT L-XOHAPWUT noaBeprcs WMHTEHCUBHOMY YyAapHOMY
MeTamopm3my BO BpeMS KaTtacTpoU4eckoro cobbiTus Ha poaUTENbLCKOM
actepounge okono 470 mnH. net [2]. CBeTnoe axoHOpUTOBOE BKIIOYEHUE,
BEpPOATHO, npeAcTaBnseT coboi L-XOHAPWTOBLIV YyAapHbIA  pachnnas,
KOTOpbI 06pa3oBancsa 4o 3Toro cobbITus.

Pab6oTta 6bina nogaepxana rpaHtom PODU Ne17-05-01078.

Jlutepartypa
1. Cashman K.V. et al.(1999) Bulletin of volcanology 61: 306-323;
2. Korochantseva E.V. et al. (2007) MAPS 42: 113-130;
3. KopouaHuesa E.B. n ap.(2018), cbopHWK kOHepeHLmu.
4. Minh D.V. et al. (1984) LPSC XV: 552-553;
5. Trieloff M. et al. (2018) MAPS 53: 343-358.
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MO.D,eJ'IbeIVI BO3pPacCT B pa3JINyHbIX N3OTONMHbIX CUCTeMaXx
KocTtuupiH KO.A.

TEOXU PAH, Mocksa, kostitsyn@geokhi.ru

MoHsATME MopenbHOro Bo3pacTa AaBHO M MPOYHO BOWMO B 06uxopn
M30TOMHOW TEOXMMUN U  TeoxXpoHosormn. Hawnbonee LWMPOKO OHO
MCNONb3yeTCa MNPUMEHUTENbHO K YSm-"Nd n 2’Pb-*°Pb  n3oTONHBLIM
CUCTEMAM, XOTS B paBHOW CTENeHM MOXET OblTb NMPUMEHEHO U K NHOObIM
Opyrum (176Lu-176Hf, ¥Rb-¥'sr, #BU-2%pp, '¥’Re-"*’Os ..). MopenbHbIn
BO3pacT NO3BOSISIET OLEHUTb BPEMSA OTAENEHUsA Noponabl UM eé KOpoBOro
npotonuta OT FOMOreHHOro MaHTUNHOrO UCTOYHMKA. B nepBom cnyyae Mmbl
umMeem Aeno ¢ OAHOCTaAMVMHOM MOAENbIO, BO BTOPOM - C ABYCTaAMMNHOW,
KoTopas npepgrnonaraet, 4YTO CHayana OT FOMOFEHHOW KOHBEKTMPYHOLLEN
MaHTUWM OTAENUSICA NPOTONNUT, OTBEYAILLMI NO COCTaBY KOHTMHEHTanbHON
Kope, M3 KOToporo nmno3gHee obpa3oBanacb uWccnegyemasa nopojaa.
Ocob6HsKOM B 3TOM psily CTOWUT OBYCTaAWMWHbIA MOAENbHbIA BO3pacT Mo
0ObIKHOBEHHbIM  CBUHUAM (Stacey, Kramers, 1975), ans kotoporo
npeanonaraeTcs, 4Yto obe cTaguyM OTBEYalT MAHTUUHOMY MCTOYHUKY, B
KOTOPOM cHauana oTHoluenue >°U/**Pb 6bino 7.19, a 3atem, 3.7 Mnpa net
Ha3apg, BOpyr Bblpocno Ha 35%, no 9.74.

He Bcerga dopmanbHO paccUuTaHHble 3HAYeHUs MOLENbHOrO BO3pacTa
OTBEYalT peanbHbiM cobbITUAM. Haumbonee oueBupgHble crnyvaum Takoro
HECOOTBETCTBUSA - MOJSIlyYEHUE SABHO HEPA3yMHbIX 3HAYEHURN, Hanpumep,
6onble Bo3pacTta 3emnu unu oteevawlwmx byayuwiemy BpemeHn. OgHako
Hepeakn W MeHee O4YeBMAHbIE Cllydanm HECOOTBETCTBUA MOAENbHOro
BO3pacTa peasibHbIM COObITUAM. NS yCcnewHoro NpumMeHeHns MOAENbHOIo
BO3pacTa B reosiormm Heobxogumo YETKO MOHMMaTb CyTb 3aNlOXEHHOW B
pacyéTbl MOAENU U TO, B KaKOW Mepe 3Ta MoAeflb MOXET WM HE MOXET
COOTBETCTBOBaTb Mpupoae. Hanpumep, HE MOXET MMETb FeosIorm4yecKoro
cMmbicia Sm-Nd  mMopenbHbid  BO3pacT, pacCYMTaHHbIA AN MOpOoAbl
YNbTPAOCHOBHOIO COCTaBa. TakXe JIMLWEHbl T[eoforMyeckoro Cmbicrna
3HayYeHMa MOAENbHOro Bo3pacTa Ans MPOAYKTOB CMELUEHUs] KOHTPACTHbIX
Mo U30TOMHOMY COCTaBYy BELLECTB (HanpumMep, MaHTUNHbLIX MarmM 1 OPEBHUX
nopoJ, KOHTUHEHTarNbHOW KOpbl).

COBOKYMHbIN OMbIT FE€OXPOHOJIOMMYECKUX WCCNEeAOBaHUN [pPEBHENLLNX
nopon 3emnu MnokasbiBaeT, YTO BO MHOruMx cny4dasax Sm-Nd mopenbHbiv
BO3pacT [AaéT pa3yMHble OUEHKU BpemMeHn OpMMPOBaAHNS KOPOBOIO
npotonuTa, XOpoLlo cornacywuwumeca ¢ apesHenwmmn U-Pb patamm no
UUPKOHY. MHOrume oueHkM MoOZENbHOro BO3pacTa MoOpof, OCHOBaHHbIE Ha
OOCTaTOYHO  HU3KMX  M3OTOMHbIX  OTHOLIEHWSIX HEeoAMMa,  XOpOLUO
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cornacylTca C npeacTaBneHusMu o6 WUCTOpUM UX  NOTEHLMArbHOro
WUCTOYHMKA, OCHOBaHHbIE Ha APYrUX, HE3aBUCUMbIX U3OTOMHbIX AaHHbIX.

B HacTtoselnn paboTe NpoBeAeHO CpaBHEHME 3HAYEHUN MOAENbHOro
BO3pacTa, BbIYUCMEHHbIX eanHoobpa3Ho Anst 60MnbLoro MaccuBa MOpPoOf,
pa3Horo reHesuca. [pyn 3ToM AByCcTaAuMHbIN MoAenbHbIN Bo3pacT B Sm-Nd
cuctemMe B LENIOM MOXHO MNPUHATb 3a Haubonee HagéxHbIN penep, C
KOTOpPbIM MMEET CMbICIT CpaBHUBaTb Ntobble Apyrine BO3MOXHblE BapuaHThbl
(oBycTaguiHble W OOHOCTAgUNHbIE LONS Pa3HblX W30TOMHbLIX CUCTEM)
BblYMCIIEHMA MOAENbHOro Bo3pacta. Kak BuMOHO Ha npumepe puc. 1,
3HayeHua pABycTaguinHoro mogenbHoro Bo3pacta B Sm-Nd wn  Lu-Hf
cucTeMax pfis caMblX pasHbiX MOpoA B LENOM HEMmoxo mexpy cobon
cornacyloTcs, cnefoBaTenbHO, AByCcTaaniiHbin Lu-Hf Bo3pacT Toxe B Lenom
MOXeT MpuMHMMATbCSl KakK BMOMIHE afeKkBaTHbIA, C YYETOM cpegHen
HeonpeaenéHHoCcTM Anst o6enx N30ToMNHbIX cuctemM okosno +0.3 mnpg nert.

Okazanocb, 4YTo 3Ha4YeHuss ABycTaguinHoro Bospacta ana Sm-Nd u Rb-Sr
M30TOMHbIX cuUcTeM 6as3anbToB U3  PasfiMYHbIX  FEOTEKTOHUYECKUX
06CTaHOBOK TakKXe MOKa3blBaloT B LESIOM HEMOXYI KOppensuuto, XoTa u
HECKONbKO XyALIero kayecTsa, 4em Ha puc. 1.
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Puc. 1. ConoctaBneHve ABycTaaniiHoro mogensHoro Bo3pacrta B Lu-Hf u Sm-Nd nsotonHbix
cucTemax Ans KOHTMHeHTanbHbIX NnaTto-6a3anstoB (CFB), ocTpoBoayXHbIX 6a3ansToB (IAB),
6a3anbToB OKeaHM4YeckMx OcTpPoBOB W noasopHbix rop (OIB), 6a3anbToB CpeAuHHO-
okeaHunyeckmx xpe6ToB (MORB), a TakXe rHe/icoB 1 rpaHMTOB Pa3fIMYHbIX rEOTEKTOHUYECKMNX
06CTaHOBOK. XUPHOWM NIMHMEN NokKa3aHa KOHKOPAMS, MYHKTVPHbIE OTBEYalT OTKIIOHEHWIO OT
Heé +0.3 mnpg net

Xyxe 0b6CcTouT Aeno ¢ oueHkamu Bo3pacTa no O)J,HOCTa,D,I/II/IHOZI/I Mozae/n B
pasnunyHbiX M30ToNHbIX cuctemax (Sm-Nd, Lu-Hf, Rb-Sr, %®pp, 2y-
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27pp 22Th-2%pp)  OnW He cornacyloTcsi HU Mexzay CoGOl MoMapHO, HU C
OBYCTaAMNHBbIMW OLEHKaMM A1 3TUX Xe U30TOMHbIX CUCTEM, HU C MPUHATON
HaMu penepHow ABycTagnnHon mogenbto Sm-Nd cuctemsl.

HeoxunpaHHblM oKazanca TOT pakT, 4YTO OUEHKW [ABYCTAgUAHOIO
MogenbHoro Bo3pacta ans  22U-2%°Pp 25y-2Ph  pn3oTOMHLIX Nap
pasnunyHbix TUMNOB 6as3anbToB, paccyuTaHHble aHanorm4yHo Sm-Nd
M30TOMHOW CUCTEME, COrnacytoTcs mMexzay coboi KpaiHe nnoxo, ecqu He
ckasaTb - 0TBPATUTENbHO. W uTo ewé Gonee yamBuUTenbHo, 3Hauerus 2’ Pb-

%pp OBYCTaguUMHOro MoAenbHOro Bo3pacta no Stacey-Kramers (1975) ansa
pas3nnyHbIX TUNOB 6a3anbTOB B LIESTIOM HUKOMM 06pa3om He cornacylTcs C
oueHkamn no Sm-Nd usoTonHom cucteme. Ecnu npuHATb, 4To Sm-Nd
cucTemMa afieKBaTHO OMUCHLIBAET 3BOMIOLMIO UCTOYHMKA MOPOA, TO pacyéThbl
MOJENbHOro  BO3pacta no 27pp2%ph  ang NOpo4  MaHTMMHOrO
NMPOVCXOXAEHMA OKa3blBalOTCA BECbMa COMHUTENbHbIMMU.

B noknape 6yoyT npeactaBrneHbl M30TOMHO-TEOXMMUYECKUE NapaMeTpbl
MaHTUAHOTO W KOPOBOFO WCTOYHMKOB, MWCMONb30BaHHbIE MNpPWU pacyéTte
3HAYEeHMN MOJAENbHOrO BO3pacTa g BCEX PACCMOTPEHHbIX BbILLE
N30TOMHbIX CUCTEM.

Jlntepartypa
Stacey J.S., Kramers J.D. // EPSL. 1975. 26(2): 207-221.

K reonornyeckon uHtepnpetauum pesynbtatoB K-Ar
AaTUpOBaHMS MarMaTUTOB B 0611acTsiX MHOroaTarnHom
3HAOreHHOM aKTUBHOCTU: HOBbI METOOUYECKUI NpuemM

Kotnap WU.H., XynaHoea W.J1., Marnesa A.M.

CBKHWN [JBO PAH, MaranaH

1. B WMpOKKX reonornyecknx Kpyrax Bo3moxHoctun K-Ar gatuposaHus
FrOpPHbIX MOPOA W MUHEpasrioB CErofHs  CuYMTaloTCA  MPaKTUYecKu
ucyepnaHHbiMu. Haw onbiT paboTbl ¢ GONbLWIMMM MacCUBamMu [aAHHbIX,
HakonneHHbix 3a 60 net nlydeHus Cesepo-Boctoka Poccuun, nokasan, 4to
370 He TaK. B goknage Ha npumepe Me3030MCKUX FpaHMTOMOOB pPervoHa
paccMaTpvBaeTCsi  HOBbIA  METOAMYECKUA  NpUeEM MHTepnpeTaLim
pe3ynbTaToB K-Ar patnpoBaHus, Koraa BbICOKas YyBCTBUTENbHOCTb OK-OAr
CUCTEMbI K HanoXeHHbIM MpoueccamM, BCerga cyutaBliasica ee cnabbimM
MECTOM, BbICTYNaeT Kak AOCTOMHCTBO. OH cyLlecTBeHHO yrnybnsaeT Hawe
3HaHue o noseaeHun “°Ar Ha NOCTYMHOM 3Tarne 3BOMIOLMM MarmMaTUYecKux
Ten. PaHee pns 3tMx uenen Hamu Obina paspaboTaHa MeToaMka
"penvkToBbIX Aat U MMHuUMymoB" - POMWH (a66bpeBuaTypa npeanaraetcs
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BMEpBbIE), ONUparLasca Ha aHanus nonumopaneHbix K-Ar ructorpamm, -
HO He nbblX, a §nuWb TeX, KOTOpble XapaKTepusylT 3aBefoMO
OOHOBO3pacTHble Marmatuyeckue Temna (Haubonee mnokasaTenbHbl TyT
opHodasHble UHTPYy3uun) [1-4]. MpuHUMNManbHY0 HOBU3HY COCTaBuUI BbIBOA
O TOM, YTO Ha TakuMx TrucrorpamMmax WHAMKATOPaMn HaNOXEHHbIX
(TepmanbHbIX S. /afto) cobbITMIn cnyxaT He MakKCUMyMbl (Kak NpPUHATO
cuyuTaTb anpuopu), a MMHUMYMbI, MOCKOMbKY "pagnoakTUBHbIE Yachkl" Noa nx
BMMAHWEM HE MOTYT He HapywaTbcsa (BNAOTb 4O NepeBofa Ha Homb). Tem
caMbIM MONy4YMNo TeopeTnyeckoe OOOCHOBAHWE LUMPOKO M3BECTHOE C
cepeamHbl XX B. MHeHue (BnepBble Bbicka3aHo C.B. O6pyyeBbiM), 4TO B
COBOKYMHOCTM "HecxopAwmxca" 4aTMpoBOK reosiormyeckn eguHoro o6bekra
K ero MCTMHHOMY BoO3pacTy 6nuxe BCero CTOMT MakcumanbHasi (T. H.
penukToBas).

2. Haw meToponornyeckuin noAxXof BCTPETUN KakK MOAAEPXKY, Tak U
KpUTMKY, B TNEpBYyld o4Yepeob CO CTOPOHbI  CMEUManucToB Mo
TEPMOXPOHOOrnu, apryMeHTupyoLwmx cBOM BO3paxeHus
9KCMNEpPUMEHTamNbHbIMU  AaHHbIMM O O6ONbLION pasHuLe TemnepaTtyp
3aKkpblTusi  nopoAoobpasylolwmnx  MWHepanoB, B CWly  4ero  npw
UCMOSfb30BaHUM BanoBbiXx MNpob6 SKOObl MPOUCXOAMT CMeLleHue [far.
KOHTpOnbHOE TecTMpoBaHUE rpaHUTOMAOB (COMOCTaBliEHWE pe3ysbTaToB
K-Ar patvpoBaHusi BanoBblix MNpob6 mMopon M cnarawowmx  ux
Kanuncogepxawmx MUHepanoB) MoOKas3ano, OJHaKo, 4TO pearnbHoe
COOTHOLLEHME BO3PaCTHbIX 3HaYeHUn 61oTUTa, Kanueeoro nosieBoro LwnaTa
1 poroBon obmaHKu Aaneko OT MX MOSIOXEHUSI B SKCNEPUMEHTANbHOM psaay
TemnepaTtyp 3aKpbITus, a B psfe cliy4aeB MeHsieTca Ha obpaTtHoe. NpuynHa
BUOMTCA B TOM, 4YTO B MO3gHe- W MNOCTMarMaTU4ecKoW WCTOpuun
MarmMaToreHHbIXx CUCTEM B [OEWCTBME BCTynalwT HOBble paKTopbl
reoXnMMn4eCcKoro NoOBeAEHUA paanoreHHbIX N30TOMOB. Tak, C YyBEPEHHOCTLHO
MOXHO yKka3aTb Ha obuiee u niongHoe gasneHue, coctaB (nonaoB (Ha
pasHbIX CTagMsx M 3Tanax pasHblil, B T. 4. pyaoobpasylowmnin), AuHamMuky
pacTBOpeHus aproHa BO nouae, XMMUYEeCKMe MNoTeHuManbl MnoaBUXHbIX
KOMIMOHEHTOB (@ MHOrMe [pyrme, BepoATHO, elle [ONro OCTaHyTcA
HepacKpbITbIMU).

3. B Ka4yecTBe WHCTpPYMEHTa TECTMPOBAHWS HaMW UCMNOSb30BaHbI
anarpamMmmbl COMocCTaBMeHns K-Ar 0aTMpoBOK reosiormyecku
OOHOBO3PACTHbIX MOPOA, U UX MUHEPAIOB, MPUYEM HE TONbKO Mexay cobon,
HO U MO OTHOLIEHMIO K MPeABapUTENIbHO BbISBMEHHBIM Ha rMCTOorpaMmax
BanoBbIX NPO6 MUHMMYMaM - MOMEHTaM MPOSABMEHNA TepMasibHbIX COObITUI
(puc. 1A, B). ®dakTuyeckuin maTtepuan Takoro pofa B HalleM pervuoHe
OrpaHuyeH, HO B OTHOLLUEHUWN FPaHMTOUAOB, cogepXallmx, noMMmo bruoTtura,
BTOPYIO KanueByk a3y - yCroBHbI KanueBbin nonesow wnat (KW, B
peanbHOCTM Yalle BCero - aHopTokna3s), Aeny nomoraeT BO3MOXHOCTb
pacyeTa Bo3pacTta KIW Ha ocHoBe AaTMPOBOK BanoBbix Npob, 6GuoTuTa U
OaHHbIX O cofaepxaHun nocnepHero B nopope (5-10%). Ha puarpamme
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o6ocobneHbl 4 nons. B | none pacnonaratotca ourypatMBHblE TOYKM NOPOA
M MUHepanoB C penuktoBbiMn patamu. Bo Il - Bo3pacTt MuHepanos
NpeBbILaeT MUHUMYM, B TO BPEMS KakK NMOPOAbl OMOJTOXEHbI.

B nonsax Il u IV HaxogaTcs To4kn, "4yacbl" KOTOPbIX BKNKOYUIUCL Nocne 2-
ro TepmansHoro cobbitus. MNMpu atom B none |l Bo3pacT nopog npeBbiaeT
MWHUMYM 3a CYET NPUCYTCTBMA MUHEpana C penuKToBbIMU AaTUpOBKamMu
(Ha puc. 1B ato ,porosas obmaHka), a B none |V oH oMonoxeH u3-3a
6osbLo noTepn Ar Kak MUHUMYM OHUM U3 MUHEPASIOB.

4. Bcero B poknage 6yayT paccmoTpeHbl 6 pasHbiX 0O6bEKTOB
(rpaHuUTHble  GaTonuTbl, Tena AWOPUT-TPAHUMTHOIO U FPAHOLUOPUT-
TOHaANUTOroO PsiAOB, JIEMKOrpaHnUTbl) - Kak 6e3pypHble, Tak U pPyJoOHOCHbIE
(Au, Cu, Mo, Sn), M3 pasnnuHbIX CTPYKTYpHbIXx 30H CeBepo-BocToka
Poccun. BaxHO, 4TO XxapakTep 3BOSMIOUUM UX W3OTOMHbIX CUCTEM,
YCTaQHOBMEHHbIA C MOMOLLBIO MPEANOXEHHON MEeTOAMKWU, oOKa3arscs
OOHOTUMNHbIM. B COBOKYNMHOCTM [OaHHble, MONyYeHHble B pe3ynbTate
CpaBHUTENBHOINO aHanmM3a MonoXeHuss UrypaTuBHbIX TOYEK Mopon WU
MuHepanoB B nongax -V, nossonunu cpoenatb BbIBOA O MNPaKTUYECKM
MFHOBeHHOM (B npepenax owubKM M3MepeHus: 2-3 MIH NeT) OCTbiBaHUU

K-°Ar cucTeM uccnenoBaHHbIX MmuHepanoe (KW, 6wuotut, porosas
obmaHKa) o TemnepaTypbl 3aKpbITUS.
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Puc. 1. CooTHoweHve K-Ar patpoBoK B mopogax u ux MuHepanax. A - KblpyaHckuin un
BocTtouHo-ByTyrblyarckuini MaccuBbl (OMCYKYaHCKUMA NEWKOrpaHUTOBbLIA KOMMMEKc). [daHHble
B.[. BaxeHuHa, B.A. HosukoBa (unTt. no [1. Tabn. 6.6]). b - MarapaHckas rab6po-rpaHutHas
cepus. OaHHble H.B. AngpeeBoit (uuT. no [4. Tabn. 2.4]). 1 - kanueBbI Nonesow wnat, 2 -
6uotut, 3 - poroBas obmMaHka (3anuTble 3HaKM - W3MeEpeHHble AATUPOBKMW, Monble -
paccynTaHHble), 4 - 3HaYeHUs1 BO3PaCTHbIX MUHMMYMOB Ha K-Ar ructorpammax (A - no [3. 94
npo6ebl], b - no [4. 71 npo6a]. [naroHanb - reoMeTpuyeckoe MecTo TOoYeK PaBHbIX 3HAYEHUN
BO3pacTa nopoppl U ee MmuHepanoB. KeagpauTol |, I, 1lI, IV - cm. B TekcTe. [na HarnsgHoCTH
npuBeAeHbl 06BbEKTHI, NpeTepneBLUVe TONbKO ABa TepMarbHbIX COObITUSA
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OueHka BpeMeHu hopMMpoBaHUA pegKkoMeTa ibHbIX
nerMaTuToB 30Hbl KOniMo3epo-BopoHbs Ha OCHOBE U30TOMHO-
reoxpoHosoruyeckoro uccnegosanusa umpkoda (SHRIMP RG)

U3 TypMarH-MyCKOBUTOBbIX FpaHUTOB

Kynpsiwos H.M.", Yaopatuna O.B.%, Ko6n M.A.2, Crewenko E.H.’

" Ki HL| PAH, Anartursi, Z HL| YpO PAH, CbikTeiBKEp, 30T3Hd70pﬂCKMI/7
yHUBEpCUTET

BaxHon 3agaven npu U3ydeHUU peakoMeTansibHbIX NerMaTtuToB
ABNSAETCHA YCTaAHOBMEHWE WX FeHEeTUYeCKOW CBA3M C rpaHuTamu, ecnu
TakoBas WMeeTcA, W onpeaeneHWe BpeMeHU pyaHOW MUHepanu3auuu.
OTBeTbl Ha 3TM BOMPOCblI CBSI3@aHbl C W30TOMHO-FEOXPOHONOMMYECKUMHU
UCCrnefoBaHUSAMW,  HaMpaBMAEHHbIMW ~ Ha  YCTaHOBMIEHWE  BPEMEHMU
(opMMpPOBaHNS KakK poAoHayarnbHbIX A9 MermMaTuToB rPaHUTOB, TakK U
HernocpeacTBEHHO caMUX NEerMaTuToB.

B ceBepo-3anagHoin 4actn Heoapxenckoro nosica Konmosepo-BopoHbs
pacnonoxeHbl MecTOpoOXAeHUs NUTua U uesusa BacnH-Mbinbk, OXMbINbK, U
MonmocTyHApa, B 0ro-BOCTOYHOM 4acTu - Konmosepckoe MecTopoxaeHve
CnoagyMeHOoBbIX nermatuToB. [1O HacTosAlero BpeMeHW He CyliecTByeT
obLenpuHaTON TOYKM 3peHus OTHOCUTENBHO reHeTn4yeckomn
NpPUHaANEeXHOCTU nermMaTuToB. ["eoXxpoHonornyeckoe u3yvyeHve TypmanuHa
(wepn), BbIAENEHHONO W3 MYCKOBUT-TYPMAasUMHOBbLIX FPaAHUTOB MaccuBa
MeXropHblii, pacnonoXeHHOro B CeBepo-3anajHoM 4YacTu nosca,
Nno3BONUIIO yCcTaHOBUTbL ero Pb-Pb n3oxpoHHbIN Bo3pacT paBHbii 2520170
MnH. net. M3 npobbl nermaTuToB, B3ATOM U3 Wypda MeCTOPOXAeHUSA
BacuH-Mbinbk, ana U-Pb M30TONHO-reoXpoHONorniyeckoro nsyyveHus 6oinm
BblAENEeHbl TaHTaNUT M MUKponuT. [na TaHTanuta M Mukponuta Obiniu
nonyyeHbl guckopAaHTHble Bo3dpacTbl 2503136 MnH. neTt u 245418 mMnH.
neT, cOOTBETCTBEHHO [2]. LIMpKOH ©3 TypmanuH-MyCKOBUTOBbLIX FPaHUTOB
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(KV-76) npepcTaBneH cnabomameHeHHbIMYU KOPUYHEBATLIMU KpUcTannamm
LIMPKOHOBOTO Tuna. BHyTpeHHee CTpOeHne XapakrepusyeTtcs
BHYTpMha30BOI HEOAHOPOAHOCTbIO, BbIPaXEHHOWM YepeaoBaHMEM TEMHbIX U1
CBeTJ1bIX 30H B KPpaeBbIX U B LEHTpPaJibHbIX YaCTAX 3€peH.

2451460 MutH. et
CKBO=1.6

045

06Pb/238U

4

0.35 |

025 |

0.15 |

207Pb/235U

L L L L

0.05
0 2 4 6 8 10

Puc. 1. Ovnarpamma c KOHKopauveln u cnekTp pacnpepenenus P33 ans uMpkoHa us
MaccvBa TypMarvH-MyCKOBUTOBbIX FPaHUTOB CEBEpO-3anafHoin yacTu nosica. Cepble annunchbl
- aHanuTUyeckue AaHHble, BKIIIOYEHHbIE B pacyeT AWCKOPAWMW; NpOo3payHble SANUNChl - He
BKIIOYEHHbIE B pacyeT

[nckopaaHTHbIM BO3pacT Ana 8 npoaHanu3upoBaHHbLIX TOYEK LMPKOHA
coctaBun 2451461 mnH. net, CKBO=1.6. LinpkoH oborawieH ypaHom - 2500-
3000 ppm u nmeet Hu3koe oTHoweHne U/Th=0.01-0.04. Takum obpaszom,
BepxHee nepeceyeHne ANCKopaumn ¢ KoHKopauen ¢ sospactom ~ 2.45 mnpga,.
NeT, BepoATHO, OTpaxaeT BpeMs KpucTannmsauumvM UWpKOHa npwu
¢dopMMpoBaHNM  TypMasiMH-MyCKOBUTOBBIX  FpaHMTOB, @  BbICOKas
OMCKOPAAHTHOCTb CBA3a@Ha C MOCnefywlWwMM WU3MEHEHUEM  LMPKOHa.
MonyyeHHbIn BO3pacT 6NU30K OLEHKaM BO3pacTa, MOfyYeHHbIM Ans
TaHTanuTa n MUKponuta U3  pedKoMeTansbHblX ~ MermMatuToB
MecTopoxaeHusa BacuH-Mbinbk.

LinpkoH wmn3 npobbl (KV-45) 6bin BblaeneH W3 LEHTpanbHOW 4acTu
MaccuBa TypMariMH-MYCKOBWUTOBBLIX FPaHMTOB, PacmnoSIOXEHHOro B panoHe
03. Jluuya. BHyTpeHHee CTpoeHMe XxapakTepu3yeTcs BHyTpudasoBoun
HEOAHOPOAHOCTbIO, LeHTpanbHble yactu 3epeH cBeTsble n
nonynpo3payHble, KpaeBble - TEMHbIE M Henpo3payHble. B camom ueHTpe
OTAENbHbIX MpPOaHanM3MpoOBaHHbIX 3epeH HabnogalwTca  yyacTku, B
KOTOpbIX MpOCMaTpUBaETCA TOHKass pOCTOBasA 30HANIbHOCTb.

Ona wectu npoaHanuM3vMpoBaHHbIX TOYEK UUPKOHA Obln  nony4veH
OMCKOpAaHTHbIN Bo3pacT 272619 mnH. net, CKBO=2.5 (puc. 2). Kak BugHo
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Ha pwuc. 1, aHanUTU4eCKue TOUKM OOCTaTOYHO [AMCKOPAAHTHbI U
CBMAETENbCTBYIOT O HapyweHun U-Pb cuctembl, 3a c4eT BblHOCA CBUHLUA.
LinpkoH oboralueH ypaHom - 950-2500 ppm ¥ MMeeT HU3KOe OTHoLleHue
U/Th=0.03-0.08. Ona Tpex ApeBHUX 3HAYEHUN LMPKOHA 3TO OTHOLLUEHWE
Bbllwe U/Th=0.14-0.45. Takum obpa3om, BepxHee nepeceyeHne AUCKopamm
C KOHKOpauen ¢ Bo3pactoM 2726+9 MNH. neTt, BEpOATHO, OTpaxaeT Bpems
Kpuctannusaumm UUpKoHa npu (hOPMUPOBaHMU TypMasMH-MYCKOBUTOBbIX
rpaHuToB. [lofnlyyeHHble BO3pacTbl LMPKOHA W3 TypMasuH-MYCKOBUTOBbIX
MaccuBoB, pacnosioxeHHbix B C3 n KOB vacTtax nosica, oTpaxatoT pasHble
aTanbl (hOPMUPOBAHUSI 3TUX FPAHMTOB. Takum o0b6pa3oM, peaKoMeTansbHble
nermMatuTbl HaTpMeBO-NUTMEBOro Tuna Konmo3epckoro MecTopoxaeHus
CMEHANNCb BO BPEMEHU pPa3BUTUEM NErMaTtuToB NNTUEBO-LE3MEBOro Tuna,
Ha 4TOo yKa3biBan B.B.opaumeHko [1].

-]
. 7
osh & KV-45 2600 4541
0
o 272619 MnH. net Disa.q
Q CKBO=2.5 45-5.2
n=6 2200 45-2.2
0.4} 45-5.1
4
45-3.1
1800 45-1.1
0.3}
1400 ) e =
I — AN
02}
5 1331429 mnn. ner 207Pb/235U
Ty 3 5 7 9 11 13 15

Puc. 2. Ouarpamma c KOHKopauven u cnekTp pacnpegenenns P33 ana umpkoHa u3
MaccvBa TypMarnvH-MyCKOBUTOBbIX FPAaHUTOB HOFO-BOCTOYHOM YacTu nosica. YepHble annunchbl -
aHanuTMyecKkne [aHHble, BKIIIOYEHHblE B pacyeT AMCKOPAWMM; NPO3payHble 3MAWMCLl - He
BKIOYEHHbIE B pacyeT

WccnepoBaHua npoBefeHbl npu domHaHcoBon nopgaepxke PODU, rpaHT
Ne 16-05-00367. Noc3apaHue Ne 0231-2015-0005.
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MaHTHitHbIe U KOpOBble NOpoAbl B paHHEMESTIOBOM
MarmaTu3ame BOCTO4YHOM YacTtu Fobuiickoro Antas (KOxHas
MoHronus): naHHbIe reoXpPOHOSTOrMYeCcKUX U U30TOMHO-
reoOXMMM4eCcKux UCccnefoBaHUi BYSIKaHUYECKOro paoHa
XOTropbiH-Yyn

Kyapswosa E.A.", Kosnosckuin AM.’, Apmorniok B.B.!, CaBateHkoB B.M.2,
Ne6enes B.A."

"MIFEM PAH, Mocksa, “UIT, L PAH, Cankt-lletepbypr

Menoson marmatuam B LleHTpanbHO-A3MaTcKOM cKnagyaTtom mnosce
NPOSIBUNICA HA OrPOMHON TEPPUTOPUN OT COBPEMEHHBIX TMXOOKEAHCKOro
nobepexbsi Ha BOCTOke A0 xpebToB [obuiickoro Antas Ha 3anage, 4To
coctaBnseT He meHee 2700 KM B LUMPOTHOM HanpasneHuu. MpruunHbl cTonb
obWMpHOro MarMaTuama, MexaHU3Mbl MarmoreHepauum U MWCTOUHUKM
pacnnaBoB OCTalTCA OUCKYCCUOHHBIMW, MOCKONIbKY €CN  BOCTOYHbIE
panioHbl MOTyT ObiTb CBSi3aHbl C COObLITUAMM Ha KOHBEPreHTHOW rpaHuue
BOCTOKa A3uK, TO 3anafHble CIULLKOM yaarneHbl OT HEE U OYEBUOHOW CBA3M
¢ npoueccamu cybaykumm He umetoT. OAHUM M3 TakuX YAaneHHbIX PalioHOB,
pacronoXeHHbIX Ha 3anage, senstTca xpebTol Mobuiickoro AnTas, rge B
MefioBoe Bpemsi B npepenax rpabeHoB npoucxoaunu pasHoobpasHble
MarmaTtumyeckmne cobbITus.

PainoH XoOTropbiH-Yyn nMpoCTpaHCTBEHHO pacriofioXeH B CeBepHOMU
HU3KOrOpHOM YacTu NycTbiHN [06u (KOxHass MoHronusa) B BOCTOYHOM 4acTy
lFobuitickoro AnTtas. B  TeKkToHMYecKOM nfaHe pavioH obpa3oBaH
HOBEHUITbHBIMU cpenHe-no3gHenaneo30McKnuMn OCTPOBOAYXHbIMM
komnnekcamu repuuHug, HOxHon Modronum [Yarmolyuk et al., 2013].
MenoBble MarmaTuyeckne 06pa3oBaHNs 34ECb BKIIOYAKOT NOME OTAENbHbIX
6a3zanbT-aHAE3MTOBbIX HEKKOB U KACMYIO AALUT-PUOSIUTOBYIO SKCTPY3HIO.

MposBNeHWa Kucnoro MarmMatu3ma npeacTaBfieHbl  3KCTPY3UBHO-
KYMONbHbIM ByNKaHOM LlaHbx-Yyn pazamepomM 2x5 KM Mpy MOLLHOCTU NiaB A0
200 m. B ero cTpoeHuMn y4yacTBYHT MacCCUBHbIE, CTEKIOBaTble, MecTamu
dnovpansHble naBbl, @ Takxe ByJKaHOKMacTMyeckue nopoabl (Tydsl,
naBoBble OpekyMKn, Apyrve pbixible 3KCMI03MBHO-06I0MOYHbIE MOpOoabl)
JauuT-pronutoBoro coctaBa. CobcTBeHHO naBbl nopcmpoBbie. B coctase
MWHEpanoB BKPaMieHHWKOB W OCHOBHOW MacCbl CpeAu  [NaBHbIX
OoTMeYaloTCcs KBapL, NoneBble WNaTbl U Crogpl.

Opyryto rpynny marMaTtu4eckmx Ten 34eCb MNpeacTaBnsioT WHTPY3uu,
oTBevawlme Tuny noaBoAawmnx HEeKKoB. OHU BbIZENATCH KakK OTAENbHO
cTosilme KoHuyeckue ropbl Bbicoton go 80 m npu guametpe 200-500 m,
obpa3oBaHHble MaduyeckuMuM nopojaMy C XapakTepHon cTtonbyaTon
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oTAenbHOCTbI0. CnararLme HeKKM NopoAabl pa3nuyarTca no coctaBy. OgHu
CNOXeHbl AOBOMIbHO CBEXMMMW ONUBUHOBLIMU GasanbTamu, apyrue - 6onee
U3MEHEHHbIMW KBapL-Naarnokna3oBbiMy  aHge3utamn. B uenom oHm
XapaKTepusyrTca MaCCUBHbIMU TEKCTYpamMu C peokuMuM MUHOAnMHaMun u
06bI4HO MMeT MopMpoBYD CTPYKTYpPY. BKpanneHHWkn u MuHepanbl
OCHOBHOWM Macchl B 6a3anbToBbix Hekkax npegctasneHbl Ol+Pl+Cpx+Fe-Ti
okcuagamu. Hekkn aHOe3nToB NMEKT B cocTaBe BKpanneHHMkoB Pl+OpxzOl.
lMnarvoknas npuHagfiexart ABYM reHepauusM: OfHa - HE OYeHb KpYyMHbIe
(mo 0.5 MMm) 06blYHbIE KpUCTansbl; BTOpas - ropa3fo KpyrnHee (6onee 2 Mm),
OKpYXEHHble BHellHel Kanmon. OTMeuvaloTcs eguHU4YHble KpyrnHble (4o 5
MM) 3epHa KBapua C peakuMOHHOW KalMOW, BEpOATHO, KCEHOreHHOn
npupogbl. OCHOBHas Macca MUKPONUTOBas, MeNKO3epHUCTasd, Mectamu
TakcuToBas. Kpome npo4yero B aHae3nTax cogepxartcsa Hebonbwue (go 0.5
MM) MeNnaHOKpaTOBble CKOMJIEHWSA, COCTOSILLME W3 MEJNIKMX CPOCTKOB
NMoneBOLUNAaTOBbIX KPUCTAN/IOB C PyOHbIMA W LBETHbIMU MUHEpanamm.
Takum ob6pasom, neTporpadMyeckne MpuU3HaKuU aHOE3UTOBbIX HEKKOB
panioHa (CTPYKTYPHO-TEKCTYpHbIE, @ TakXe HepaBHOBECHbIN Pa3HOPOOHbIN
cocTaB  MuHepanoB  (ONUBWMH,  KBapL), KOTOpble MepBOHa4arnbHO
KpUCTannuMsoBasMcb M3 pacnnaBoB pa3Horo 6osiee OCHOBHOIMO M KWUCHOro
cocTaBa) npepgnonaralT Wx rmMbpuaHyo npupopy. Kpome Toro, pns
NPOAYKTOB CMELUEHMA MaHTUMHBLIX U KOPOBbIX MarM TakXe XapaKTepHbl
BKpanieHHWKM nfarvokna3a pa3Horo CcocTaBa, HepaBHOBECHbIE MO
OTHOLLEHMIO K OCHOBHOW Macce, 4YTO TakXe OTMeYaeTCcsl B aHOe3nTax.

Mo K-Ar reoxpoHONMOrM4ecknm gaHHbIM MarMaTu3am B panoHe XOTropbiH-
Yyn npoTtekan B KOHUe paHHero mena (B mnH net: 106x2.5 - kncnas
akcTpy3us, 10714 - aHOe3nToBbIN Hekk, 9913 - 6a3anbTOBLIN HEKK), YTO
coBMagaeT co BpeMeHeM (POPMUPOBAHUA APYrMX BYJIKAHWYECKUX MOMENn B
obuiickom Antae [Yarmolyuk et al., 2013].

Mo reoxMMmyeckMM [aHHbIM  PUONWUTLI W Jauutbl  obnapawT
CPaBHUTENIbHO HU3KUMW  KOHLEHTpaumMsamMyu OOMbLUMHCTBA MUKPO- MU
pefKo3eMesibHbIX 3NeMeHTOB. VX cnekTpbl pacnpepeneHus 6nmMskm K
CMEeKTpaM BEpXHEN KOHTUHEHTANbHOW KOpbl W pacrnonaralTca HUXe
COCTaBOB CUHXPOHHbIX MM 6a3anbToBbiX HEKKoB. Nd-M30TOMHbIN cocTaB
Kucnblx nopof (eng(t) = +4) oTnuuaeTcsa OT cocTaBa, acCcouUMUpYIOLUX C
HUMK 6as3anbToB, ANs KOTopbIX eng(t) = -1.2. C gpyrow ctopoHbl, Nd-
M30TOMHbIA COCTaB PUOJSIMTOB COBMajaeT C TaKOBbIM A MarmaTuyeckux
KOMMSIEKCOB CpefHe-No3Henaneo30MCKoNn (repLMHCKON) HOBEHUBHON
kopbl KOxHom MoHronumu, B npepenax KOTOPbIX PacrnosioXeHbl MenoBble
3KCTpy3un:  Nd-M30TOMHbIE  XapaKTEPUCTUKM  KOPOBbIX  KOMIMJIEKCOB,
nepecynTaHHble Ha paHHEMENOBOW BO3pacT, coCcTaBnAlT eng(t) = (+4..+7)
[Yarmolyuk et al., 2008]. CocTaBbl JaUUT-PUONUTOB COrMAcyrTCA C NOSISMU
3KCMEepuMeHTalNbHbIX  pacniaBos., NOMyYEHHbIX  MpK nnaeneHnmn
MeTaToHanuToB u MeTaba3uToB [Gerdes et al., 2002]. Takum obpasom, 3To
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Mo3BONieT paccmaTpuBaTb MOpPOAbl KUCNOro BynkaHa LlaHbx-Yyn kak
pe3ynbTaT niaBfeHns KOMMIEKCOB repUMHCKON IOBEHUITBHOW KOpbl. Takoe
nnaeneHue, No-BMAMMOMY, ObifI0 BbI3BAHO NPOrpeBOM, COMPOBOXAABLUUM
BHegpeHne  6GazanbToBbiIX  pacnnaBoB,  (OPMMPOBAHWE  KOTOPLIX
NPOUCXOANNO B TOXE BpeMs B MeCTax NposiBNIEHNst KACIOro MarmaTmuama.

BasanbToBble HEKKM XapakTepusylTcss Hauboniee MNPUMUTUBHBIM
COCTaBOM, OHM UMEIOT BbICOKYI0 MarHeaunanbHocTb 0.63 (MgO>8 mac.%). B
COOTBETCTBMM C FTEOXUMUYECKNMUN KNacCMUKaLMOHHbIMY AnarpaMmmammn nx
COoCTaBbl MoMagalT B MOMA BHYTPUMIWUTHBIX 6a3anbToB, 4YTO Takxe
cornacyetca C BblpaxeHHbiM Ta-Nb mMakcumMymom Ha  cnekTpax
pacnpeneneHns MukpoanemeHtoB. [locnegHue 6nmskum kK OIB, HoO
oTnuyatoTcst 6onee HU3KUMU KOHLUEHTpauusimn GONbLUMHCTBA 3/1EMEHTOB.
Mx cocTaBbl cornacyloTcsi C MaHTUNHBLIM NaBfeHNEM B LUMUHENUBOMW haLmm
rnybuHHoctn  ((Tb/Yb)cn<1.8, 6asanbtbl ~1.6). Nd-u3oTonHbI CcocTaB
6a3anbToB (eng(t) = -1.2) NnokasbiBaeT 060raweHHOCTb NX UCTOYHMKA. Takum
obpa3om, BepoATHeEN BCEro UCTOYHMKOM 6a3anbTOoBbIX pacrniiaBoB HEKKOB
paioHa  XOTropblH-Yyn  siBnsieTca  manornybuHHaa  oboralleHHas
KOHTUHEHTanbHasa nuTocepHaa MaHTus.

B3aumopencTemMe KOpPOBbIX W MaHTUWHBIX _MarM MpoOsiBUNOCbL B
dopMMpOBaHMM aHOE3MTOBOIO HEKKAa, KOTOPbIN pacnonaraetca B6nunsn
KWUCIION 3KCTPY3UN M UMeeT ONU3KUA C HEM U3OTONMHbIN cocTaB eng(t) = +4.
OuyeBMpHO, €ro aHAe3WTOBbI COCTaB OOYCMOBMEH accMMUnAUMUENn
6a3anbToBbIM  pacnnaBoOM pPUONUTOB, YTO TakxXe noATBepXaaeTcs
HanMunem B aHAe3unTax OBJIOMKOB KCEHOreHHOro Keapua W nnaruoknasa
KOHTPACTHOrO COCTaBa, a TakkXe CMEeLWEeHNeM MNeTPOXUMMYECKUX
XapaKTepUCTUK.

Takmm o6pasom, B MarmMatMame BOCTOYHOWM 4YacTu [obuiickoro AnTas
CMHXPOHHO B paHHEM Mery NMPUHUMAaNU y4yactne reoXMMmn4eckn n U3oTornHo
oboraleHHble MaHTUiHble 6a3uMToBblE U KOPOBblIE KUCMble Marmel,
YaCTUYHO B3aUMOAEWCTBYIOLLME APYT C APYTOM.

Pab6oTa BbinonHeHa B paMmkax [focyaapCTBeHHOro 3aaaHus JlabopaTtopum
peokomeTtanbHoro marmatuama WMIFEM PAH v npu nopaepxke POOU
(npoekT N2 17-05-00167).
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Sr-u3oTonHaa xemocTtpaturpadua No3aHEKanHO30MCKUX
0CaflkoB C uckonaemomn kapoboHaTHoW hayHOIN: pEKOHCTPYKLUSA
YCnoBMil ceauMeHTauun B ApKTuke

KysHeuLoB A.5.1, lNyces E.B.2, Monsak J'I.B.3, TanpeHkoBa EE*

"W PAH, CaHKT-ﬂerep6ypr BHUN OKeaHI'GOHOI'I/IH CaHKT-
lTerepbypr; YHMBepCMTeT Oravio, CLIA; *MrY, Mocksa

AHanua Bapuauuii oTHowenus °'Sr/*°Sr B naneookeaHe nosBonun
NMoCTpOUTb AuarpaMmmbl MOCNELOBAaTENIbHON CMEHbl 3TOr0 OTHOLIEHUS B
reonornyeckoM npoLuniom. 9T Aguarpammbl 6bin TpaHCOpMUPOBaHbI B
N30TOMHbIE SIS-wkanel, ncnonb3yemble KakK JonosHuTensHoe
(camocToaTenbHOE) CpeacTBO ANA onpeAeneHns Bo3pacta M Koppensauuu
MOPCKUX XEMOT€EHHbIX OTNOXeHu. BnepBble naes onpepeneHus Bo3pacTa
XEMOreHHbIX OCaflkOB Ha OCHOBE WX Sr-u30TOMHOW XapakTepucTuku Obina
BrepBble NpeasioxeHa 80 et Hasan (Wickman, 1948). OgHako peanbHoe
noBblLLeHNe oTHoWeHUs 2'Sr/%®Sr B MOpCKUX XeMOreHHbIX ocagkax 3emnu
OoKasasnocb HaMHOro MeHbLIJe oxm,u,aelvloro (Cepnuhr, Wykoniokos, 1957).
N3meHeHue oTHowweHus 2'Sr/*°Sr B yCpeAHeHHOM 3eMHOM pe3epByape 3a
BCIO UCTOPUIO MIAHETbI ObINI0 COM3MEPUMMO C TOYHOCTbIO CYLLIECTBOBABLUNX B
TO Bpemsi Macc-cnekTpomeTpoB. COBEpPLUEHCTBOBAHME aHaNUTUYECKUX
BO3MOXHOCTEN Macc-CneKTpoMETPOB BO3POAWIIO 3Ty MACIO M NOKA3ano, 4To
yTOUHEHHasi KpuBas BapuaLmil oTHoleHus ° Sr°Sr B okeaHe Bce xe
no3sonseT "gatupoBaTb" KapboHaTbl MOPCKOro MPOMCXOXAEHMWSA, XOTA U B
OrpaHUYeHHbIX BO3pacTHbIX nHTepBanax (McArthur, 1994). ToyHOCTb Takoro
"natupoBaHus" (Npu XOpOLUEN COXpaHHOCTM 06pa3uoB M COBPEMEHHOM
KayecTBe M3MepeHUI) 3aBUCUT OT rpajaveHTa 3Ton Kpuson. Hambonee
OnaronpuATHbIM Ona  Koppendumn meTogoM SIS  gBnsetca  no3gHUin
KanHo3on. M3y4yeHune HECKObKNX  IeCATKOB rnyboKOBOAHbIX CKBaXWH
nokasano, uto oTHolweHne P'Sr/*°Sr B ocagkax NO3AHEro KaiHO30s
nosbiwanoce B cpegHem Ha 0.00004 3a 1 mnH. neT, 4TtOo no3BonsAeT
AatvpoBaTb NO3[QHEKaMHO30MCKME Ocagku nocpeacTsBom metopga SIS c¢
ToyHocTbio 200 Thic. neT. bnaronpusaTHbIM MaTepuanom Afs AaTMpoBaHus
meTogom SIS B KanHo30e aABnAKTCA dopaMnHUdEpPOBbIE UMbl U
KapboHaTHble pakoBMHbI HEKOTOPLIX MosultockoB (Ky3HeuoB u ap., 2012,
2014).

PeKOHCTpYyKUMst yCNOBMIN HaKOMJSIEHUS MNO3QHEKANHO30MCKNX OCa[KOB
CeBepHoro JlegoBnTOro okeaHa MMeeT BaXHOe 3HayeHne AN NoOHMMaHuA
LUMKIIMYHOCTU U CKOPOCTU FobanbHbIX U3MeHeHui kKnumaTa 3emnu. OgHako
n3-3a CIOXHOW fefoBOW OOCTaHOBKM M TPYAHOLOCTYMHOCTM pEernoHa 3Tu
0CagKn M3y4yeHbl MokKa elle o4veHb cnabo. [ns [OOHHbIX OCagKoB, B

Fﬂy6OKOBOD,HbIX 4acTtax ApKTVIKVI, npepnnoxeHbl OBe CTpaTmrpacbqueCKme
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mogenu: "gpesHss" (Clark et al., 1980 u gp.) v "Monogas" (Polyak et al.,
2004 wn pgp.). MNepBas onupaeTcsi Ha ManeoHTONOMMYECKME HaxoOKu |
naneomMarHutHble AaHHble. BTopas mogenb npegnonaraeT OTHOCUTENbHO
BbICOKYIO (1.5 CM/TbIC. NIeT) CKOPOCTb HAKOMMEHUSI BEPXHErO Cos 0CaOKOB,
KOTOpble KOppEenupylTca ¢ Mopckon udotonHow ctaaven MWNC-7 (okono
240 TbIC. NeT Ha3apg). B pamkax nocnepHen Mmogeny ocagku 3onsencToueHa
" nnvoueHa paccMaTpuBaroTcs KaKk  3K30Tunyeckue dopmbil,
NepeoTrIoXEHHbIE NTeJHNKaMU.

Mopckune goHHble ocapgkm CeBepHoro JlefoBUTOro okeaHa, Takxe Kak u
OpYrnx TennbiX OKEeaHOB, HakanavsalT OnpefeneHHOe KONM4YecTBO
MNaHKTOHHLIX M GEHTOCHbIX hopaMuHugep, obUTaBLLIMX B TOMLE BOAbI.
KonuuectBo dhopamMuHuepoBbIX CIOEB U CaMUX PAKOBUH BHYTPU KaXaoro
CNnosi 3aBUCUT OT GMOMPOAYKTUBHOCTU KOHKPETHOW 3MOXW B apKTUYECKOM
bacceinHe. BepxHue cnou (4-5 M) OOHHbBIX 0CafKOB, NOAHATbLIE TPyOKaMu Ha
wenbdoBOM CKoHe nogHAaTuss Menpeneesa n nogHATMA CeBepHoro BeTpa
(Northwind Ridge) B 3anmagHom uyactu ApkTuku, cogepxaTt 6-8 crnoes,
oboraleHHbIx hopammHudepamu. B o6pasuax BbISBNEHO HECKOMbKO (hOpM
6eHToCHbIX hopamuHudep, a cpeon MNaHKTOHHbIX opamMuHudep B
pa3pe3e rocnoacTByeT apkTtudeckun Bup, Neogloboquadrina pachyderma
sin. MakcumanbHoe KonmMyecTBOo OEHTOCHbIX W  NAaHKTOHHbIX (40-120
pakoBUH/T) dhopamMuHMcdep 0OHapYXEHO B COAX KOPUYHEBBIX MENUTOB. 3TO
KONMYeCTBO MO3BOMNWMO BblAENUTb ANA  U30TOMHOrO aHamusa  1-2
MUAUrpamMM  BellecTBa. KOnMYeCcTBO TEPPUreHHOM MpUMECU BHYTPWU
pakoBuH pocturana 30-40%. KoHueHTpauus Sr (1100-1200 wmkr/r) B
U3YYEHHbIX PaKOBMHAX OKa3anoCb CpaBHMMa C TaKOBOW B COBPEMEHHbIX
aTnaHTN4eckux Buaax dopamunHndep.

OtHowwenue ¥'Sr/*Sr B OBYyX obpa3suax gopamMuHudep, oTobpaHHbIX B
uHtepsane 330-355 cMm u3 KepHa Ha nogHATUA MeHaeneesa, cornacylTcs B
npegenax aHanuTU4YecKom TOl-IHOCTI/I n§m6oprlx namepenun (0.709151 un
0.709154). CpepHee 3HaueHue °'Sr/*°Sr B o6pasuax nepecuuTaHHoe
npeanonaraet, 4to dopamuHudepbl obutanm 670+50 Thic. neT Hasag.
O6pa3ubl U3 AByx KepHoB Ha nogHATUKM CeBepHoro BeTtpa npeAcTasnaior 5
uHTepsanos: 70, 370, 400, 510 n 560 cm. CpeagHee oTHOLWEHME 8Sr/%%sr B
OBYyX 06pa3u,ax M3 Kaxpagoro wHTepBana pasHbl: 0.709173, 0.709152,
0.709125, 0,709069 n 0.709035, cootBeTcTBEHHO. ConocTtaBneHue 3TuX
3HayYeHMn C KpUBOW Bapuauvin OTHOLUEHMS ¥Sr/%°Sr B okeaHe nosaHero
KanHo3oa onpegenseTr Bo3pacT QopamMuHudep AnsS  Ha3BaHHbIX
nHTepBanos okosno 150 Teic. net, 670 Tbic. neT, 1.2 MnH. net, 2.5 MNH. net
1 5.0 MNH. NeT Ang ABYX HUXHUX.

lMony4yeHHbIn BO3pacT BepxHux (3-3.5 M) CrnoeB AOHHbLIX OCajJKOB Ha
060MX NOAHATUSAX NOSTHOCTHIO OXBaTbIBAET MIENCTOLLEH, @ BO3PACT HUXHMUX
4-5 cnoeB ocapka COOTBETCTBYET MINOLLEHY, YTO CKITOHSIET Hac K "ApeBHen"
cTpaturpadguyeckon mogenu B Apktuke. 3T0 NoATBEPXAAET, YTO CKOPOCTb
HaKonneHuss ocapkoB nopHATMA MeHgeneeBa u  CeBepHoro Betpa
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BapbupoBana B npegenax 0.5-0.6 cm/Tbic. neT, 4YTO 3HAYUTENbHO
MeaneHHee, 4yem cuutanocb paHee (Polyak et al., 2004). Hanbonee
BEPOSATHO, YTO MeXAy MSIeNCTOLEHOBBIMA U MAVOLEHOBBIMU COAMU (Ha
rmybuHe 4-4.5 M) cywecTtBoBan cTpaTurpaduyeckmin  MNepepbiB.
lMoHMXeHHaa CKOPOCTb OCafKOHaAKOMMEHMA B 9TUX pailloHax npepnonaraet
HanMyne YyCTOMYMBOW NefsHoOW LWwanku B ApKTUYECKOM CeKTope Ha
NpOTSXEeHWW  MNfeNcToueHa, 4YTO BO  BpPeMeHW  coBrnagjaetr C
pacnpocTpaHEHUEM JNEeJHVMKOB Ha KOHTMHEHTanbHOW 4actu EBpaszum un
CeepHoint AMepukn. CornacHo 3TUM AaHHbIM, NIeAAHON NOKPOB B MOSISIPHbIX
wupotax ccopmuposanca Ha 400-500 Tbic. neT paHblle, 4Yem
npeanonaranocb paHee.

MopobHble  uccnegoBaHust  ObINMM HeAaBHO — MpoBeAeHbl  Ans
PEKOHCTPYKLMN MO3OHEKANHO3OMCKON MCTOpUM NPUBPEXHBLIX TEPPUTOPUIA
poccuiickon Apktuku (KysHeuos n ap., 2014). N3oTonHbin coctaB Sr 6bin
onpefeneH B pakoBMHAX [BYCTBOPYaTbIX MOJUIOCKOB M3  OTJIOXEHUN
YeTBEpTMYHOrO 4exna benomopbs M GEHTOCHbIX MOJSIOCKOB M3
NO3HEKaMHO30MCKOro 4exna TumaHo-Ypanbckoro pernoHa. OTHoOLleHue
¥Sr/**sr B Mopckux maBycTBOpkax Benomopbsi, coctaBnsier 0.709168-
0.709172, a koppenauust 3TUX 3HA4YEeHWA C KPUBOM Bapuauumi 8 Sr/%sr
no3gHero KanHoO30$ MokKasarna, YTo BO3pacT pakOBWHHOW hayHbl 6N30K K
150240 Tbic. neT. 3T HaxoAKWM CBUAOETENbCTBYKOT, YTO Ha TeppuTOopuu
Kapenun coxpaHWnuMcb OTNIOXEHWA MO3[4HEero nnencroueHa (pucc-
BIOPMCKOFO MeXIeQHUKOBbSI), KOTopble He Bbinn pasmbiTbl CKaHAMHABCKUM
oneneHennem 9-15 Teic. net Hasaa. OTHoweHune ¥ Sr/*°Sr B pakoBMHax u3
pPOroBCKON CBUTbI TuMaHoO-Ypanbckoro pervoHa cocrtasuno 0.709106-
0.709147, a w3 BawyTtkuHckon - 0.709132-0.709154, uyTO oOTBeuaeT
uHTepBanam 1.44-0.79 n 1.12-0.63 MnH. neT, COOTBETCTBEHHO. DTN AaHHbIE
[OKas3blBalOT HanuMuMe B YKa3aHHOM pErnMoHe MOPCKUX OTMOXEHUN
30MMencToLEeHOBOro BO3pacTa, 4YTO CBMAETENbCTBYET O 3aTonfeHun
apkTudyeckoro nobepexbs Poccun 1.4-0.7 mnH. neT Ha3ap. B coBpemeHHOM
penbede 3TM OTNOXEHUA pacnonoxeHbl Ha oTmeTkax 240-350 m Bbiwe
YPOBHsi Mops, 4yTo npegnonaraet 6bictpoe (T0.3-0.4 m 3a ThicAYy ner)
BO3AbiMaHMe uUeHTpanbHoro [lam-Xoa w npunerawowen TeppuTopumn
BonbLue3emMenbCcKon TyHOPbI B HETBEPTUYHOE BpEMS.

Takum o6pa3oM, Sr-u30TOMHaAA XapaKTEpPUCTMKA  3aXOPOHEHHbIX
KapboHaTHbIX ~ OCTATKOB  OTKpPblBa€T  HOBble  BO3MOXHOCTM  AnA
PEKOHCTPYKUMKU cTpaTurpaduyeckon u naneoreorpadmyeckon uctopum
No3Hero KanHo305 APKTUKM.

PaboTa BbinonHeHa npu noaaepxke npoekta PH® 18-17-00247.
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Sm-Nd usoTonHble XapaKkTepuctuku UCTOYHMNKOB
paHHenaneosoﬁCKmx KOJIUTM3UOHHbIX rPAHNTONAOB B NOACax
peakoMeTalbHbIX NermMmaTuToB CaHruneHckoro HaropbA

KyaHeuosa J1.I'., Opwns C.U.

UIX CO PAH, UpkyTck, @aBopckoro 1a

M3yyeHbl BELWECTBEHHbIN COCTaB U N30TOMHbIE XapakTepucTukun (Sm-Nd,
Sr-Nd) rpaHuTOMAOB M acCOUMMPOBAHHBIX C HUMW peakoMeTarnbHbIX
nermMaTuTtoB B [ABYX MNermMatutoBbix mnosfcax CaHrMneHcKoro Haropbs,
npuHagnexauwero kK TyBuHo-MoHronbckomy maccuBy. [o HepgaBHero
BPEMEHN WX CuYuTanuM npeanosioXUTENbHO paHHeNnaneo30MCKUMU 1
CUHIFEHEeTUYHbIMK, OTHOCA K OOHOMY  KbICTapbICCKOMY  KOMIMMEKCY.
N3oTonHo-reoxpoHonorudyeckne uccnegosanna (U-Pb no uupkoHam Ha
SHRIMP-Il) [1] no3BonunM YCTAHOBWUTb 3HAYUTESNbHblE BPEMEHHbIE
pasnuuua B NPOSIBIIEHMN PEOKOMETANIbHOIO NermMaTMToobpa3oBaHns B 3TUX
nosicax, a TaKXe COMoCTaBUTb 3NW30A4bl MNermMaTuToobpa3BoaHuss c
onpeaeneHHbIMN reognHamMmnyeckummn obcTaHoBKamu.

CnoagymeHoBble nermatutbl KOxHo-CaHruneHckoro nosca (KOCIT) (494-
483 MIH. NneT), K KOTOPOMY MPUHAANEXUT KPYMHOE MECTOpPOXAEHUEe nNUTus
TacTbir, U rpaHUTbl KbICTapblCCKOro komnnekca (489 MnH neTt) umeroT
OOVHaKOBbIM BO3pacT M obpa3oBanuCb Ha 3aBeplialowemM aTane
paHHEeNaneo30MCKOro  KOMMM3WOHHOIO  oporeHe3a. PepkomeTanbHble
nermatutbl LleHTpanbHo-CaHruneHckoro nermatutoBoro nosca (LCI)
chopmupoBannce B nepmMckoe Bpems (292-272 MnH neT) B aHOPOreHHOM
obcTaHoBKe ¢ 60NbLIMM OTPbLIBOM MO BPpEMEHM OT MOMeEHTa obpa3oBaHus
KOJIM3NOHHBIX FPaHUTHbLIX Komnnekcos (492 n 471 mnH net) [1].

B HKOCI1 nepuop nposBNeHWA paHHEeNnasie030MCKOro KOMfM3MOHHOro
mMarmatuama 6bin 6onee gnutenbHbiM (520-480 MnH neT), BepoATHO, 3a
cyeT HEOOHOKpaTHOro BHegpeHus 6asuToBbIX MarM. WMcxopga u3
MOMYYEHHbIX W30TOMHO-TEOXUMMNYECKMX XapaKTepUCTUK MarmMaTU4ecKmx
nopog, KOCT1, nx cdhoopmmpoBaHue onpepensanocb CMeELeHNEM B pPa3fMyHbIX
nponopumsax BellecTBa paHeedoKeMOPUIACKON KOpbl U HOBEHWITbHON
MaHTUMHON COCTaBIAOLLEN.

YCTaHOBNEHO, YTO HOBEHWUJSIBHBLIA UCTOYHUK MaKCMMasbHO MpPOsiBNIEH B
coctaBe rabbpoupoB Hambonee paHHenm accoumaumm  Kadmkckoro
nerMaTuToBOro MONA, KOTOPble WMEKT W30TOMNHbIE XapaKTepUCTUKN,
CBOWCTBEHHbIE AENNeTUPOBaHHOW MaHTUKM, oboralleHHON cy6ayKUMOHHOWM
KOMMOHeHTOM: eNdsa0517ma) = (+2.6)-(+3.9); /%°Sr) = 0.70482-0.70442, n
MUHUManbHbIN 13 Becex nopop KOCI mopenbHbli Bo3pacT - (TNd(DM) =
1040-970 wmMnH net. PaHHegoKeMOPWUCKMIA  KOPOBLIN  MCTOYHUK

MaKcunmMalnbHO NnpoABJiEH B COCTaBe ﬂeﬁKorpaHMTOB Nno3AHEKOJUITU3NOHHOIo
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KbicTapbicckoro komnnekca: eNdugswa) = (-6)-(-5.4), *'/*°Srg) = 0.70605 n
TNd(DM-2st) = 1701-1756 mnH net. CMelleHne B UCTOYHMKE pacniiaBoB
OBYX KOHTpAacTHbIX MO COCTaBYy KOMMOHEHT MNpefonpeaenuno coctaB U
pefKomeTarnbHY cneumuanm3aumio rpaHUTOB KblCTapblCCKOro Komnnekca A-
TMNa M accouMMpPOBaHHbIX C HWUMU crnogymeHoBblx nermatutos HOCII.
M30TOMNHbIE XapakTepUCTUKN BUOTUTOBLIX MPAHMTOB FNaBHOW (hasbl N3 TPeX
MacCVBOB OTMIMYHbI OT BCEX MpeALecTBYOWUX UM MarMaTUYeCKMX NMOPOL
OCM: eNd4goma) = (-1,6) - (- 3.0), *’Sr/**Sr) = 0.70319-0.70654, TNd(DM-2)
=1382-1484 v TNn4YHbl AN «pudenckon» M30TOMHON KOPOBOW NMPOBUHLLUN
coctaBe LUACIT [2]. C HuMmu coBnagatoT nsotonHble Sm-Nd xapaktepuctmku
CMOAYMEHOBbIX  pedKOMeTarnbHbIX  MermMaTtuToB  XyCYMHroflbCKOro u
Kauukckoro nonen KOCI1 (492-483 mnH net): eNd (T) ot (-1,7) mo (-3,1);
TNd(DM-2) = 1372-1483 wMnH. neT, 4TO TOBOPUT O TECHOW
napareHeTM4eckown B3anmocss3n obeunx rpynn nopog,.

B Conbbenbgepckom none LICI paHHenaneo3onckuin KOJTM3UOHHbIN
mMarmaTu3m nposBuncsa B 6onee KOPOTKOM MHTepBane BpemeHu (492-471
MiH nieT), yem B HOCI1, n npeacTaBneH TONbKO rpaHUTaMy reTeporeHHoro
BbicTpuHcko-KapruHckoro maccuBa (BKM). Ux pgonroe Bpemsa cuntanu
aHanoramu rpaHuToB KbicTapbicckoro komnnekca KOCIT. MonyyeHHble Hamu
OaHHble 0 cocTaBe U Nd-M30TOMHbLIX XapaKTepUCTMKax MyarmorpaHuToB
rnaBHou asbl bbicTpuHcko-KapruHckoro maccuBa: I-tun, eNd(+)-tvn
(eNdgoma) = +4,2; T(DM-2) = 891 MnH. neT), B CpaBHEHUN C NapameTpamm
OLHOBO3PAaCTHbIX FPAHUTOB KbICTapbicCKOro kommnnekca B KOCI1 - A-tun,
eNd(-)-Tun), roBopsAT O pasHbIX UCTOYHMKAX (KanedoHCKOM u pudenckom,
COOTBETCTBEHHO) M He MNO3BOMAT 00bEeANHATb WX B OAMH KOMMIEKC.
OpHako, cocTaB M U30TOMHbIE XapaKTEPUCTUKU FNenkorpaHuToB 6ornee
nosgHero komnnekca (471 MnH net) ua HebonbLUMX LUTOKOB B cocTaBe BKM
(eNd(T) = -5,4; T(DM-2) = 1670 mnH neT) 6nM3KM K nokaslatenam
NEeNKOrpaHMTOB KbICTapbICCKOro Kommnnekca. OHWM  CBUOETENbLCTBYIOT O
Hanuumnm B Kope LICI1, kak n KOCI, gpeBHero TeppureHHoro martepuana -
noteHumanbHoro muctoyHuka Li, Ta, Cs, Sn, Be. BbinnaBneHue u3 3Toro
WUCTOYHUKA  TPaHWTHO-MErMaTUTOBbLIX pacnnaBoB U  (oOpMUpOBaHuE
peakomeTanbHbIX nermatutoBbix Xun (290-270 mnH neTt) npousowsno B
X0e aBTOHOMHOIMO MO34HENANeo030MCKOro MarmaTMyeckoro uMmmnynbca,
NpOSIBUBLLETOCSI B a@HOPOreHHOW O0OCTaHOBKE B WHTepBane mexay
UMMNYyNbCaMU LWENIoYHOro MarmaTmuama.

Jlutepartypa

1. KysHeuoBa J1.I, Lllokanbckuit C.MN. MecTopoxaeHuss nuTus B peaKOMeTanmbHbIX
nermatuTax pecnybnuku TeiBa // Jlutuii Poccun. Matepuanbl BCEPOCCUACKOrO Hay4HO-
npakTtnyeckoro coselanus: M3pg-s8o CO PAH. - Hosocubupck. - 2011. - C. 65-70.

2. KozakoB U..K. n gp. KopoobpasytoLume npouecchbl B reonormyeckoM passutum TyBUHO-
MoHronbckoro maccua: Sm-Nd M30TOMHbIE U FEOXMMUYECKUE AaHHble Mo rpaHuTtoupam //
Metponorusa. - 2003. - T. 11. - Ne 5. - C. 491-511.
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"apenckue n saoapxenckue LUpKoHbl (3.95-3.6 mnppa ner) us
6uoTuToBbIX rHercoB BepxHemaiickoro nogHaTusa (OxoTckum
MaccumB)

Ky3bMuH B.K.1, JlenexuHa E.H.1, Boromoros E.C."2

"BCETEM um. A.I1.KaprmHckoro, “MITL PAH

BbisiBneHne gpeBHenWNX NOPOAHbIX KOMMMEKCOB - dyHOAMeHTanbHas
npobsiemMma cCoBpeEMEHHOM reonornm, MOCKOSIbKY OHM coaepxaT MHopMaLMio
0 npoueccax (OpMUPOBaHWA paHHENn 3emMnuM W 3BOMKLMU €€ KOopbl U
MaHTun. OgHakKo KX M3y4YeHune 3aTpyOHEHO WCKIIYMTENbHOW PeaKOCTbH
BbIXOA0B OPEeBHENLUNX NOPOA. [N BbIABNEHUA CaMblX PAaHHUX rafienCcKux u
30apXencKumx npoueccoB ¢hopmMnpoBaHust " npeobpasoBaHus
KOHTUHEHTanbHON KOpbl BaXHeWwWwasa ponb MpUHAANEexXuT UupKoHy. B
6oNbLUNHCTBE paHHEAOKEMOPUACKNX KPaTOHOB YCTaHOBIIEHbl LMPKOHbI
30apXxencKoro u 3Ha4yMTeNlbHO pexe ragenckoro Bo3pacTa, HO KONMYeCcTBO
TakMx MeCT BCe elle orpaHu4veHo. [MosTomMy o6HapyXeHue ragenckux u
30apxenckmx LIMPKOHOB U TeM 6oriee nMopof B HOBbIX perMoHax Bcerpa
BbI3bIBAET MHTEPEC UCCeaoBaTeNnen, Tak Kak Kaxaasl Takas Haxofka HeceT
WHOPMALUIO O CaMbIX PaHHWUX 3Tanax reocfiorM4eckon ncTopmumn 3emnu.

Ha CeBepo-Boctoke Poccunm B Kpuctannuyeckom QyHOAAMEHTe
OxoTtckoro maccuBa (KyxTynickoe un BepxHemanckoe nogHATUSA)
yCTaHOBMNEHbI NOPOAbl U LUPKOHbI Maneoapxenckoro, 30apXemnckoro u
ragenckoro BospacTa. Tak, Ha KyxTyNCKOM NOAHATUM LOMUHWUPYIOLLYIO
ponb WrpalT pas3HooOpasHble naneocapxewckue rHewncbl, amgubonuTsl,
KpUCTannuMyeckne CcnaHubl, Afs KOTOpbIX MO LMpPKOHaM Ha Macc-
cnektpometpe SHRIMP-II 8 UMW BCEIEW onpepeneHbl Bo3pacta B
uHTepBane 3,2-3,6 Mnpg. net, a Ansa €AnHUYHbIX KCEHOrEeHHbIX LMPKOHOB
yCTaHOBMNEHbl KOHKOPAaHTHbIE 30apXencKkue 3HavyeHus 207pp 2% pyy BO3pacTa
363215, 3665+6, 3680+9, 36864 wmMnH netr. Sm-Nd wu3oTonHo-
reoxMMm4eckue uccriefoBaHUs  MNopon,  BbIMOMHEHHbIE Ha  Macc-
cnektpomeTpe TRITON B UM PAH, Takxe cBMAETENLCTBYIOT O APEBHEM
naneoapxenckom un ragenckomMm Bo3pacTte NpoTOIMTOB OXOTCKOro KOMMEeKca
- MopenbHble Bo3pacta Tyg(DM), paccuntaHHble K AenneTupoBaHHOM
MaHTuu, BapbupytoT oT 3259 no 4043 mnH ner.

MHTepecHble TreoxXpoHONornvyeckne paHHble Obinu  MnomnyyeHsl npu
U3y4YyeHMn THEWCOB, pa3BWUTbIX B CeBepHOW 4actu BepxHemarickoro
NOAHATUS, KOTOpPOE CNOXEHO OAHOO6pasHbiMM BUOTUTOBBIMU KM BUOTUT-
pOroBoOOMaHKOBbLIMW  FTHEWCaMW, THeWcorpaHuTamu, C  MNpOCrosiMu
amcpunbonutoe u KpuctannocnaHuee. U-Pb-SHRIMP-II metogom no
UMPKOHaM  Ana  MAaruorpaHUTHOM  HEOCOMbl  pOroBOOOMaHKOBbIX

MUrMaTUTOB YCTaHOBMEH Bo3pacT 278513 MnH neT, a B HeoapXemnckux
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(2587120 mMnH neT) cyOLWenoYHbIX THelcorpaHMTax BblsIB/IEHbl [OBa
KCEHOTEHHbIX LMPKOHA C KOHKOPAAHTHbIMU 3HaueHusmMu 2 Pb/2%Pb
Bo3pacta (3859+5 u 3862+6 mnH net). Ons 8 npo6 nnarnorHemncos,
rHemcoB, rHencorpaHUToB Obllo npoBeaeHo Sm-Nd wuccnepoBaHue U
paccuuTaHbl MopenbHble Bo3pacTbl Tng(DM), KoTOpble HaxomgsaTcsa B
npegenax ot 3020 oo 2951 MnH net W nNuwb Ans ogHon npobbl NeK30
OMOTUTOBBLIX THENCOB  ObINO  MOMYYEHO  MaKCUManbHOEe  3HauveHue
MogaenbHoro Bo3pacta Tyg(DM) 3758 MnH neT, 4To NOCyXuno oCHoOBaHNEM
Ona ee pgeTanbHOro uccnepoBaHusi. M3 aToi npobbl 6bino BblaeneHo 49
3epeH UMpKOHA MNPEeMMYLLECTBEHHO npu3maTuyeckoro rabutyca c
XapakKTepHOW [ANna OpeBHUX BbICOKOMETaMOP(U30OBaHHbIX OpPTOrHENCOB
CrMaxXeHHOCTbI BepwuH U pebep KpuctannoB. Bblgensetca Tpu
Mopdonormyeckme rpynnbl LMPKOHOB - ANMHHOMpu3maTudeckue (76%),
kopoTkonpuamatundeckne (16%) u waposuaHble (8%). MNpeobnagatoLlasn
YyacTb 3epeH umeeT AByxda3Hoe CTPOEHNE U COCTOUT U3 aapa U 0BONOoYKN.
Agpa npeactaBneHbl  KpucTannamu - npuamaTtuMyeckoro  raburtyca cC
BblpaX€eHHOW Trpybo M TOHKOM OCUMMNSATOPHOW 30HANbHOCTBIO, a B
OKaANMIAOLLMX TEMHbIX LLMPOKUX 0605104Kax 30HaNbHOCTb OTCYTCTBYET.

PesynbTtatel U-Pb-SHRIMP-II n3yyeHuss uMpKOHOB npeacTaBfeHbl Ha
huarpamme pacnpepeneHus 207pp206pyy BO3pacToB (ANCKOPAAHTHOCTb OT -1
00 5), rae BblgensaTCA ABa rnaBHbIX BO3pacTHbIX MHTepBana (puc).

Mpo6a 30
n=47
3anuTble - agpa
HesanuTble - 06004KN

Number

-

{1 ||

1800 1950 2100 2250 2400 2550 2700 2850 3000 3150 3300 3450 3600 3750 3900

(1) *’Pb/*°Pb Bo3pacT, MiH net

B camom apeBHEM SOapXGVICKOM BO3pPacCTHOM WHTepBalsie OTMe4alrTCA
TONbKO AJIMHHONpU3MaTu4eCckne UUPKOHbI, npencrtaBlfieHHble KaK AapaMu,
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Tak n obonoykamu. [Ons HeusMeHeHHbIX saep (BO3pacTHOW WHTepBan
3862+6-3757+9 MnH neT) CBOMCTBEHHbI yMepeHHble copepxaHusa U 110-
740/cpegHee 468 r/T u Bbicokoe oTHoweHune Th/U 0.12-0.65/ 0.46,
XapaKTepHble [Ans KPUCTannoB MarmMaTu4eckoro mnpoucxoxaeHusa. [Ona
obonouyek (BospacTtHow uHTepan 3777+4 - 3731+16 mMnH neT) oTMe4atoTcs
cxopHble copgepxanua U 131-621/488 r/t n Huskoe otHoweHue Th/U 0.12-
0.03/0.09, 4TO, BO3MOXHO, COOTBETCTBYET BPEMEHU MPOSBIIEHNS pPaHHEro
mMeTamopcmama. 3acnyxumBaeT 0coboro BHUMaHWSA pesynbTaT, NosyYeHHbIN
no AfMHHOMPU3MaTU4ecKoMy 30HanbHOMYy 3epHy N29 B sgpe KoToporo
YCTaAHOBMEH rafieCKuin KOHKOpAaHTHbIM Bo3pacT 3949111 mnH net, CKBO
4.8 no Tpem uamepeHusim (puc). OnumHHoNpuamMaTudeckun rabutyc sgpa,
Huskoe copepxanune U 87-130/106 r/T n Bbicokoe oTHoweHne Th/U 0.64-
0.69/0.65 cBuOETENBLCTBYIOT O €ro MarmMaTM4yeckomMm npoucxoxaeHun. B
LMpoKon mMeTamopdudeckon o060noukm B 3epHe N29 ycTaHOBMNEHbI HU3KOE
oTHoweHune Th/U 0.09, ymepeHHoe cogepxaHne U 516 r/t wu
CybKOHKOpPAAHTHbIN Bo3pacT 37774 MnH neT. OTWM AaHHble NO3BONAT
npegnonarate NposBieHME NepBOro mMetamopduamMa O4vYeHb paHo - B
Joapxenckoe BpemsA. B naneoapxeickom BO3pacTHOM WHTepBane
OTMeYaloTCsA KakK AIMHHOMNPU3MaTMYECKUE, Tak U KOPOTKOMpu3mMaTuieckmne
uMpKoHbl. [Ina agep, cnaratowmx nHrepsan 3580+7-3504+18 cBONCTBEHHDI
yMepeHHble cogepxanua U 277-998/436 r/T n Hu3koe oTHoweHune Th/U
0.04-0.2/0.13. B obonoukax, pacrnonarawowmxca B uHTepBane 365414-
353817 otmeuaeTca ymepeHHoe copepxaHve U 131-621/488 r/T n Huskoe
oTHoweHune Th/U 0.12-0.03/0.09. Ckopee Bcero, naneoapxenckne LMpKOHbI
duKcupyloT BO3pacT BTOpOro 3Ttana MeTamopdusma. B appax aByx
npu3mMaTUyecKnx LMPKOHOB YCTaAHOBMEH Heoapxenckun so3pacTt 2809113,
278417 MnH net, ymepeHHble copepxaHua U 223, 479 r/T u Bbicokoe
oTHoweHue Th/U 0.65, 0.94. 3TM paHHble coBnagalT C pe3ynbTaTtamu
OaTMpoBaHuUs NnarnorpaHNTHON HEOCOMbI B MurMmatutax (2785+13 mnH ner)
N  UKCUMPYIOT NposiBfieHMe MurMaTusaumm B OMOTUTOBbLIX THeMWcax.
BbisiBNneHHble B 060M04Kax AaTUPOBKM B BO3PACTHbIX UHTepBanax 3429+6-
3411122, 2720+9-2601+7, 2266+13 n 1928113, BepoATHO, OTpaxaloT
6onee no3gHue atanel MeTamopuama.

Bnepsble Ha Tepputopumn Poccun U-Pb-SHRIMP-II  meTtogom B
6MoTUTOBLIX rHencax OXOTCKOro mMaccuBa [ATUPOBAHO €AMHUYHOE 3epHO
LUMpKOHa rapgenckoro Bo3pcta ¢ U-Pb Bo3pactom 3949+11 mnH net u 11
3o0apxenckmx (3862-3757 MNH neT) 3epeH LMpKOHA C MarmMaTtuyecKumu
reoXMMUYeCKUMU XapakTepuctukamu. [lonyyeHHoOe 3HayeHne Bo3pacTa
CBUAETENLCTBYET O CYLLECTBOBAHWM YXe B rafelcKoOM U 30apXeniCKoM
30HaX KOHTUHEHTAarbHOM KOpPbl B U3Y4YEHHOM pETUOHE.
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O Bo3pacTHoOM naeHTUdrKaumMm aaek
PeHHOCKaHANHABCKOro LWuTa

Kynukos B.C.\, Kynukosa B.B.!, Bblukosa A.B.?

"I KapHL| PAH, letpozasogck, MY um. M.B. Jlomorocosa, Mocksa

BusyanbHoe onpepeneHve Konunyectea " ocobeHHocTel
pacnpocTpaHeHus p[aek, B TOM u4ucfie, OCHOBHOIO - YMbTPAOCHOBHOIO
coctaBa B HacTosduwee Bpema Ha HOB ®eHHocKaHAMM NpaKTU4ECKU
ucknioyeHo. 370, B nepBylo oyepenp, obycnosneHo: 1) ocobeHHOCTAMM
COBPEMEHHbIX NaHAwagToB TEPPUTOPUUN, OCNOXHEHHBLIX YETBEPTUYHBLIMM
OTNOXEHUAMU; 2) OOLUMM reoniorM4eckuM CTPOEHMEM [O0KeMOpPUIACKOro
dyHpameHTa; 3) MCXOAHbIM COCTaBOM MaTepUHCKMX Marm; 4) BpemMeHem
hbopMMpOBaHUS N BHeApeHMs B ONpefefieHHbIX TEKTOHWYECKMX 30Hax. B
KadyectBe 0ObekTa BbibpaHbl CYMUICKME Marble WHTPY3WBHblE Tena
komaTtuntosoun cepum FOB okpanHbl deHHockaHaMKM, cHOPMUPOBAHHbIE MOA
KOHTponem  naneopudpta BeTtpeHbin [loac  kak  nNpov3BOAHOrO
TEPMOXMMUNYECKOro nnoma BuHgunbenr. BynkaHo-nnyToHnyeckne
CTPYKTYpbl pervoHa npeacTaBfeHbl CyOBYNKaHMYECKMMWU KOMMIIEKCaMu,
KOTOpble BKMIOYAT OECATKM CWMNOB W HECKOSIbKO JOMnonmMToB Madut-
ynbTpamadunToB, 3anerawwmx B OCaAA0YHbIX MOPOAAX BUIIEHICKOWM,
KOXO03epckon u, pexe, kupuyckon csut. Ha C3 okoHe4yHOCTM pudTa
HaxoguTca nononut Pyira, B ueHTpe - Myponropa, Katreropa, PonHbropa,
Xozera, Konoszepo u Ha KOB - YHOo3epo, pasnnyHOro pasmepa
aHarnornyHble No cocTaBy CUMMbl BCTPeYeHbl Ha yyacTkax pp. Hioxua, Koxa,
Yycpeka, Vikca. MaccuB Pyira - TunnyHbeii npeactaBuTens ManorinyouHHom
daumm nepupoTuT-rabbpo-KomaTuuT-6asanbToBoW accoumaumu c
Bo3pactoM Sm-Nd 2.39+0.05 Ga (Kulikov et al., 2010 u ccbinku) unu no
uupkoHam 2440124 Ma [Mexenosckas u gp., 2015 n gp.]. Bce oHu no
BO3pacTy COOTBETCTBYIOT bBypakoBckoMy  nnyToOHy, SABASIOLMMYCA
OCTaToOYHOM Kamepon nnwmMa BuHambenT u pacnonoxeHHOMy B LEHTpe
Boanosepckoro 6noka. Ero catennutamu ABnSATCA ABa rnaBHbIX Tuna
naek cymwuinckon LIP: AspeeBckun (Wanbckuin) rab6bpoHOPUTOBLIN 1
BuHenbckuin  nepuaoTMTOBLIN.  ABTOpPbl  CKIOHHbI  paccMaTpuBaTtbhb
npunerawwyn K Hemy MaTKanaxTUHCKYK CTPYKTypy, OTHOCMMYK pSOoM
aBTopoB B Me3oapxet [KoxeBHukoB, Ckybnos, 2010], a Takxe
BoxXMuHCKMIN 1 KymOBYyKCUHCKMI MHTPY3MBbl KaMeHHO03epCcKon CTPYKTYpbl
Cymozepcko-KeHozepckoro 3l CCB npoctnpaHua pOACTBEHHbIMU 3TOMY
NAYyTOHY C U3BECTHOW MeTannoreHnyeckon crneumdukon. Oanku umetotr CB
npocTupaHue, MoOLWHOCTL Ao 60M u 6Gornee u ANUHY B HECKOSBbKO KM.
Bospact 6apnenenta n3 gaek coctaensier 2504 Ma. Ko 2-my Tuny paek
OTHeceHbl BuHenbckaa n Konnonosepckas CB npoctupaHus gnuHHO A0
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40 kM 1 mowHocTbo Ao 500 M. Pou mesnkux gaex (20 - 10 m B gnuHy mn 1 -
1.5 ™M MolwHocTblo) o06pasyT «kycTtbly C, BCB npoctupaHua Ha
nepeceyeHMn KpynHbIX TEKTOHWYECKUX CTpykTyp (pp. BuHena, Yepesa,
Hetoma, Bopna, Cyxas Bogna, py4y. Jlanpyyen u pgp.). O6blYHbI
OTYETNMBbIE, NHOTAA 3aKaneHHble KOHTakTbl. OTCyTCTBME CTpaTernyeckon
nporpamMmbl M3y4YeHWs TaKMX MenKux Ten M Oonblune 3atpaTbl Ha UX
BbISIBIEHNE W  U30TOMHblE WCCMEAOBaHMA co3janu  ycrnoBusa  AOns
«Cfny4anHoro pesynbTaTa». Kpome Toro, B HacToflee BpemMsa Ha 3TOM
TeppuTOpUN He HalaeHbl Aankn ¢ Bo3pacTom 2.29 - 2.075 Ga, uto co3paet
onpepeneHHbl NOBOA ANA ANCKYCCUMN.

Cyvicapckass cButa Hauwbonee [OCTyNMHa [ANA U3y4YeHWs B panioHe
MeTpo3aBoacka 1 ero OKpecTHocTel oT MecTedka «lMeckuny», no 6eperam o03.
KoH4o3epo, Jlormozepo n Ha BocTok Ao r. b. Baapa. OHa npepncrtaeneHa
Tychamun n Tydobpekunsmu, onnucaHHbiMn B XIX B. KaK «COSIOMEHCKMEY
NONMUreHHble KOHrnomepaTobpekymmn, notokamm 6a3anbToB (MMPOKCEHOBbIX-
nnarMonupoKCeHOBbIX BapnonuToB). JTioAMKOBUICKNE Aaiiku o6pasyoT pow,
CKOMMeHust Unu oTAenbHble Tena. Y nogHoxes r. 6. Baapa obHaxatoTca ose
0Cafl04HO-BYJIKAHOrEHHbIE CBUTbI (3a0HEXCKas - HUXHAS U cyncapckas -
BepxHsa) nogukosust (2075-1920 Ma). Tllopoabl 3a0OHEXCKOW CBUTbI
npeacraBfieHbl naBamMu 6as3anbTOB C  MPEBOCXOAHLIMU  NOAYLIEYHBIMU
TekcTypamu, Tychdutamm, ocagkamu € yrineponom. 3aBepLuaroLLmin BEpXHUN
NaBOBbIA MApPKMPYKOLMIA MOKPOB C KPYMHbIMW KpUCTannamMy nnarnoknasa
obHaxaeTcs B OCHOBaHWM YCTyna W MepPekpbIT MaykonW OCagKoB C KOCOM
CNOUCTOCTbIO, BEPXHSAsi rpaHuMua KOTOpPOW B MpeKpacHOM OOGHaXxeHuu B
cKane fBMAeTcs KOHTaKTOM MeX/y 3a0HEXCKOW 1 cyncapckon ceuTamu. Ha
Tepputopun Capa Ha CB nobepexbe [MeTpozaBoackon rybel OHexXcKoro
o3epa HacuutbiBaeTcA 6Oonee 30 p[aek OCHOBHbIX MOpoA (TONEWTOB)
cybmepuanoHansHoro (CC3), pepko cy6LIMpPOTHOro, HanpasneHus, pns
KOTOPbIX aBTOpaMy B HacTosLLiee BpemMs cocTaBndeTca katanor[KynvMkos u
ap., 2018 n gp.]. OHn oTpaxaloT AMHaMUKYy MarmMaTU4eckoro npouecca, B
6OMbLUMHCTBE CBOEM pacCekalT «CONMoMeHckue 6pekunn”, a uHorga
npekpacHo oTcnexuBaloTca B cucteme Google, orpaHunynBas paxe
Hebonbwmne o 20 M B AnaMeTpe KOMbLEBbIE CTPYKTYpPbl HEACHOro
npovcxoxaeHusa. KoHTakTbl Jaek CBUAETENbCTBYIOT O pa3HbIX YCNOBUSX UX
BHEAPEHUA: eLle B MacTUYHbIE U pbixible (?) 6peKYMn UM B UX OCTbIBLUMIA
maccue. ¥ KO3 rpaHuupl botaHuyeckoro capa MetplY Ha woxHom Gepery
octpoBa Jlon u pp. yyacTkax BbISIBieHbl HEKKM gnametpoMm Ao 13 M.
CybmepugunoHanbHas «MeTpo3aBoackasa» NpeanonoXUTenbLHO
nukpobazanbToBas [Aanka MpocnexuBaeTca B MarHMTHOM Mofe Ha
HECKOJIbKO [EeCATKOB KM He oOHapyxeHa Ha noBepxHocTu 3emnu. Ee
caTennuT - Janky, pacrnofioXeHHYI0 HENMOCPEACTBEHHO Ha MbICEe NPOnvBa B
03. Jlormo3epo K BOCTOKY OT LlepKBM aBTOPbI Ha3Banu «gankon JleBMHCoHa-
NeccuHra». BnepBble K3 Hee ObIIO0 BbAENEHO 8 3epeH LMPKOHa.
Pe3ynbTaTbl M30TOMHBIX WCCNELOBaHUMI 3TOW [alKu oOkKasanucb 6onee
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ONTUMMUCTUYHBIMK, HECMOTPSl Ha HEKOTOpbIi pa3bpoc 3HayeHuin Mo
oTAenbHbIM 3epHaM. Tpu aHanusa B He30HaslbHbIX 3epHax LMPKOHOB
nokasanu Bo3pacTt 1955134 Ma (CKBO 1.04). OH BnonHe conoctaBum C
Sm-Nd n Re-Os Bo3pactamu rabbpo-nepuaotutosoro KoH4o3epckoro
cunna  (1980+£57 Ma), KoTopbll paccmaTpuBaeTca B KayecTBe
NOABYNKAHHOrO WMHTPY3MBa CyWcapckux nukpobazanbtoB [[yxTens v ap.,
1992; Cyucapckuii nukput-6azanbTtoBbin.., 1999 u pgp.]. ABTOpbl He
OoCTaBnslT 6e3 BHMMaHWA 3Ha4YeHUst BO3PACTOB 2-X 3€PeH LIMPKOHOB
14261+34 n 1655149 Ma, BepoOATHO, CBUAETENbLCTBYIOWMUX O BpPEMEHMU
NPOSIBNEHUSI  KPYMHbIX TEKTOHO-MarMaTU4ecknx COObITUA Ha [AaHHOW
Tepputopun. Haubonee MonogbiMu SBMRAUCL BO3pacTbl 2-X 3epeH
LMPKOHOB: 445112 1 424+22 Ma.
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Mpobnembl LUPKOHOMETPUUN paHHEAOKEMOPUACKIMX
komMnnekcoB OB ®eHocKaHAWHABCKOro LLUTA

Kynukosa B.B., Kynukos B.C.

UnctutyT reoriormm KapHL| PAH, r. [Tetpo3aBogck

Tpa,D,I/ILl,I/IOHHbIe n yxe KJ1laccun4yeckue ypaH-CBMHuOBbIﬁ,
noaTeepxpawowme ero (?) Sm-Nd, Rb Sr, Re-Os, Lu-Hf n gpyrue BHOBb
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BceMy  Mwupy  3HauuTenbHbll  6aHK  paHHbiX.  OH  HauuHaeT
CTPYKTYpMpOBaTbCA, M B PasHblx Nybnmkaumax MOABNSTCS HeKOTopble
pybexun,  OTHOCUTENbHO  KOTOPbLIX  AMCKYCCUMpYOTCA BO3MOXHbIE
reoniorndeckne cobbitns, Hanp., [MutpodaHos, basiHoBa, 2013 n MHorune
ap.]. ABTopamu paHee OblfI0 BbINOSIHEHO OMpefesieHHoe ynopsgo4yeHne u
CO30aHNe BPEMEHHON KOHCTPYKLMM, OCHOB@HHOMW Ha  LUKIMYECKMUX
nnaHeTapHbIX cobbiTuax ¢ warom 215 mnH.net (Ma) [Kynukosa, 1996;
KynukoBa, Kynukoe, 1997 u gp.; Uctopus 3emnu..., 2005 n agp.].

OpHako Bpemsl Mokasano, 4TO MoslyYyaembl BO3pacT Mo LIMPKOHOBOMY
MeTody B psge cflyyaeB MOXeT OblTb HEOAHO3HAYHbIM U BBOOUTHL B
3abnyxpeHne OTHOCUTENBHO peanbHbIx cobbiTui. o 80-x rr. XX B. BONpoc
0 Bo3pacTe «bazanbToB BeTpeHoro [losica» He CTOsN, MNOCKOMbKY
npusHaBanca ~1.99- 1.97 wnppa. net (Ga), HO N B HacToslLLee BpeMsl 3Ta
BYJIKQHO-MMYTOHMYECKAa accoumaumsa COMocTaBnseTcs C  KoMmniekcamu
OHexcKowu, KyonaapsuHcKom " MeyeHrckomn CTPYKTYp
®PeHHOCKaHAMHAaBCKOro WuTa, Hanp., Kak 3T1o caenaHo [borganos, 2000] Ha
"ocypapCcTBEHHON reosiornyeckon kapte macwTtaba 1: 1000000. Ouckycenn
aBTopoB 3aBepwwunacek B 1981 r., korga us otobpaHHon npobbl panoHa .
MsaHayxa (B.C. KynukoB, B./. WBaweHko) wu3 kepHa [lneceuxon
akcneauumn B (rn. reonor A.N. 3yanH) B UL, PAH, no nHmumaTtuee C.b.
Jlo6au-XyueHko, 661 NofyYeHbl BO3pacTbl LMPKOHOB 2.5 1 1.9 mnppg, ner.
OTO NOCnyXuno noBOAOM Ans U30TOMHbIX WCCIeAOBaHWA BYNKAHUTOB W
KOMarMaTuyHbiX MM WHTPY3MBOB pPasHbIMU MeTO4aMu MO BCEMY KPSIXY.
Bbino yctaHoBneHO, 4TO BO3pacT WUccrepyemMblX MNOpof  YCTOWYMBO
HaxoguTcsa B MHTepBane ~2.45 - 2.35 Ga.

lWupoko npumeHsiemoe B nocnegHwe 25 net patupoBaHue (DIyn
«BCEEW») Ha SHRIMP-Il 3HauuTenbHOro cnektpa nmnopon YypaH -
CBUHLIOBbIM METOAOM M03BONUAO nNpoAybnupoBaTb paHee MoslyyYeHHble
CYMUICKMe BO3pacTbl psga o6bekToB, B TOM uucne r. MaHayxu. N3 npobsl,
0oTOOpaHHOM M3 MOTOKAa, 3aneralwLwero Ha KBapuuTax TOKLUMHCKOW CBWTbI,
OblNn BblgeneHbl U NpoaHanNM3npoBaHbl LMPKOHbI. 30TomnHble faHHble 13
3epeH LUMPKOHOB pacnpegenunuce cnegyowmm obpasom: 1) 1-a rpynna -
okono 2850-2800, 2765-2645 n 2560-2440 Ma, npu 3TOM 3HayeHusa Angd
apep: 2847133 - 2765117 n 2664+13 - 2640113 Ma, ona kanm -2557+17 -
254419 n 2441124 mnH. net. 2) umpkoHsbl 2-i rpynnel - 3000-2915, 2750-
2640, 1860-1725 n 1150-1100 mnH. net; 3) 1 3epHO MMeEET 3HayeHue
377583 Ma [CwmonbkuH, LWapkos, 2009]. Wwupoknin cnekTp 3HavyeHun
0obycnoBrneH TMOMOXEHVWEM naB, 3aneralwmx B 30HE COMNPsXeHUs
Boanosepckoro 6noka u Cymo3sepcko-KeHo3epckoro Me3oapxenckoro
3eMeHOKaMEHHOro Mosica Ha ocajKkax, KOTopble BEHYalT MnocTtapxenckue
KOPbl BbIBETPUBAHUSI U SBNSAOTCA aKKyMYNSITOPOM KCEHOF€HHbIX LIMPKOHOB.
Mpn M3NUAHUM Ha MNOBEPXHOCTb OHWM ACCUMWIIMPYIOT OCadKu BMecCTe C
3epHaMM LIMPKOHOB.
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Opyrum o6bEeKTOM [ns AWCKYCCUM MOXET CIYXWUTb BYNKaHWYeckas
cTpyktypa [loneu-Pynra, rpe patMpoBaHue MoOpoA, — BbIMOJIHANOCH
pa3nuuHbiMn Metogamm [Puchtel et al.,, 1997 u gp.]. MNMopoabl MHTpy3uBa
Pyira n BynkaHoreHHou Ttonwm r. [oneu cdopmMupoBaHbl B paHHEM
naneonpoTepo3oe B npegenax eiMHon CTPYKTYpbI -
BHYTPUKOHTUHEHTanNbHOro pudta BeTpeHbii [lodc. Bospact wuHTpy3usa
(2.3920.05 mnppg. net), ycraHoBneHHbIn Mo Sm-Nd M3oTOonMHOM cucteme,
coBrnajaeT ¢ paHee ony6nMKOBaHHbLIM BO3PacTOM BYNKaHWTOB T. [oneu-
2.449+0.035 mnpa. net no Sm-Nd cucteme n 2.42+0.18mnppg. net no Pb-
Pb. Sm-Nd paHHble ans psga MHTPY3MBHbIX (MaccuBbl  BypakoBcko-
AraHosepckuii 1 Pyira) un addy3uBHbix 06pasoBaHui (naBbl r. onew)
yKasblBalOT Ha MNPUHAANEXHOCTb UX K eAuHOW MarmaTuyeckom cucteme,
dopmupoBaBLleinca okono 2.45 mnpa. net Hasag. Vcnonb3oBaHue Pb-Pb
MeToAa Mo LUUPKOHaM MoKa3biBaeT WMPOKMI pa3bpoc 3HayeHun, Hanp., no
[Mexenosckaa u ap., 2015 un ap.], Bpemss cdopmupoBaHusa naneopudTa
BetpeHbin lNoac onpepensetca B uHTepBane 265072415 Ma, a U-Pb
OaHHble HaxoaaTca B Npeaenax 2840+33 - 2520135 Ma kak gnsa aaep, Tak u
ONs KalM UMpkoHoB. BospacT 2440424 Ma 6bin nonyyYeH TONbKO 4/15 04HOM
KaviMbl 30HaJIbHOIro 3€pPHa.

MopobHbIN MH(POPMALMOHHBIA LIYM UMEEeT CUCTEMHOE 3HayeHue, 4To
nokasaHo aBTOpaMu 3aMeTKU Ha TMpuMepe W3YyYEeHUs MUHEpanorum
WHTpYy3uMBa Bbikura, = KoMarmMatM4yHoro ¥  OAHOBO3PACTHOMO  C
KomaTuutoBbiMM 6aszanbtamu BeTpeHoro [Mosica. B ckBaxwuHax MO
«ApxaHrenbckreonorusi», pasbypuBWNX €ro, LMPKOHbI YCTAHOBEHbI
BONN3N 3HOOKOHTAKTOB B OCHOBaHUWN pa3pe30B Ha rnybuHax 6onee 100 m.
OHporeHHass YacTb MaccuBa 00 5 M OT KOHTakta ¢ Bmewawwumu TTT
COLEPXMUT 3axBayeHHble (?) pacnnaBOM TOHKO30HaslbHbIE C LUMPOKMM
CMEKTPOM COCTaBOB 30H 3epHa uMpkoHa 6e3 GappenevTa. [Ona maccuBa
XapaKTepeH WCKMYMTENbHO 3ofoTocoaepXawmin 6apnenent (B fgpe) u
LUMPKOH (BHELLHSA obonoyka). 3epHa LMPKOHOB B NaBOBbIX MokpoBax r. b.
JleBropa, Kak npaBuio, BCTpe4yeHbl B6NIM3N OCHOBaHUSA MOTOKOB. B xwunax
rpaHWTOB, CEKyLMX BypakoBCkui NAyToH, B OOMbLUMHCTBE Cry4yaeB 3epHa
LUUPKOHOB MpeAcTaBnalT cobow pe3opbupoBaHHble KpUCTanmmibl UKW KX
06NIOMKM C M3MEHEHHbIM HEOAHOPOAHbIM CTPOEHUEM JenAatca Ha 1)
KCEHOreHHble U 2)  BTOpuUYHble Mo 6GapaenevTam B Buae BHELIHEN
0605104KKM, KOTOpas MMeeT TEHAEHUMI0 MOYTM TOSIHOCTb 3aMeCTUTb
MUHepana Xo3siMHa, U UMET OYEBUAHBIN «HECUHIEHEeTUYECKUN» XapaKTep.
Ocobble npobnembl CyWecTBYT Mpu  MAeHTUMKaAUUN pes3ynbTaToB
JaTnpoBaHua naneoapxes (Bonoukasa ceutaxTTT).
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beneath rifted Archean continental lithosphere // Geochim. Cosmochim. Acta. 1997. V. 61. P.
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CrtaHoBOM BynKaHonnytToHun4eckum nosic (LleHTpanbHo-
A3unaTcKuil cKnaa4vaTblil NOAC): BO3pacT U TEKTOHUYECKOoe
nonoxeHue

JlapuH A.M.‘, KoTtoB A.5.1, CanbHuKoBa E.5.1, BenukocnaBUHCKUM C.D,.1,
CopokuH A.A. 2

"M, PAH, Carkr-letep6ypr; Urnll JBO PAH, bnaroseiyeHck

CraHoBoW BynkaHonnytoHndeckuin nosac (CBIM) nokanuzoBaH B
ceBepHon 4actm LleHTpanbHO-A3uatckoro cknagyatoro nosica. OH
npotarnBaeTcss napannenbHo MoHrono-OxoTckon cyTypHoi 3oHe 6Gornee
yem Ha 1000 KM UM clmMBaeT TEKTOHUYECKMe CTPYKTypbl [Xyraxypo-
CtaHoBoro u 3anagHo-CtaHoBoro cynepteppeiHos (OCC n 3CC). AHanus
M cuctemaTtmsaums onybrmMKoBaHHbIX U BHOBb MOJIyYEHHbIX FEONIOMMYECKMX,
reOXMMUYECKUX U  TEOXPOHOSIOTMYECKUX  MaTepuanoB  MO3BONAET
CYLLECTBEHHO YTOYHUTL 06bem CBIIM, orpaHW4uTb €ero Bo3pacT WU
npocneauTb natepanbHy 30HafIbHOCTb MarMmaTM3amMa 3TOro nosica.

B BocTouHoM cermeHTe CBIIMM, B npegenax OCC, MOXHO Bbloenutb ABa
aTana ero popmupoBaHus: 6atonutoBbin (128 - 116 MnH. neT) n pudTOBLIN
(117 - 110 mnH. net). C nepBbIM 3TanoM cBA3aHO HOPMUPOBAHNE FPAHUT-
rpaHogmopuToBbix 6aTtonutoB. BospacTt 6aTonuToB NOCNenoBaTesNibHO
BO3pacTaeT B HanpaBneHuMu ¢ BoCcToka Ha 3anaf: 1161 MnH net - yackun
komnnekc, 122+1 MnH net - TblHAMHCKO-6akapaHckuin komnnekc, 127+1 un
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126+1 MNH NeT COOTBETCTBEHHO - NAPOMHCKUIA U KOMPUHCKUIA KOMMNEKCbl [1,
2]. C pudTOBbIM 3TANoOM CBA3aHO (PpOpPMUPOBaHME BMaAWH, BbIMOJIHEHHbLIX
MENOBbIMMW BYJIKAHOr€HHO-0CaA04YHbIMU MOPOAamMu, BHEAPEHNE POEB AaeK U
ManblX WHTPY3MBHbIX Ten. BynkaHuyeckue nopopabl NpPeAcTaBneHbl Kak
nopogamu cpegHero n ocHoBHoro coctasa (117x1 mnH. net n 115+£3 mnH.
net), Tak u bumopansHon 6asanbT-puonutoson cepueit (11011 - 93+2 mnH.
net) [3-5]. Manble Tena WMpaKaHCKOr0O W HEBA4YaHCKOro KOMIMJIEKCOB,
CNOXEHHbIE KBApLEBbIMW MOHLUOHWTaMMW, KBapLEBbIMU CUEHWTaMU U
rpaHutTamm bopMmmpoBanuck B Bo3pacTHOM uHTepBane 11013 - 101£4 mnH.
net [6]. C HUMK accoumupyloT pou Jaek OfleKMa-CTaHOBOro KOMMekca, B
COCTaB KOTOPbIX BXOAAT Nnamnpodupbl, KBapLeBble MOHLOANOPUT-
nopupsbl, KBapLeBblE CUEHUT-NOPUPLI, FPAHUT-NOPUPLI U PUOANTBI.

3anagHbii cermeHT CBIMM, pacnonoxeHHbin B 3CC, CnoxeH rnaBHbIM
obpa3om rpaHMTOMpaMuM amMynXuMKaHCKOro KOMMMEKCa W ByJKaHWTaMu
TpaxuaHAe3nUT-pUOSNIMTOBOrO KOMIMJIEKCA HEPYMHCKON cepumn, 06pasylowmmm
€[IMHYI0 BYNIKaHOMYTOHUYECKYI0 accoumaumio. B coctaBe amyaxXukaHCKoro
KoMnnekca npeobnagaloT KBapueBble MOHLOHWUTLI, TPaHOAMOPUTLI U
KBapLeBble CUEeHWUTbl. XapakTepHOW OCOBEHHOCTbID aMy[XMKaHCKOro
Komnnekca sBnseTcAa auaxpoHHocTb. Ecnu B BocTtouHoM uvactn 3CC
BO3pacT rpaHuTOMaoB Komnnekca coctaeBnser 130x1 mnH net, a
accouunpyoLwmx BynkaHuTos - 133+1 mnH net [1], To B 3anagHomM ero yactu
oH paBeH 160.5+0.4 mnH net [7]. B 3anagHom okoHuyaHuu CBII B ero
COCTaBe MOABMAKTCA LEMOYHbIE TPaHMTbl U acCouUUPYOLLME C HUMMU
BYJIKQHUTbI  GMMOZANbLHOM  CepuKn, CrIOXEHHble  TpaxubazanbTamu,
TpaxuaHgesuTamu, TpaxupuonuTamu u KoMeHauTamu. [naxpoHHOCTb
BblpaxeHa U Ansa LWeNoYHbIX paHUToB nosca. [na rpaHUToB AOTYNYpPCKOro
KOMIMIeKca U accounmnpyroLmMx TPaxmpuonuToB NoslyyeHbl Bo3pacTbl 14241
n 138+3 MnNH net COOTBETCTBEHHO, a [ONA aHanorMyHblX MO COCTaBy
rPaHUTOB MarnoKyHanemnckoro komnnekca - 168+4 mnH ner.

Takum o6pas3om, Bo3pacT dopmupoBaHua CBIIM yBenuunBaetcs B
HamnpaBfeHUn ¢ BOCTOKa Ha 3anag ot 117 - 93 mnH net go 168 - 138 mnH.
net. B 3ToM Xe HanpaBneHWM 3aKOHOMEPHO MW3MEHAETCA U COCTaB
MarmaTtumyeckmx nopod. B rpaHuToMpgax v BynkKaHWTax KUCINOro cocTaBa
HabnpaeTca  yBENUYEHME  LWENOYHOCTM U KanuesocTu. [opoppl
HOPMarbHOro psiia BOCTOYHOW YacTu Mosica NocrnefoBaTeflbHO CMEHATCA
nopoAamMm yMepeHHO-LLENOYHOro psaa B LieHTparibHOM ero 4actu, Toraa Kak
Ha 3anafge nosca MoSABMAKTCA YXe LWenoyHble rpaHntbl A-Tuna. bnuskasa
TEHOEHLUMA OTMEeYaeTcss U ONns BYNKAHUTOB OCHOBHOrO-CpefHero cocraBsa.
BynkaHuTbl BOCTOYHOW 4YacTu nosica, obnagawlmne reoXuMUYECKUMU
yepTamu, CBOWCTBEHHbLIMW apjakutam [3], B 3anagHOM HanpasneHun
CMEHSIETCA Ha YMEPEHHO LLENOYHbIE U LLUENMOYHbIE BbICOKOKANMEBbIE
6azanbtonapl 6nuskme k OIB, HeCKonbKo OTnAM4Yascb OT MOCNeAHMX
oboraweHHocTbto LILE n LREE npu HekoTopom gecdmumte Nb, Ta, HREE, Y
n Ti.
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B 3anagHon ceoein yactu CBIIM nepexogut B 3anagHo-3abaikanbcKkyto
pudTosyto cuctemy (33PC), chopmupytowlytocsi B nHtepeane 170 - 110 mnH
net [8]. Takum 06pa3oM, MOXHO nomnaratb, YTO B HXHOM 06pamneHuu
Cunbupckoro kpaToHa CyLleCcTByeT ruraHTckas eguHas pudToBas cuctema,
npotarueatoasica 6onee yem Ha 2000 km, o6bepuHstowan 33PC n CBIMM,
M ClIMBaOWan pasnuyHble TeKTOHMYecKMe 6noKM CeBepHOM 4acTu
LleHTpanbHO-A3naTckoro cknagyatoro nosica. Bospact nposiBneHus
MarMmaTn4ecKnx cobbITUI BHYTpU aToN pudToBON CUCTEMBI
nocnefoBaTesibHO YMEHbLUAETCA B HanpaeneHnn 3anag-soctok ¢ 170 - 110
MNH net u go 117 - 93 mnH net. B 3TOM Xe HanpaBneHnn NPouUCxXoauT u
3aKOHOMEpPHOEe U3MEHEeHNe cocTaBa MarmaTnyeckmx nopoa. BepodAtHo, uTo
BO3pacTHas U reoxmmuyeckas 30HanbHOCTb 3TOW TUraHTCKOW pudToBON
CUCTEMbI OTpaxaeT nocnepoBaTenbHOCTb 3akpbiTus MoHrono-OxoTckoro
OKeaHa C 3anafia Ha BOCTOK B BO3pacTHOM MHTepBarsne oT cpedHen opbl A0
paHHero Mmena. M3ameHeHme cocTtaBa MarmaTuMyeckux Mopon oTpaxaer
OVWHAMKKY 3TOr0 3aKpbiTUss W U3MEHeHWe cocTaBa Jnwutocdepbl U
cybnutoccepHon MmaHTUM No Mepe npubnuxexus K Maneonaumnduke.

NccnepoBaHmsa  BbINOMHEHbI Mpu  uHaHcoBOM nogaepxke PODOU
(MpoekT N2 18-05-00403).
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BoszpacT ruapotepmMarnbHbiX KO6anbTOBLIX MECTOPOXAEHUN
Antae-CasH

Jle6enes B.U., loBepaoBckuit B.A., TpeTtbsikoBa W.I"., Wa6anux C.WN.

DreyYH UnctutyT reosnormm u munepasiorum um. B.C. Cobonesa CO PAH,
Hosocnbupck

CyliecTBYIOT pa3fnnyHble MNPEeACTaBieHNs OTHOCUTENbHO BpEMEHMU
dopmMupoBaHns  KobanbToOBbIX MecTopoxAeHun B Antae-CasiHckon
cknaguartom obnactu [1, 2, 5, 6, 9, 10]. BonbWMHCTBO aBTOPOB OTHOCUIN UX
K [ABYM BO3pacTHbiM 9Tanam: cpefgHenaneosonickomy (D-C) wu
nosgHemesozonckomy (J-K). HakonneH 6onbwoni 06bEM  HOBbIX
reofiormyeckmnx, reOXMMUYECKUX N TEOXPOHOSIOrMYECKUX AaHHbIX, aHanus
KOTOpbIX MO3BOMISIET BbIAENUTbL MO KpawHen Mepe Tpu pybexa
dhopmMupoBaHusi kobanbToBOro opyaeHenus: 1) cpegHenaneosomnckuin (D-
C,); 2) paHHeme3o3onckui (Po-T4); 3) no3agHemeso3orckun (J3-Ki).

Cpegrenarneo3ovickmyi 3t1an (D-C;) npeactaBneH MeCTOPOXAEHUSMU:
XoBy-Akcbl (TyBa) - Co-nuput u KobanbTUH B M3BECTKOBbLIX CKapHax;
Bnagpumunpoeka (CB Antan) - cynbdoapceHngpl Co B ckapHax; Kapa-Kynb
(OB Antan) - cynbcoapcenngbl Co 1 weenuT B poroBukax; AbakaH
(Xakacusn) apceHunabl Co B KapOOHaTHbIX XuNax, CeKyLUX MarHeTUTOBble
CKapHbl; Xapapxynb u bytpaxta (Xakacusa) - cynbcdoapceHngel Co ¢
6neknbiMn  pygamu. B pesynbtate  M30TOMHO-reOXPOHONOMMYEeCKmX
uccnepoBsaHun cepuumuta (Ar-Ar metoa) u3 Cu-Co xwun XapagxynbCKoro
MecTopoxaeHus, a Takxe cepuuuta u3 Co-As xwun AbakaHCKoro
MecTopoxaeHua yctaHoBneH BospacT Co opyaeHeHusa (409 Ma), uTo
cooTBeTCTBYET paHHemy OEBOHY. KobanbToHoCHbIE CKapHbl
MecTopoxaeHus BnagumupoBka reHeTudecku cBfi3aHbl C  rab6po-
avoputamu Yapbiwckoro Komnnekca (vVuD;-Cq). K-Ar meTtogom onpegeneH
Bo3pacT nopofa Tumodpeesckoro wtoka voD (370 Ma), koTopbl TakXe Kak U1
BnaanmunpoBckuin oTHocUTCS K nepeon dase Manopckoro komnnekca. U-Pb
n Th-Pb mMeTopamu onpegeneH BO3pacT rpaHUTOB TpeTben pa3bl
Kupunnoesckoro maccuBa (384 Ma) wn  Kymupckoro U-Sc-REE
mectopoxpeHua (393+7-402+10 Ma). BospacT pya MeCcTopoXaeHus
BnagumunpoBka onpepeneH Re-Os mMeToaoM B aHanMTMYECKOM LEHTpe
Yeluckon reonoruyeckon cnyx6bl ([para) Ha TepMOMOHM3ALMOHHOM
n3otonHom Macc-cnektpomeTpe (TIMS) no MoHodpakumn mMonubpeHuTa
(409,6+2,7 Ma). Metopom ckaHupyiouwen mukpockonun (SEM), B pyaax
3TOr0 MECTOPOXAEHUA OblN YCTAHOBMIEH YpaHWHUT, BO3pacT KoToporo - 406
Ma onpegened U-Th-Pb wmetopom. CpepHenaneo3onckni Bo3pacT
Marmatmdeckmx mnopofd W accouumpytowero ¢ Humu Co-opyaeHeHus
mecTopoxaeHun Kapa-Kynb, HOctbia n Kapa-Otok B KOcTbiackomM pyaHOM
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y3ne onpegenieH WU30TOMHO-FEOXPOHOSIONMYECKUMM METOAAMMU: TPaHUTLI -
355,7+£8,6 Ma (U-Pb-metop), Sn-W(Ni), Cu-Co-W un Co-As opyneHeHue -
35216 Ma (Ar-Ar-metop). [lonyyeHbl [AaTMpoBKM nopop Yyinckoro
namnpocupoBoro komnnekca B uHTepBane 186-230 Ma, a Heckonbko
onpepenenun - 206-212 Ma. PaHee [8] K-Ar n Rb-Sr metogamu Bo3pact
MVHETT U KepcaHTUTOB onpegensancs B uHtepsane 163-250 Ma (cpegHee
210+20 Ma), a Rb-Sr meTogom gna MUHETT nosy4deHa uloxpoHa 259+1 Ma.
YuuntbiBas wunpokmn gumanasoH K-Ar [OatMpoBOK, a Takxe dakTtop
yctonumBoctn Rb-Sr cuctembl K BO3QENCTBUIO BHELLIHMX YCMOBUIA MO
cpaBHeHunto ¢ K-Ar cuctemon, NpuHAT Bo3pacT namnpocupor 245+1.0 Ma
[1]. Bnu3kue 3HadeHus ycTaHaBrneHbl U Ana 6UoTUTOBLIX NamMnpodupos B
cTpykTypax C3 MoHronuu (Xapxupa, Ton6oHyp) - 210, 230, 270+10 mnH.
nert [4]. OAr-Ar [aTNpPOBKM BO3pacTa NamMnpodupoB MosnyyeHbl: Ans Oanku
MUHETT un3 O3epHO-ACXaTUHCKOro pyAHOro nons no 6uotuty (244125
Ma), a ans muHeTT u3 BepxoBbsa p. Kok-Y3ek - 236,8+0,6 Ma [1]. INo
naMnpouToBbIM  garikaM Yynckoro KOMMMeKca Mony4YeHbl “OAr->°Ar
natnpoBkn 244.0+0.8 - 245+0.7 Ma [3]. /30TOMHO-reoxpoHonornyeckue
uccnepoBaHua U-Pb-meTtogom nokasanu, 4to nepuog copmmpoaruns Co-
MuHepanu3aumm B KaprMmHckon 30He cOOTBETCTBYET MHTepBany - 258-250
MIH. neT [7]. YuutbiBasa cooTHoweHne gaek muHeTT ¢ Co-As, Sb-Ag u Hg
MUHepanu3auuen, KoTopble HaknagblBaeTcd Ha [Aalku, MNOJyYeHHbIe
0aTVpPOBKM  AnA 3TUX TUMOB MUHepanu3aumy COOTBETCTBYIOT 3HAYEHUIO
244425 MnH. net - pybexy P,-T;.

ParHHeme3zo3ovickmii 31an  (P,-T;) BknoyaeT obpasoBaHue Ni-Co-As
opyAaeHeHua KOcTbiackoro pygHoro yamna, a takke Cu-Co-S-Sb-As - B
FOxHo-Yyiickom xpebTe, roe OHO HanoxXeHo Ha Bce 0b6pa3oBaHus
Nnaneo30MCcKOro Bo3pacTa, BK4Yasa Marmatmyeckue n ocafgoydHble nopogpl
nesoHa u pauku poneputoB P-T  Bo3pacta. PyaHble Tena Co-
MUHepanu3aumMm nepecekawTca gakamu  namnpodgpupoB  Yyinckoro
KOMMfekca, Bo3pacT KoTopbix 246-240 Ma (Ar-Ar-metopn) [2, 3]. B
FOcTbiacKkoM pyoHOM y3ne yCcTaHOBMEHO HanoxeHne Sb-Ag-muHepanusaunm
(238 Ma, Ar-Ar-meTtoa) Ha Ni-Co-Bi-As pyabl mectopoxaeHus AcxaTtuH-Ion,
a B C3 MoHronuu Ha Carcanckom MmectopoxaeHum - Hg-opyaeHeHns Ha Ni-
Co-As. Bo3pacT pTyTHOro opyaeHeHusa 3Toro pernoHa cocraenseT 231-234
Ma [2]. Takum obpa3om, BepxHAs rpaHuMua paHHEeMe3030MCKOro aTana
HaxoauTcsa B uHTepBane 246-238 Ma, a HUXHsAS - onpefenseTca BO3pacTtomM
noneputoB  (P,-T4), Ha KoTopble HaknagplBaeTcs  kobGanbToBas
MUHepanu3aums.

lTozaHemesozovickmyi  31an  (Js-K;) dopmunpoBaHua Co-opyaeHeHus
BbIOENSETCA HA OCHOBE reoniorM4yecknx gaHHbix o nokanusaumm Ni-Co-As n
Cu-Co-S-Sb-As cpeau 1opckux (J1.,) TeppUreHHbIX, TMNCOHOCHbLIX OTNOXEHMUN
KapruHckoro rpabeHa (KO3 Tysa, C3 MoHronus). KobanbTtoBas, a Takxe
accouumpyowme ¢ Hel nonumetannuyeckasn (Cu-Pb-Zn) n 6aputoBas Tunbl
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MUHEepanu3auun HanoXeHbl Ha OpCKMEe  KOHIfoMepaTtbl, YeM W
onpegenaeTcs HUXHAA rpaHuua eé dhopmmnpoBaHna. B To Xe Bpems, cpean
MENOBbIX TEPPUrEHHbIX OTMIOXEHWUN, HECOTIaCHO MEPEKPbLIBAIOLLMX HUXHE-
cpepHelopckue TOnwmM B BOCTOYHOM 4acTu KapruHckoro rpabeHa, Co-
MUHepanu3aums OTCYTCTBYET, OAHAKO OTMEeYaloTCsl NPOsABNEHUA MeANCTbIX
necyaHukoB. OcapgoyHan Cu-MuHepanu3auun 6onee LWMPOKO pa3BuTa K tory
B npefenax nokanbHbIX MernoBbiX nporn6os LlaraH-LLIM6eTuHCKoW 30HbI B
XapxvpuHckoM  xpebTe. [Ons  MeaucTbiX MNECYaAHWKOB  XapaKTepHbl
noBbilWeHHble cogepxaHusa As, Sb, Ni, Co, Ag u Bi - TUNWUYHbIX 3NEMEHTOB
kobantoBbix pya. K BocToky OT paccmaTtpuBaemoro parnoHa Ni-Co-As-
MWHepanu3auusa accoummpyeT ¢ kapboHaTtuTamu (Ynatan-Yosckuin panioH),
BO3pacT KoTopbix cocTasnsaeT 118-120 Ma.

Pa6oTta BbinonHeHa no ocyaapcTBEHHOMY 3aka3ly B pamkax MpoekTa
0330-2016-0001 1 douHaHcoBown noaaepxke PODU no rpanty 16-05-00255-
a.
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Rb-Sr nsotonHei BO3pacT ¢nioronuTos u3
MeTacoMaTU3MpPOBaHHbIX MAHTUAHBLIX KCEHOSIMTOB
kumbepnuTtoBomn Tpy6ku um. B. Mpuba (ApxaHrenbckas
anmasoHOCHasi NPOBUHLMA).

Ne6epesa H.M. ', Hocosa A.A.", lapuorosa 10.0.", Tuxomuposa A1.C.2,
KapruH AB.

"MIFEM PAH, Mocksa,; °IEOXU PAH, Mocksa

dnoronut 9BMAETCA BaXHbIM MUWHEpParioM reoXpPOHOMOrMYECKUX W
reoXMMUYEeCKUX UccnegoBaHui npu mdyyveHum kumbepnuTtoB. dnoronuT B
MaHTUIHBbIX MNopoAax ABNAETCA MPAMbIM  MHOMKATOPOM  MOAAsNbHOro
MeTacomaTo3a. B kumbepnutax Tpybku um. B. 'puba, pacnonoxeHHon B
ApxaHrenbCckon anMas3oHOCHOW MpOBUHUMK, NOronutT BCTpevyaeTcs B
MaHTUWHBbIX KCeHonmuMTax M B Kumbepnutax. MaHTuiHble KCeHOnuTbl C
dnoronuTom npeacTasreHsbl: 1) noronuT-KNNMHONUPOKCEHOBLIMYU
nopogamu [Kargin et al., 2017]; 2) cdnoronuTM3MpoBaHHbLIMWU rpaHaTOBbIMMU
nepugotutamu; 3) noronUTU3NPOBaHHbLIMKU 3KroruTamu. B kumbepnutax
dnoronut npepctaeneH: 1) Merakpuctamym - OKpYIfbIMU  3epHaMu
pa3mepom 2-3 cM, OQHOPOAHbLIMU MO COCTaBY, a Takxe 2) bonee Menkumu
MaKpo- 1 MMKPOKpUCTamMu 1 3) Yellynkamy B MaTpUKCe NMPOKITacTU4ECKOro
kumbepnuta. ®noronuTbl U3 KCEHONUTOB U MaKpPOKPUCTbI UMEIOT HU3KO -Ti,
Hu3ko - Cr cocTaB, B OTNM4YMe OT BbICOKO-Ti M BbiCOKO-Cr chnoronuta 13
OCHOBHOM Macchl. Husko-Ti  dnoronutel obpasoBannce 3a cyet
peakUMOHHOrO B3aMMOAENCTBUA MPOTO-KMMOEpPNMTOBLIX pacniaBoB C
MaHTUAHbIMU NepuaoTUTaMK, BbICOKO-Ti (DnoronuTbl KpUCTann3oBanuchb
u3 kKumbepnutoBoro pacnnaea. Hamm 6bina usyyeHa Rb-Sr unzotonHas
cuctema agnsa 1 makpokpucta cnoronuta n 3 rnoronuToB M3 KCEHONUTOB
dnoronut-cogepxawmx nepuonuta n sepnuta n Cpx-Phl kceHonuta. U3
nocrnegHero KceHonuta Obln TakXe W3yyeH KIMHOMMPOKCEH, KOTOPbIN
HaxoAWUTCA B PaBHOBECHbLIX CTPYKTYPHbIX COOTHOLUEHMAX C ()JIOronuMToMm
[Kargin et al., 2017].

N3mepeHua wn3otonHoro coctaBa noOronMToB  MpPOBOAMIIUCE B
nabopatopuy U30TOMHOW reoxumumn n reoxpoHonorum UFEM PAH; Cpx-Phl
KceHonut  Obin  M3y4yeH B nabopaTopun KU3OTOMHOW TEOXUMUM U
reoxpoHonorum FTEOXU PAH.

Bce n3yyeHHble rnoronnTbl MMEIOT BbICOKNE KOHUeHTpauun Rb (356-543
ppm) 1 noBbilleHHOe copepxaHue Sr (67-85 ppm). B pe3ynbrate us-3a
BbICOKOW KOHUEHTpauunm Sr, 8 Rb/®Sr oTHOWeEHMe y (proronuToB HU3Koe
(14-23), 1 oHu nonapatT B o6nacTb 3Ha4YEHWUN, NOMYYEHHbIX HaMWU paHee
ana cdnoronutoB U3 KumbepnutoB Tpybku um. B. Mpuba [JlapuoHosa u ap.,

186



2016] u cdnoronutoB M3 KMMbBepnuToBbIX Nonen mupa [Crease et al., 2004;
Eccles et al.,, 2008; Key et al., 2007]. Rb-Sr mopgenbHbin BO3pacT
dnoronutoB uameHsietcs oT 383 go 388 MNH NeT M CYWECTBEHHO He
OTNnM4YaeTca OT OMpefeneHHoro paHee Bo3pacTta no cnoronutam U3
Kumbepnuta Tpybkn mm. B. puba (376+3 mnH. net, [JlapnoHoBa u ap.,
2016]).

PacueT 1n30xpoHHOW 3aBMcMmOCTM Ansa  Bcex  (OnoronMToB U
KNMMHOMUPOKCEHa onpeaenseT Bo3pacT kak 37712 mnH. net (CKBO = 0.80)
C HavarnbHbIM M30TOMHBIM OTHOWEHWeM ' Sr/*°Sr: 0.70596+0.000016 (puc.
1). Ecnu u3 pacyeta uckniountb aHanua merakpucrta cnoronuTa, TO
napameTpbl N30XPOoHbl He nameHsTes: 37712 Ma (CKBO = 0.54) HavanbHbIM
n3oTonHbIM oTHolweHnem *’Sr/*°Sr 0.70596+0.000016.

MonyyeHHbIin Rb-Sr Bo3pact pgna GnoronuToB w3  MaHTUNHBIX
KCEHONNTOB COBMagaeT C y4eToM OoWnbOoK C NOMYyYEHHbIM paHee BO3pacToMm
dnoronutoB 13 KumbepnutoB [JlapuoHoBa u pp., 2016]. OH Takxe
coenagaet ¢ U-Pb Bo3pacTomM nepoBckuTa, BblAENEHHOro M3 KUMGepnnToB
Tpy6kn ApxaHrenbckon (MectopoxaeHue um. M.B. JlomoHocoBa), kOoTopbii
coctaensaeT 381+3 mnH [Wu et al., 2013]. Kpome TOro, BeposTHbI BO3pacT
MaHTMMHOrO  MeTacomaTo3a, 3admkcupoBaHHbIi  Rb-Sr  cuctemon
doronMToB M3 KCEHONMMTOB, COBMajaeT C BO3PacTOM LIENOYHOro MU
kapboHaTuToBOro Marmatuama Ha Tepputopumn Konbckon LWenoyHom
nposuHumm (375 - 380 mnH. neT, [Ap3amacues, By, 2014; Wu et al., 2013].
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Pne. 1. Rb-Sr uzoxpoHa pans ¢roronMtoB U3 MEeTacoMaTU3MPOBAHHbLIX MAHTUIHBLIX
KCEHONUTOB KumbepnuToBon Tpybku um. B. Mpuba

lMpoBeneHHble nccnegoBaHNs NOATBEPXAAIOT MOSTYYEHHYD HaMK paHee
OLEHKY BO3pacTa CTaHOBMEeHUs KumbepnutoB Tpybkum um. B.Mpuba. OHm
yka3sbiBatoT, 4To Rb-Sr nsotonHasa cuctema ¢noronutoB U3 KCEHONUTOB U
dnoronMToB ”“3 KUMOEPNMTOB HaxoOAWIUCb B paBHOBECUM C 0OOLWUM
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M30TOMHbLIM PE3epBYyapoOM Ha MOMEHT, B6M3KUIA KO BPEMEHW CTaAHOBNEHUS
Tpy6ku. Takum o6pa3om, OHM Aal0T OCHOBAHUSA YTBEPXAATb, YTO KanueBbli
MEeTacoMaTOo3 MaHTUMHbIX NEPUAOTUTOB HEMNOCPEACTBEHHO NPEALIECTBOBAN
BHEApEHUIO KnmbepnutoB U 6bin CBA3aH C pacnnaBamu KUmbepnutoBou
MarmaTuMyeckon CUCTEMbI, CKOpee BCEro, ToW NMopuuv pacnnaea, KoTopas
6blna n3pacxopgoBaHa Ha peakUMOHHOE B3aMMOAENCTBINE C NEPUAOTUTAMN U
He [OCTUINa NOBEPXHOCTM.
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dopmMyna paguoakTUBHOIO pacnapaa: KoCMOoreHnyeckue
cneacTeus; GU3MYECKUin CMbICH

INesckuit J1.K.

Ut PAH,Carkr-lNerepbypr; BCEMEU, CankT-lTeTepbypr

1.Pacnap pagMoakTUBHbIX aTOMOB MpouUCXoAus, npoucxoaut u bypet
npoucxoanTb B Ntoboi Touke BeceneHHol. MNpouecc pacnaga He 3aBUCUT OT
BHELLHUX TepMOAMHAMUYECKUX YCNoBWA B npupope wnu nabopatopum,
npeBocxoas TeM CaMbiM [axe BCEMUPHOE TAroTEeHME Tak Kak nocnepHee,
€Cnn y4YecTb OGHapyXeHWe rpaBUTALMOHHBLIX BOSH, OyaeT B Hepanékom

OyOyLUMM KOHTPONMpOBaThCA. MCnonb3oBaHWe TepMUHa «aToMy», a He
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«S4POY», AaHb TPaguumm, Tak kKak OCHOBOMOMOXHWKM, 3aM0XMBLLME OCHOBbI
n3yyeHun paguoakTusHocTu [1, 2], kak Bcerga Obinv npaBbl, €CMM YYeCTb
pagnoakTUBHbIE W3MEHEHUS, CBA3aHHbIE C 3axBaTOM 3nekTpoHoB n3 K-
cnosi, Hanpumep, 40K—40Ar. He meHee rpaHouo3HbIM MNpeAacTaBnseTcs
npegnoxeHHoe Temun xe OCHOBONONOXHWKaMu opManbHOe onncaHue
npouecca paguoakTUBHOIO pacnaga unu, Kak oHW 3TOT Npouecc Ha3blBanu
paguoakTuBHOro npeBpaleHns. dopmyna paamoakTMBHOIO pacnaja,
npepsyioXeHHas HeMHorum Oornblue Beka Ha3af, Yepe3 HEecKoSlbKo neT
nocne oTKpbITUS ABMEHUA paguoakTuBHocTu A. Bekkepenem, MoxeT ObiTb
cnpaBegnuBa Ans Bcen BceneHHon, npeactaBnas TeM cambiM (pparMeHT
BCENIEHCKOro 43blka, MO KpawHenh Mepe MaTeMaTuyeckoro, Ons BCeX
UMBUNN3ALUIA, [OCTUMUUX ONPEeAENeHHOro UHTENNEKTyarnbHOro YpOBHS
pa3suTus. OTUM C OAHOM CTOPOHbI MOXHO ropamuTCH, a C ApYron yanBnaTbLCA
TOMY Kak 3a CTOJIb KOPOTKOE BpeMsl OT YenoBeka npamoxogaiwero (1-2 mnH
neT Hasapg) Ao yenoseka pasymHoro (npum. 400 net Ha3ag) npuaoymaBsLLEro
HaTypanbHble norapudMbl U KX OCHOBaHWE «e», XOTA ero TOYHoe
NMPOVCXOXAEHNE OCTaeTcA  3arafo4HbiM, YErloBEYECTBO BOLUSIO B CEMbLO
pa3BUTbIX LMBUNN3ALMIA.

2.0na nonHonW rapaHTUM nocnegHero yTBepXAeHUs Heobxoauma
TBEpPOAA YBEPEHHOCTb B  afAeKBaTHOCTM  UCnonb3yemon  hopmMyrbl
pagnoakTUBHOIO pacnaga, KoTopas He pefko Ha3blBaeTCA «3aKOHOMY.
OnpepgeneHune dopMysnbl pagMoakTUBHOIO pacnaza BrepBble NpeasioXeHo
B pabote [1] cnepyiowmm obpas3om: «lunotesa, cornacHo KoTopow
npespalleHne paamoakTUBHONO BELLEeCTBa COMPOBOXAAETCH U3NyYeHUeM,
no3BongaeT AaTb OYEHb ACHOe (PM3MYEeCKOe TONMKOBaHue (34eCb M HUXe
KypcuB J1.J1.) 3akoHy cnaga paavMoakTUMBHOCTM. Bbino obHapyxeHo, 4To
aKTUBHOCTb MpPU BCEX YCIIOBUSAX YMEHbLUAETCA MO 3aKOHY reOMeTpUYECKON
nporpeccun. 3TO BblpaxaeTca ypaBHeHuem: It = 10e-At. Bnuskoe
onpepeneHne npeanoxeHo B pabote [2]: «OCHOBHOWM 3aKOH NMpeBpalleHus
NpoOCTOro BeLlecTBa COCTOUT B TOM, YTO KONMYECTBO MpPEBPALLEHHOTO B
€O0VHVLY BpEMEHM MpOMopLMOHanbHO €ero HavasbHOMY KOMIMYECTBY».
OpHako B ganbHeviwem @. Coaan coaBtop paboTsl [1], ApyrMM coaBTOpOM
6bin ero crapwun komnera O. Pesepdopn, AaéT 6onee B3BELLEHHYIO
OLlEHKY 3aKoHa paauoakTuMBHOro pacnapga [3]: «3ToT 3akoH npefenbHo
NpocT M B TO Xe BpeMs COBEpLUEHHO He o6bAcHMM (inexplicable)y.
MopobHY0 OLEHKY TPYyAHO YBSI3aTb C  «O4YE€Hb SCHBIM  (OU3NYECKUM
TONKOBaHMEM» 3akoHa. PU3NMYECKOro TONMKOBaHWA 3aKoHa He BUOHO U B
onpeaenennn, B3AToM u3 paboTbl [2]. PopMyna paguoakTMBHOro pacrnaga
He TONbKO «MNpedenbHoO MpocTa» HO W NpefAenbHO 3MMAMpPUYHA, OHa
YUCNEHHO NPaBWUSIbHO OMUCLIBAET MPOLLECC, HO HE PacKpbLIBAET €ro NpPUpPoAY.
Bpemss nonypacnaga, obpaTHO CBsi3aHHOe C TMOCTOSIHHOW pacnaza,
OEVCTBUTENBHO  OMpefenseT  yYMEHbLUEHWE  WUCXOOHOro  KoNM4yecTBa
paanoakTUBHbLIX aTOMOB B [Ba pas3a, Ho He 6onee Toro. «[epuop cpeaHen
XMU3HM No6Oro pagmoakTUBHONO atoma sIBNAETCS OnpeaeneHHoOn u
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HEU3MEHHOIN NPUPOAHON NOCTOSIHHOMY [3], HO 3TO onpeaeneHve, 3Byvallee
MoyTM Kak 3aknuHaHWe, He npubnuxaetr K MNOHMMAHWIO Mpupoapl
pagmoakTuBHOCTU. Tem Goree, UTO LeHa cpeHen TeMnepaTypbl No nanarte
unu cpefHen 3/n B CTpaHe Xopowo u3secTHa. lNMonbITku cBA3aTb hopmyny
pacnaga ¢ aHanorMyHbiM BblpaXeHMeM A9 XMMUYECKOW peakuuu nepeoro
nopsgka wnMm C OAHMM W3  pelleHun ypaBHeHua audy3um  He
NnpeacTaBnAalnTCA NPOAYKTUBHbIMU. TOT WM APYro Mnpouecchl 3aBUCAT OT
BHELLHUX YCMIOBMA B npupode wnu fabopaTopun, KOHTPOSIMPYHOTCS U
yNpaBnsTCa M TEM CaMbiM OTNIMYAIOTCA OT PaguoOaKTMBHOrO pacrnaga ux
aHanorma wumeet opmanbHbii  xapaktep. O6bsicHeHue huanyeckoro
CcMbIcria (bopMynbl pagMoakTMBHONO pacnaza crano KaMHeM NPeTKHOBEHUS
B Teopuu pacrnaga, obCyXAeHue KOTOpOW 3aHMMaeT MeHblue OHON
CcTpaHuy u3 natucoT B pabote [2]. lMo-Buammomy, GecrnonesHo wuckatb
dU3NYECKUA CMbICIT COBCTBEHHO 3MMNUPUYECKON (HO nparmatuyeckomn!)
dopmMynbl pagMoakTUBHOIO pacnaga, Y4To NoATBepXOaeTcs crnenylowmmMu
coobpaxeHusamMn:  «OTOT  3aKOH  O3Ha4yaeT, YTO  paaMOaKTUBHbIE
npespaLLeHns cnegyet paccmaTtpusaTb KakK CNyYanHOCTb,
nocnegoBaTenbHO MOCTUralLWyld 4YacTb aToMOB, TOoraa Kak Aapyrue
OCTaloTCsA  HeuaMeHHbiMu» [2] u panee: «3akoH PpaAMOaKTUBHOIO
NnpeBpaLleHns — 3TO 3aKOH YUCTOM BeposaTHocTM wunu cnydasa» [3]. Hago
3aMeTUTb OfHaKo, YTo bor He urpaeT B a3apTHbIE UrPbl C MPUPOAON U TEM
6onee He capeT 6pocaTh KOCTU C OTNETbIMU LUyNepamu, y KOTOpbIX Bceraa
BbimagaeT «12» M KOTOpble BCErga OCTaloTCA «HEU3MEHHbIMWY». TeM He
MeHee,  9KCMepuMeHTbl  OAHO3HA4yHO  MOKa3biBalT, 4YTO  YacTb
pagnoaKkTUBHbIX aTOMOB [OENCTBMTENbHO He u3meHsetcsa. Kak 310 um
ynaétca? Hamék Ha BO3MOXHOCTb APYroro nogxoga K npobrneme MOXHO
HaWTM B UUTUPOBaHHbIX Bblwe pabotax. @P. Copgou pgonyckaet
CYLLECTBOBaHME aHrena-pas3pylmrens He OTOMpaLMM MO0 KaKUM-TO
napameTpam aToMbl And NpeBpaLleHns, HO B onpeaeneHHOM KonnyecTse B
OaHHbIn  MOMeHT. Takum o06pa3om, oT6Op aToOMOB CRny4vaeH, HoO
«onpefenéHHoe KONMMYeCcTBO» He cryvanHas opManu3oBaHHas U
KOHTponupyemas (cormacHo dopmyne pagmoakTMBHOro pacnapga?)
BenuunHa. M. Kiopy oTMedvaeT: «HeKoTopble aTOMbl [AaHHOro BeLecTBa
UMEIT JMWb O4YEeHb KpaTKoe CylecTBOBaHWe, TOrga kak apyrue
CYLLEeCTBYIOT 3HAuUMTENbHO Aonblie» (CTUNb nepesBoga coxpaHéH J1. J1.).
Ecnm @.Copaou roBopuUT O pagMOaKTMBHbLIX O6E3MIMYEHHbIX —KIOHaX,
KOTOpble CnyyaHO BbIXBaTblBAlOTCA aHrenioM W MNpeBpalalTcs B
cTabunbHble aToMbl, To M. Kiopy naéT aanblue u oTMevaeT onpenenéHHoe
pasnuune Mexzay paguoakTMBHbIMM aTtomMamu. JTo He 06e3nuyveHHble
KrnoHbl. OHM MoOryT ObiTb aHanoOrMyHbIMKM, HO OTNMYalTCs MO BO3pacTy
(kpaTkoe unu gnuTenbHoOe CyLlecTBoBaHNE), B To BpeMs Kak ana ®. Cogam
peanbHaa XW3Hb aTtoma MOMHOCTbIO HeonpeaenéHHa». HanpoTus, ecnu
cyabba M BpemMsa CyLLeCTBOBaHWA KaxAoro pagvoakTMBHOMO atoma
npegonpegeneHbl, TO OH Mepexogut B CTabunbHOe COCTOAHME B
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onpepenéHHoe Bpems. [locrne HyKNeocuHTe3a pafaunoaKTMBHbIE aTOMbI
pacnpepensoTca no KpuBow B KoopauHatax: | u T, rge | - uncno aToMmoB 1 T
BO3pacT (BpeMsl CYLLECTBOBAHUS MOCIE HYKMEOCMHTE3a) Kaxaoro atoma .
Bug kpuBo MOXeT ObiTb OMM3KMM WU coBrnafaTb C 3KCMOHeHTon. B
LeTepMUMHUPOBaAHHOM napameTpe T crnegyeT uckatb (OU3NYecKnin CMbICH
dopmMynbl pagnoakTUBHOIO pacnaja Tak Kak Bo3pacT aTtoma onpegensercs
KBaAHTOBO-MEXaHW4YeCcKMMKN napameTpamMu fgpa M 3TW napamMeTpbl NpsMo
WUNN KOCBEHHO AOSXHbl BONTU B popmyny. 34eCb YMECTHO MPeAnoxXuTb
CrnepymoLLy0 TEOpeMy: SBMSIeTCA NN MCNofb3yemMas B HacTosllee BpeMms
dopmMyna pagnoakTUBHOIO pacnaga eanHCTBEHHO BO3MOXHON?
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M3oTonHbIM BO3pacT LMPKOHOB U3 ybTpaMmaguTos
LllamaHckoro maccuBa (BocTtouyHoe 3abaiikanbe)

IecHoB @.I1.

UIHCTUTY T reosiorum u MuHepasiorum um. ak. B.C. Cobosniesa CO PAH, r.
Hosocnbunpck

lWlamaHcKkuiA MaccuB, pacnofioXeHHbI Ha neBobepexbe p. Butum
(BocTouHoe 3abaiikanbe), sBAAETCA OOHOM U3 Haubonee KpymnHbIX
NPOTPY3UIN PECTUTOrEHHbIX YrbTpamMaduTOB B COCTaBE BOCTOYHOW BETBU
Baikano-Myiickoro odwmonutosoro nosca. JInH3oBMAHOE B nnaHe Tesno
MaccuBa BbITSHYTO B CEBEpP-CEBEpPO-3anafHOM  HarnpaBfeHun Ha
paccTtosiHue okKomno 25 KM Mpu MakCUManbHOW LUMpuHE oKono 6 km. B
CTPOEHMM MaccuBa MPUHUMAIOT yyacTue rapubyprtbl U NOAYUHEHHbIE UM
aynutbl [IecHoB u ap., 2016]. MeTtogom ICP-MS B nopopax maccua 6binu
onpepeneHbl OTHOCUTENbHO NOBbILWEHHbIE coaepxanusa Zr (9-193 r/t) n Hf
(0.20-3.8 r/1), Mexay KoTopbiMW Habnopanacb nNpsaMas 3aBUCUMOCTb, YTO
NMo3BONUSIO MPEAnosioXUTL HanMune B 3TUX YynbTpamaduTax 3epeH
uMpKoHa. [ns ux BbiaeneHus 6bina MCnonb3oBaHa KosnekTuBHas npoba
Maccon okono 4 Kr, cocTaBneHHasa u3 27 Hebonbwux o6pasLoB
rapubyprutoB U OyHUTOB, OTOOPAHHbIX N3 Pa3HbIX KOPEHHbIX OOHaXeHui B
0CceBOM YacTu MaccuBa. 3Ta npoba Gbina pa3gpobneHa Ao pa3mepa YacTul,
MuHyc 0.3 MM 1 pasgeneHa Ha aee paBHble dpakuum (02 n 03), U3 KoTopbIx
6bin0 BbigeneHo 31 3epHO uupkoHa. [NogaBnswas UX 4YacTb MMena
OKpYrneHHyto (pe3opbupoBaHHylo) (opMy M LUEPOXOBATYD MOBEPXHOCTb
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(pnCyHOK), npuyem noYTun BCE 3epHa 6binn NNLLEHBI
KaTOAOMOMUHECLEHTHOINO CBEYEHUSI N OCUMIINISAATOPHON 30HanbHOCTU. Bcsa
3Ta KONMeKums 3epeH uMpkoHa 3aTtemM Obinm npoaaTMpoBaHa nokasbHeiM U-
Pb I/I30TOI'IHbIM METOAO0M (SHRIMP II, BCEIEWN, CankT-lNeTepbypr).

Pwe. 1. MwukpodpoTorpacdum 3epeH
LUMpKOHa U3 «ApeBHero» knacrepa. B
BepxHei 4Yactu  dpotorpacpuii  ykasaHbl
HomMepa 3epeH (cM. Tabn.) u Homepa
hpakumin (B Kpyrnbix ckobkax), BHU3Y - UX
M30TOMHBbIA  BO3pacCT, pacCYMTaHHbIN MO
napametpy Pb%’/Pb**

3049 mnH. net

2426 mnH. neT
Tabnuua.

M30TONHLIN BO3pacT LMPKOHOB 13 ynbTpamadutos LLlamaHckoro maccusa

Ne aepra (cbpakumn) - n‘3e9r3(;§206/U233) - nzg:zpi(z:oi”:bzos) ‘ U, it ‘ Th, T | Thiu
«[JpeBHuWit» knactep
5.1(02) 2620 3049 198 45 0.23
14.1 (03) 2350 2881 229 67 0.29
12.1(02) 2672 2726 452 294 0.65
11.1(03) 2200 2426 765 719 0.94
8.1((02) 2383 2370 150 43 0.29
5.1(03) 1945 2068 1282 383 0.30
13.1(03) 1820 1919 445 263 0.59
8.1(03) 1871 1878 221 86 0.39
6.1(02) 1884 1867 70 49 0.70
7.1(03) 1779 1841 1076 156 0.14
2.1(03) 1393 1793 475 85 0.18
19.1(02) 1741 1736 189 93 0.49
2.1(02) 1177 1189 144 36 0.25
«[pomexyToYHbI» Knactep
7.1(02) 827 778 57 18 0.32
4.1(02) 813 813 323 205 0.64
4.1(03) 812 804 356 198 0.56
«Monopon» knactep
10.1(02) 630 579 93 6 0.06
1.1(03) 630 623 324 128 0.40
10.1(03) 619 675 83 - -
12.1(03) 616 596 1377 14 0.01
13.1(02) 615 581 415 125 0.30
3.1(02) 615 638 532 62 0.12
3.2 (02) 613 608 670 65 0.10
17.1(02) 614 612 131 320 2.44
1.1(02) 604 623 176 104 0.59
1.2(02) 611 584 100 43 0.43
11.1(02) 610 598 694 217 0.31
16.1(02) 607 640 198 261 1.32
15.1(2) 604 596 953 353 0.37
9.1(03) 603 612 367 139 0.38
1(03) 602 619 684 384 0.56
9.1(02) 601 587 465 141 0.30
1(03) 579 579 582 267 0.46
18.1(02) 513 459 166 445 2.68
14.1(02) 502 502 148 82 0.55
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Copepxanua U u Th B UMPKOHaX, Kak M 3Ha4vyeHus napametpa Th/U, B
LUUPKOHaxX MnoABEpXeHbl 3HAYMTENMbHBLIM konebaHuamM, npu 3TOM B
nogaesiowiem  bGonbwmnHcTBE 3epeH U  npeobnagaetr Hag  Th.
lMpoaHanuamMpoBaHHble  LUMPKOHbI  ABNAIOTCA  MONUXPOHHbIMKU.  OHK
pa3feneHbl Ha Tpy BO3PacTHbIX KrnacTepa: «APEBHUNY, KNPOMEXYTOYHbINY
n «monogow»  (Tabnuua). lMpepnonaraetcsd, 4TO  OKpyrfieHHas
(pe3opbupoBaHHas) hopma 3epeH LUMPKOHa, UX LepoxoBaTasi MOBEPXHOCTb,
a Takxe MOSIHOe UNM NOYTU NOMIHOE OTCYTCTBME KaTOAOSMIOMUHECLLEHTHOrO
CBEYEHUNS N OCLMNNATOPHOW 30HANbHOCTU ABMAOTCA CNeacTBMeM TOro, YTo
3TN LUMPKOHbI, N3Ha4YanbHO HaxoAMBLUMECH B BEPXHEMAHTUMHOM MpOTONMUTE
W UMEBLUME OYEHb APEBHUIN U30TOMHBIN BO3PACT, NOABEPIIINCH TEMNIOBOMY U
XUMUYECKOMY  BO3LAENCTBUIO B  MpoLEecce YacTUYHOrO  MiaBneHus
npotonuta. OQHOBPEMEHHO B 3TUX LIUPKOHAX NPOM30LWIM HapyweHus nx U-
Pb “30TONHBLIX CMCTEM W, KaK CNeACTBUE, HEPABHOMEPHOE «OMOJIOXEHMEY
UX U30TOMHOro Bo3pacta. Ha aTtom ocHoBaHuWM npepnonaraeTcs, 4YTo Bce
3TW LUMPKOHbBI ABNAIOTCA PENNKTOBLIMU.

ABTOp BblpaxaeT 6narogapHoctb A.M. YepHbiwosy u E.E. MNMyrayesoi
3a Komnekuuio obpa3uoB nopoAd, be3HO npefocTaBfieHHYO  Ang
uccrnepoBaHun, a Takxe C.A. CepreeBy 3a BbIMOSIHEHME W30TOMHO-
reOXpOHOJSIONMYECKMX UCCMefoBaHUM UMPKOHOB. B ckobkax - Homepa

dpakumm.

Jluteparypa

INecHoB @.M., YepHbiwos A.W., MyrayeBa E.E. MNeoxumusa penkux, pegko3emenbHbIX U
NnaTMHOBBLIX 3NeMeHToB B nopogax llamaHckoro ynbTpamadumTtoBoro maccmsa (BoctodHoe
3abavikanbe) // Nutoccepa. 2016. N2 4. C. 30-53.

M3oTonusa rapHMA B NONMXPOHHbIX LIUPKOHaX U3
Bepe3oBckoro nonureHHOro MacuT-ynstpamacguToBOro
mMaccuea (0. CaxanuH)

JlecHoB @.I1.

UHCTUTYT reonormum u muHepasiorm um. ak. B.C. Cobonesa CO PAH,
r.Hosocnbupck

BbInonHeHs.I nuccneaoBaHus reoXMMmn4eckmnx, ONMTMUYECKUX "
MOpP(ONMOrM4YecKnx CBOWCTB, a Takxe onpegenenns U-Pb- usotonHoro
Bo3pacTa un Lu-Hf u3oTonHbIXx nmapameTpoB UMPKOHOB W3 TFETEPOre€HHbIX
nopon, bBepezoBckoro nonureHHoro mMaduTt-ynbTpamMmaduTOBOro MaccuBa
(BoctouHo-CaxanuHckass oduonutoBass accoumauus) (49°52°477c.u.,
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144°02'17’8.4.). Maccus BkMoyaeT B cebs YeTblpe NPOCTPaHCTBEHHO
CONUXEHHbIX, HO TEHETUYECKU PasfnyYHbIX CTPYKTYPHO-BELLECTBEHHbIE
KOMMnekca: a) NpoTpy3us PecTUTOreHHbIX ynbTpamaduToB (NepuonuThl,
rapubyprutbl 1 06pa3oBaHHbIE MO HUM CEPNEHTUHUTLI); 6) NpopbIBatOLLUIA
ee VHTPY3uB opToMarmaTuyeckmx rabbpomaos (rabbpoHopuTsl, rab6po); B)
pacrnofioxeHHaa BAOMb rpaHuUL, MNpoTpy3unM U rabbpouaHOro MHTpy3uBa
KOHTaKTOBO-peaKLMOHHas 30Ha, CrnoXxeHHas rmépuaHsIMM
ynbTpamadutamum (BepnuTbl, MMPOKCEHNUTLI) U rMBpUaHbIMKM rabbpongamm
(onuBuHOBbLIE FabOPOHOPUTLI, ONMBUHOBbLIE Tabbpo); r) pacrnonoxeHHas
BAOMb rpaHuL, rabbponaHoro UHTPYy3MBa M BMELLAOLWMX TOSLL, KOHTAKTOBO-
peakUMOHHasi 30Ha, CnoXxeHHas rmépuaHeiMmn rabbpongamm (amdcpubonosbie
1 kBapu-amdubonosble rabbpo, rabbpo-guopuThl, LMOPUTDI).

N3 22 npo6 nopop, MaccrBa, NpPeAcTaBneHHbIX MMPOKCeHUTamm, rabbpo-
NMUPOKCEHUTaAMW, ONIMBMHOBbIMM  rabbpoHopuTamn, rab6po, rabbpo-
avopuTtamu, guoputamu u ap., 6eino BblgeneHo okono 450 KpucTtannos
UMPKOHA, OTNM4Yalwmxca no Mopdornorn1, KaTtoaontoMUHECLLEHTHOMY
CBEYEHUIO, OCLMINATOPHON 30HANbHOCTM, FEOXMMUYECKMM CBOWCTBaM, a
Takxe Mo u30TOMHOMY  Bo3pacTy. Bospact npogatupoBaHHbix U-Pb
meToaom (SHRIMP II) umpkoHor (okono 200 onpepenenuin) konebnercsa B
uHtepane ot 3096 mnH. net go 30-20 MnH. neT, npudem BO3pacT
3HAYUTENbHO BapbMpoBasn He TOMbKO B Mpefenax oblen Mx Komnekuuu
LMPKOHOB, HO 1 B pa3HbIX KpUCTannax n3 otTaenbHo B3ATbIX Npoo.

Cpeomn obLien KONMNEKUUM W3YYEHHbIX LUMPKOHOB BblAENEHbl YeTbipe
reHeTU4YecKnx Tuna: a) PenukToBble, 6) KCEHOreHHbIe, B) CUHFEHETUYECKME,
r) anureHeTudeckne. B kayecTBe CUHreHETUYECKMX paccMaTpuBaloTCs
Hanbonee LWMWPOKO MNPEACTABMEHHbIE B KOMMEKUUU LUPKOHbI U3 MOPOA
rabbpomgHOro  WMHTPy3uBa, KOTOpPble  XapaKTepU3YyKTCA  XOPOLUEW
KpucTannorpadguyeckom OrpaHKoMu, OTYETNNBbLIMU
KaTOAOMOMUHECLEHTHLIM CBEYEHMEM U OCUMANATOPHON 30HANbHOCTHIO U
npu 3TOM MMeloLMe Bo3pacT B MHTepBane 167-159 mnH. net, KoTopbin
paccMaTpuBaeTcsi, Kak Bpemsi ¢opmMupoBaHua 3Toro rabbpoupaHoro
uHTpy3usa (IlecHos, 2015; JlecHos u ap., 2010).

B 20 pa3HOBO3pacTHbIX KpucTannax LMpKOHa M3 npob MNMpoOKCEHUTA,
rabbpo-nMpokceHnTa u aguopwuTa ONpeAeneHbl  3Ha4eHNa  M30TOMHbIX
napametpos Hf u Lu: ""°Hf/"'HE, "°HE" HfLugen, | oLu/VHS, € (T) (Nectos
n gp., B neyatn). Camoe HM3KOe 3HayeHue napameTpa OH " HfLucor
(0.280771) umeeT Hanbonee ApeBHUIN KPUCTaSN LMPKOHA U3 MUPOKCEHUTA C
Bo3pactoM 3096 wMnH. net. CHUHreHeTMyeckue UMPKOHbI M3 Mopos,
rabbpomgHoro MHTpy3uBa, MMelLWMe Bo3pacT B uHTepBane 167-159 po
MITH. JIeT, XapaKTepusyloTca 6onee BbICOKMMW 3HAYEHMAMU MapameTpa
O/ HfLucer (0.283105-0.283219). Ha anarpamme B koopauHaTax eHf(T)
- BospacT, MnH. net durypatuBHas Touka Hanbonee ApeBHEro LUMpKOHa 13
NMMPOKCEHUTa pacrnofioXeHa HENoCPeACTBEHHO Y  JIMHWM  N30TOMHOM
3BONOLUU AENNETUPOBAHHON MAHTUUN (PUCYHOK).
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Pucyrok. Ouarpamma B KoopgauHaTax €Hf(T) - Bospact, mMnH. net gns uUMpKOHOB U3
nupokceHnTa (0bp. 1597), ra6bpo-nupokcennta (06p. 1606) u pguoputa (06p. 197) w3
Bepe3osckoro maccusa. Ha pucyHke nokasaHbl IMHUM M30TOMHON 3BOSIIOLMW YHUBEPCANbHOMo
XoHgpuToBoro pesepsyapa (CHUR) v pennetupoBaHHon maHTum (DM)

MonyyeHHble pe3ynbtatbl U-Pb wnsotonHoro paTtupoBanusa u  Lu/Hf
U30TOMHbIX  WUCCNefoBaHWA  LMPKOHOB W3  TEeTEepOreHHbIX  nopon
Bepe3oBckoro mauTt-ynbTpamadutoBOro Maccuea B LeSIOM COrnacylTcs
C paHee nNpeasyiIokEeHHON MOAEeNb €ro MofIMreHHOro opMUpPoOBaHMSA
(IMecHos, 2015). MNpu aTOM OHX NO3BONAKT MNpeanonaratb CylLlecTBOBaHUE
obuiennaHeTapHOro  MaHTUWAHOIO  ynbTpamaduToBOro  npotonuTa -
MUCTOYHMKA LMPKOHOB C poapxenckmmm Bo3pactamu, U-Pb un3oTonHble
CUCTEMbI KOTOpbIX B AarbHeEWweM, B MpoLecce 4acTU4HOro nnaBneHus
3TOro npoTtonuta npeTeprnenim HEPOBHOMEPHOE «OMOJSIOXEHMEY. B
HacTosllee BpeEMS Takne B pasfiMyHOM MeEpEe «OMOJSIOXEHHBLIE» LMPKOHbI
Haxo4ATCA B KayecTBe pPENMKTOBbLIX KPWUCTamnioB B COCTaBe MNpPOTPy3ui
PECTUTOrEHHbLIX W TMOPUAHBLIX YnbTpaMaduToOB, a TakKkXe B Ka4yecTBe
KCEHOTEHHbIX KpUCTasfoB B COCTABE MOPOS, NPOCTPAHCTBEHHO CONMMXEHHbIX
C 3TUMW NPOTPY3UAMU rabbponaHbIX UHTPY3UBOB. Takoro poaa NosireHHble
MauT-ynbTpamamToBble MacCUBbl LUMPOKO PacnpoCTpaHeHbl B 30Hax
rnybGuHHBLIX pa3foOMOB B Npefenax ckrag4vaTtblx obnacrter, a Takxe B
CpeOVHHO-OKeaHM4yeckux xpebrax.

ABTOp BblpaxaeT npusHaTtensHocTb N.H. KanutoHoBy n C.A. Cepreesy
3a npoBefeHWe  U30TOMHbIX WCCIeAOBaHWA UUPKOHOB, a Takxe 3a
COTPYAHUYECTBO B 0OCYXAEHUN U UHTEeprpeTauni aHanuTUYeCKnX AaHHbIX.

Jlutepartypa
JlecHos @.[1. TleTponorna NOnureHHbIX MadguT-ynbTpaMaduToBbiX MaccuBoB BocToyHo-
CaxanuHckoii ochomonuToBoii accoumaumm. Hosocmbupcek: Mspatenscto «'EO». 2015. 240 c.
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JlecHos @.[1., anbBepcer B.I-., umbanuct B.I., Turos A.T. MNepsble aaHHble 06 U-Pb
[aTMpoBaHUM M KOPEHHOM nnaTMHOHOCHOCTU  bBepesoBckoro  monmureHHoro  MadwT-
ynbTpamadutoBoro maccusa (0. Caxanun) // Jokn. PAH. 2010. Tom 433. N2 6. C. 792-795.

JiecHoB @.[1., KanutoHoB U.H., Ceprees C.A. I30TOMHbIA cOCTaB raHusA B UMPKOHAX U3
nopog, bepe3osckoro macut-ynsTpamaduToBOro Maccusa u ycnosus ero popmupoanus (o.
CaxanwH) // Teoxumus (B neyatn).

U-Pb n30oTonHbIn BO3pacT NOSIMXPOHHLIX LMPKOHOB U3
ynbTpamMadUTOBbIX MACCUBOB IOr0-BOCTOYHOIO CKIaa4aToro
o6pamneHus kpatoHa CaH-PpaHuucko (OB bpa3unus)

NecHos ®.M.", MuHxeipo M.A.N.2

! UHCcTuTy T reosiormm n muHepasiormm CO PAH, r. Hosocubupck, Poccus. e-
mail lesnovip@list.ru, ? bpasunbckas reosiornvyeckas cryxoéa, r. beny
Opu3zorte, bpaszwins. e-maill marcopiacentini@gmail.com

U-Pb metogom (SHRIMP II, BCETEW, r. CaHkT-leTepbypr) nony4yeHsi
nepBble [aHHbIE MO MW30TOMHOMY BO3pacTy M TrEOXMMUW KPUCTansoB
LMPKOHA M3 NopoA ABYX HebGonbLlMxX ynbTpamMaduUToBLIX MaccuBoB - Po3eTa
(nepuonnT, ONMBMHOBBLIA OpTOMMpoOKCEHUT) u Koppero pga Apes
(ONMBUHOBLIN OPTOMUPOKCEHNUT). OTU MacCMBbI  3anerarT cpeau apxeu-
NPOTEPO30MCKMX MeTamopdunyecknx obpazoBaHWUA KOXHOIO CKag4vaToro
obpamneHua kpatoHa CaH-PpaHunucko (OB Bpasunua). Kpuctannbl
LMPKOHA U3 nopoA 3TUX MacCUBOB OTNMYAOTCA Mo  Mopdonorum,
WHTEHCUBHOCTM W XapaKTepy KaTOAOMOMUHECLEHTHOIO CBEYEeHUsi, Mo
OCOBOEHHOCTAM OCUMIMMATOPHON 30HANbHOCTW, a TakXe Mo XapakTepy
pacnpeneneHna peko3emMesbHbIX U ApYruX aIEMeEHTOB-NpuMecen (puc. 1).
Bcero 6bino BbiNonHeHo okono 50 onpegeneHuit M30TOMHOrO Bo3pacTa
KpUCTanmoB LMpKoHa, 0TO6paHHbIX M3 Tpex KpynHorabaputHeix Npob nopop,
(JlecHoB n ap., 2017; JlecHoB n ap., B nevaTn).

Maccus Posera, pacnonoxeHHbin B 10 km k KO3 oT ropoga ApeHTuHa
(21°57'36.01", 10.w.; 44°20'17.97", 3.4.), CTPYKTYPHO NpUypoyYeH K HaaBury
CeBepo-3anafHoro MNpoCTUpaHns, pasrpaHUyYuBalOLLEMY TOJSLWY KUAHWT-
MUKPOKIIMHOBLIX FHeNCcoB (knunn Kapeanxoc) u Tonuwy ¢enbawnaTuToBbIX
cnaHueB (Henn Jlnbeppage). ManouucneHHble KpucTannbl LIMPKOHa,
BblAeneHHble 13 Npobbl nepuonuTa, nokasanu Bo3pacTt B MHTepsane 800-
728 mnH. net. OHM NOYTM NMULLEHbI KAaTOAONOMUHECLLEHTHOIO CBEYEHUs "
OCUMNIISAATOPHON 30HANbHOCTM . YacTb U3 HUX OKpYXEHa PeakuVOHHbIMU
KanlMamu, KOTopble, KaK M 4aCTb KPUCTaNNoB, HEe UMEeLLMX, Nnokasanu
BO3pacT B WHTepBane 663-619 mnH. net. LleHTpanbHble 30HbI MHOMMX
KPUCTanmnoB U3 Nepuonuta HeCcKoNbKo oborauleHbl peako3eMesbHbIMU U
OPYTMMU  3rIEMEHTaMU-MPUMECAMN MO CPABHEHMIO C UX pPeaKUMOHHbIMMU
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Kamamn. BospacT KpucTannoB LUMPKOHA U3 nNpobbl  ONMBMHOBOIO
OpTOMMPOKCEHWTaA M3 3TOr0 MaccuBa, WMEIOWMX YMEPEHHOE Mo
WHTEHCUMBHOCTU  KaTOAOMIOMMWHECLIEHTHOE CBEYEHME U  OTHETNMBYIO
OCLMNNATOPHY 30HANbLHOCTL , BapbupyeT B nHTepsBane 622.6-596.9-mnH.
ner.
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Puc. 1. CnekTpbl pacnpepgenexus XOHAPUT-HOPMMUPOBAHHBIX copepxaHui
penKo3eMerbHbIX 31EMEHTOB B NMPeACTaBUTENbHbIX KpUCTannax LyMpKoHa fiepuonnta Maccvsa
PoseTa 1 onuBnHoBOro opTonmpokceHutTa maccuBa Koppero ga Apes (Mo AaHHbIM MeToga LA
ICP-MS). Undpamn okono crnekTpoB 06Go3HaAYeHbl HOMeEpPa TOYEK CbeMKW, PacrofioXEHHbIX
BAOMb Mpodunen, nepecekawWwmx Kpuctannbl OT opHoro kpas (Toukm 1, 2) po
NPOTMBOMOJIOXHOrO (ToYkM 23-25)

Maccus Koppero ga Apes, pacnofnioXeHbln B NpoBUHLMKM KappaHuec, B
55 KM K ceBepo-3anagy oT MaccuBa Poseta (21°30'53.859", io.w.;
44°34'2.661", 3.4.), uMmeeT QOpPMYy BbITAHYTOrO B MEPUANOHANbHOM
HanpaBneHun fMH30BUAHOIO Tena MPOTAXEHHOCTbID OKOMI0 2 KM Mpu
wupuHe okorno 40 M. OH CTPYKTYpHO MpUypodeH K cybmepuanoHanbHOMY
HaBUry, HaKMOHEHHOMY B 3anagHoOM HarnpaBneHun. B obpamneHum
MaccuBa OOHaxawTCA CTaBpONMT-rpaHaToBble  ChaHubl, KBapLuThl,
6roTuToBBIE THENCHI U amdpubonuTel. Kpuctansnbl UMpKOHa, BblAENEHHbIE U3
nNpobbl ONMBMHOBOrO OPTOMWPOKCEHUTA 3TOr0 MaccuBa XapakKTepu3yrTcs
YMEPEHHbIM [0 WHTEHCUBHOrO KaTOAONMOMUHECLEHTHbIM CBEYEHUEM W
TOHKOW  OCUMNNISITOPHOM  30HANbHOCTbLHO. B Hux  Habniopaetcs
HepaBHOMEpPHOe pacnpefeneHne pefko3eMenbHbIX 3M1IEMEHTOB U OpPYrux
3IeMeHTOB-NpUMecei. B HUX onpepeneHbl NOBbILWEHHbIE copepxXaHus U u
Th. B cBoemM 60nbLUMHCTBE 3TW KpUCTanfbl MOKa3anu O4YeHb OPEBHUN
n3o0TonHbIM Bo3pacT (2558-2100 mnH. neT) (puc. 2).

lMpepnonaraetcs, 4TO NpoOaHaNM3MpPOBaHHbIE KpUCTanbl LMPKOHA
npencTaBfieHbl TPEMSA FEHETUYECKUMM pa3HOBUOHOCTAMU: 1) penuKToBble
KpucTannsl u3 nepuonuta mMaccuBa Po3eTa; 2) CUHreHeTudeckune
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KpucTannbl W3 OPTOMMPOKCEeHWTa MaccuBa Po3eTta; 3) KCeHOreHHble
KpuUCTannbl M3 OpTOnuMpokceHuTa MaccuBa Koppero pga Apes. 3OTu
ynbTpamaduToBble MaccuBbl paccmaTtpuBaloTcs B kavecTBe cnabo
3POAMPOBAHHLIX MPOTPY3UBHbLIX OJIOKOB  (OTTOPXEHLEB) TEKTOHMYECKM
dparmMeHTMpPOBaHHOIO LokemMbpuiickoro 0hnoNnTOBOro MacuT-
ynbTpamaduMTOBOro KOMMJIEKca, 3anerawwero Ha rnybuHe cpeam
WHTEHCMBHO MeTaMop(n30BaHHbIX apXen-npoTepo30oMNckMx obpa3oBaHUit
FOXXHOro cknapg4vaToro o6pamseHusi kpatoHa CaH-PpaHUnCKO.
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Puc. 2. [marpamma Cc KOHKOpAMEeW AN LMPKOHOB M3 OSIMBUHOBOIO OPTOMUPOKCEHUTA
MaccuBa Koppero ga Apes
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Otanbl 6a3uT-ynbTpabasntoBoro MarMaTu3ma B paHHeM
nokembpun Capmatum

Jlo6a4y-XyueHko C.b.

Uurr PAH, r. Caxkr-lMerepbypr

Ona  paspaboTkm reoaMHamMmuyeckux  mopenen  opmMupoBaHUs
KOHTMHEHTanbHON KOpbl BaXHeWWVMW NapamMeTpaMun SBASTCA Bpems
CTaHOBMIEHNA W NPUpoAa OCHOBHOMO U YNbTPAOCHOBHOrO Marmartuama.
PelueHune 3Tnx BONpoOCOB OCMOXHSETCS nonnmeTaMmopduyeckon ncropuen
fonbluer 4YacTu paHHEeOOKEMOPUWCKMX PErvMoHOB WU OrpaHWyYeHusiMu
N30TOMHbIX METOAOB, UCMOMNb3yEMbIX /1 AaTUPOBaHWA NOpPoA, OCHOBHOIO U,
0CObEeHHO, YNMbTPAOCHOBHOIO cocTaBa. B nocnegHue rogbl nosABUNUCH
paboTbl, AEMOHCTpPUPYKOLLME MPUCYTCTBUE LUPKOHA B YJIbTPAOCHOBHbIX
nopogax (Hanp.[1]), yTo no3sondeT ucnonb3osaTtb U-Pb gatnposaHue atmx
nopog no uupkoHy (SIMS SHRIMP Il), pesynbTtaTbl KOTOPOro NMOMOXEHbI B
OCHOBY HaCTOSILLEro coobLLeHus.

B paHHem pokembpun CapmaTtum (pparmeHT dyHaameHTa BocTouHo-
EBponenckon nnaTtdopmbl) AOCTAaTOYHO  XOpPOLWIO  FEeOfiorMyeckn U
reoxpoHonornyeckn ulydyeHol BopoHexckui maccue (BKM), Mpuazosckas
(M), CpepHenpugHenposckasa (CIMM) u [OHectposcko-byrckas (OBIT)
npoBuHUMM YkpauHckoro wuta (YLWU). B Hactosiwee Bpems B ux
dOopMMPOBaHMN MOXHO BblAENUTbL Creaylowue 3Tanbl OCHOBHOMO U
yNbTPaoCHOBHOIO MarmMaTuama.

1. OpesHenwun atan (T3.65 mnppg net) yctaHosneH B ABI1, MM 1 BKM.
B [OBM npu un3yvyeHun Kpuctannuyeckmx cnaHueB (MeTabasanbToB wu
MeTakoMaTUUTOB), NPUCYTCTBYIOLLMX B BUAE BKJIIOYEHMUI B
rHenicoaHaepbutax CpepgHero Mobyxba ¢ Bo3pactom 3.70-3.79 mnppg net
[2]. Bo3pacTbl KpucTtannmyeckmnx cnaHues coctaBnsaT 365919 mnH net [3]
n 3640+12 mnH net [4]. B MM Bo3pact -3.65 mnpa net nonyveH Ansg
dnoronntoBoro optonupokceHnta u3 Opexoso-lMaBnorpagckon 3oHbl YL
[5]. B Kypckom 6noke (BKM) ppeBHelwMe OCHOBHble Mopoapbl
npeacraBneHbl amdpubonutamm OOOAHCKOrO KOMMMEKca, B  KOTOPbIX
BO3pacT MarMaTuyeckoro sapa UumpkoHa paBeH 366715 MnH net npu
Bo3pacTe Kanm 364716 mnH net [6, 7]. Takum o6pa3om, Ha 3HAYUTENBHOMN
yactn Capmatum ~3.65 mnpg neT Hasag npoucxoguno ¢opmupoBaHue
6a3unToB.

2. Ha artane 3.3-3.4 mnppa net 6binv copmmpoBaHbl NarMoknasoBble
opTonupokceHuTol B Bl (B HUX KOHKOpAAHTHbLIN BO3pacT MarmMaTnyeckoro
uupkoHa paBeH 3320220 wmnH  net  [8]). [lposiBneHus  6a3uT-
ynbTpabasnMToBOro MarmaTuama Takoro BoO3pacTa B [ApYrux pervoHax
CapmaTtum noka He 06HapyXeHbl.
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3. Ha 3HauuntenbHom u4actm Capmatum 3.2-3.0 mMnpa net Hasapj
npovcxoauno (oOpMMpOBaHWE TPaHMT 3eMeHOKaMEHHbIX —accouuauumm.
Bospact 6a3anbT-KOMaTUUTOBbLIX CEpUil  OMNpepenseTca  BO3pacToM
CUHXPOHHBIX C HUMW KUCNbIX BynkaHutoB. Ha BKM - 3710 puopauutbl €
Bo3pactom 3152110 mnH net [7], a B CIII - kucnble BYNKaHWUTOB,
nanuewuecsa 3.14-3.03 mnpg net Hasap (U-Pb, TIMS) [9]. B MMM pgna
3eNneHOKaMEHHbIX MOPOA, UMEETCH TONbKO Bo3pacT aHae3nTa - 3095143 mrH
net [9]. B Kypckom 6noke BKM, noMMMO BYNKaHUYECKUX CEpPUN, K 3TOMY
atany OoTHOCHUTCA CTaHOBJIEHNE CeprueBckoro rab6po-ayHuT-
nepuaoTUTOBOrO KOMMMEKCa: LUMPKOH M3 CeprneHTMHUTa KOTOpOro umeet
Bo3pacT 3130x12 mnH net [7]. Takum obpa3om, obpas3oBaHne GasanbT-
KOMaTUUTOBbLIX CEPUIA U KOMMIEMEHTAPHbIX UM NITYyTOHUTOB UMENO MECTO B
unHtepBane 3.15-3.0 mMnpa neT Ha 3HAYUTENbHOW 4YacTu TeppUTOpPUM
Capmatum.

4. Ha atane 3.0-2.8 Mmnppg net npoaonXatTca aKTUBHble 3HOOrEHHbIe
npoueccel. B Bl nponcxogmno BHegpeHue nepuaoTMTOB U NocneayoLlmne
WHTEHCMBHblE pAedopMaumn 1 rpaHynutoBbin  MeTamopuam. Bospact
UMpKOHa u3 pavikm rapubypruta - 2814+51 mnH net [10]; xpomuTtuTa
KanutaHoBckon wuHTpy3um ~3 wmnpg net  (Re-Os  wmetop, [11]).
MpepnonoxutensHo, B CI B 310 Bpems 6binv chopMUpoBaHbl Aalikyu 1
LWTOKM H6a3uToB-ynbTpaba3nToB [eBnagoBckoro komnnekca. Ha 3anage MMM
obpaszoBancs KpynHbii OBUTOYHEHCKNIA KOMMEKC, COCTOSALLMIA U3 UHTPY3UNA
rabbpo, kBapueBbix ra6bpo (2920+13 - 2909+17 mMnH net) u paek
ropHbnengutoB (291115 mnH net) [12]. B Kypckom 6noke BHeapunacb
cepuvs MHTPY3ui rabbpo ¢ Bo3pactammu 2920112, 2908111 n 2885+12 mnH
net [7]. BaxHon ocobeHHOCTbO 6a3MTOBOro MarmaTuama 3Toro aTana
ABMAETCHA ero OfHOBPEMEHHOCTb C FPaHUTOUAHLIM MarmMaTu3mMmom [7].

5. MNocne 3Hau4uTENbLHOrO nepepbiBa akKTUBHbLIA M pa3HOOOpPa3HbIN Mo
cocTtaBy 6a3uT-runep6asnToBbIN MarmMaTuam Bo3obHosunca 2.1-1.85 mnpa
net Hasag. B Kypckom 6noke oH npeacTaBneH OyHWUT-NepuaoTut-rabbpo-
HOPUTOBbLIMMW UHTPY3USMUN 30510TYXMHCKOro Komnsiekca u 6onee monogbiMu
Tpannamu CMopoauHckoro komnnekca [12]. Ha Boctoke BKM B Xonepckom
6noke - 2ato EnaHckuin, MamoHckuin ©n HOBOronbCKuin KOMMMEKChI
HUKeneHocHbIX uHTpy3uin [13]. B TI[1 B 3TO0 Bpema BHeapunucb
YepHUroBCKUN MacCuB LLLENOYHO-YNIbTPAOCHOBHLIX MOPOA U KapboHATUTOB
(2060 mnH net) n poun 6a3uToBbIX Aaek ¢ Bo3pactom 1950-1995 mnH net
[14]. B OB atany 2.0-1.9 mnpa net otBeyvaloT Aariku 6a3anbTOBOro M
cybuwenoyHoro coctaBa [15], cTaHOBMNEHME KOTOpbIX MNPOUCXOAWNO
CUHXPOHHO C rpaHynuToBbIM MeTamopduamom [3, 15]. O6pazoBaHue
pas3nnyHbIX NO COCTaBy MacMTOBLIX Aaek OTMEYeHO M K 3anagy ot [OBbl, B
BonbiHckom 6roke [16]. OcHOBHasi YacTb NPOTEPO30WMCKOro MarmaTuama
paccmaTpuBaeTCs NPOUCXOAMBLLMM B YCINOBUSIX KpaTOHM3aUMnM TEPPUTOPUN.

WccnepoBaHns BbINoOfHeHbl B pamkax roc3aganva WIMMO PAH NeNe
0153-2018-0012,0153-2018-0007.
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Ooapxenckuin BO3pacT UMPKOHa U3 meTabasanbToB
(Macbunyecknx rpaHynuToB) Mobyxbs (YKPaUHCKUM LLUT)

No6au-Xyuenko C.B.!, Kaynuna T.B.2, IOpuetko A.B.", Ceprees C.A.>*

"MIrTg PAH, r. Carkr-lerep6ypr; It KHL| PAH, r. Anatutsl;, >BCETEU, r.
Cankr-llerepbypr, *WH3 criery, r. Carkt-lTerepbypr

Madomueckue rpaHynuThbI (meTabazanbThbl), npeacraBfeHHble
OBYMUPOKCEH-NNarnoknasoBbiMN  KpUCTaNSIMYECKUMM  CriaHLaMu, LIMPOKO
pacnpocTpaHeHbl B rHencoaHaepbutax Mobyxbsa [1]. BoigeneHHbIn u3 Hux
LMPKOH, KakK npaBwuio, oOTpaxaeT BpemMs BTOPU4YHbLIX MPOLLECCOB
nepekpucTannusaumm, Aedopmaunii n BbICOKOTEMMNEPaTypPHOro
meTamopcmama. Tak, Kpuctannmyeckuin cnaHey, o6bpasua URS82/4,
COCTaBMAWMN  YacTb  MHOrokpatHO AedOpPMMPOBAHHON  NUH3bI U
pacnonoXeHHbIN BOAN3W [PYyroro KpUCTaniM4eckoro crnaHua - obbekTa
OaHHOro COOOLLEHUA, COOEPXUT MENKWMA OKPYIMbI  LMPKOH, KOTOPbIN
OoTpaxaeT BO3pacT rpaHynuToBoro metamopdwuama 2958185 mnH ner.
Bospact no HuxHemy nepeceyeHuto guckopaum - 1741+150 mnH net -
COOTBETCTBYET BO3pacTy rpaHata 1747+11 mnH net, nonyyeHHomy Sm-Nd
meTofoM [2]. Hamu 6bin M3yuyeH LMPKOH M3 KpUCTanIM4Yeckoro crnadua
o6pasua UR89/16. 3ToT KpucTannmMyeckuin cnaHew nmeeT NpUHLMNNANbBHO
MHOE Treonorn4yeckoe nosioxeHne no cpaBHeHuio ¢ UR82/4: oH
npeacraBnsieT coboW  KCEHONUT BHYTpU THenco-aHaepbuta  (puc.1).
HencoaHpepbutbl 06pa3ylT 4YacTb 30Hbl CABWUMOBOFO  MACTUYECKOro
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Teyenns [3], pacnonoxeHHon B [lHecTpoBCKo-Byrckon npoBuHUMK, B
ceBepHon yacTu kapbepa Opgecckun (48°13' c.w., 29°59' B.4.).

HencosHpoepbut (o6p. UR82/1a), coctout u3 Qtz, Pl (aHgesuH),
Cpx+Opx, meHee 10% - Kfs, Bt u Amph, u cogepXuT LUPKOH,
MakcumasribHoe 3HayeHWe Bo3pacTa KOTOpOro, paccyuTaHHoe Mo
27pp/2%ph, okono 3.62 Mnpg net (Heony6nuKoBaHHbIe AaHHblE aBTOPOB).

KceHonuT kpuctannuyeckoro cnaHua (o6p. UR89/16) coctout ns Cpx
(15-20%), Opx (5-10%), Amph (15-20%), PI (20-30%), Bt (5%), Kfs (no 5%),
Qtz (ep.3epHa). AKueccopun: pyaHble MuHeparbl 1 uupkoH. 3epHa Cpx 0.5-
2 MM, B wnude npo3payHble, C BKIIOYEHUAMWU PYOHbIX MUHEpPanoB U
namensimm B Hambonee KpynHbIX 3epHax; NO CNaHOCTU M MO Kpasm 3epeH
pa3suBaeTca BTopuyHbin Amph. Opx (3epHa 0.5-1.5 mm) HaxoguTtcs B
koHTakTe ¢ Cpx. 3eneHbin Amph (3epHa 0.1-1 mm), B accoumaumm ¢ Cpx u
Opx. PyaHble MuHepanbl NPOCTPaHCTBEHHO CBA3aHbl ¢ nposirieHmem Amph.
Bt (3epHa 0.1-0.3 mm) passuBaetca no Amph. 3epHa Pl (N2 45, 0.1-0.8 mm)
NONMUCUHTETMYECKM CcOBOMHMKOBaHbI. CTpykTypa nopoppl rpaHobnacToBas.
Mo XUMUYECKOMY cocTaBy obpasey, cxopfeH c rpynnow
BbICOKOMarHe3uasnbHblX  KPUCTaNfIMYECKMX  CNaHueB, [Ans  KOTOpbIX
XapakTepHbl Bicokne cogepxanusa Ni, Co, Cr, HREE.

Puc. 1. KceHonut
KPUCTannmnyeckoro cnaHua B
rHeiicoaHaep6ute. O6H.UR82.
Kapbep Opecckun

N3yyenne unsotonHom U-Pb cuctembl B UMpKOHe BbinonHeHo B LN
BCEMEW Ha BTOpMYHO-MOHHOM MukKpo3oHae SHRIMP-II no metoauke,
onucaHHon B [4]. LimpkoH n3 obp. UR89/16, npeacTtaBneH aHregpasnbHbIMU
1 oBasibHbIMW 3epHaMu CO cnabblM KaToAONMIOMUHECLEHTHbIM CBEYEHUEM.
Bonbluas yacTb 3epeH NMeeT CBETIIble KalMbl.

Ha U-Pb gmnarpamme c koHkopauewn (puc. 2) aHanuTMyeckue paHHble
pa3genaiTca Ha age rpynnbl: ¢ Th/U otHoweHnem 0.3-0.5 1 0.6-1.3. Mo 6
TOYKaM MepBON rpynnbl BepxHee nepeceyeHne anckopaoum (CKBO=0.3)
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cooTBeTcTBYeT Bo3pacty 36441120 mnH net. BTropasa rpynna no 5 toukam
(OBe KOHKOpAaHTHbIE) onpenensaeT Bo3pacT 2842+85 MrH. ner.

S| 89/16 kceHonuT kpucTannocnanua Puc. 2. U-Pb pnarpamma
s C KOHKOpAWEN AnA LMpKOoHa
J U3 KpUCTaNNMYeckoro cnaHua
Mo6y>xcKoro komnnekca
(o6pazer, UR89/16)
o
Intercepts at 21
06 1609+£350 & 2842485 Ma
MSWD = 0.41 (n=5) / Intercepts at
2800 B.1 1.1 2339+120 & 3644+120 Ma
6. /' 3 MSWD = 0.32 (n=6)
05 ? &
72
4,
04
Y ° 2 16 » 2 “Pb/U

Bospact 3.64 mnpa net CMHXPOHEH BO3pacTy LUPKOHa U3 Madmnyeckoro
rpaHynuta (3659+19 wmMnH net), duKcupylowero 3Ttan  OCHOBHOIO
ByfKaHu3ma [4].

Pabota BbinonHeHa npu  (UHAHCOBOWM MOAAEPXKE MNporpaMmbl
dyHOAMEHTanbHbIX nccnegoBaHun npe3snamyma PAH Ne19
«PyHpameHTanbHble  Npobnembl  reonioro-reouU3nyYeckoro  U3y4veHus
NUTOCEPHbIX MPOLECCOBY.
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Meoxumuyeckue ocobeHHOCTM U U3oTonHbIN coctas Nd B
pyAax v rpaHATonMaax Y pMUHCKOro refibBUH-6epTpaHaAuToBOro
MecTopoxzaeHus (3anagHoe 3abalikanbe)

JTbixuH O.A.

UTEM PAH, r. Mocksa

YpMUHCKOE renbBUH-6EPTPaHAUTOBOE MECTOPOXAEHWE HaxXoouTcs B
Y6yp-TalumpckoM pygHOM y3ne, 3aHMMaLWmMM 3anagHblil donaHr 3anagHo-
3abalikanbckon paHHEME30301MCKON 6epunnuneson NPOBUHLNMN,
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dhopMupoBaHue KoTopoi 6biNo cBA3aHO C OBpa3oBaHUMEM OLHOVMMEHHOM
paHHeme3030McKon pudToBOM 30HbI [1, 2]. 3Ta 30Ha npenacTaerneHa
cuctemolt rpabeHoB, BbIMNOSIHEHHBbIX BMMOpANbHBIMU - BYNIKAHUYECKUMM
accounaumsiMmn  LaraH-XypTemckom cepum K TpaccupyeMbiXx MaccuBamu
LENOYHbIX FPaHMTONOO0B MarloKyHanenckoro KOMMsekca M ero aHanoros.
MecTtopoxpeHne pacnonoxeHo B 6opTy  bBoprovicko  BnaguHbl,
NpeacTaBfsloOWEN 3anagHoe OKOHYaHue pudToBOM CUCTEMBI, rOe
NpUypo4YeHO K MaccuBy T[paHWTOMAOB  MOBLILEHHON  LLEMOYHOCTU
TalnpcKoro (ManokKyHanenckoro) komnnekca [3].

BepvnnueBsas MwuHepanusauua Ha MECTOPOXAEHWM MpeacTaBneHa
renbBUHOM M 6epTpaHAUTOM, KOTOpble PasBMBAKOTCHA MO MeTacoMaTUYeCKM
W3MEHEHHBIM rpaHUTOMAAM TalIMPCKOro Komnnekca. Pyposmelnarouime
rpaHMTOMAbl Ha MECTOPOXAEHMM MO COCTaBy OYEHb OAHOPOOHbI U
XapaKTepu3ylTCsl OTHOCUMTENBHO HU3KMMW KoHUeHTpauuamu Ba, Sr, P, Eu,
Ti 1 noBblWeHHbIMK copgepxaHuamn Rb, K, Pb uHorga U ¢ Hebonblunm
npeobnapaHmem LREE Hap HREE (La/Yb)n=4.3. BepunnueBas
MUHEepanu3aumMss Ha  MECTOpPOXAEHWM CBsi3aHa C  MPOSIBNEHMEM
nocTMarMaTU4ecKmMx MpoOLECCOB B TrpaHMTax - MUKPOKIMHU3aUuu,
remaTutMlauun, anbbuTmszaumm w okBapueBaHuto. MeTacoMaTutbl MO
CPaBHEHUIO C TrpaHMTOMAaMM  XapakTepuaylTca 6Oonee  HU3KMMU
cogepxanuamm Si0O,,TiO,, Na,O, K,O, Ho 6onee 6oratel - Fe, MnO.
MeTacomaTuyeckan nepepaboTka Nopof COMpoOBOXAanacb YBeNUYEeHUEM
cogepxaHnun Co, Zn, Pb, Sr, Y, Zr, Ba, Th, U REE, copepxaHvne Be
HepaBHOMepHO oT 750 go 25000 r/T. OTmMeyvaTCca YETKME NONOXUTENbHbIE
koppensiuun Be c U, Zr, REE, Fe, meHee 4étkne ¢ Th, Y, Mn, P,Os5 u
obpaTHasa koppensauuio ¢ SiO,. Ha gnarpammax pacnpeaenenus Yb, Y, Nb,
Be n REE otHocutenbHO Zr cocTaBbl HEW3MEHEHHbLIX FPaHMTOMAOB U
6epunnueBbix pyn o06pasylT npsMylo  Koppenauuio ¢ oboralleHnem
KOHEYHbIX MPOU3BOAHbLIX peakumu anemeHTamu. Kak npaeuno, Hanbonee
oboralleHHbIMU Zr aBnaTca GepunnueBble pyabl. Takoe cornacoBaHHOe
noBeAeHNe HECOBMECTMMBbIX 3IEMEHTOB CBUAETENbCTBYET O HAKOMEeHUu
PYOHbIX KOMMOHEHTOB B XOAe Marmatmyeckon aunddepeHumnaumm
pacnnaBoB. Ha [AWCKPMMWHAUMOHHBLIX MNETPOXMMUYECKMX JuarpaMmmax
cybLLenoYHble rpaHUTOMAbI U rpaHUTOuAbl C HaNoXeHHow Gepunnueson
MUHepanu3auMen nonagalvT B MNofie COCTaBOB rPaHUTOB A-Tuna Mu
BHYTpUNAuUTHbIX rpanntoB (WRG).

BennunHa ¢€y(T) B rpaHutax W MeTacomaTutax MeHsieTca He
cywiectBeHHo oT -4.86 0o -5.43. Bbino npoBeAeHO cpaBHEHUE M30TOMHOMO
coctaBa Nd M3y4eHHbIX FPaHUTOB C PacnpoCTPaHEHHLIMU B 3TOM PErvoHe
nnarnorpaHnuT-AUOPUTOBBLIM  OKUAMHCKMM  KOMIMJIEKCOM, TpaHUTOMOaMM
AHrapo-Butumckoro 6atonuta u BynkaHUTamum XamOWHCKOM BnaguHbl U
LaraH-xyHTENCKOW CBUTbI, @ Takxe C rpaHutongamum ¢ EpmakoBckoro Be
mectopoxgeHusa [2, 4, 5]. Ha pgnarpamme gyy(T)-Bo3pact (puc.)
durypatmBHble TOYKM COCTABOB W3YYEHHbIX TPAHUTOMAOB YPMUHCKOrO
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MECTOPOXAEHNA HaxOoAATCA KOMMAKTHO Ha rpaHuue Mons COoCTaBoB
BMELLALWMX OCaA0YHbIX U MeTaMOpdOreHHbIX MopoAd. 3HauUTenbHO
OTNNYAOTCH OT M3YYEHHbIX TPAaHUTOB FPaHUTOMAbLI CXOOAHOro EpMakoBcKoro
MECTOPOXAEHMS U OAHOBO3PACTHbIE C HUMMW BYNKAHWUTLI LiaraH-XyHTENCKoM
cBuTbl. Bornee Monopable ByNKaHWUTbI, cnaratiowme XamMOUHCKYIO BraauHy,
TakXe WUMElT OTNUYHble 3HauyeHus. BruMakue 3HauyeHUs UMEKT LLIMPOKO
pasBuTble B permoHe OAHOBO3pacTHble rpaHuTomapl AHrapo-Butumckoro
6aTonuTta. [paHUTbl C YPMUHCKOrO MECTOPOXAEHMS fexaT Ha efAuMHOM
TpeHae aontouun coctaBa Nd ¢ BMeLwaoWmMm Ans HUX KONNIM3UOHHBbIMU
HUXHENaneo30oMCKUMUN NNarmMorpaHnT-aAuopuTaMmn AXUANHCKOro KOMMeKca.
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Pucyrok. Qnarpamma eNd(T) - BO3pacT Ans rpaHNTonaoB Y PMUHCKOrO MECTOPOXAEHUS.

1 - YpMuHckme rpanntongsbl; 2 - 6asanbTbl 0hMoNnTOBOro KoMmnnekca I XnanHCKON 30Hbl; 3
- OCTPOBOAYXHbIE FPaHUTbI; 4 - KONMU3NOHHBIE HUXHEMANE030MCKNe NarnorpaHuT-aAMopuTsbI
OxvpouHcko 30Hbl; 5 - rpaHutouabl Adrapo-Butumckoro 6Gatonuta; 6 - rpaHuTouAbl
EpmakoBckOro mectopoxaeHusi; 7 - BYNKaHUTbl LaraH-xypTeMcKOW CBUTHI; 8 - BYNKaHWUTbI
XambuHa; 9 - none sBonouunM usoTtonHoro coctaBa Nd 0MONMTOBOrO M OCTPOBOAYXHrO
KomnnekcoB [OxupuHckon 3oHbl; 10 - TpeHg a3Bomoumm coctaBa Nd  KONMM3MOHHBIX
KOMMNEKCOB [IXUNHCKOWN 30HbI

YCTaHOBNEHO, 4YTO TFEOXUMWUYECKNE XapPaKTEPUCTUKM TPaHUTOMOOB MU
MeTacoMaTUTOB BNIM3KM MO LUMPOKOMY KpYry HECOBMECTUMbIX 311eMeHTOB.
Te, U gpyrne obnafalT OTHOCMTENIbHO MOHUXEHHBIMU copepxXaHuamu Ba,
Sr, P, Eu 1 noBblweHHbiMK Th, U, Pb, Zr, Hf, npuyem cteneHb oboralueHus
pyn, aTMMn anemMeHTamu naensetcs 6onee Bbicokon. CopepxaHua Be B
pydax Koppenupyetca C copepXaHueMm paga  penkux  S1eMEHTOB,
WHOVKATOPHbIX AN BMELAlWMX TpaHUTOB. BbisiBNeHHOe ¢€xoacTBO
reoOXMMNYeCcKMx XapakKTepucTuk, a TakK Xe wu3oTonHoro cocTtaBa Nd
rpaHMTONAOB U GepunnmeBbIX pyn NO3BOMMIO CAENaTb BbIBOA O TOM, YTO
dopmMupoBaHne YpPMUHCKOrO MECTOPOXAEHUs OblNo  COMpPSiXeHo C
3BOJIIOLMEN MarMaTUYEeCKMX pacniaBoB.
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BospacT 1 reonoruyeckoe nosioXXeHme MycKoBUT-GITIIOOPUT-
9BKIa3-6epunnoBoro MecTopoxaeHus pagyra (3anagHbii
CasH)

Nbixud A.A.", BopoHuos A.A.2, TpaeuH A.B.2

"MIIrEM PAH, r. Mocksa, *MIrX CO PAH r. Upkytck; *UruM CO PAH r.
Hosocnbupck

B npenenax BocTouyHon 4yactu Antae-CasHckon cknagdaTon obnactu
(ACCO) n toxxHoM obpamneHun Cubupckon nnatdopmbl M3BECTHA OAHA U3
Hanbonee BaxHbIX peAKoMeTarnbHbIX NpoBuHUM Poccun [Apmontok, 2011].
30ecb CKOHLEHTPUPOBaH pSf, KPYMHbIX MECTOPOXAEHUN pefKUX MeTarros,
penKux 3neMeHToB M pefKux 3emens - [onbuoBoe, BuHakosckoe, berno-
3umuHckoe, TarHuHckoe, ApbicKaH, TocTbir, Ynyr-TaH3ek, 3alumxmHckoe u
Op. 3TN MecTopoXAeHMSA BO3HUKNW B pa3Hble MeTanioreHn4eckne anoxm un
B pa3HblX reoTeKTOHMYecKux o06CTaHOBKax, YTO OMPEeAenuno Takke U Ux
pa3nuyHylo MeTarnnoreHmyeckyo cneuuduky. [Jo cux nop pna MHOrUX
MeCTOpPOXAEHUN OTCYTCTBYET OOCTOBEpHas WHdOpMauua O BO3pacTe MX
dopmMupoBaHNda,  YTO  3aTpydHAET  YyTOYHEeHWe  3aKOHOMepHoCTen
NposIBNEHUS MeCcTopoxaeHun B cTpykTypax ACCO. Hamu 6binv npoBefeHbl
reoXpoHOJSIOrMyYeckMe WCCNefoBaHWsA Ha  KpynHenwem 6epunnmeBom
mMecTtopoxaeHun Kunsup-Kasbipckonn 30Hbl - Papyra. OHO oOTHOCUTCA K
6epunn-nioopuT-cNIoAsHbIM ~ MeTacoMatuTaM  Fpe3eHoBOro  Tuna
[KynpusHosa, 2011].

MecTtopoxpeHne Papyra HaxoguTca B 6noke kapOoHaTHbIX MOpop,
YPMaHCKOW CBUTbI, N03aHee puUgenckoro Bo3pacTta, crnararwmx aapo ropet
aHTUKNMHanNW. Jlokanusauma MecTopoOXAeHUS KOHTponmpyeTcs PblIOUHCKUM
pasfiomMomM, ABAAKWMMCHA oTBeTBneHneM KaHoaTckon 30Hbl pas3fnomoB
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[KynpuaHoBa, 2011]. O6pa3oBaHMe MECTOPOXAEHMUS CBS3bIBAT C
BHeApeHNeM  cyOLenoyHblx  rpaHuToB  [MonepeyveHckoro  MaccuBa
6ennbIKcKoro Kommnnekca, Haxopsuweroca B 12 kKM oT Hero. Bbigensiercs
YyeTblpe pyAHble 30HbI CEBEPO-BOCTOYHOIO MPOCTMPAHUSA, NPOTAXEHHOCTbLIO
150-600 m, npu mowHocTn 4-70 M. naBHble MUHepansl pya - hnoopuT,
MYCKOBWUT W 6GepunnueBble MWHepanbl, TakXe NPUCYTCTBYIOT - KBapu,
anbbut, MWUKpOKNWH, pofioMuT K Toma3. OcHOBHble GepunnueBble
MUWHeparnbl - 6epunn u 3Bknas, B MEHbLUEM KOSIMYECTBE MPUCYTCTBYIOT Tak
Xe peHakuT, xpusobepunn u 6epTpaHauT, cpepHee copepxaHune BeO -
0.18%.

Ona Ar-Ar reoxpoHONorMyeckoro uccnegosaHuss wu3  roopuUT-
6epunnueBbix pyn Obin BblAeNeH MYCKOBWUT, aHanu3 KoTtoporo 6bin
BoimoniHeH B OUMITM CO PAH. B cnektpe wMyckoButa okono 98%
BblAENEHHOrO “"Ar 06pasyloT cemMucTyneHYaToe nnaTto, COOTBETCTBYIOLLEE
Bo3pacTy 469.3+4.5 mMnH. net. WHTerpanbHbii BO3pacT coBnagaetr B
npegenax norpewHoctn - 468.9+4.4 mnH. net. Mo mMumo, 3Toro 6binK
nposefgeHbl  K-Ar reoxpoHOMOrmyeckme WccnepoBaHus Mo TOMy  Xe
myckosuTy B UFTEM PAH. lNony4yeHHbin Bo3pacT coctasnseTt 44919 mnH.
net, 6nm3ok K oueHke Ar-Ar METOOOM M CKOpee BCero, COOTBETCTBYET
BpeMEHU 3aKkpbltua K-Ar W30TOMHOW CUCTEMbI B MYCKOBUTE. Takum
obpa3omM, MOMyyYeHHble  FEOXPOHONMOrMYECKME  AaHHble  MO3BONAT
3aKNo4YnTb, 4YTO Obpa3oBaHue OepunnMEBbLIX pYyA Ha MECTOPOXAEHUE
Papyra npounzowwuno 469.3+4.5 mnH. ner.

[MonyyeHHble HaMM rEOXPOHOJSIOTMYECKME [aHHble YKas3biBalwT Ha
CpefHEeOpAOBMKCKMI BO3pacT 6epunnmeBoro opyaeHeHus. OTOT pe3ynbTar
XOpOLLO cornacyeTcd ¢ AaHHbIMKU Mo Bo3pacTy [lonepeyeHckoro maccuBsa
465 mnH. net [KynpusHoBa, 2011]. Yto nossonseT cBasaTb obpa3oBaHue
MecTopoxaeHusa Papyra c paHHUMU cTagusmmn popmupoBaHus AnTae-
CasiHckon cknagyaTton obnactu, Korga B ee npefenax B paHHEM U CPEOHEM
OpPOOBMKE  BO3HWKAW  MHOFOYUCIIEHHbIE  TPAHUTOWAHbIE  MAYTOHBI,
obbeamHsAeMble B paMKax paHHEenaneo30nCcKo MarmMaTtuyeckom npoBUHLMK
LleHtpansHoun Asum [PygHes, 2013; Yarmolyuk, 2014].

dopmupoBaHme mMectopoxaeHus Pagyra npoucxoamno B y3kon Knsnp-
Kasbipckon 30He KOHTponupytowlerics Kangatckum pasnomom. B aTon 3oHe
npovcxoauno opMuMpoBaHWe ellé psaa MacCHMBOB LLEMOYHbIX FPaHUTOB
NPOTSAHYBLUMXCA BOOJIb HEFO LLEeNoYkomn BbixogoB 6onee yem Ha 200 km. K nx
yucny oTHocAaTcAa MaccuBbl: OkyHEBckMM (481 mnH. neT [JTbixuH, 2017]),
ApbickaHckuii (473 MPH  NneT, HawuM HeonybnukKoBaHHbIE [aHHbIE),
KatyHckui (455 mnH. net [KoctuubiH, 1998]). B npegenax 3Ton Xe 30HbI
pacnonaratoTcs [MoceneHckMn maccuB ¢ pasaMy LENOYHbIX U aMa30HUT-
anbbuToBbix rpaHuTtoB [KynpusHoa, 2011], Arcyrcknii MaccuB LLENOYHbIX
rPaHWTOB W PsA APYrvMX, KOTOpble MOKa He WMEKT reoXpPOHONOMMYECKOM
XapakTepuctuku. Bce atn maccuBbl 06beanHAeT hopMaLMoOHHOE CXOACTBO,
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a Takxe oboralleHne uX nopop PeaKMMM 3feMeHTaMU U MeTasnnamu
BMMOTb [0 PpyAHbIX KoHueHTpauuin [KynpusiHoBa, 2011]. [lMogo6Has
COMPSXEHHOCTb LENOYHOrPaHNTOMOHOIO Marmatuama U pegkomeTanbHOW
MWHepanu3auumn no3BosisieT paccmaTpuBaTtb 06n1acTb CoYsieHeHUst XpebToB
3anagHoro un BoctouHoro CasfHa c pasgenswowum ux KaHpaTckum
pa3noMoOM B KayecTBe 30Hbl pa3BUTUA peLKOMETanbHOro mMarmatuama,
cneumanuanpoBaHHoro Ha Be, W, Mo, Zr, Nb, REE. OTa 30Ha cornacyeTtcsi €
GepunnueBoHocHon BocToyHo-CasiHCKOW  METanfioreHUYeckon  30HOW
[KynpusHoBa, 2011], 4TO no3BONsIET paccmaTpuBaTb €e Mnog TeM Xe
Ha3BaHWeMm. Hanuume Takonm 30HbI CBUAETENBbCTBYET O [OCTaTO4YHO
BbICOKOM MeTannoreHM4eckom noTeHunane  paHHEeNnaneo30MCcKoro
BHyTpunAuTHOro marmatmuama B ACCO, n no3BonsieT BblAeNsTb B UCTOpUN
€e pa3BuUTUA paHHEeNaneo3o0MCcKy peaKoMeTasbHYH0 3MoXy.
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Bo3pacT u U30TONHO-reoXMMn4Yeckas Xxapaktepucruka
PYAOHOCHBIX YnbTpaMaduT-maduToBbIX UHTPY3UBOB
MonspHoit Cubupu: reHeTU4ECKoe U NPUKIIAAHOE 3HAYEHMUE

Manuy K.H.!, Cnyxenuku C.®.2, Benoycosa E.A.%, Baganuna U.10.",
PomaHos A.M.*

"vrur YpO PAH, EKarepMH5pr' 2UIrEM PAH, Mocksa; 3}/HMBepCMTeT
Makyopu, CupaHed, " KHUNT uMC, KpacHospck

"maBHas LefNb BbIMOMHEHHbIX UCCNEA0BaHNI 3aKoyanach B BbIIBIEHWM
N30TOMHO-TEOXUMUYECKNX  XapaKTepUCTUK  CUIIMKATHOrO W pPyLAHOro
BellleCcTBa Pas3fIMYHO PYAOHOCHBIX YynbTpamaduT-MaguTOBbIX WUHTPY3UBOB
Hopwunbckon n TanMbIpCKON NPOBUHLMM, MO3BOMSIOLWMX OLEHUTb BO3pacT U
ONUTENbHOCTb MPOLECCOB MarmMaTuama W pynoobpasoBaHusi, a Takxe
NPeanoOXwWTb  HOBble  M3OTOMHO-TEOXMMWYECKME  MHAMKATOpbl WX
pyOOHOCHOCTW. AHanuTuyeckue paboTbl BbIMOMHEHbI B YHMBepcutete

208



Makyopu (CugHen, ABcTpanusd), YHuBepcuteTe 3anagHon ABCTpanvu
(Mept, ABcTpanua), WHcTuTyTe reonormn u reoxummn YpO PAH
(EkatepuHbypr) n BCEIEW (CankT-lNeTepbypr). B noknage conocTtaBrneHbl
OpUrMHanbHble [aHHble MO BELLECTBEHHbIM M W30TOMHO-TEOXMMMUYECKUM
XapakTepucTMkam CUIMKaTHOro 1 pyaoHOro BewecTBa (M30TOMHbIE CUCTEMBI
U-Pb, Lu-Hf, O, Sm-Nd, Rb-Sr, Re-Os, S, Cu) ana rnasHbiX TUMNOB
ynbTpamaduT-madmnToBbIX UHTPY3MBOB MNonspHoin Cubupwu.

MonyyeHHble U-Pb aaHHble (6onee 700 aHann3oB) BMeCTE C AeTalNbHbIM
u3yyeHveMm MopdosiorMM, BHYTPEHHEro CTPOEHUA W TFeOXMMUYECKNX
ocobeHHOCTEN LMpKoHa 1 GagaenenTa M3 rnaBHbIX TUMOB MOPOA, PasfiMyHO
PYAOHOCHbIX ynbTpamauT-MaduUTOBbIX WHTPY3UBOB Hopunbckou
npoBuHumMn nos3sonunu [1, 3,4, 5, 7, 8 n gp.] BbIABUTbL HEM3BECTHbLIE CTaAUN
MarmMaTMyeckoW akTMBHOCTM B pernoHe, npeawecTBOBaBlUME TONeuWT-
6a3anbToBOMY MarmMatuamy c Bo3pactom 248.7+0.6 - 250.3+1.1 mnH net
[11 n pp.]. Ha ocHOBE M3yyeHns MMHEpPanoro-reoOXMMmMyYecknx ocobeHHocTemn
pa3HOBO3PacCTHbIX LMPKOHOB MOKasaHa WX MNOJIMrEHHO-NOSIMXPOHHAs
npuvpopa, oTpaxatowas MHOrosTanHbln nepuop opMuMpoBaHUs MOPOAHbIX
accoumauni ynbTpamapunT-mamToBbIX WHTPY31BOB Hopwunbckon
NpoBUHUMK. EQUHCTBEHHBIN Npumep ApeBHero uupkoHa ¢ U-Pb Bo3pactom
1914492 MnH net Obin BbiIBNEH B rabbpo-guopute rnbpmuaHoro
NMPOVCXOXAEHMSA B BEPXHEN YacTW MPOMBILLNIEHHO-PYAOHOCHOIO MHTPY3uBa
Hopwunbck-1 [1]. Becbma BepoATHO, YTO 3axBaye€HHbIN U3 NPOTEPO30MCKNX
nopof, yHAameHTa LMPKOH MOXET CNYyXWTb MHOUKATOPOM pPacrnosioXeHus
rny6uHHOro Marmatumdeckoro odara. U-Pb paHHble KOHTpacTupykT C
N30XpOoHHbIMM Re-Os Bo3pactamu 245.7+0.6 mnH netr pgna Cu-Ni
CynbUAHBLIX pyA, NPOMBbILLSIEHHO-PYAOHOCHbLIX TanHaxckoro n Hopunbckoro
UHTPY3nBOB [12] 1 246.8+3.7 MnH net AN MacCuBHbIX CynbUAHbLIX PyA,
Xapaenaxckoro  uHTpy3uBa [10]. BelwecTBeHHble U U30TOMHO-
reoXuMu4eckne 0CO6EHHOCTU LUPKOHOB PYyLOHOCHbIX nopog,
OomTtanenckoro n BUHIOANHCKOro MHTPY3nBOB TalMbIPCKON NPOBUHLMK [2],
CBUAETENLCTBYET O BPEMEHHON BMM30CTM K NEpPMO-TpUacoBoMy pybexy u
CUHXPOHHOCTM €  TofleuT-6a3anbToBbIM  MarmaTtuamom  Cubupckoin
nnaTgopmsl.

Ha ocHoBaHun aHanus3a paHHbix Hf-Nd-Sr mM3otonHom cuctematukm
0060CHOBaHbl MCTOYHMKM CUMUKATHONO BeLlecTBa, Yy4yacTBOBaBLUME B
dopmMunpoBaHum NPOMBbILLIIEHHO-PYAOHOCHbIX, PYLOHOCHbIX n
cnabopynoHOCHbIX  UHTpPY3uMBOB [lonsipHo Cubupu. Hanpumep, Ha
ocHoBaHuM Hf-Nd m30TONHbIX [aHHbIX BNEpBble OXapakTepu3OBaHbl
pa3fnuyHble BELECTBEHHbIE UCTOYHWKU  (OAenfieTMpOBaHHAs MaHTug,
CyOKOHTMHeTarnbHasa nUTocepHaa MaHTuS, OPEBHAS Kopa) Ana pasfivyHO
PYAOHOCHBIX nopof uHTpy3uBa Hopunbck-1 [6]. 1o cpaBHeHUo ¢ apyrumu
ynbTpamauT-MaduToBbIMN  UHTPY3uMBamMu  HopunbCkon  NpoBUHLUK
CUNMMKaATHOE BeLlecTBO [llOMTanenckoro WHTPy3MBa XapaKTepusyeTcs
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Haubonee  AenneTUpoBaHHbIM  KOMMOHeHToM  (eHf™8.3, eNd™3.5,
85r/%°S1,~0.70493); ynbTpamaduTbl BUHIOAVMHCKOTO MHTPY3uBa obnagatoT
Hf-Nd-Sr N30TOMHbIMM napameTpamu (eHf™-5.2, eNd™-3.4,
87Sr/868ri~0.70585), XapakTepHbIMW  OnNf KOPOBOrO  WMCTOYHMKA  WUnn
CYOKOHTMHEHTanNbHOM MaHTuK. Hf-O n3otonHble gaHHble Ans 3Ha4YMTeNnbHOM
BbIOOPKM LIMPKOHOB MPOMBILLNIEHHO-PYAOHOCHBIX U PYAOHOCHbBIX UHTPY3MBOB
Hopunbckor npoBuHumMn oTBevatoT Hf-O msoTonHbimM napameTtpam (eHf™9,
6180“5.5%0), XapakTepHbiM A1 OBEHWUbHOrO MaHTUWNHOIO UCTOYHMKA.
‘PapgnoreHHbi’ Hf-uzoTonHbiM cocTaB uuMpkoHa (eHf>5), oTHocuTenbHO
noctosiHHble 3HaveHus e€Nd (T1x0.5) v wwupokne Bapuauun ¥sr/%sr,
(0.70552-0.70798) aBnalTCA  rNaBHbIMA  U30TOMHO-TEOXUMUYECKUMMU
WMHOMKaTOpaMu MNpu BbISIBNIEHUM NEPCrNeKTUB WHTPy3uBa Ha cynbdugHoe
nnaTuHongHo-megHo-Hukenesoe (OINM-Cu-Ni) opyneHeHue.

Ha ocHoBe co4yeTaHus U30TOMHbIX COCTABOB CEPbI N MEAH BbISBMNEHDI
WHTPY3MBHblE Terma C  BKpamnfieHHbIMU  CynbUAHBIMA  pyaamu,
obnapawowymn NnapameTpamyn pyaHOro BELLECTBA, 3@ CYET KOTOPbIX Obiin
chopmupoBaHbl  cynbdugHele IMNM-Cu-Ni mectopoxgeHua [5, 8, 10].
Bbicokme nepcnektuBbl 06OHapyxeHusi 6oraTtblx NAaTMHOUAHO-MELHO-
HUKeneBbIX cynbduaHblX pya ana YepHoropckoro u [diomnTanenckoro
WHTPY3MBOB 06YyCrnoBneHbl CXOACTBOM S-Cu M30TOMHBLIX XapakKTePUCTUK Ans
BKpanmneHHblX CynbMUAHbIX PYA [OaHHbIX MWHTPY3MBOB C TaKOBbIMU
NPOMbILUIEHHO-PYAOHOCHOrO  TamHaxckoro  uHTpy3mBa  Hopwunbckon
NPOBUHLIUN.

B peaynbTaTe BbIMONMHEHHbIX UCCEAOBaHWI BbisiBNieHa 6onee cnoxHas,
YyemM STO MpPEenCcTaBnANOCb paHee, reosfiormyeckas UCTOPUSA WHTPY3MBOB
‘Hopunbckoro’ Tmna. O6OCHOBbIBAeTCs, 4YTO [NaBHbIM ¢akTopoM Ans
obpaszoBaHuA YHUKanbHbIX naaTMHONAHO-MELHO-HUKENEBBIX
MECTOPOXAEHUN ABMANCA ANUTENbHbI NEPUOA KOHLUEHTpauun pyaHbIX
KOMMOHEHTOB B  NYOUHHbIX MarmMatuyeckmx oyarax Hopunbckon
npoBuHUMin. OxapakTepu3oBaHbl W30TOMHO-TEOXMMMUYECKME WHAUKATOPbI
mMacwtabHoctu cynbduaHoro AMNM-Cu-Ni opyaeHeHusi, KoTopble MOryT 6biTb
3(pHEKTUBHO MCMONb30BaHbI NPY OLEHKE PYOOHOCHOCTU cnabo M3y4eHHbIX
UHTpy3uBoB lMonapHon Cubupw.
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PeKOHCprKuMﬂ 9BOSIIOLMMN rTMApOTEPMaribHOW CUCTEMBI NO
30Th-U n ™C-"°C patmposaHuio TpaBEpTUHOB 1 NOA3EMHBIX
BOA,

Manos A.W.

Urgr ®ULKVIA PAH, r. ApxaHresnsck

OueHKkn BO3pacTa CTapbiX TPaBepPTUHOB C WCMOSIb30BaHMEM W30TOMOB
yrnepoga OObIMHO WCMONb3YKTCA TOMIKO B MCKIOYUTENbHbLIX Cry4asx,
MOCKOJSIbKY WUCXOOHble YCINOBUS, TakMe KakK W30TOMHbIA CcocTaB obLiero
pacTBOpeHHOro HeopraHudeckoro yrnepoga (TDIC) B Bogax WCTOYHWMKOB
NP OCaXAEHUN TPABEPTUHE, PEAKO AOCTYMHbI. OpHako KOM6I/IHVIpOBaHHbIe
U3MEpPEHNS aKTUBHOCTU “c ¢ #°Thiu DaTUpoOBKamMu W AaHHbIMU 5"%C
LWMPOKO  UCMONb3YKTCA MpUM  U3YYEeHUW  CNeneoTemMoB,  KOTOpble
NpeacTaBnsloT COOOM CTPYKTYpbl, TakMe Kak CTanakTuTbl M cTanarmuThbl,
obpaszoBaBLIMECs B Melwepax NyTeM O0CaxXAeHUs MUHepanoB M3 BoAbl.
M3MeHeHUsa N30TonHbIX COOTHOLLEHUI yriiepoa B cneneotemax no3BonsoT
BOCCTAHOBUTb KMMaTU4ecKue U rupposniornyeckue mameHeHus. B Hawen
paboTe uW3MepeHHass aKTUBHOCTb e (14Cmodem) B TpaBEpPTUHOBbLIX
dopmaLmax rmu&)OTepmaanoﬁ cuctemsl MNbimBaLwop 6bina ucnosib3oBaHa B
coyeTaHuun c Th/U paTupoBaHuem TpaBepTvHa ONA OUEHKM UCXOOHOro
copepxaHus “C TDIC B BOgE OPEBHUX TepMaribHbIX UCTOYHUKOB. [ons
KaxyLieroca MepTBoro yrnepoga, wnun addekt pasbasneHusa (DE) 6bina
onpejeneHa MyTem BbIMMCIEHUS = PasHULbL  MeXAay OLlHOBPEMEHHOMN
aTMocepHON aKTUBHOCTbIO “e (4 Cam) W paccyuMTaHHbIMKM 3HA4YeHUAMU
*Co TepManbHoi BoAbl. 3aTem Oblna npeanpuHATa MOMbiTKa yBA3aTb
NU3MEHEHNS aKTUBHOCTU M30TOMOB Yriepoga C WU3MEHEHUAMU KnumaTta u
reoxXMMmn4eCcKuMm npoLeccamu.

CybapkTuyeckasi rugporepmMarnbHaa cuctema [lMbiMBaliop HaxoguTcs B
npepenax xpebTta YepHbiwesa, 60nbLION CTPYKTYpbl Ha CTbike Meyopckon
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nnuTbl BocTouHo-EBponeiickon nnatdgopmbl 1 Mpeagypanbckoro npornba B
ceBepo-BocToYHOM EBpone (67°09,77' cw, 60°51,1' B.A4.). BocemMb aKTMBHBbIX
TepMasnbHbIX WCTOYHMKOB MpUypoYeHbl K JonvHe pydbsa [lbimBawop wu
pacnonaratotcs Ha Bbicote 77 - 85 abc. m. Crapble TpaBepTUHOBbIE
OTJIOXEHUA UMEIOT TOSILLMHY 2 M U pacnosioXeHbl Ha BeicoTe 95 - 88 abc. M.,
MOKpbIBas CKJIOH [OfIMHbI Ha npoTsxeHun 6Gonee 15 M. TepmarnbHbIn
uctoyHuk (N21), koTopbI oTnmaran 3TU TpaBepTUHbI, MpPeKpaTuil CBOe
CYyLLECTBOBaHUe elle A0 nepBbix HabnogeHun B 1835 roay, To ecTb 6onee
180 net Hazag. [lonmHoe onwucaHve rMApOTEPManbHOW CUCTEMBI U
npegBapuTenbHble  pe3ynbTaTbl XMMUYECKOr0 UM  WU30TOMHOrO CcocTasa
TepManbHbIX BOA, U OCaXAeHHOro TpaBepTuHa 6binn onybnnkosaHsl [Malov
et al., 2015]. Bnocnencteue HoBble onpepeneHns WM30TOMOB Yrnepoaa,
ypaHa v Topus 6binv nonyyeHbl No npobam TpaeBepTuHa [Malov, 2018]. O1un
HOBble pe3ysnbTaTbl JAlOT AOMOSNHUTENbHYK MHQOpMauuMio 06 3BosoLMK
rmapoTepMasnbHON CUCTEMBI.

BospacT TpaBepTuHa uamMeHsieTca oT Makcumyma 7,711,5 Thicay net B
BEpXHeWn YacTu CTPYKTypbl 4O MUHUMYMa 2,520,5 B HUXHEN, YTO CBA3aHO C
HEOTEKTOHUYECKUM MOAHATMEM B 06nacTu TPaBepPTUHOBLIX OTMOXEHUA U
COOTBETCTBEHHO MocCnefoBaTeNlbHbIM 06paaoBaHmeM 12 TPaBEPTUHOBbLIX
Teppac. 3Hasi COBPEMEHHYIO aKTUBHOCTb “C B TpaBepTuHe ( 4Cmodem) Mbl
MOXeM OMpepAenuTb pacyeTHoe CoAepXaHve paavmoyrnepoaa TDIC BO
Bpems ocax,quMﬂ TpaBepTuHa ( Cca|c) C UCMoNb30BaHMEM criefytoLlen
hopmyIibl *Ceaic="*Crmodem €Xp(V8033), rae t - 2°Th/U Bospact TpaBepTyHa.
lMony4yeHHble 3HayeHus 1Cca|C cooTBeTCcTBYlOT aktmBHocTn C TDIC B
OPEBHNX TepMarnbHbIX BOAax M3 UCTOYHMKa N21 BO Bpemsa ocaxaeHus
TpaBepTuHa.

Takxe HamMuM paccuuTaHa WCXOAHas aKTUBHOCTb “c TDIC (14Co)
TepMalnbHbIX UCTOYHUKOB. OTO - aKTUBHOCTb pagmoyrnepoga B obnactu
NUTaHWs TMAPOTEPMAnbHONW CUCTEMbI, 3@ WCKIYEHUEM U3MEHEHUN
BCNEACTBME TEeOXMMUYEeCKUx mnpoueccoB B obrnactu aspaumm u B
BOAOHOCHbBIX  FOPU30HTax. 3HaueHns *C, paccuuTbiBanMcb C
MCMOJIb30BaHNEM ypaBH%va 14CO—MC-ex (twater/8033), roe ans
COBPEMEHHbIX ICTO4HWKOB C cooTBeTCTBYET ' Codern; @ ANA APEBHMX BOL,

14Cca|c; twater - “c BO3pacT TepMarbHbIX BOA.
" PacueThl nokasanu, YTo pasHuua Mexay O[HOBPEMEHHON aKTMBHOCTbIO
C atmoctepbl  (“Cam) W pacueTHbiMM 3HaueHmsmu 'Co (DE)
yBenunuuaetcs ot 40 go 70 pmc B Te4yeHne nepuoaa BpemeHm ot 13.9+1.5
0o 6.2 Tbic. neT Ha3af. Tak Xe HabnogaeTca CHUXEHUE U 5"%C.

OTO CBUOETENLCTBYET O HEYCTONYMBOCTU XMMUYECKUX NPOLLECCOB B 3TOT
nepvop,. Hamn paccMOTpeHO BO3MOXHOE BUSIHUE Ha M3OTOMHbIA COCTaB
noA3eMHbIX BOA, CleAyLLMX NPOLECCOB:

(1) BospactaHue pacTBopeHuss KapboHaAaToB B 30He as’pauum U
BOAOHOCHbBIX TFOPU30HTax, BbI3BAHHOE YMEHbLUEHMEM [ONN PacCosioB U
yBENUYEHNEM [0NN aTMOC(EPHOW COCTaBSALWEN B COCTAaBE TepMasbHbIX
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BOAO, CNeacTBUMEM 4ero ObiI0 CHUXEHWE MUHepanbHOW HaCbILEHHOCTH
NOA3€eMHbIX BOA MO OTHOLUEHUIO K KApOOHATHLIM MUHEparaMm. I"IosblLueHHoe
3HauYeHMe CpefHero OTHOLIEHWUS aKTUBHOCTell wu3oTonos >>'U/A%U
TpaBeptnHax (5,2+0,85) no cpaBHeHMIO C BOAaMW COBPEMEHHbIX
TepMarnbHbIX MCTOYHUKOB (3,810,58) noatsepxpaeT 370 npennonoxeHue
[Malov, 2016]. OgHako 3TOT npoLecc ,u,oner I'IpI/IBeCTI/I K YBENMYEHUIO 5"C.
Y Hac xe HabngaeTca CHUXeHue u 1400 nd"C.

(2) BospacTtaHue nsotonHoro o6meHa mexay DIC n nouseHHbiM CO,, B
CBSI3U C TasgHWEM MHOroflieTHEMEP3nbIX NopoA. OTOT MpoUeCcCc NponcxoauTt
rnaBHbiM obpas3om B oGnacm MUTaHUSA B yCIIOBMAX OTKPbITON CUCTEMBI U
NPUBOAUT K YBEJTMYEHUIO CO 1 cHuxenmio 5'°C.

(3) [OononHutenbHbin CO, npu MeTaHoreHese. JTOT npouecc
NpoucXoauT rnaBHbIM 06pa3om B o6nacm MUTaHNA B yCrIoBMsAX 3aKpbITOM
CUCTEMbI 1 MPUBOAMT K YBENNYEHNIO &' °C 1 CHUXeHMIo | Co.

(4) [OononHutenbHbin  CO, npu  pasnoxeHun  norpebeHHoro
opraHmyeckoro BewecTtBa. Hekotopas gobaBka CO, MoOXeT ocTtaBaTbCs B
Boge B Buge CO,(aq) 6e3 panbHenwen peakuum c K 3p60HaTa|v||/| c
obpaszoBaHnem bukapboHata. B aTom cny4ae cHuxaercs 5'°C. Ecnu Becb
CO, npopearupoBan c kapboHaTamu, 5"C wmoxeT octatbcs 6e3
U3MEHEHNS.

(5) OhbbeKkTbl U3MEHEHUI KNUMaTa 1 M Caum OT NNENCTOLEHA K ronougeHy.
l/IsmeHeHMﬂ B FEOXMMWYECKOM COCTOSTHUM OKpYXaloLien cpeppl: CHUXeHne
5"C nouseHHoro CO, B cBaA3n ¢ bonee TennbiM U BraXHbIM KIMUMaTOM,
cHuxeHve Catm.

Nx  paccmoTpeHve MO3BONSIET  MHTEpnpeTupoBaTb  pe3ynbTaThbl
cnegywwmm obpasom. Bce nepeyncrieHHble NpoLEecChbl NPOVUCXOAWUNU Npu
TasgHUM MHOroONeTHeMep3nbiX nopoAd. [lpuHMMas BO BHUMaHWe, 4TO
acpdekTol npouecco (1) - (3) moryT 6bITb cGanchmpOBaHbl (Te
pesynbTUPYIOLLNE W3MEHEHUSI MOTYT GbiTb HE3HAUYUTENbHLIMU), HA "Cq U
5'°C B ocHOBHOM BO37eNcCTBYOT mpouecchl (4) u (5). B To Bpems Kkak
npouecc (5) MoxeT Bbi3BaTb CHMXeHue Cy napaniesibHO U3MEHEHUSIM
! Catm, HEKOTOPBIV Apyron npouecc(bl) (Hanpumep, npouecc (4)), BO3MOXHO,
YCKOPUI U3MeHeHusi B "*Co, BbI3BaB GOMbLLYIO pasHuLy Mexay Co U “*Cam
anst bonee monofon Bogpl, Yem ans 6onee ApeBHEN.
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U-Pb Bo3pacT 1 naneomMmarHuTHble faHHble 6a3UToBbIX
WHTPY3ui YXuHcKoro naneopudra (cesep Cnbupckoro
KpaToHa)

Manbiwes C.B."* I'IaceHKo AM.2 I/IBaHOB AB? Fnap,Koqu a.n. 3
CaBaTeHKOB B.M.* Mququa c’ A6emeaMHep A>

"MH3 C/76/' Y, Carkt-lTerepbypr; Nd3 PAH Mocksa; 13K CO PAH,
UpKyTCK, ‘urr, L PAH, Cankt-lletepbypr; yHMBepCMTeT TacmaHmy,
Xobapr, ABctpanus

YOXUHCKan CTPYKTypa pacrofioXeHa B CeBepHOW 4Yactu Cubupckoro
KpaToHa Mexpy OneHékckum nogHaTMeM U AHabapckum  WUTOM U
npencraensiet  cobo  NUHENHO  BbLITAHYTbIN B MEPUAMOHANbHOM
HanpaBneHun naneopudTt [Fnagkouy6 w ap., 2009]. B npepenax
YOoxvHckoro  naneopudTa  BbIXOOAAT Ha  OHEBHYK  MOBEPXHOCTb
OOKEMOpUICKME OcafovHble M 0Caf04HO-BYNIKAHOMEHHbI  KOMMJIEKCHI,
npopBaHHble 6a3MTOBLIMW MHTPY3USIMWU, KOTOPbIE HECOTIaCHO NEPEKpPbITHI
0cafoYHbIMK 06pa3oBaHUsIMU haHepo30s. Bo3pacT pokeMOpuinckon YacTu
paspesa oueHmBaeTca ot 1320 po 820 mnH net no K-Ar gatupoBkam
NPOPbIBAIOLLMNX WMHTPY3UN, OCAOOYHOrO rfaykoHUTa M MeXpernoHasnbHom
Koppensiuun ctpomatonutoBbix ¢opm [CemuxaTtoB, Cepebpskos, 1983;
WnyHt n gp., 1982]. Ar-Ar gatvpoBka YOXWHCKMX 6a3vWToB cocTaBnser
1074£11 mnH net [[napgkouy6 u ap., 2009], Ha ocHoBe KOTOpOW caenaH
BbIBOZ, O ME30MpOoTEPO30MCKOM BO3pacTe MarMaTU4ecKoro KoMnmiekca
YpoxuHckoro naneopudrta. Tem He MeHee, 3Ta AaTupoBka He MOXET
CUMTaTbCH OKOHYATENbHOWN, MOCKOSIbKY CMEKTP BblAENEHUA aproHa He uMmen
HafexHoro «nnato». Hamu Bnepsble 6bino BeinonHeHo U-Pb pgatnpoBaHne
Bonblwon YAXuHCKOW [alkuy, MpopbiBaloWEN BeCb 0CafouYHbI pa3pes,
MO3BONAOWNA  OrPaHMUYNTb BPeEMSA  ocagkoHakornmneHus. Mbl  Takxe
MCMOSb30Banu naneoMarHUTHbIA aHanu3 pnsa KOppenAauun 3Ton Jalku C
OPYTMMU MHTPY3USAMU Y OXKMHCKOro naneopudta.

U-Pb patupoBaHue npousBeneHo no bonbwon YaxXuHckon panke,
KOTOpas npopbiBaeT BeCb pudenckuin komnnekc. [datnposanca anatur u3
CpenHe3epHUCTOoro poneputa C ochnTOBOM CTPYKTypoWn "
MUKpOMNerMaTUToBbIMU BblAENEHUAMU C Ucnonb3oBaHnemMm metona LA-ICP-
MS B YHuBepcutete TacmaHuu (Xobapt, Asctpanusa) [Chew et al., 2011;
Meffre et al., 2008]. Mo xMMuU3My [aHHbLIA 0OpaseL, oTBeYaeT COoCTaBy
6azanbToB YMepeHHoW LenoyHocTn. Ha pguarpamme Tepa-Baccepbypra
NpoaHanM3npoBaHHbIE 3epHa anaTuTa JUCKOPAAHTHbI, HO OHU q:)oSp mp IOT
APKO BbIPAXEHHYI0 NUHMIO perpeccuu. MNpu HyneBbIX 3HAYEHMAX 8UAp
3Ta JINUHWUA pErpeccum «3asikopeHa» 3Ha4YeHUsIMU M3OTOMHOro COCTaBa

CBUHLUA, NoJlyd4eHHbIMU MO HM3KOYPaHOBbIM MUHEpanam U3 3TON Xe Aanku,
214



a B HUXHEN 4acTU KOHKOPAMWU JIMHUSI PErpeccumn nepecekaeT KOHKOPAUO
npu Bo3pacTte 1386130 mnH net (puc. 1).

data-point error crosses are 1o

Puec. 1. Pesynbtatbl U-Pb
[aTMpoBaHnsA anaTUToB (KpacHble
Kpy>Xkun) metogom LA-ICPMS
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Ona koppensaumn Bonblwon YOXWHCKON Aanku C ApyrumMn gamnkamum B
pervoHe BbINOMHEHbI ManeomMarHUTHble uccrnegoBaHus. OnpoboBaHo 3
WHTPY3MBHbIX Tena, BkAyaa bonbluyo YOXUHCKYO AaiKy, NpopbiBatoLimne
pudenckmn ocagoyHbii Komnnekc. [lonc, paccynTaHHbIl CO CpegHero
HamnpaBfeHUs  BbICOKOTEMMEPATYPHbIX  KOMMOHEHT  HaMarHW4YeHHOCTU
WHTPY3uI, YyunuTbiBass pAaHHble [KoHcTaHTMHOB u pgp., 2007], wnmeet
cnepywowme KoopamHatbl: Plat = -6.3°; Plong = 87.5°; A95 = 7.0°.

MonyyeHHbI B 3TON paboTe U-Pb Bo3pacT Bonblion YOAXMHCKON Aanku
1386+30 MnH neT, xopowo cornacyetca c onybnukoBaHHbiM U-Pb
Bo3pacTtoM Ymapckown pankon (AHb6apckmin wmt) 1384+2 mnH net [Ernst et
al., 2000], yTo cBUAETENLCTBYET O AOBOSILHO LUMPOKOM pacrnpocTpaHeHuu
Marmatuama [aHHOro Bo3pacta Ha ceBepe Cubupckoro KpaToHa.
BupTyanbHbI reoMarHuTHBIN NOMOC, NOMYYEHHbIN No obpa3uam Yunapckon
Javiku, C y4eTOM oOBasfla [OBepus MNepekpbiBaeTca C OBajioM [A0BepusA
naneomMarHMTHOro nonca WHTPY3un YaxuHckoro naneopudta. C ogHom
CTOPOHbI, 6NIM30CTb MONYYEHHbIX HanpaBfeHWi HamMarHUY4EeHHOCTU MOXHO
paccmaTpvBaTbh B KayecTBe aprymeHTa, MOATBEPXAAloLWero noslyvyeHHble
HaMu reoxpoHosnornyeckme gaHHole U-Pb metogom no anatuty. C gpyron
CTOPOHbI, COBMafeHue nafieoMarHuMTHbIX MOMOCOB  yKa3biBaeT Ha
[OCTaTo4yHOe YCPedHEeHWEe Bapuauuii MarHMTHOro nons BO Bpems
BHELPEHUA UHTPY3MI, YTO AAET OCHOBAHWE UCMOSMb30BaTb NasieoMarHuTHble
nonioca Ans  naneoreorpaduyeckux  pekoHCTpykumn  Cubupm B
Me30npoTepo3oe.

WccnepoBaHve npoBoavnocb nNpu nogaepxke rpaHta npesvgeHta (MK
739-2017.5).
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BbICOKOTOYHOE M3MepeHMe U30TOMHOIO OTHOLLIEHUS
238/235 B ropHbIX MOPOAAX METOAOM MHOIOKONIEKTOPHOIA
MaccC-CneKTpoMeTpun ¢ MHAYKTUBHO CBA3aHHOMW Mna3momn

MaHnxueBa F.B.1, Capaciok A.C.1, YepHblilwes VI.B.1, LWaTarmH K.H.1,
Uyraes A.B.1, apeeB B.N.2

"MIreEm PAH, r. Mocksa, 2K @Y, r. KazaHb

Bnaropaps pa3sutuio MeToda M NpubopoB MHOrOKOMNEKTOPHOM Macc-
CNEeKTpoOMeTpun C noHM3aumen BellecTsa B UHAYKTUBHO CBA3aHHOW nnasme
(MC-ICP-MS), cTtano BO3MOXHbIM W3y4YeHMEe C BbICOKOW L,JOUHOCTBIO 1
HaOEXHOCTbIO COBUIOB BESIMYMHbLI M30TOMHOINO0 OTHOLLUEHUS Bury [1-5].
Mo UMeloLWMMCS ceifyac AaHHBIM BenuumMHa oTHoLeHus >2U/%*U B npupone
BapbupyeT ot 137.26 po 137.92, To ectb noutn Ha 0.5%. B nocnegHee
BpeMSA OCHOBHOW WHTepec CMeCTWNCA Ha BbiBNEeHWe Bapuauuin B
OTAENbHbIX  FEeonorM4yecknx  obbekTax -  Hanpumep,  YpaHOBbIX
MEeCTOpOXAEHMAX, Tzaslg, 2é—|5anpmmep, 0o6LWMIA  OTHOCUTENbHBLIN  pa3max
Bapuaumi BenuuuHbl < U/7°U B BbICOKOTEMMNEPATYPHbBIX rTMAPOTEPMAsIbHbIX
ypaHoBbIX MecTopoxaeHusax He npesbiwaeT 0.1% [6]. C uenbio pacwmpeHns
Kpyra reonornyeckmx ob6bekToB Mpu UccnegoBaHnM NPUPOSHbIX Bapuauui
us3otonHoro coctaBa U 6bina paspaboTaHa M aTTecToBaHa MeETOAMKa,
no3BondaLWaa MNpoBOAMTbL  BbICOKOTOYHbIE  U3MEpPEHUs  U30TOMHOro
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oTHowenus *2U/°%®U B pasnuuHbIX MO COCTABY W MPOUCXOXAEHWIO FOPHbIX

nopogax. M3-3a CNOXHOro MHOrO3fIEMEHTHOIO COCTaBa FOpPHbLIX MOPOA,
BbICOKON XMMWYECKOW YCTOMYMBOCTU Criaralowmx WX MUHepanoB, B TOM
yucne ypaHcoaepXallmx, M HU3KOro copepxanusa U, cocrtaBnsawowiero ot
HECKONbKMX €OUHUL, A0 [OEeCATKOB MKI/T, MEeToAMKa noAaroToBkyM npob ans
M30TOMHOrO Macc-CNeKTPOMETPUYECKOrO aHannsa obsa3aTenbHO BKIOYaeT
B cebs nonHoe pasfioxeHne wmaTtepuana npob u nocnepytwllee
Xxpomartorpadudeckoe Bbligenernve U u3 pactBopoB. Ha ocHOBe 3TasnlOHHbIX
06pa3LoB C M3BECTHbIM COAEpXaHWMEM YypaHa MoKa3aHo, YTO MOSIHoe WX
BCKPbITUE U KOSIMYECTBEHHLIN NepeBo ypaHa MoryT ObiTb peanv3oBaHbl C
MOMOLLbIO pPa3noXeHuss Npobbl B CMECUM KOHLEHTPUPOBAHHbLIX KUCNOT
HF+HNO3 (3:1) Bo dTOpONNacToBOM repmMeTUYHOM aBTOKMaBe Mpu
Temnepatype 170-180°C. Npu 3ToM cxXoaHble pe3ynbTaTbl ObiN NONy4YeHbI
Kak ana cnocoba, npegnonarawwero Harpee obpa3ua C MNOMOLbH
TepMolukada, Tak 1 B criydae npumeHeHus CBY-neun. NocneaHuin BapnaHt
pa3noxeHus ABMseTCA NpeanoYTUTENbHbBIM, MOCKOSbKY AAeT BO3MOXHOCTb
pabotatb ¢ HaBeckamu nopog pno 1 r. HenocpeactBeHHo nepepn
pasnoxeHneM B Npobbl [O6GaBNANCA CMeluaHHblit Tpacep ~>°U - 2*°U, uto
no3BonsAno y4vecTb ppakumoHupoBaHue wusotornoB U B npouecce Bcew
XMMWYECKON NOArOTOBKM Npobbl. B OCHOBE [aHHOW METOAMKM NEeXuT
NpUMeEHEHne NOHOOOMEHHOW Xxpomarorpacdpuu, obecneuunBatoLLen
nony4YyeHne 4YuCTbiX MpenapaToB ypaHa npu MuHUManbHbIX (<20%) ero
notepsix. [na nonyyeHma MOHOSNEMEHTHbIX npenapaTtoB U npumeHanachb
TpexcraguiiHasi MOHOOOMeHHas XxpomaTorpacdusa. Ha nepson cragum
NMPOVCXOAWNO OTAENEeHUe ypaHa OT [faBHbIX MOPOA006pa3yHLLMX
anemeHToB. [lpoueaypa xpomaTtorpadu4eckoro 3fUpOBaHWA pacTBopa
obpasua npoBoannach B nocrnenoBaTenibHO cMeHsiemMbix cpegax 7 M HNO3
m 6 M HClI Ha nonunponuneHoBON KOJSIOHKE, 3anofHEHHOW aHWOHUTOM
BioRad AG 1x8 (200-400 mew) obbemom 1.8 mn. Ha BTOpoi cTaguu
XpomaTorpacguyeckon npouenypbl OCYLLECTBANOChL OTAENEeHne ypaHa ot
NMPUMECHLIX 3N1IeMEHTOB, Npex/e BCEro oT TOpusi, KOTOPbIN UMeeT 6N3KYyLo
K uM30TOomaM ypaHa aTOMHyl0 Maccy UM MOXET  BbI3blBaTb
WHTEP(EPEHLMOHHBIE HANOXEHUs Ha aHanusupyemble MUKW WU30TOMOB
ypaHa u, Takum obpas3om, yxyAlaTb TOHHOCTb U HaAEXHOCTb MoyYaembix
pe3ynbTaToB. Xpomartorpaduyeckoe BblAeNEeHMEe ypaHa NpPOBOAWNOCH Ha
NONMUNPONUIEHOBbLIX KOMOHKAaX, 3amnofIHEHHbIX KaTMOHOOOMEHHON CMOJSoN
AG 50Wx8 obbemom 2.0 mMn c pa3mepHocTbio rpaHyn 200-400 meLu.
3arpy3ka obpa3ua B KONMOHKU 1 cbop ypaHa ocyliectenanvck B 2.3 M HCI.
IOna poouncTtkn ypaHa, KoTopasi OCYLLeCTBAAnacb Ha TPeTben CTaavu
Xpomatorpadumyeckon npoueaypbl, UCNoOJb30Banach cneuuanu3npoBaHHas
cmona UTEVA o6bemom 0.04 mn, KoTopasi OTNIMYaeTCsl BbICOKO €MKOCThI0
N CEeneKTUBHOCTbIO MO OTHOLEHU K YypaHy. 3arpy3ka ob6pa3ua Ha
TOPONNacToBYO0 XpoMaTorpacnyeckyro MMKPOKOJIOHKY OCYLLLECTBNANAChH B
0.4 mn 3 M HNO; Torpa kak cbop ypaHa npoucxogun ¢ nomoupto 0.05 M
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HCI. CobpaHHas dpakumsa U ynapveanacb 1 nepeeBoamnnacb B HU :PaTH
dopmy AnA Nocrneayowero N3MepeHnsa U30TOMHOr0 OTHOLUEHMS
Mmetogom MC-ICP-MS c¢ ucnonb3oBaHMeM OBOWHOro Tpacepa 28y 236U[‘I]
N3oTonHbin aHanuz U npoBoguMnu B pexumMe «MOKpPOW» Mna3mbl B
pactBopax 3% HNO; c wucnonb3oBaHMEM KBapLEBOW pacnbIIUTENBHON
Kamepbl. Bce namepenus 6binn BbiNoNHeEHbI Npu pa3pewerdun R™400. Ons
U3MepeHNst MOHHbIX TOKOB U, a Takxke TOKOB pacCcesHHbIX MOHOB U rmapui-
MOHOB ObiNn 3apencTBoBaHbl 7 U3 9 KonnekTopos npubopa. MNpu 3TOM Ha
LEHTpanbHOM  KOMMEKTOpe  PerucTpupoBanicb WOHHble Toku  2>°U”.
Konunyectso U, Heobxoaumoe AN MacC-CNeKTPOMEeTPUYEeCcKoro aHanuaa,
coctaenano okosio 700-800 Hr/mn, 4To ob6ecneynMBano MHTEHCUMBHOCTb
noHHoro Toka 2BU* 3545x10"" A. B Hauane KaXxaom WU3MepuTenbHOn
ceccun npoBoaunacb kanubpoBka ycunutenein. M3otonHbid aHanus U,
BbIMOMHAIOLLMNCA B CTAaTUMECKOM pexuMe, BKIoYan permctpaumio 27 macc-
CMEKTPOB MNPV BPEMEHW MHTErpupoBaHns Ha nukax 16 cekynn. N3amepeHne
HYNs 311EKTPOMETPUYECKUX YCUnuUTenei NpoBOAUIIOCh Yepes3 Kaxable Tpu
cnektpa, a Ll,eHTBpOBKa MMKOB - Yepes LecTb. Bo Bcex onbiTax
WHTEHCUBHOCTb npesblwana 3 x 107 A, uto oBecneumBarno
WHTEHCMBHOCTb WMOHHBIX TOKOB Ha Macce 235 m/z He Huxe 2.2 x 1072 A
CooTHoweHne curHanoB Ha Maccax 238 m 236 m/z BaprIpOBaJ'IOCb B
onanasoHe oT 35 po 45. PeanusoBaHHas wuamepuTenbHas rlpou,e 2yE)a
obecneumBana CXoAMMOCTb pe3ynbTaToB U3MEPEHUs OTHOLUEHUS
BHYTpu onbiTa Ha yposHe 0.006-0.008% (+2SE).

PaboTa BbinonHeHa npu nognepxke PH® (npoekt N2 16-17-10221).
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U-Pb LA-ICP-MS u3oTonHas cucteMaTmka AeTPUTHBIX
LIMPKOHOB apKO30BbIX NeC4YaHMKOB BMPbAHCKOM NOACBUTHI
3unbmMeppaKkckon ceuTbl BepxHero pudes (KOXxHbIn Ypan)

Macrnos A.B.", Epoxut 10.B.", Feppec A.2, Poxkun F0.J1.", Msanos K.C.

"wrr YpO PAH, r. EkarepuHbypr; 2yHMBepCI4TeT umern B. [ete, I.
DpaHkpypT Ha MaviHe

Ony6nukoBaHHbIE K HacTosLEeMY BPEMEHMU N30TOMHO-
reoXpoHOsIorMyeckme fAaHHble O BO3pacTax O6SIOMOYHbLIX LUPKOHOB B
necyaHukax pasnu4Hbix cBuT pudesa n seHga KOxHoro Ypana noka3sbiBatorT,
YTO OCHOBHbIMW WUCTOYHMKAMW KNacTUKW Afst HUX Bbinu KpucTannmyeckue
komnnekcol BoctoyHo-EBponenckon nnatdopmbl [1]. B paHHem wn,
BO3MOXHO, cpegHem pucdee wuMM ABASAMAMCH NaneonpoTepo30oncKue
OpOreHbl; ¢ No3gHero pudes u o cepenuHbl AeBOHA (T.€. Ha NPOTAXEHUM
~900 mMrH neT) B pa3MbiB ObININ BOBMIEYEHbI apxenckne KkoMmnnekcobl Bonmro-
Ypanuu. Hoble paHHble 0 U-Pb-n30ToMHbIX BoO3pacTtax O0O/I0MOYHbIX
UMPKOHOB U3  apKO30BbIX  MEeCYaHWKOB  OUPbSAHCKOW  MOACBUTHI
3UNbMEPOAKCKON CBUTbI BEPXHEro pudies CyLECTBEHHO KOPPEKTUPYIOT
npeacTaBneHns O ANUTENbHOCTU (DYHKLUMOHUPOBAHUA MCTOYHWKOB CHOCA.
Ha ponio KpuctanmmnoB C JIONUUCKUMW W paHHeKapenbckumu U-Pb
KOHKOPAaHTHbIMKU BO3pacTaMy B OMPbAHCKMX apko3ax npuxogutca ~4%,
ofHO 3epHo (T1%) nmeeT no3gHepudenckuin Bo3pacT, a 40NN LUPKOHOB C
no3gHeKapenbCKUMu, paHHe- U cpegHepudpenckummn  BO3pacTamm
COCTaBMAKT COOTBETCTBEHHO 35, 34 1 26%. 3TO pa3uTenbHO OTNNYaeTcs OT
pacnpeneneHns BO3pacTOB UX B KBApLEBbIX MEeCYaHUKaX 3urasnibrmHCKon
CBUWTbI CpegHero pudes 1 NeMe3nHCKOW NOACBUTbI 3UNTbMEPAAKCKON CBUTHI,
u, B TO Xe BpeMs, cornocTtaBnumo co cnektpom U-Pb Bo3pacTtoB 0610MOYHBIX
LUPKOHOB M3 NMecyYaHMKOB alUMHCKOW cepun BeHaa. B npepgenax BocTto4Ho-
EBponeickon nnatgopmbl  MOPOAbI-UCTOYHMKU  LMPKOHOB C  paHHe-
cpepHepudenckMMmn Bo3pacTaMmyM  U3BECTHbl TONMbKO B FPEHBUNNMAAXx
Ceeko-Hopeexckoit  obnactu [2], HO cuMTaeTcsi, YTO OHM He MOornu
ABNATLCSA NnocTaBLLMKaMU 06710MOYHOrO MaTepuana ans
BepxHegokembpuiickux Tonw, HKOxHoro Ypana. Tak Kak 3amepbl
HanpaBneHU NafeHUsi KOCbIX CMOMKOB B MecYaHWKax YyKa3blBalOT Ha
NMPUBHOC KNMacTUKU U B BUpbsIHCKOE, U B JIEME3UHCKOE BPEMSA C 3anaga u
ceBepo-3anaga, TO, crefoBaTeflbHO, UCTOYHMKM npeobnagatollent Yactu
LUMPKOHOB B OGMPbSIHCKMX apko3ax pacrnonaranucb BOGMM3N COBPEMEHHOIO
FOxHoro Ypana B npepenax BoctouHo-EBponenickon nnatdopmel
(CeBepokamckuii 6n0K U panoHbl ceBepo-3anagHee Hero?), u Obinu B
Kakon-To cTeneHn nopobHbl Komnnekcam nopofn Ceeko-Hopeexckon

obnactu. C y4e€TOM [OaHHbIX O CKOPOCTAX HaKonneHua OTNOXEHMNN pa3Horo
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reHe3uca [3] oueHeHo Bpemsl, noTpeboBaBLleecs Ana KapauHanbHONW CMEHBI
CoCTaBa NopoA-UCTOYHUKOB CHOCa B Haydane nosgHero pudes (T40-50 mnH
net). [lpumMepHO CTONbKO Xe MOMNM HakanauBaTbCA W  OTNOXEHMUSA
COOCTBEHHO OMpPbLAHCKOM MOACBUTLI  3UNbMEPAAKCKON CBUTblL.  Takum
obpazom, Hapsay C OnuTenbHO Pa3MbiBaBLUMMUCH  MCTOYHWKaAMU
obnomo4HoOro matepuana Ha BocTtoke BocTtouHo-EBponeiickon nnatdopmbl
NpUCyTCTBOBAIM U KOMMJIEKCHI MOPOA, NOCTaBMABLUME 3HAYUMbIE OOBEMDI
KIMacTUKM AnA 0CafoyHbiX nocrnegoBaTenbHocTen 3anagHoro Ypana B
Te4yeHne 0YeHb KOPOTKMX NUHTEPBANoOB BPEMEHMU.
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3earuHLEeBUT PdsPb kak HoBblit '*°Pt-*He reoxpoHomeTp
Mouanos A.I.", Aiky6osuy O.B."?

"UIrTd PAH, CankT-lNerepbypr, “criery, Cank T-lTerepOypr

MpeactaBnexHnsa o nocrnefoBaTenbHOCTM pynoobpa3oBaHusi MUHEpanos
3neMeHToB nnatuHoBow rpynnbl (A7) Obiv B OCHOBHOM OPUEHTMPOBaHbI
Ha OHTOreHWI0 KX arperaToB C cCunukKatamu, OKWUCNamMu u cynbcuaamu.
HepaBHO npuHUMNManbHas BO3MOXHOCTb MPSAMOro ornpefeneHua Bo3pacTta
nsocpepponnatuHbl -PtsFe u camopogHon nnatuHel - (Pt,Fe) 6bina
npogemMoHctpupoBaHa O.A. LllykoniokoBbiM ¢ konneramu B UIMMO PAH
pa3paboTaHHbIM  HOBbIM 9%Pt-*He  meTopom. lMepBoe paTnposaHune
CaMOPOAHbIX MWUHEpAsioB MfaTuHbl 6bINO U3 AYHUTOB XOPOLUO WU3YYEHHbIX
rab6po-nNMpPoOKCEHUT-OYHUTOBbLIX W  LLEJIOYHO-YIIbTPAOCHOBHbIX MacCUBOB
HanbHero Boctoka Poccuun. B panbHenwem 6binn M3yveHbl 0COGEHHOCTM
Murpaumn renua B cneppunute - PtAs,, Kak HOBOro reoxpoHomeTpa, u3
POCCBINHbIX MECTOPOXAEHUN nnaTuHOBbLIX MeTannos p. KoHaep (AsHo-
Manckuin panoH) u B NNaTUHO-MEOHO-HUKENEBbIX pyAaxX MeCTOPOXAEHWN
OkTA6pbckoe 1 TanHaxckon rpynnbl (Hopunbckuii panoH).

BBuay ycTaHOBMEHHOW BbICOKOW COXPaAHHOCTM PagMOreHHoro renus B
CaMopOHbIX MUHepanax NnaTuHbl U CrepunnuMTa NosiBunacb BO3MOXHOCTb
NOAOWTU K peLleHnto yHAaMeHTanbHoON npobnemMbl U OLEHUTb MOMEHT
Hayana pyaoobpasoBanuss QM n ero atanbl B X0o4e NeTporeHe3uca
CUNMKATHONW  MaTpuubl Haubonee CHNOXHOYCTPOEHHONO -  LLENOYHO-
ynbTpaocHOBHOro Maccupa KoHaép. MaccmB KoHAép pacnosioxeH B
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npegenax batomrckoro reobnoka AngaHckoro wuTta. B reonoruyeckom
CTPOEHMM MaccvBa MPUHMMAIOT yyacTue MOpPOAbl: YNIbTPaOCHOBHON cepuu
(ByHWTBI, BepnMTbl U MUPOKCEHWTbI), MOHLLOHMTOBOW cepuun (KOCbBUTHI,
rabbpo, AMOpuUTbI), LUENOYHOW cepuu (WenoyHble M henbawnaTongHbie
CUEHUTbI U UX nermMaTuTbl) M cybuienoyvHble rpaHutbl. MuHepanoro-
reoxumundeckue Tunesl AN gyHUToB Maccmea KoHOEpP MMeT MHOro obLuero
C MnaTMHOMETaNbHOM  MUWHepanu3auuen, AeTanbHO  U3YYEHHOrO,
MHOrohasHoro KyMynaTUBHOroO rab6po-nMpOKCEHUT-AYHUTOBOrO MaccuBa
lanbmosHaH Kopskckoro Haropbsi: 1) Pt marmaroreHHoro, 2) Pt
marmaroreHHo-@rongHo-meracomatnydeckoro;, 3) Pt>0Os marmaroreHHo-
QrironaHo-metTacomatudeckoro, 4) Pt>lr  @rrongHo-meTramop@horeHHoro.
OpgHako B pAyHuTax mMaccuBa KoHpép 6onblnm  pacnpocTpaHeHUeM
nonb3yeTcs MWHepanbl anr nannagucro-nnarmHosoro  (Pt>Pd)
MWHEepanoro-reoXxMMmn4eckoro TMna marmaroreHHo-gIIrongHo-
METacoMaTn4ecKoro reHesnca. ViHaneuayanbHOCTb NOCIEAHEro ABNAETCA
NPUCYTCTBUE KPYMHbIX (OO0 HECKONbKUX CM) KyBU4eckux KpucTannos,
OBONHWMKOB M ApY30BUAHbLIX cpacTaHui muHepanos Pt: npexae Bcero PtsFe;
a TaK xe 3BarnHuesuta - Pd;Pb. Bo3spacT, nony4eHHbIn No TaHreHcy yrna
HaknoHa u30xpoHbl  (tga=0,00019107), nNOCTPOEHHOW MO  OaHHbLIM
coaepXxaHus 9Bt y “He u3 31 06p. muHepanoB Pt ns Pt>Ir, Pt>Os n Pt>Pd
MWHEpPANoro-reoXuMmMyecknx Tunoe maccmea KoHaép coctaBun - 12916
MJTH. ner. o710 CBUAETENbCTBYET, yTO nnaTMHoMeTanbHoe
pynoobpasoBaHue MarmMaToreHHoro, dnrongHo-meTaMopdOreHHoro,
MeTacomMaTn4ecKoro reHesuca OCYLLLECTBNANOCH CUHXPOHHO-
nocrefoBaTenbHO  9BOJIIOLUMM, CHavana nWKpPUTOBOro, a  3aTeMm
cybLeno4Horo " LLLEeNOYHOro pacnnaBoB ME30301MCKON
TEKTOHOMarmMaTu4eckon akTuBuzaumvm AN[aHCKOro LwWuTa, B AOCTATOYHO
Y3KMN pguana3oH reoslorMyeckoro BPEMEHW, MeXAy TUTOHCKMM H
roTePUBCKUM BEKAMMW.

Kybuuyeckne kpuctannbl Pd;Pb umeror pa3mepbl OO NepBOro cwm,
rabutycHele dopmbl {100}, peako {111}. Bctpeuatotca asonHuku Pd;Pb no
LwnuHeneBoMy 3akoHy. B coctaBe Pd;Pb uacto dukcupyetca nzomopdHasn
npumecb Pt oT coTbix o 6-8 mac. %. B aTton cBA3WM npencraBunach
BO3MOXHOCTb U3Y4uUTb coAepXaHud pt n *He B MuHepane QJIl1, B
KOTOpPOM NnaTuHa He ABMSeTCs MMHepanoobpasyowmm 351EMEHTOM.

CopepxaHue Pt B uccnepgoBaHHbIx obpasuax Pdi;Pb onpegeneHo Ha
mukposzoHge (TEOXWN PAH, UITO PAH) n nytem nOAHOroO XUMMYECKOro
pacTtBopeHus (Tabn., obp. 28.09.11_1).

CopepxaHue He B PdsPb onpenenanoch Ha macc-
cnektpomeTpuyeckoMm Komnnekce MCY-I-01-M (UI'TO PAH). KuHeTuka
BblAENEHMA Tenns mly4vanacb METOLOM CTyneH4yatoro omxura. enuin us
Pds;Pb HaumHaeT Bbligensatbca npu temnepatype Bbiwe 1100°C. Bsuay
HU3KUX KOHLEHTpauui renvsa B MUHepane, OonpeaennTb MUrpaLMOHHble
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napameTpbl renns B Pd;Pb He ypanock. OpHako Bbicokas TemnepaTypa
Hayana SKCTpaKuum CBUAETENbCTBYET O €r0 BbICOKOW COXPaAHHOCTM.

Ina onpepenexusa Pt-He BospacTta obpasupl, npeactasnswowme cobon
dparmMeHTbl Kybuyeckmx KpucTtannoB (cm. Tabn.), 3aBopayuBanucb B
BonbhpamMoBylo (ponbry u NOMeLLanicb B Kamepy Macc-cnekTpomeTpa.
Harpes npoBoaunca B gse ctynenun: B 1000 n 1400°C. lNpensapuTtenbHbIn
NporpeB MO3BOMAET 3HAYMTENbHO MOHU3UTL poH npubopa 3a cuyeT
yoaneHus renus M ApyrMx ras3oB COpOMPOBaHHbIX CTEHKaMu Macc-
crnekTpomeTpa. OKCTpakuusa paguoreHHoro renus u3 Pdi;Pb nposoAunacy
npm Temnepatype B 1400°C. N3mepeHHble KOHLEHTpaLmm renma =~ 2x 10”7
em’ir (STP).

Tabnuua.
Pesynbtathl Pt-He patuposanus PdsPb 13 mectopoxaenuns Konaep

Ne o6p. Bec, mr | Mpo6a Pt, % | *He x107 cm®r | (*He/"*°Pt)x10*
15.5_2.4 (1) 5.556 5.35 1.98 2.48
15.5_2.4 (2) 5.089 5.35 1.58 1,98

15.5_2.5(2) 4a 5.681 5.20 1.54 1,98
15.5_2.5(2) 46 6.335 5.20 1.70 2.20
26.03.12_3 9.04 6.60 2.14 2.17
28.09.11_1 4.59 6.70 2.22 2.22
17.04.13_13 6.025 6.80 2.07 2.04

[pumeyvarme. KoHUeHTpauusa renus nonpasfieHa Ha KONM4ECTBO renus, Bblaensiolierocs
npu Temnepartype mee 700°C. ®oH macc-cnekTpomeTpa no *He npu TemnepaType Bblle
700°C meHee 9 x10™ cm®.

Bo3spacT, nony4eHHbI NO TaHreHcy yrna HaKIOHa «M30XDOHHbIY (tgo=
0,0001892), nocTpoeHHON NO AaHHbIM co,u,epxaHMﬂ PPt n ‘He n3 7 06p.
Pd;Pb coctaBun - 128+6 mnH. neT (pmc 1). Pe3ynbrat dakTnyecku
coBnapaeT C paHee MOosy4YeHHbIM 90t 1y “He BO3pacToM MO MUHepanam
camMopoHON NnaTuHbl - 12916 MnH. ner.

8,E-05 -

‘He, 10'5 at
7,E-05 -
6,E-05
SE-05 4 ¥ =0,0001892x +0,0000033

4,E-05 -
3,E-05
2,E-05
1,LE-05 - 190p¢, 1015 at

0,E+00 T T T T T T ,
0,E+00 5E07 1,LE-01 2E-01 2[E-01 3,E-01 3E-01 4E-01 4E-01

Puc. 1.°Pt-*He "usoxpoHa" 06pa3LioB 3BAMHLIEBUTA
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Takum o6pasom, MuHepan nannagus, copepXxawumin npumech Pt -
3BATMHLUEBUT MOXHO CuYMTaTb HOBbIM °Pt-*He reoxpoHometpom. B
hanbHewweMm, Ans uccnegoBaTenein MecTopoXAEeHUI, B KOTOPbIX MUHEpanbl
Pt peoku, Pd;Pb moxeT cbirpatb BaxHyl0 ponb B AaTUpOBaHWe MpoLEeccoB
pynoobpasoaHus M.

PaboTa BbinonHeHa npu noaaepxke npoekta PODU Ne 18-05-00718-a

Oco6eHHOCTU U HOBblE BO3MOXHOCTU COBPEMEHHbIX
MYJIbTUKOSINIEKTOPHbIX NpubopoB

MypaBbes M.B.

3A0 «MC-AHanmtka»

OCHOBHbIe Te3UCHI NPE3eHTaLun

1. KpaTkunin 0630p NUHENKKN BbiNyCKaeMbiX NpudopoB

2. Mpubopbl TRITON Plus 1 NEPTUNE Plus

3. HoBble BO3MOXHOCTHU:

3.1. Ananusartopa:

3.1.1. YBenuueHHaa gucnepcuss - pgo 20%, 4to no3BonsieT
O[HOBPEMEHHO perncTpmupoBaTb MOHbI B anana3oHe 40Ca....48Ca

3.1.2. OTknoHswas cucrema L5 Plus ¢ Tpema B3Y n aBymsa nuH3amu
RPQ pna nsotonHoro aHanusa eguHul, nukorpamm U, Pb, Os (OsO3)

3.1.3. HoBbie CDD BmecTo paHee ncnonb3oBasLlumxca CHANNELTRON.

3.1.4. Bo3MOXHble KOH(Urypaumu KOMMeKTOpoB AnA  WU30TOMHbIX
uameperuit Pb-Th-U, U-Pu, Os (OsOj3)

3.2. ICP nHTepdeiica:

3.2.1. HoBbIl JET-nHtepdeiic, OrPOMHbIN BbINMPbILL B
YyBCTBUTENBHOCTK, 00 4% aToMOB U perncTpmpyoTcsl B BUAE MOHOB

4.1. Yeunurtenu

4.1.1 HoBble yeunutenn 10" Om

4.1.1. OpHoBpeMeHHOe MCMOoMb30oBaHWe ycunutenen 1011, 10" n 10"
Owm.

5.1 PaspeleHue

5.1.1 Onuua cBEPXBLICOKOro paspelleHuss, no3sonswwas OTAeNATb
uHTepdepeHumo MeH ot Me.,

4. CpaBHUTENBHOE AAaTMPOBAHNE LUPKOHOB C MOMOLLbIO cBA3KKU LA - MC
ICP MS u ¢ nomowpto MC TIMS, oueHKa Nosly4YeHHbIX pe3ynbTaToB.
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PeKOHCTPYKLl,VIﬂ TepMn4eCcKunx VICTOpVII7I rPaHUTOUAHbIX
6aToNUTOB Ha OCHOBE MYJIbTUCNCTEMHOIo U30TOMNHOIO
AaTtupopaHua n YMcneHHoro MmoaennposaHuAa oCTbiBaHUA U
Kpucrtannmsalum rpaHUToOnaHbIX pacrjiaBoB

Myp3avHues H.I, TpaBuH AB."?3 Bnagvmunpos Al LibiraHkoB AA*

"MIrM CO PAH, r. Hosocubupck; °HIY, Hosocunbnpek; >Try, Tomek; *riH
CO PAH, YnaH-Yns

OcHoOBOW ANs PEKOHCTPYKLUMA TEPMUYECKON WUCTOPUN [eonornyecKux
nopoa sBnsetca npegnoxeHHoe [oacoHom [Dodson, 1973] noHatne
TemnepaTtypbl 3aKpbITUS U30TOMHOW CUCTEMBI, (hOpMyna pacyeTa KOTOpon B
obLem cnyyae He MMeeT aHanMTUYECKOro pelleHuns. OTO akTyanbHO 1 Ans
CrnyyaeB TEpMMWYECKMX WCTOPUI rpaHMTOMAHbIX 6aTonuToB LleHTpanbHo-
A3naTckoro cknag4yaToro rnosica, 4acto XapakTepu3YLWUXca ANUTENbHON,
MHOroCTaguMHON TepMmmnyeckon nctopuen [AHHnKosa u ap., 2016; TpaBuH u
ap., 2017 n gp.]. C y4yeToM CKasaHHOrO Mpu MHTEpnpeTauun OaHHbIX
MYNbTUCUCTEMHOIO M30TOMHOIO AaTUPOBaHWUA TPaHUTOUAHbIX 6aToNMTOB
HaMu C OOHOW CTOPOHbI MPOBOAMIIOCL YUCMEHHOE MOAEenNupoBaHue
OVHaMWKM OCTbIBaHUS W KpucTannusaumu rpaHutomgHoro pacnnasa. C
OpYyron - AN nosy4YeHHbIX MoAErbHbIX TEPMUYECKUX UCTOPUA B Npepenax
rPaHMTOMAHOIrO MaccMBa U BMELLAKLMX €ro Nopod NpoBOAUSIOCH peLleHne
ypaBHeHua Aauddy3um aodvepHero m3ortona (4°Ar paguoreHHoro) B
MUHepanax-reoXpoHomMeTpax.

CyTb npennoxeHHOro Noaxona K PEKOHCTPYKLUUM TEPMUYECKON NCTOPUU
rpaHuTongHbIX 6aTONMTOB COCTOUT B Nogbope MeToAoM pelleHus obpaTHON
3afla4n cueHapveB 3BOMIOUMM FPaHUTOMAHbIX 6aToNUTOB, MPU KOTOPbIX
pacyeTHble BpeMeHa 3akKpbiTUA W30TOMHbIX CUCTEM COrnacylTcs C
3KCnepuMeHTanbHbIMKU pe3ynbTataMmum MyfnbTUCUCTEMHOIO AaTUPOBaHUS.

PeweHve ypaBHeHW TennonpoBoAHOCTM U Anddy3unm nNpoBOAUNOCH
YUCNIEHHbIM  METOAOM, OCHOBAHHbIM Ha  LEeHTpanbHO-CUMMETPUYHOWN
pa3HocTHoW cxeme. [Mpu BbibOpe HavanbHbIX YCNOBUMW MOAENMPOBAHUA U
CueHapueB 3BonOUMM  yuuTbiBanucb: 1) Habniogaembll  AnanasoH
0aTMPOBOK OAHOW W30TOMHOW CUCTEMbl B MWHEpasibHbIX 3€PHax OAHOro
BMAOA, 3aBUCALLMIA OT MOMOXEHMS TOUKKM OoTOOpa B NpeAenax rpaHUToMaHoro
MaccuBa (Hanpumep, LUEHTPp - KpaW, KpPOBMSA-HUXHAS 4acTb), OT
NPUHAANEXHOCTN W3YYEHHbIX 06pasuoB K PpasfMYyHbIM MarMaTU4ecKum
KoMmnnekcam, dasamMm marmatuama; 2) auanasoH 3HayeHun [AaTUpOBOK,
NOMYyYeHHbIX PasnUyHbIMU N30TONHBIMU METOAAMU, MO MUHEepanam OAHON
npobbl; 3) HanuMumMe nNpPOSBNEHMA MNO3JHEero MO  OTHOWEHU K
OpPMNPOBAHMIO OCHOBHOW MarmaTuyecKon Kamepbl Marmatuama, sTanbl
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KOTOPOro 4acTo MOryT 6biTb pa3deneHbl BO BpEMEHW Ha AECATKU, UK faxe
COTHM MWNAMOHOB neT. Mogenvpya Te unM UWHble KOHUrypauum u
nocnefoBaTesibHOCTb Fe0sIorMyecknx cobbiTUin, B TOM YUCIEe HASNIOXEHHbIX,
MOXHO nopobpaTtb TEpMUYECKME UCTOPUM TakuM oBpasoM, 4YTO OHW BypyT
yOOBNETBOPSTb peanbHbiM AaTUPOBKaM C A0CTaTOYHO GONbLUON CTENEHLIO
gocrtoBepHocTu. bBnarogapa aTtoMy nogxogy CTaHOBMTCA BO3MOXHbBIM
NoATBEPAWUTb MIIN ONPOBEPrHYTb TOT WM MHOM BapuaHT reoniorm4yeckoro
cueHapws.

PaspaboTaHHbIin anroputM obnagaeTt crnepyroWwUMn 0cobeHHOCTAMM: a)
B KayecTBe HyneBOro npubnuxeHwss paccmatpuBaetcsa TensioobmeH 6e3
yyeTa KoOHBeKuuu; 6) npouecc o6pa3oBaHWA MarMaTMyecKon Kamepbl B
OAHHOM  KOHTEKCTe He paccMmaTpuBaeTcs, TakK KakK MpoucxoauT
CpaBHUTENIbHO ObICTPO UM He BNUSIET Ha pe3ynbTaT BbIYUCHEHWIA; B)
reoxumudeckne npeobpasoBaHMa B AaHHOM  MpubnuxeHun  He
paccmaTpvBaloTcs; ) B Mogenu anddysnm ncnonb3yeTca JonyLieHne, YTo
CTPYKTypa MarmaTuMyeckmx MuHepanoB mnocne wux ¢(OpMUPOBAHUA He
MeHsleTcAa BO BpemeHu. bonee noppobHO pAaHHbIA  anroputm  6bin
paccmoTpeH B [Myp3uHueB u ap., 2016]. B panbHeliwem B Hero 6bina
BBEJEHa 3aBMCMMOCTb TemnepaTypbl KOHconugauuuM pacnnaea oT
OaBrneHns, a Takxe C Lenblo MOAENMpoBaHUs anHaMmukn anddgepeHumanmm
pacnnaBa Obina BBeAEHa 3aBUCMMOCTb TEMMEpaTypbl KOHCONMuAauuui OT
001 OCTaTOYHOro pacnnaea.

MeToguka 6bina NpoTecTUpoBaHa Ha HECKONbKUX Mpumepax, BKo4vas
AHrapo-Butumckuini rpaHutongHbii 6atonut (ABB). lMeTponorunyeckas wu
reoxmmmnyeckas xapaktepuctnka ABB npuBegeHa B ctaTbax [LbiraHkoB u
op., 2007]. B uensax TecTupoBaHusa Obln pacCMOTPEH OAWH W3 reosioro-
reouanyeckux paspesoB, npeactasneHHolx B [TypyTtaHos, 2006].
BbiGpaHHbI pa3pe3 TakXe COOTBETCTBYET palioHy, KOTOopbii Haubonee
M3y4yeH C TOYKM 3PEeHMA TEPMOXPOHOSMOrMM U fnepecekaeT WHTPY3ui0 C
CEeBEepPO-BOCTOKA Ha loro-3anaf, CUMMETPUYHO pa3gensa 6aTtonuT nononam,
YTO AaeT BO3MOXHOCTb CBECTM MOAEeNMpoBaHMe K ABYM KoopauHatam B
NAOCKOCTU [AaHHOro pa3spe3a. B kayecTBe HayanbHbIX ycrnoBui 6bino
BbIOpaHO Mnorfle pacyeTa, BABOE MpeBbILLAKOLEE B MOMNEPEYHUKE pa3Mep
pa3pe3a. B rmybuHy B o6oux cny4dasax none 3aHumarno 40 km. Temnepatypa
Ha rpaHMuax pacyeTHOM o6nacTU cuyuTanacb NOCTOSTHHOW BO BpPEMEHU U
cooTBeTCTBOBana Temnepartype onpegensemMon reotepMasnbHbIM
rpagueHTom. [eoTepManbHbI FpafMeHT COOTBETCTBOBASl CTaHAApTHOMY
(30°C/km). TemnepaTypa 3eMHOM NOBEPXHOCTU NpUHUManack pasHon 17°C.
TepmognHaMmunyeckue napamMeTpbl MOPOA pPacCHMTbIBaNUChL COMNAcHO KX
MUHeparnbHbIM COCTaBaM KakK CyMma YAernbHbiIX BKaAoOB OT Kaxzoro.
CocrtaB BMeLLaLWmx NOpoAa 3a4aBasica Kak HOpMaTUBHBIN COCTaB cpeaHen
KOpbl, COCTaB T[PaHMTHOrO pacnnaBa COOTBETCTBOBaji HOPMaTUBHOMY
coctaBy 6GaprysuvHckoi  cBuTbl. HauvanbHass rnybuHa  3aneraHus
npvHMManacb paBHon 12 kM. [Ons oueHku rnybGuHbl 3pO3UOHHOIO cpes3a
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ObINO NPOBEAEHO MOAENUPOBAHWE HECKOSbKUX BapWAHTOB CTaHOBJIEHUS
6aTtonuta c pas3nMyHON CTApTOBOW MOLLHOCTbIO. [NaBHbIM KpUTEPUEM AONA
onpefgeneHuna obbema MarmaTuama Obl0 HanUuMe UCTOYHMKOB pacnsasa
6onee yem Ha 100 mnH net. TepMmuyeckne MUCTOPUM COMOCTABASNMUCH
TOYKaM COOTBETCTBYIOLLMM TOJSIOXKEHMIO Todek oTbopa o6pa3uoB Ha
COBpPEMEHHOM 3PO3MOHHOM Cpe3e.

Ha ocHOBe TEpMOXpPOHOMOIMMYECKUX UCCMefoBaHUn B  UCTOpPUM
Kpuctannusaumm u ocTbiBaHus ABB BbigBnAetca uyeTblpe 3Tana.
CoOTBETCTBEHHO, paccmaTpuBaeMmblii reonornyeckui cLeHapwun,
no3BonsloWwuin - obecneynTb COrnacoBaHNE MOAENbHbLIX  TEPMUYECKUX
UCTOPUIN C 3KCMEPUMEHTanbHbIMW  pe3yfibTataMn  MyNbTUCUCTEMHOIO
M30TOMHOro AaTMpOBaHUs, BKoYaeT 4 ctagun 6bicTporo nogHAaTust ABB Ha
MEHbLUYIO MPOMEXYTOYHYIO TrnybuHy, COMpPOBOXAANOLWIMECA pa3Banom
HaAMIyTOHNYECKNX 0Opa3oBaHNN.

PaboTa BbiNonHeHa B paMKax rocyfapCTBeHHOro 3aganusa (npoekTbl Ne
0330-2016-0003, Ne 0330-2016-0013), npu cpmHaHCOBON nopAepXKe
npasutensctea P® (rpaHt N2 14.Y26.31.0012), MuHucTepctBa Hayku u
obpaszoBaHnss PP (npoekt Ne 5.1688.2017/M4), a Takxe Poccuickoro
doHaa dyHOaMeHTanbHbIX uccnepoBaHun (npoektbl NeNe 16-05-00128a,
17-05-009364a, 17-55-540001, 17-05-00275).
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HoBas nHTepnpeTauums reoniorM4eckoro CTpoeHus
Xepnosepo-bonbLuo3epckoin CTPYKTypbl HA OCHOBaHWUU
KOMMSIEKCHOrO U3y4eHUsa reoXxumMmnm U Bo3pacra rnopog,

HeoapxencKux cynpakpycranbHbIX KOMIJIEKCOB

MbickoBa T.A.1, MunbkeBuy P.VI.1, JlbBOB I'I.A.1’2, XutHukosa U.A.2

"UIrT[ PAH, Canxr-Ietep6ypr, >BCEIEU, CatkT-lTetepbypr

Xepo3zepo-bonbluosepckaa cTpyktypa (XBC), Haxopswascs B ceBepo-
3anagHon yYactn Kapenbckow rpaHuT-3efnieHokameHHon obnactu (KIr30),
OaBHO MpuBMeKana BHUMaHWe reonoros, Kak pacrnonoXeHHas Mexay ABYMS
XenesopyaHbiMu panoHamu LeHTpanbHon Kapenuu Bantuickoro wurta -
MMMonbCKkUM n KOCTOMYKLLICKUM.

Ha HavanbHoM aTane uccneposanui [Munnep, 1988 n gp.] XBC 6bina
onMcaHa KaK y3Kas cXaTad CUHK/MHAaNb C MOJIoro Morpyxawwmmcss Ha
CeBep LapHUpPOM, NpoTsrmBaLascsa B cybMepuamoHanbHOM HanpaeneHnm
Ha 25 KM OT o3epa Xefo3epo Ha tore Ao o3epa bonblio3epo Ha cesepe.
BbiBOO O CTPYKType Kak O CUMHKNMHanM 6a3upoBancs Ha O6LLEenpUHATLIX
NnpeacTaBfieHMsAX O eAuHOM cTpaTurpadmMyeckoM paspese, BKIYaloLeM
TPU TONWM (HUXHIO - TEPPUTEHHYID W CPELHIOI U  BEPXHIKW -
BYJIKQHOTEHHbIE), NocnefoBaTeNbHO 3anerawux ogHa Ha gpyron [Munnep,
1988].

"eoxpoHonoruyeckne gaHHble [MbickoBa v gp., 2017], B COBOKYNMHOCTU C
reonormyeckKumMn 1n reoxXxMMMyYecKumMmn, Mno3BONMAN NPEANnOXWUTb HOBYIO
reoTEKTOHMYECKYH) KOHLUEMNUMIO W MNoKasaTb YTO BblOESIEHHbIE TOJLLM
OTHOCATCA K pa3HbIM 3TanaM TeKToHnyeckoro pa3sutusa XbBC.

Mo reonorMyeckMM COOTHOLIEHWSIM  ObIIO  YCTAHOBMEHO,  4TO
yNbTPaKucrble BYNKaHWUTbl, OTHOCUMbIE K BEPXHEN BYJIKAHOreHHOW TosLLe, B
OENCTBUTENBHOCTM  MpEeACTaBnsAloT  cobol  Aalku  puonuT-nopchrpos.
['eoxpoHonormyeckne pAaHHble MNOATBEPAWUNM  MNPEANOXEHHYH paHee
nocniegoBaTenbHOCTL opMmnpoBaHua nopopd. [ainku puonut-nopdupos
BbICTynatT Haubonee MonofbiMu 06pa3oBaHUSIMU W MMEKT BO3pacT
2696122 mnH net [MbickoBa n ap., 2017]. Bo3pacT BynKaHUTOB cpefHen
TONWM HeMHOro apeBHee 271216 - 2703+7 mnH net [Meickosa u ap., 2017].
Bpemsi pbopMupoBaHusi camMon HUXHEW TEpPPUTrEHHOW TOSLM OnpeneneHo
HaMW He TaK AaBHO, NyTeM AaTMpPOBaHUS AETPUTOBbLIX LIMPKOHOB W3 ABYX
npo6, NpeAcTaBNeHHbIX HECKONbKMMM BO3pacTHbIMU Knactepamu. [peBHue
LUMPKOHbI (3205-2897 MNH neT) NpUCyTCTBYIOT B NOAYMHEHHOM KOMMYECTBE.
MpeobnapatoT 3epHa ¢ Bo3pactamu 285510 mnH net n 2792110 MNH neT u
MeHee XapakTepHbl LMPKOHbI ¢ BO3pacToM 275316 mnH net. [Nockonbky
HUXHAA Tonwa croxeHa rpayBakkamyn [MunbkeBud, MebickoBa, 1998],
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obnactu nuTaHWa U pas3rpy3ku TEPPUreHHOro martepuana [OSXHbl Obinu
HaxoAWUTbCHA Ha HebomnbLOM paccTosHUKM Apyr oT apyra. MNoaTomy ApeBHue
3HayeHus, CKOpee BCEro, COOTBETCTBYIOT BO3pacTy nopoA (yHOaAMEHTa.
HuwXHum orpaHuuntenem BpemMeHn (OpPMUPOBaAHNA TOMWM BbICTynaeT
MWHUMAanbHbIN Bo3pacT 2753 mnH net. OTcyTcTBUME B npobax rpayBakk
LMPKOHOB U3 BYNKaAHUTOB cpefHen Tonwu (¢ Bo3pactom 2703-2712 mnH
NeT) MOXeT CBUAETENbCTBOBATb O 3aBEpLUEHMU Mpouecca NnToreHesa K
Hayany ByNKaHW4YeCcKow AeATENbHOCTU.

Bbino  yTO4yHEHO, 4TO TeppwureHHass W  BYJIKQHOTEHHas  TOJLLM
NPOCTPaAHCTBEHHO pa300LeHbl: NepBas nNpuypoyeHa K toxHon yactn XBC,
BTOpas - K ceBepHoW. [paHuua mexay Humu (Cyaa no anemMeHTam
3aneraHnsl) HOCUT He cTpaTurpaduyecknii, a TEKTOHUMYECKU XapakTep.
Bonee pgpeBHsA TeppureHHas Tonwa, NPoOCTUpasCb B CEBEpO-3anagHOM-
cybmepuanoHanbHom HanpasneHusix (320-350°), nagaeT Ha oro-3anag, nog,
yrnamn 60-75°. bonee mornopas ByfKaHOreHHasa Torfwa, pacnosarascb
CeBEpO-BOCTOYHEE, MeeT cybmepuamoHanbHoe npocTtupaxue (340-360°) u
BepTuKanbHoe nageHne. C OKpyXalwwumu rpaHutougamm obe Tonwm
KOHTaKTUPYKT TEKTOHUYECKU W BbINOSHAT HE €OUHYH0 Y3KYK TPOroBylo
CTPYKTYpY, @ cnaralT pa3pO3HEHHblE NIMH30BUAHbIE Tena, 3akmioYeHHbIE B
none OAHOBO3PAaCTHbIX C HUMW MUITMaTUT-TPaHUTOB. Takas dopma Ten
MOXET CBUAETENLCTBOBATL O NpeobnagaHMmn Ha NOCTBYNIKAHUYECKOM 3Tane
pas3BuTUS CTPYKTYpbl AedpopMaLmin cxaTusl.

AHanu3 reoxMMmmyeckmx ocobeHHoCTeN NOpoA NO3BONUI NMPEeanonoXnTb
BO3MOXHOCTb  (QOPMUPOBAHWS 0OCaAKOB UM  BYJNIKAHUTOB B  pasHbIX
reoAnHamMmMyeckux obCcTaHoOBKax.

HuxHAas  Tonwa npenctaesneHa  metarpayBakkamu  [Munbkesuu,
MbickoBa, 1998], cxogHbiIMM nNO COCTaBy C TOMWaAMKM rpayBaKk-
aprunnMToBbIX  CEpUn  MO3OHEeapXeMCKMX  3eNeHOKaMEHHbIX  MOSICOB
KaHapckoro wyrta u ¢ MeTateppureHHbIMU NopogamMu rMMOJSIbCKOW Cepum
KocTtomykiuckon cTpykTypbl. Cnaboe xMmMuyeckoe BbIBETPMBAHWE MOpo[, B
obnacTtn cHoca npepnonaraet GbICTPYO 3pO3U0 U OTHOCUTENBbHO BbICOKUIA
penbecd MecTHOCTU. W3 COBpEMEHHbIX reoAMHaMUYecKnx 0O6CTaHOBOK
Taknm yCrioBMAM OTBEYaeT OKeaHu4veckas OCTpoBHasA ayra. Ee Hannuume
noAaTBepXpaeTcsa  MoJfioXeHueM cocTaBoB MeTarpayBakk XBC  Ha
OUCKPUMWHaLMOHHBIX gnarpammax [Bhatia, 1983].

BynkaHuTbl  cpegHel  TOMWM  BapbuMpylwOT MO  cOCTaBy  OT
aHpe3nbasanbToB OO JauutoB M 6nusku  nopopmam  BADR - cepuii
COBPEMEHHbIX OCTPOBHbIX Ayr. OHW MMEKT MNOBbIWEHHbIE COAEPXaHUSA
KPYMHOMOHHBIX NUTO(UNbHbIX anemeHToB: Sr, Ba, Th, U n Bbicokne Sr/Y
oTHoweHusa [MiickoBa 1 ap., 2017] n conoctaBuMbl C HU3KOKPEMHUEBBLIMU U
BbICOKOKpPEMHMEBLIMM pa3HoCTAMM agakuToB [Martin et al., 2005]. MNepBble
Mornum  obpasoBaTbCA MyTEM MNaBfieHUA  MeTacoMaTU3MPOBAHHOIO
MaHTUMHOIO KIMHA, a BTOpble - B pe3ynbTaTe B3auMOAENCTBUSA
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6azanbToBOro cnaba C MaHTUAHLIM NepuaoTUTOM. Takol xapakTtep
BYNKaHu3ma xapakTepeH [nnsi 0O6CTaHOBOK 3penblX OCTPOBHbIX Ayr U
aKTUBHBbIX KOHTUHEHTanbHbIX OKpawH. lMonoxeHune COCTaBOB
meTaBynkaHuToB XbC Ha ANCKPMMWHALMOHHBIX AMarpamMmmMax COBPEMEHHbIX
reoAnHaMmMyeckux obCTaHOBOK pnsl Kuchnbix nopop [Pearce et al., 1984] u
OnsA OCHOBHbIX pa3HocTen [Condie, 2005] noaTBEpXAal0T NX FEHETUYECKYIO
CBSI3b C OOGCTAHOBKAMMW 3penbiX OCTPOBHbIX Ayr. MoaobHble 06CTaHOBKM
npepsioXeHol UM Ans 6Gnu3kUX No BO3pacTy U COCTaBy BYNKAHWTOB
3efleHoKaMeHHoro nofica XaTTy npoBuUHUMKM WMnomaHTcn BocTouHoun
®uHnaHpun  [Geol. Survey of Finland, 1993]. Ho cybpykuma He
€0VHCTBEHHbI ~ BapuaHT  WHTEprnpeTaumyM  TEKTOHUYECKUX  YCrOBUM
dopmupoBaHua BynkaHutoB XBC. OpHum w3 cnocoboe oborauieHus
MaHTUN  KPYMHOMOHHLIMU  JINTOPUSIBHBIMK ~ 3fIEMEHTaMU  MOXET  ObITb
npoLecc KOHTaMMHaLMU MaHTUWHBLIX flaB KOpOBbIM MaTtepuanom. Bonpoc
reonHaMMyeckKon 06CTaHOBKM NOKa OCTaeTCs NpPeAMETOM AUCKYCCUM.

Takum obpasom, TeppureHHas u ByfIKaHOreHHas TOJSILWM, CKopee BCero,
dopmupoBanucb B pa3HblX TEKTOHMYECKUX ycrnoBusix. B pamkax
NNEeATTEKTOHMYECKON MOAenn 3TO OO6CTAHOBKU OKEaHUYeCKMX OCTPOBHbIX
OYr N aKTUBHbIX KOHTUHEHTAbHbIX OKPaWH.

Bce xapaktepuctnkn X6C (pa3o6LeHHOCTb B NPOCTPaAHCTBE CriaratwoLmx
ee TONL M HanMyne TEKTOHMYECKOrO KOHTaKTa Mexay HMMW, NMH30BUAHasA
dopma reofiormyeckux  Ten, opmMupoBaHMe NOpoA B pa3HbiX
reognHaMmmyeckux obCcTaHOBKAax) He MNO3BOMAIOT paccMaTpuBaTb ee Kak
CUHKNUHanb. Mo aHanorMm c pacrnofioXeHHbIM oXHee MNosicoM XaTTy
npoBuHuMn Nnomarten (PuHnaHama) [Ceol. Survey of Finland, 1993] XBC
MOXET ObITb MHTEpnpeTMpoBaHa KakK pe3ynbTaT [AEWCTBUA COBUrOBOM
TEKTOHVKMN.
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BospacT 1 reHe3uc 3KNornToB BepxHei MaHTUM KpaToHa
Kaccau (AHrona): pesynbtatbl uaydeHus Nd-Sr-Os nsoronHowm
cUCcTeMaTUKu

HukntnHa J'I.I'I.1, Boromonos E.C.1’2, KpbimMckuia P.LIJ.Z, Bensaukwii B5.B.2

"WIr, PAH, CankT-letepbypr; °®@I6Y «BCEIEM», CankT-lTeTepbypr

KceHonuTbl MaHTUIAHBIX NOPoA 06HapyXeHbl B KUMOEPNUTOBLIX TPybKax
kpaTtoHa Kaccau, koTopbii aBnsetca KO3 uvacTtbio 6onee o6LWMPHOrO
KpaToHa KoHro - Kaccam. U-Pb (SHRIMP Il) Bo3pacT UMPKOHOB M3 3TUX
KumbepnutoB (KaTokckuii knactep anMa3oHOCHOW npoBuHUMK JlyaHpa, CB
Anrona) cootsetctByeT 117.9+£0.7 mnH net [Robles-Cruz et al., 2012].

Cpean KCeHoONUTOB BCTPEYalOTCA rpaHaToBble NEPLOnUTbl U OYHUTbI, HO
npeobnapatoT aknorutbl pas3nuyHbix TunoB [Nikitina et al., 2014]: Bbicoko-
Al,O3, HM3Ko-MgO un Bbicoko-MgO [Nikitina et al., 2014]. Habniopgaetca
CMEeHa TWUMOB 3KIMOrMTOB B pa3pe3e MaHTuu: Ha rnybuHax 100-140 km
BCTpEYaTCA MpPEUMyLLECTBEHHO BbICOKO-Al,O3 C  paBneHusmn 1
Temnepatypmau kpuctannusaumm 3542 k6ap n 900°-1020°C, Ha rnybuHax
120-170 km - HU3Ko-MgO, P= 37-50 kb6ap, T= 940°-1180°C, a Ha rny6uHax
170 - 210 k™ - BbiIcok0-MgO, P=54-60 k6ap, T=1240°-1360°C.

Llenblo  HacTosiwero wuccrnegoBaHusa 6bi10 - YTOYHEHME Bo3pacTta
MpoLLeccoB, MPOUCXOOUBLUMX B MaHTUM KpaToHa Kaccau, u nposepka
rmnoTesbl Cy6AyKLMOHHOIo nponcxoxaeHus aknorutos [Kopones, 2015].

PesynbTatbl udyyeHua Nd-Sr M30TOMHOW CUCTEMbI CBUAETENLCTBYIOT O
HayanbHOW HEroMOreHHocTM wu3oTonHoro coctaBa Nd B rpaHaTe u
KNMUHOMUPOKCEHE, W/WNM YaCTUYHOM HapYLUEHUM 3aMKHYTOCTU CUCTEMbI B
NOCTKPUCTaNNM3aLUnOHHbIN Nepuoa, YTo NPUBOAUT K OTCYTCTBUIO 3HAUMMbIX
reoXpOHONOrMYECKUX KOppenauun B KoopauHaTax YSm/M*Nd-"*Nd/**Nd
Ons  oTaenbHbIX 0obpa3uoB. Bmecte ¢ TeM BcA  COBOKYMHOCTb
aHanuTuyecknx To4dek (n=10) ynoOBNETBOPUTENBLHO anMnpoKCMMUpyeTcA
NVHEeWHbIM TpeHAoM, cooTBeTCcTByloWMM Bo3pacty 131+12 mnH nert.
PacueTbl BHYTPEHHMX MW30XPOH MO MOHOMUHEpasbHbIM  (dPaKLMAM
KIMHOMMPOKCEHAa U rpaHaTa, u BanoBon npobe ans Hu3ko-MgO sknorntoB
Takxe nokasbiBaloT 6nm3kne 3HadeHus: 150.0+6.5 mnH net, eNd = +1.4 (wr,
cpx, grt) u 147+17 mnH net, eNd = +1.4 (wr, cpx, grt, grt2). lNonyyeHHble
Sm-Nd BozpacTHble 3HauveHuss 6mm3km k U-Pb BospacTty uupkoHoB 13
kumbepnutos. MNpu aTom eNd Ansa 3KNornToB BapbuMpyeT HE3HAUYUTENBHO OT
+ 1.4 po +1.7, f pna nepvuqowwa paBeH +2.4, a U3MepeHHbIe B BaJioOBbIX
npobax 3KNorMToB OTHOLLEHUS! 8sr/%0sr BapbupytoT ot 0.7056 no 0.7071.

Re-Os wu3oTOnHass cucrtema: TOYKU BasOBbIX npo6 3KNornToB U
nepuaoTUTa Ha guarpamme ¥70s/"®80s-"*"Re/'®0s noxartcs Ha N30XPOHY

745.8+3.8 MnH neT, Npy 3TOM MOAENbHbIN BO3pacT KonebneTtca B npegenax
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875-810 mnH net. KoHueHTpauusi Re n Os u oTHowenus '°'Os/'*®0s u
¥"Re/"®80s B BbICOKO-AlL,O3 BbilLe, YeM B HIU3KO-MgO: '¥’Re/'®0s - 80.68 u
135.2, "¥0s/'™®®0s - 2.0 u 1.3, u, COOTBETCTBEHHO, Bbllle TAKOBOTO B
xoHgpute - 0.1276 - 0.1278 [Walker et al., 2002; Palme, O’Neill, 2003] u
PUM - 0.1296 [Meisel et al., 2001].

Mogerne reHesuca sxsiornros. TokasaTtenem KopoBon (Cy6ayKLMOHHON)
NN MaHTUAHOW MpUpOAbl 3KIOrUTOB, Hapagy C BenuyuHon 8180, moryt
CNYXUTb U 3HAYEHUSI Ha4YanbHOro U30TOMHOro coctaea Sr u Nd. KaTokckue
3KITOTUTbl XapaKTepuaylTCcsa 3HaA4YeHUAMU (87Sr/868r)0 = 0.7056 - 0.7071,
npesbllWaWuMn TakoBoe B BSE, u HEBbICOKMMU MONOXMTENbHLIMA
3HaveHuamMmn eNd,: ot +1.8 po +2.6, 4To CBUOETENBLCTBYET B NOMb3Y y4acTus
oborawieHHoOro BellectBa B (popMMpoBaHUM MX WUCTOYHMKA. Mo Re-Os
M30TOMHOMY COCTaBy 3KMOMMTbl U3 KUMGepnuToB KaToku MpUHUMNNANbHO
He OTNIMYaTCA OT 3KMOMMTOB U3 MaHTUKN OPYIrUX AOKEMOPUACKNX KPaTOHOB:
Cubupckoro, Kaaneaanbckoro, MeH unu Cnein. OKMoOrmTbl 3TUX KPaTOHOB
XapaKTepu3yloTCH BbICOKMMU KOHUEHTpauusamu Re (Ao Heckonbkux ppb) u
MOBbLIWEHHLIMWU MO CPaBHeHMIO C XxoHgputom u PUM  3HauyeHuamu
otHowweHus '¥0s/'*80s - o1 0.2 go 26. Torpa kak Re-Os N30TOMHbIN COCTaB
MaHTUWHbIX NEPUAOTUTOB MUX TEX XE KPAaTOHOB CYLLECTBEHHO OTNINYAETCA: B
nepnaoTntTax HabniogaeTcss HU3Koe copgepxaHue Re (06blvHO MeHee 1.0
ppb), HM3KOE OTHOLWIEHUE ¥'Re/'*®0s (pepko Bbiwe 1.0) M o4eHb HU3KOE
otHowweHue '¥0s/'®0s ot 0.1069 10 0.1297, T.e 06bIUHO HIXe, Yem B PUM.
HauGonee Huskue 3HaueHus ' Os/'*¥0s cBoiicTBEHHSDI nepugoTutam u3
MaHTUU paHHeAOKeMOPUNCKMX KPaToHOB. Takum o6pa3om, paamoreHHbIn
coctaB Os B KaTOKCKMX 3Knorutax, Kak v gns 6onblMHCTBA MaHTUMHBIX
3KIIOrNTOB, YKa3biBaeT - OHW He Mornu obpasoBaTbcA B peaynbraTe
nnaBneHns TONbKO MaHTUWHOIO nepuaoTuTa, U gna ux opMUpoBaHUS
HeobOXOAMM CyLLIECTBEHHbIV BKNag oboralleHHoro Re matepuana.

Obcyxnenne n BbiBoAbl: Onupasice Ha pe3ynbtatbl U-Pb patupoaHus
30HanNbHbIX LUMPKOHOB M3 HU3KO-MgO sknoruta uM nepugotvTa, MOXHO
nonaratb, 4To (OPMUPOBAHWE IKIIOTMTOB B BEPXHENM MaAHTUM KpaToHa
Kaccan npoucxoguno paHee, 4em o00pa3oBanvuCb 3TU LUPKOHbI C
MWHUManbHbIM Bo3pactoM 1242197 mnH net. CornacHo gaHHbiM [Batumke
et al., 2009], Ha4yano dopmupoBaHuA Kopbl B npefenax KpaToHa KOHro-
Kaccan oTHocutca K paHHemy apxeto (T3.6 mnpa net). BosHukwas B
pe3ynbTaTte napuunansHoro nnasneHuns paHHeapXxencKom KOpbI
nosgHeapxeinckasa Kopa 3aTeM Obina nocnepoBaTenbHO nepepaboTaHa
TEKTOHMYECKM B NaneonpoTtepo3oe, Me30MNpoTEPO30e UM HEONPOTEPO30E.
Heonpotepo3onckuin  atan  pudTuUHra npuBen K  obpas3oBaHuio
KaTtaHraHckoro nosica, ogHako BO3AeWCTBUIO pudTUHIra nogBeprca U Becb
kpatoH KoHro-Kacau [Batumike et al., 2009]. B npepenax camoro
KaTtaHraHckoro nosica yctaHoOBfieHbl pyonuTbl ¢ Bo3pactom 879 MmnH net
[Hanson et al., 1994; Johnson et al., 2007], rpaHuTbl ¢ Bo3pactom 877 n 865-
820 mnH net [Barr et al., 1977; Porada, Berhorst, 2000; Johnson et al., 2007]
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N Heckonbko 6Gornee nosgHue BynkaHutbl 760 mnH net [Key et al., 200;
Johnson et al., 2007]. MoxHOo nonaraTb, 4YTO MOCNEOHUA MpoLecc
nnaBfeHns U MeTacoMaTo3a 3KMOrMTOB U NepuaoTUTOB B MaHTMu KaTtoku,
onpepensembin Re-Os un3oxpoHon B 745.8+£3.8 MnH net, conpsixeH cC
pervoHasnbHbIM NposiBNieHMeM npouecca pudToobpa3oBaHus B npepenax
KpaTtoHa KoHro-Kaccau [Batumike et al., 2009].

Nd-Sr-Os 130TONHbIN COCTaB 3KMIOMMTOB M3 MaHTUKM KpaToHa Kaccau He
NPOTMBOPEYUT MX CyOAYKLUOHHOM npvnpop,e [Kopones, 2015]. lNoBbILWeHHbIE
no cpaBHeHuio ¢ BSE 3HaueHus ¥sr/%sr B aknorutax (no 0.7071) nm
nonoxwurtenbHble BenuunHbl eNd (+1.8:+2.6) cBuaeTenbcTBYOT 06 yyacTum
KOpOBOro matepuana npu ¢o OPMMPOBAHWM SKIOTUTOB. Bbicokue 3HauveHus
¥7Re/"®®0s (135-80) u "*’0s/"*®0s (1.311-1.9709) OTHOWEHuUV B KaTOKCKMX
3KMorMTax W 3HauyuTenbHasi OOoNs pPaAuoreHHoro ¥70s (yOs =129-147)
noAaTBepXxaatT obpa3oBaHNe 3TUX SKIIOTUTOB U3 UCTOYHMKA, 0boraleHHOro
peHveM - cyb6aoyuMpOBaHHOW OKEeaHW4YeckKon Kopbl, npeobpa3oBaHHOW B
pe3ynbTate MeTacomaTo3a W/unu nnaeBneHns B YCIIOBUSAX BEPXHEN MaHTUU.
MpoTonutom BbiCOKO-Al,O3 3KNOrMTOB, BEPOSTHO, NOCAYXunun rabbpounapl, a
ana Hu3ko-MgO aknorntoB - 6a3anbTbl OKEaAHWYECKON KOPbl/OOHUHUTBI
[Kopones, 2015]. Bbicokobapuyeckme 1 BbICOKOTEMMNEPATYPHbIE U3MEHEHUS
BbICOKO-MgO 3KnormtoB B rMyOMHHBIX 30HAX MaHTUW MpUBENU K yTpaTte
reoXMMUYECKNX XapaKTePUCTMK UX NpoToNnTa.

Sm-Nd nsotonHas cucrtema B nopogax u MuHepanax
ApbICKaHCKOro peAKoMeTaribHoro MeCTopoXaeHus

Hukudopos A.B.", Xeptek A.K.%, Kosnosckuit AM.’

"MFEM PAH, Mocksa; °TUKOIP CO PAH, Kbiabirn

OnpepneneHne Bo3pacta MarMaTM4yeckumx nopof, HeCcMoTps Ha obunue
COBPEMEHHbLIX EOXPOHONIONMYEcCKMe METOLOB, 3a4acTylo  ABMAKTCA
CrnoxHon 3apadeint. LLlenoyHble rpaHuTbl, Kak nopoabl 6oraTtble K, Rb, P33,

dopmManbHO MOXHO OTHECTM K 6raronpuaTHbIM Afns  AaTMpOBaHuUSA
nopogamMm. OfHaKo Kak Moka3sbiBaeT MpakTuka, 3TOT Tun nopop Tpebyer
O4YeHb OCTOpPOXHOro nopxoaa. B HacTosiwem poknage Ha npumepe
LENOYHbIX TPaHUTOB ApPbICKAHCKOrO pPEeAKOMETANIbHOro MEeCTOPOXAEHMS
(ceBepo-BocTOK TyBbl) GyaeT paccMOTpeHa MOMbiTka AaTUPOBAHUA 3TMX
nopog, ¢ ucnonb3oBaHmeM Sm-Nd N30ToNHOM CUCTEMBI.

LlenoyHble rpaHUTbl codepxXaT B CBOEM CcOCTaBe pa3HoobpasHble
MUHeparnbl, KOTOpble SIBNSAITCA HOCUTENSIMU 3HAUYUTENbHOIO KONMYecTBa
pefKo3eMeSIbHbIX 3f1EMEHTOB. 3a4acTyld B OOHOM M TOM Xe LLEJIO4YHOM
rpaHuTe NPUCYTCTBYHOT MUHEpanbl, KOTOpble N3bUpaTeNbHO KOHLEHTPUPYIOT
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TAXENble WM Jerkme penko3emesibHble 3fieMeHTbl. 10 TakuMm CusbHO
pasnuyaroLmmcsa no oTHoweHnto Sm/Nd MuHepanam TeopeTMyeckn MOXHO
nony4mMTb HaAexHble oOueHKun Bo3pacta. OfHako Ha npakTuke Mol
CTankmBaemcs C HapylleHMeM BaxHOro YyCrnoBuA AN U30XPOH -
COXPaHHOCTU M30TOMHOW CUCTEMbI B MMHEpPanax u NopoAe B LLENOM.

ApbICKQHCKOE MECTOpPOXOEHME TMpPUYPOYEHO K  KYMONbHOW 4YacTu
He6onbLworo (375 x 20-70 m) pankoobpasHoro Tena LWenoYHbIX FPaHUTOB U
COMPOBOXAAMOLWNX €ro nermMaTtutoB M anbbututoB. B HemocpeacTBEHHOM
6nM30CTU OT BbIXOOOB peAKOMeTasbHbIX FPaHUTOB pacnonaraetcs 6ornee
KpYnNHbIN (0,45 KM2) ACTBIKCKMA MaCCuB, CMOXEHHbIN  LWENOYHbIMU
rpaHutamu. PaHee 6bIMO  MoOKasaHo, 4TO STWM nopoapl crnegyet
paccmaTtpuBaTb B pamkKax eguHoro rnyboko auddepeHumMpoBaHHOro
KOMIMeKca, dopmunpoBaHmue KOTOpOro NMPOMCXOAMII0 B
nocrnefoBaTenlbHOCTU: LEeNOoYHbIe rPaHnTbl ACTBIFCKOrO Maccusa — MOpoAbl
ApbICKAHCKOrO MaccuBa: MUKPOKWH-anbbuToBble LUENOYHbIe FPaHUTbl —
pyoHble nermatutoBble Xunbl [1]. Feoxumuyeckne oco6eHHOCTU 3TUX NOPOL,
yKa3blBaloT Ha ONM3Kyl0 FeOXMMUYECKYI0 Ccrneumanu3auuio. YCTaHOBMEHO
cornacoBaHHoe oborauweHue 6onee no3gHux ¢as Th, U, Nb, Ta, Zr, Hf n
HREE.

MpoBegeHHble HaMu McCCrnefoBaHUs BasnoBblx Npo6 M MoOHoMpakLmu
npuoputa nokasanu, 4to Sm-Nd nsotonHasa cuctema nopogd ApbICKaHCKOro
MECTOpPOXAEHUSA Ha ypoBHEe LWTY(HbIX Npob6 oOkazanacb HapyleHHou [2].
JInHna koppenauun, NocTpoeHHas no BceM Toudkam, nmeeT CKBO=177,
NMo3TOMYy OLIEHKA BO3pacTa Mo Hell HEKOPPEKTHa.

[MepBble pe3dynbTaThl UCCNEAOBaHUA COCTaBa Mopof Mof 3NEKTPOHHbIM
MUKPOCKOMOM  MOKasanu MaccoBoe npeobpa3oBaHMe  MUHepasnoB-
HocuTenen pepKo3eMernbHbIX 3NeMeHToB. Bo BceM ob6beme u3y4veHHOoro
KaMeHHOro matepuana Hamu He Bbinn BCTpeYeHbl HEM3MEHEHHbIe TUTAHO-
TaHTano-HMobatkl. B gononHeHne K paHee ony6nmkoBaHHbIM hoTorpadmsam
[2], UNICTPUPYIOLWMM Npeobpa3oBaHNe MUHEpanoB 3TOW rpynnbl
npvBeAeM NpUMep U3MEHEHUA NpuopuTa (pUCYHOK A), oS KOTOPOro paHee
OblnM BbINOMHEHbI U30TOMHLIE UccrenoBaHus. Mpu pasnoxeHne npvopuTa
COXPaHSTCA ero penukTbl NepeMeHHOro cocTtasa, ¥ MPOMCXOANT MUrpaums
Ti, Th, Nb n P33 c o6pa3oBaHMeM camMoCTOSITENbHbIX MUHEpanbHbIX a3 -
deprycoHuTa, UnbMeHuTa u TopuTa.

Mpu pasnoxeHun 6Goratoro Taxensimn P33 dniooputa ocratoTcs
obefHeHHbIE 3TUMKU 3NEMEHTaMMN penukTbl nopuTa M MOABMAITCS
camocTofATesNbHble 3epHa rarapunuta (pucyHok b). KpynHble BblaeneHus
rarapuHuTa BCTPEYalTCs M BHE CBA3M C (JIIOOPUTOM B HEKOTOPbIX
pa3HOBUOHOCTAX MOPOA MecTopoxaeHus. OgHako B TakOM rarapuHuite
yacto  UKCMpYHTCA  MpU3HaKuW  npeobpa3oBaHUss -  MOSIBNSALOTCA
o6ocobneHusa dTop-kapboHata P33 6acTHe3nTa. BbisiBneHHbIl BbiIHOC P33
13 NEPBUYHbIX MUHEPANOB AeNaeT UX HEMpPUrogHbIMU ANA OLEHKM Bo3pacTa
Sm-Nd meToaom, 1 Kpome TOro 3acTaBnfeT C OCTOPOXHOCTbIO OTHOCUTCH K
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OoueHKamM Bo3pacTa MO BanoBbiM npobam. Takum  obpazom,
MUWHepanormyeckue uccnefoBaHuss nopop ApbICKAHCKOro  KoMmrsekca
no3BofMnM 060CHOBaTL HENPUroAHOCTb AJ1si FEOXPOHONMOMMYECKUX Lenen
f6onblmHcTBa HocuTenen P33 (pa3HoobpasHble TUTAHO-TAHTano-HMobaThbl,
rarapuHuT, onropur).

QNa@aVF6
o 3

'

1 dnoopuT (+Na +Y) ~
2 . ®noopuT (-Na -Y)

'~

18mm

Pucyrok. Pesynbtat nameHenusa npuoputa (A) n cdnooputa (b) n3 nopop, ApbICKaHCKOro
komnnekca. Potorpacun B OTPaxeHHbIX MEeKTPOHax

®occatel P33 n Y B nopogax ApbICKAHCKOrO KOMMiekca WMET
OrpaHNyYeHHoe pacnpocTpaHeHWe 1 B MMHepanbHOM GanaHce pyn Aaxe He
yuuTbiBanMCb. 34eCb U3BECTHbI KCEHOTUM M MOHAaUUT, OAHAKO COBMECTHO
OHW BCTpEeYEHbl HaMW TOSIbKO B anbbuT-pubekMToBOM 30HEe MerMaTuToB B
BMAE U3OMETPUYHbIX 3epeH padmepom MeHee 0.1 mm. lMof 3NeKTPOHHbIM
MMWKPOCKOMNOM MUHepanbl roMmoreHHbl. 13 npobbl Ap-1/30 6binu BblaeneHbl
€0VHWYHbIE 3epHa 3TUX MuHepanoB M npoBegeHbl Sm-Nd n30TOMHbIE
nccnepoBaHns. OTHowerne 'Sm/™Nd B kceHoTume 0.456, B MoHaumTe -
0.085. HaknoH 3Tol [BYXTOYEYHOW MW3OXPOHbI COOTBETCTBYET BO3pacTy
467+6 MnH neT. JTOT BO3pacCT, KakK 1 CnefoBano oxuaatb, OTAn4aeTca oT
OLIEHOK BbIMOJSIHEHHBIX paHee Nno BasioBblM Npobam [2], ogHako coBnagaeT
OLIEHKOW BO3pacTta nony4vyeHHon Ar-Ar MeTonom no amubony M3 rpaHUToB
AcTblkckoro maccumea - 47015 mnH net. Takum ob6pa3om, MuHeparnbHas
napa KCEeHOTMM MW MOHauuT B nerMatutax ApbICKGHCKOro KOMMekca
coxpaHseT HeuameHeHHyto Sm-Nd wu3oTonHy cuctemy. [lonyyeHHble
cornacoBaHHble 3HauyeHua BO3pacTa CBUAETENbCTBYIOT O €4VHOM
MarmaTMyeckoM wumnysbce, npuBeawuM K dopmupoBaHnio 6e3pyaHbix
LLEeMOYHbIX FPaHMTOB ACTBIKCKOrO MaccuBa W peaKoMeTanbHbIX MOpoA,
ApbICKaHCKOro KoMmnsekca.
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HoBbIn NOAXOA K OLleHKe ANIMTENbHOCTU TEPMUYECKUX
npeo6pasoBaHuin 0Cag04HbIX nopop, B oqarax NPUPOAHbIX
YrosibHbIX MoXapoB Mo pe3yrnbTaTam “OAr/*Ar- -0aTUpOBaHUA

DETPUTOBbLIX MOMEBbIX LUMATOB

Hosukosa C.A., Myp3auHues H.I".

UHCTUTYT reonormum u muHepasiormm um. B.C.Coboriesa CO PAH,
Hosocnbupck

*korzhova@igm.nsc.ru

MpupogHble yronbHble MOXapbl U COMPSXEHHbIE C HAMU TepMUYecKne
npeobpa3oBaHNsi 0OCafgKOB  SABASAIOTCSA  pAOOBbIMM  re0sIorMYecKumm
npoueccamn B npegenax YrineHocHblx 6accenHoB (Kak B NPOLUSIOM, Tak U B
HacTosweMm). 3a nocrnegHWe  rogpl  nosBnseTrca  Bce  Gonblue
MWHEepanorMyeckon, reosiorMyeckon W  [axe  reoXpPOHONOrM4YeCKowm
WHopMaLun 0 npupoaHbIX Bo3ropaHusax yrnen [Coal.., 2015]. B Toxe
BpEMS [0 CMX MOp OCTAaeTCH He ACHbIM, KaKOBa AJITENbHOCTb TEPMUYECKUX
npeobpa3oBaHUii 0Caf0YHOro MPOTONNTA B JIOKAmNbHbLIX O4arax ropeHus.
lMockonbKy B MPUPOAHBIX YCOBUAX rOPEHUE YroflbHOro nnacra NpoucxoanT
nof 3emrnewn, Aaxe Ha COBPEMEHHBIX MOXapax HET BO3MOXHOCTU Hanpsamyto
OLEHUTb ANUTENbHOCTb TepmomMeTamopduama ocapkoB. [1o HacToswero
MOMeHTa Obinl NpeanoXeH nuWb OAWH NOOXO4 K pacyeTHOW OLEeHKe
BPEMEHU CYLLECTBOBAHMA JIOKANbHOrO o4vara ropeHus. [JaHHbli noaxon,
OCHOBaH Ha pacuyeTax, BKIOYaKLWmMX pag  OU3NYEeCKNX MapamMeTpos,
XapaKTepusyloLmMX YrNeHOCHbIA Yy4acToK (MOLWHOCTb U rny6uHa 3aneraHus
YrofnbHOro nnacra, MNPOHMLAEMOCTb W TEMMONPOBOAHOCTb BMELLAOLNX
nopog u ap.) [Wolf, Bruining, 2007]. OgHako Ans apeBHUX noxapos TpyaHO
UM HEBO3MOXHO YCTaHOBWUTb YacTb W3 3TUX NapameTpoB (Hampumep,
MOLLHOCTb BbIrOpEBLLEro nnacta u nepekpbiBaoLmx ero nopon). Hamu Ha
OCHOBaHUM PesynbTaToB YMCNEHHOTO MOAENNPOBAHNS ObII0 NOKa3aHo, YTo

OArAr- -AaTMpoBaHne MNporpeTbiX NoXapom AETPUTOBbLIX MOSMEBbLIX LUNATOB
B MEpPCreKTUBE MOXET MO3BOMIUTb BbLIMOJIHATL OLEHKY [ANUTENbHOCTU
TepMMYeckux npeobpasoBaHnii NPOTONNTA B JTOKANIbHOM Oo4are ropeHus.

MoneBble wWNaTbl ABNATCA OObIYHBIM KOMMOHEHTOM 065IOMOYHOIO
MaTtepuana KOHTUHEHTamnbHbIX YIMEHOCHbIX OCafKoB. B xope yrombHoro
noxapa npPOUCXOAUT MpPOrpeB OCaA[O0YHOr0 MNpPOTONMTa MNPU  Pa3fIUYHbIX
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Temnepatypax (T po 1200°C) m kak cnegcrteue, OETPUTOBbIE MONEBbIE
WinaTbl TEPSAOT paHee HaKOMMEHHbIA pafAMoreHHbIn aproH. Ecnn nssecteH
WCTOYHMK CHOca O6GJIOMOYHOro MaTepuana, BO3pacT Mopof MCTOYHMKA
CHOCa 1 BO3pacT noxapa, To Ha ocHoBe peaynbratos “°Ar/*°Ar-natuposaHus
NpOrpeTbiX MOJIEBbIX LINATOB MOXHO OLEHWTb CTeMneHb MX Aerasauuv u
3aTeM paccuutaTb, CKONbKO BpeMeHu noTtpeboBanocb pAnsa notepu
paanoreHHoro aproHa fnoneBbiMY LINaTamMu Npy 3afaHHblX TemnepaTtypax
(kMHeTu4Yeckme napameTpbl obbemHon puddy3snm aproHa B MNONEBOM
LinaTe U3BECTHbI, TEMMNEpPATYPbl PEKOHCTPYMNPYIOTCA N0 MUHEPaNormyecknm
KpuTepusam). Pe3ynbTaTbl pacyeToB MNO3BONAT OLEHUTb BpPEMEHHOM
WHTEpBan CyLeCTBOBAHUS JOKanbHOrO ouvara ropeHus (npyv 4acTUYHOM
noTepe aproHa) unuM MMHUManbHOEe BpeMs NporpeBa OCazKoB (Mpy NOSIHON
noTtepe aproxHa).

Ona obocHOBaHUA KOPPEKTHOCTU [aHHOro MoAxoda W  HarnsgHoro
npMMepa Mbl BbIMOMHUAW MOAENbHbIE pacyeTbl BPEMEHU [erasauuu
nonesbiX LWMNAToB C UcxogHbiM Bo3pactoM ~300 MAH feT Npu pasfnnyHbIX
TemnepaTtypax (Bo3pacT noxapa 6bin npupasHeH 0.01 mnH net) (Puc. 1).

10° . T T

perasauyus 100%

nerasaumsa 70%

OAnuTenbHOCTb Aerasauuu, Hegenu

10° :
500 5

TemnepaTtypa nporpesa, °C

Puc. 1. PesynbTaTbl pacyeTa BpemMeHu, Heobxogumoro ansa nosiHon (100%) n yactuyHow
(70%) noTepu pagMoreHHOro aproHa noneBbiM LINATOM C UcxodHbIM Bo3pacToM 300 MnH net
npy pasnuyHbIX Temnepatypax (pasmep auddysnoHHoro gomeHa 5, 100 n 200 mkm); OO -
NP Y3NOHHBIN JOMEH

CornacHo Hawum pacyetam M dy3vOoHHbIE JOMEHbI Pa3MepPoM B 5 MKM
npu T = 600°C (TemnepaTypa, Npy KOTOPOW MOrYT HayaTbCca UKCMpyemble
npeobpa3oBaHnsi NpOTONUTa) TEPSAIOT BECb aproH 3a 2 fgHA, a npu T =
1000°C (obbl4Hble TemnepaTypbl B  BbICOKOTEMMEPATYPHbIX  30HaX
npeobpa3oBaHnsi) MeHee, YeM 3a 1 MUHYTY. [JOMeHbl TaKoro xe pasmepa
TepsawT 70% aproHa npu T = 600°C, meHbwe, 4em 3a 1 geHb wu
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MomeHTanbHo npu T = 1000°C. [Oudpy3noHHbIE OOMEHbI pPa3MepoMm
200 mkM nonHocTbto perasuvpytotes npy T = 600°C 3a 11 net,anpu T =
1000°C meHee, yeM 3a 1 geHb; gerasaums Takux gomeHoB Ha 70% npu
T =600°C npoucxoguT npumepHo 3a 2 roga, a npu T = 1000°C npumepHo
3a 3 uvaca. [lockonbKy (PpOHT ropeHus MNOCTOAHHO CMellaeTcs BAOMb
yronbHOro nnacra (ckopocTb nepemelieHus 5-17m B rog) [Cokon u ap.,
2005], 30oHa nporpeBa TakXe CMeLlaeTcs BCreq 3a HUM M Kak Crneacteue
TepMmnyeckoe npeobpasoBaHNE OCAAKOB B JOKamnbHbIX oO4arax noxapa
OOBOJIBHO KPaTKOBPEMEHHO MO reosflorMyeckumM Mepkam  (Mecsaupl -
Heckonbko nert). [o3aTomMy, kak BUAHO M3 pacyeToB, B crnabo M ymepeHo
npeobpa3zoBaHHbix nopogax (T < 750°C) ecTb BepOSTHOCTb OOHapYXWTb
YaCcTUYHO [era3vpoBaHHble MOneBble LnaTbl, YTO NO3BONUT Haunbonee
TOYHO OLLEeHMTb ANUTENbHOCTb MPOrpeBa NpoTonuTa.

Anroputm  peanusaumMmM LaHHOTO MOAXO4A BbIMMAAUT  CRNEAyHLNM
obpazom. (1) OT60p 06pasuoB MUCXOAHbLIX YrNeBMELLAWUX OCaaKoB,
NMUPOreHHbIX NOpoA, C PeNUKTaMm NosieBbIX LWINAToB, Npeobpa3oBaHHbIX Mpy
pa3nunyHbiX TemnepaTtypax (B MoneBbiX YCIOBUSIX pas3nuyaloTcs no UBeTy,
TEKCType, MPOYHOCTU) U MOMHOCTbIO MNepennasBneHbiX MNopoa. (2)
Onpefenenve Bo3pacTa YrofbHOrO noxapa no pesynbTatam “CAr/°Ar-
0aTMpoBaHUsi  MOSMHOCTbIO  nepennaeneHHblx nopof. (3)  Ananus
MWUKPOMOPONOrMn 1M cocTaBa MOJSIEBLIX LUNATOB U3 UCXOAHbIX OCafA0YHbIX
nopoa C LUenbld YCTaHOBUTb pa3mepbl  AMMDQPY3NOHHBIX  JOMEHOB
(orpaHuyeHbl TpewuHamn, obnacTaMM XMMUYECKON HEOLHOPOAHOCTU) U
NPOLEHTHOE COOTHOLLEHWE OOMEHOB pasfMyHOro pasmepa (Npv ycrioBum
OTCYTCTBUA MNPU3HAKOB BTOPUYHbIX U3MeHeHun) (4) PekoHCTpyKuusA
Temnepatyp npeobpa3oBaHuss MNpoTonUTa MO MUHEParorM4yecknm
kputepuam [Cokon u gp., 2005]. (5) 40Ar/39Ar-D,aTMPOBaHMe NporpeTbIX
MoneBbiX LUNATOB U3 pa3fU4YHbIX TEPMUYECKUX 30H MUPOrEHHOro
komnnekca. (6) OueHka cTeneHn NOTepyu pPaguoreHHOro aproHa MnosieBbIMM
wnatamu (C y4eToM BKnaja pafMOreHHoro aproHa, obpa3oBaBluerocs ¢
MOMeHTa BoO3ropaHus). (7) Ecnm B nCXOgHbIX MOMEBbIX  LINatax
AN dy3nMoHHbIE JOMEHbI ObINMM  pa3nMYHOro pa3mMepa, TO Heobxoanmo
paccunTaTb, CKOJIbKO MPOLEHTOB 4(’Arpan 6bII0 NOTEPAHO  Pa3NUYHBLIMU
rpynnamm AOMEHOB (MOCKOSbKY MCXOLHO paccyuTbiBaeTCs BasioBas noTteps,
a Kak 6bIno Noka3aHo Bbllle JOMEHbI Pa3fIMYHOro pasmepa TepSAT aproH ¢
pa3Hoi ckopocTbio). (8) PacueT BpemeHn, HeobxoaMmoro Ans Aerasaumm
O Y3MOHHOrO [OMeHa ONpeferneHHoro pa3mepa npu  3agaHHOM
Temnepatype (MHTepBane Temnepatyp). WccnepoBaHve BbINOMHEHO B
pamMKax rocyaapcTBeHHoro 3agaHus (npoekt Ne 0330-2076-0013).
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PaHHekeMbpuickuin marmatnam BocTtouHo-EBponenckoro
KpaToHa: reoXpoHONOorus, reoXuMmns, reogMHaMmyecKui
KOHTEKCT

HocoBa A.A.1, CaBko K.A.2, Bo3Hsk A.A.1, boraaHoBa C.B.3, Menpx J'I.3,
TpaeuH A.B.*, Napvworos A.H.°
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PAH, Hosocnbupck; > BCETEM, CaHkT-TeTepbypr

CopepxaHuem reonormyeckon  uctopum  BoctouHo-EBponeiickoro
kpaTtoHa (BEK) B no3gHem BeHae - Havane kemMbpus sBNAeTCs HakonneHue
MOPCKMX OCafKOB WM 3HauUUTENbHAA CTPYKTypHas nepecTpoiika, Norekwas
BO3JblMaHue KpaToHa. [lpyyunHa 3TOW NEepecTponKu OCTaeTcA HEACHOMW.
MarmaTtunam Hambonee KpynHOro BYfIKaHMYECKOro apearna no3gHero BeHaa -
BonblHCKO-BpecTckon MNpoBMHUMKM Ha 3anafge KpaToHa, 3aBepLlunncs He
nosgHee 550 mnH. net Hasaa [Shumlyanskyy et al., 2016]. B paHHem
Kembpun marmatuam Obil U3BECTEH TOJSIbKO Ha ypanbCckoh okpanHe BEK,
roe ycTaHOBMEHbl HECKOMbKO rPaHMTHbIX MaccuBoB ¢ Bo3pactamu 510-540
MnH. net [Wapaakosa u gp., 2010]. Onsa Bcen octanbHon 4Yactu BEK aTo
BpeMsi paccMaTpuBaeTCsl Kak amarMaTU4Hoe.

Hamyu ObinM  NpoBeAeHbl  F€OXPOHOSIOTUYECKME, METPONIOrMYECKHUE,
reoxXMMm4yeckue u Un30TOMHO-TEOXUMUYECKME WCCNEefOBaHMA CUEHUTOB W
LLLENOYHbIX CMEHUTOB MaccuBa APTIOLLKM M MOHLIOHUTOB MaccuBa [ycuxa,
pacrofioXeHHbIX B 3anagHOM W  BOCTOMHOM 6GopTtax [layenmckoro
aBnakoreHa Ha OB BEK: WccnepoBaHus nokasanu, YTO MacCuBbl UMEKT
paHHEKEMOPUNCKMIA  BO3pacT W  MOCTOPOTrEHHbIE  FEOXUMUYECKME U
NeTposIornyecKme XxapakTepUCTUKN.

Maccus N'ycuxa. Maccus pacnonaraetcsa Ha Tepputopun CapaToBCKOM
obnactm B ceBepo-BOoCTOYHOM 6o0pTy [layenmckoro aenakoreHa, rpe
npopbiBaeT META0Caf0YHble THEWCbl WM  MUrMaTuUTbl  FOXXHOBOJTXCKOrO
KoMmnnekca paHHero npotepo3os. OH BblpaXeH KpynHbIMW aHOManuamMu B
MarHMTHOM ¥ rpaBUTaALMOHHOM MONAX U Obin BCKPLIT TPEMSA CKBaXXUHaMU Ha
npotsxeHnn 10 kM. MaccuB CNMOXEH  MOHLOHUTaMU U UMeeT
reoxnuMmmyeckmne ocobeHHoOCTU rpaHnTonaoB A2-Tuna.

MoHUOoHUTLI MaccuBa Mycuxum G6binn AaTupoBaHbl aoBymsa metogamu: U-Pb
MEeToAOM MO UMpKOHaM un OarSar MeTogomM no amcubonam. W3
MOHLOHUTOB ObINM BbiAENEHbl 3€pHa LMPKOHA OAHOPOAHOM Monynauum,
MarmaTudeckoro obnuka, mgmomopdHble, pasamepom o 500-600 Mkm B
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OJINHY, 200-300 MKM B LUMPVHY, nNpU3MaTU4ecKoro n
ANVHHoMNpu3maTuyeckoro rabutycos (1/m - 1.5-3), npospayHble, GnegHo-
po30BO €O crabblM KOPWYHEBLIM OTTEHKOM OKpacku. B  LMpkoHax
BCTpPeYalTCa BKIOYEHUA pyTuna W anatuta, a TakKxe pacnnaBHble
BKNoyeHusi. CBeyeHWe B KaTOOHbIX ny4ax oOOHapyXmBaeT XOpOLUO
odopMrieHHble  Gorlee  TeMHble sApa UM TOHKYK  PUTMUYHYIO
KOHLEHTPUYECKYIO (OCLMIINIATOPHYI0) 30HANBHOCTb. Pe3ynbTatbl M30TOMHbIX
nuccnefoBaHuin CBUAETENBLCTBYIOT 06 OTCYTCTBUM 3HAYUMBbIX HapylueHuin U-
Pb wu3oTonHoMm cucTembl LMPKOHOB. 3Ha4veHue 205pp 238 BO3pacTa,
onpepeneHHoe no 14 aHanusam UMpKOHa, cocTaBuno 51412 mnH. ner.

Ona onpepeneHuns A Ar BO3pacTa M3 MOHLLOHMTOB Oblnn 0TOBpaHbI
cBobOAHbIE OT BKIOYEHMI KpucTannbl amdubona. Haunyywun Bospacr,
paccuyuTaHHbIN NO NfaTo, cocTaBnseT 522+3 MIH. ner.

PacxoxpeHnunss B AaTMpoBKax, NpeBbiIalomMe aHanuTu4yeckne olmbkuy,
MOryT BbITb CBSI3aHbl C YaCTUYHBIM U3MEHEHNEM aMmdpubona, BbipaXeHHbIM
pa3BUTUEM MO HEMY XMOpuUTa U aKTUHONWUTa, 4YTO (DMKCUPOBANOCHL MNpwu
netporpadmyeckmx  uccnenoBaHuAaX. HecmoTps Ha HebonbLmne
pacxoxpeHusa B gatmpoBkax oT 3 oo 13 MrH. neT, pe3ynbTaTbl, MOMy4YEHHbIE
oboumu meTogamu, ykasbiBaloT Ha ¢opmupoBaHue MaccuBa [ycuxa B
paHHEM KeMOpuMm U B Ka4yecTBe OLEHKM KX BO3pacrta Mbl MPUHUMAEM
pe3ynbTatbl U-Pb meToaa no umpkoHam B 51412 MnH. ner.

MaccuB Aprtiowkun. MaccuB pacrnonoxeH B 3anagHom  6opty
Mayenmckoro aBnakoreHa, B npefgenax BopoHeXCKoro kpucrannmyeckoro
MaccuBa, rAe  MpopbiBaeT  MeTaoCadky  BOPOHLIOBCKOM  cepum
naneonpotepo3os. CUEeHUTbl N LENOYHbIE CUEHUTBI MaccuBa ApTIOLWKK
UMEIOT FeOXUMMWYECKUE XapaKTEPUCTUKMW, TUMUYHbIE ANA BHYTPUMWTHOMO
MarmaTtuama.

CueHunTbl MaccmBa ApTOWKKM paHee Obinu gatupoBaHbl U-Pb meTogom
no umpkoHam B 524+3 mnH.net [CkpabuH n gp. 2015]. Onga noarsepxaeHns
BO3pacTa 3TOr0 MaccuBa Mbl TakXe BbIMONMHUAM AaTupoBaHue “CAr/*°Ar
MeToAOM KanueBoro nonesoro wnata u3 Gar-Cpx LWenoYHbIX CUEHMUT-
nopdupos. Bo3pacT, onpeaeneHHbin no nnaTto B 526.4+5 MNH.NET B paMKax
norpewHoctn cosnagaeTt ¢ U-Pb BospacTtom uMpkoHOB. 3T pes3ynbTathl
nokKasblBaloT, YTOo (hopMMpPOBaHNE MaccuBa ApTIOLLKM TaKXe UMESO MeCTo B
paHHeM Kkemb6puu, BO3MOXHO, HECKONbKO paHee, 4YeM CTaHOBNeHue
maccusa ['ycuxa.

CueHNTbI U WenoYHble CMEeHUTbl MaccuBa ApPTHOLIKU XapaKTepu3ylTcd
eNd(525) o1-0.7 po 1.6, mopenbHbIM BO3pacT TNg™M CcoOTBeTCTBYET
HeonpoTepo3onckum 3HadeHnam 0.9-1.1 mnpg. net. lNopoabl Maccusa
lNycuxu umetoT cywectBeHHo gapyron Nd usotonHbin cocTtas: €Nd(514)
coctaenaetr -7.0. Takue pasnuuma B u3oTonHomMm coctase Nd moryT
oTpaxaTtb onpeaeneHHbIn BKNnapg, OpeBHen KopbI (nrn
MeTacomMaTU3MpPOBaHHOM  NUTOCEPHON  MaHTMM) B METPOreHesuc
MOHUOHUTOB N'ycuxm, Torga kak B Nd M30TOMHbLIX XapakTepucTukax nopos
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mMaccuBa ApPTIOWKM 3TOT Mpouecc oTpaxeH cnabo, M ykasbiBaeT Ha
npeobnapaowuin BKnag MaHTUNHOroO (acTeHocepHOro) CTOYHKKA.
eogMHaMMYecKnin  KOHTEKCT. AHanu3 obwupHoro ony6rnmMkoBaHHOMO
mMaTtepuana no Bo3pacTaM [AeTPUTOBbIX LIUPKOHOB B paHHenaneo30MCcKux
otnoxeHuax BEK u conpsixeHHbIX OpOreHHblx nodcos, Bo3pacTtoB HP
MeTamopr3mMa, OPOreHHOro rpaHMTOMOHOrO MarmaTuama, a Takxe
naneoreognHaMM4yeckux PpeKoHCTpykuuri gana bantukm B 3sgnakapum-
paHHeM naneos3oe, nokasar, YTo B paHHEM KeEMOpUM MOYTM BCE OKpPauHbI
Bantukn (3a UCKITIOYEHNEM C3) ABNANNCH apeHon
AKKPELMOHHbIX/KONMN3UOHHbIX COObITUN. Takum obpasom,
paHHekeMOpuickuin  marmatmam BEK nposiBuncas B nocToporeHHom
0o6CcTaHOBKEe, YTO KOpPPECNOHAUPYETCA C TEOXMMWUYECKMMWU W M3OTOMHO-
reoXMMUYECKNMN XapakTePUCTMKaMN N3YYEHHbIX MacCHBOB.
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BospacT 1 npupoaa npoTonuTa rHeMcoB TYSTIOBOXYUXUHCKOW
CBUTbI BypenHCcKoro KOHTUHEHTanbHOro Maccusa LieHTpanbHo-
A3MaTCcKoro cknag4artoro nosica

OeunHHMKOB P.O.", Copokun A.A.", Kotos A.B.", Koeau B.M.2

"vrun LHBO PAH, briaroBeljeHck, urr, L PAH, Cankt-lleTepbypr

BbligeneHne Bo3pacTHbIX pybexen MposIBNEHN MarmMaTtuyeckux u
MeTaMop(unyecknx MpoLeccoB B UCTOPUU reOforM4YecKoro pasBuUTUS
KOHTUMHEHTarnbHbIX MaccuMBoB LleHTpanbHO-A3MaTckoro cknagvaToro rnosca
ABMNAETCA Heob6XOAMMBbIM YCroOBMEM [N pa3paboTku WMHTErpMpoBaHHOM
reoguHamumyeckon  mogenu  OpPMMPOBAHMA  3TOFO  KPYMHEMNLIEro
noaBuxHoro nosica 3emnu. [pu 3TOM o0coboe 3HayeHMe UMeeT
PEKOHCTPYKLMSA Hanbonee paHHMX reosiormyecknx npoLeccos.

BypeI/IHCKVIVI KOHTMHEHTaNbHbIN MaccuB SABNAETCSH OAHUM N3 CaMbIX
KPYMHbIX KOHTUHEHTarnbHbIX MacCMBOB BOCTOYHOW 4actu LleHTpanbHo-
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A31aTCKOro cknagyatoro nosica M obbl4HO paccMaTpuBaeTCsl B KayecTBe
cocTaBHon Yactn bypes-LizamycrHckoro cyneprepperiHa.

Mo cywecTByOLWMM Ha AaHHbIA MOMEHT MPeACTaBNeHUAM (yHAAMEHT
BypenHCckoro KOHTMHEHTaNbHOro MaccuBa CIIOXeH paHHeLoKeMOpUInCKUMu
(?) meTamopduyeckumMn Komnnekcamu, crnaralwymu oTaesfibHble 6roku
cpean  pa3HOBO3paCTHbIX  rpaHUTOMAOB. 3T MeTamopduyeckue
0bpa3oBaHNA BLIAENSIOTCS B KA4yecTBe aMypCKOW Cepuu, BKIOYatoLLEN
(cHM3y BBEpX) TYNIOBUNXMHCKYIO, ANYYHCKYH U YPUITbCKYIO CBUTbI, KOTOPbIM
npunucbiBaeTca BepxHeapxenckui Bo3pact [[leTpyk, Bonkosa, 2006]. Ux
BO3pacT  fABnseTcs npeameTom OCTpbIX  OMUCKYCCWW, OfHaKo
reoXpoHONOrnyeckme AaHHble, No3BONALWME pelnTb 3TOT BOMNPOC, A0 CUX
nop OTCYTCTBYIOT.

B 5TtOM cBA3M Mbl  BbIMOSIHAMM  KOMIJIEKCHBIE  FEONIOrMYecKue,
reoxummndyeckmue un  U-Th-Pb  reoxpoHonornyeckune  uccnepoBaHus
MeTamMopryeckux nopos TYNMOBYMXMHCKON CBWUTbI, KoTopasi Haubonee
nomnHo npeacraeneHa B 6eperoBbix o6HaxeHuax p. bypeun (ceBepHas yacTb
BypenHCcKOoro KOHTMHEHTaNbLHOro Maccmea).

Cpenon metamopuyecknx nopop, TyNOBUNXMHCKOW CBUTLI NpeobnagatoT
6unotuToBble, amdpunbon-bnoTUToBbIE THENCHI M amMdpudonuTbl. BenuunHbl
OUCKPUMUWHAHTHBLIX  (DYHKLUUNA DFshaw  [Shaw,1972] n DF(X)
[BenukocnaBuHckun u  gp., 2013] cBMAETENbLCTBYIOT O MarmMaTU4ecKom
NPOUCXOXAEHUN UX MPOTOSNUTOB.

U-Th-Pb reoxpoHonornyeckune uccneaoBaHus BbINOSIHEHbI ANS LMPKOHA
u3 amdubon-6uotntoBoro rHenca (06p. R-58-1). BbigeneHue uMpkoHa
BbIMOSIHEHO B MWHepanornyeckon nabopatopumn WIull OBO PAH c
npuMeHeHuemMm Taxenblx xupgkocten. U-Th-Pb reoxpoHonorudeckne
uccrnepoBaHusi UHAMBUAYaNbHbIX LUPKOHOB BbIMOSTHEHBI B
"eoxpoHonornyeckom LleHTpe ApusoHckoro YHuBepcuteta (Arizona
LaserChron Center, USA) c ncnonb3oBaHMeM CUCTEMbI NTa3epHON abnauuu
Photon Machines Analyte G2 n ICP macc-cnektpomeTpa Thermo Element 2.
MoapobHoe onucaHne MeToauKM NPUBELEHO Ha canTte www.laserchron.org.
Mpu NOCTPOEHWM TrUCTOrpamMM W KPUBbIX OTHOCUTESNbHON BEPOATHOCTU
BO3pacToB AETPUTOBBLIX LMPKOHOB MCMOMb30BaHbl TOSIbKO KOHKOpPAaHTHbIE
OLlEHKM BO3pacTa, KOTopble paccyuMTaHbl B nporpamme lsoplot v. 4.15
[Ludwig, 2008].

Bcero 6bi10 npoaHanusupoBaHo 105 3epeH UMPKOHA, AN KOTOPbIX
nony4YyeHo 28 KOHKOPAAHTHbIX OLLEHOK Bo3pacTa B uHTepBane 934 - 957 mnH
net. CpefnHeB3BeLLEHHOE 3HayeHWe Bo3pacTa MO OTHOLUEHMUIO 206ppy 238
ona aTtouW rpynnel cocTtaBnseTr okono 949 wmnH netr (CKBO=0.72,
BepoATHOCTb = 0.84).

Takum 06pa3omM, BO3pacT €AUHCTBEHHOW MONyNsAUMM LUPKOHaA U3
amdpn60n-6MOTUTOBOrO rHenca TYNOBYMXUHCKON CBUTbI cocTaBnsieT 949
MIH feT. 3T0 no3BONAeT mnpegnonaratb, 4YTO MpoTonMTamMu AN
MeTamMopryeCKUX MNOPOL 3TOW CBUTbI MOCIYXWIM HEONpPOTEpPO30MCKMe
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rpaHuTouabl u rabbpounabl, yCTaHOBMEHHbIE B MOCNeAHWe roabl B npeaenax
BypeunHckoro KOHTUHeHTanbHoro Mmaccusa [CopokuH u ap., 2017].

VccnepoBaHua BbINOMHEHbI Npu  (buHaHcoBon nopaepxke POOU
(npoekT N218-35-00001-mon-a).
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MepBble cBeAEHUA 0 BO3pacTe NPOTOSIMTOB rHENCOB
MHumckoro 6noka ApryHCKOro KOHTUHEHTasIbHOro MaccuBsa
LleHTpanbHO-A3naTCKOro ckfiag4aToro nosica

OBYMHHUKOB P.O.1, CopokuH A.A.1, KOTZOB A.5.2, CanbHukoBa E.B.z, Kosay
B.M.

"vrun LHBO PAH, briaroBeljeHck, urr, L PAH, Cankt-lletepbypr

ApPryHCKUA KOHTUHEHTanbHbIN Maccus (CynepTeppenH) aBnaeTca OaHUM
U3 rNaBHbIX CTPYKTYPHbIX 3M€MEHTOB BOCTOYHOW 4actn LleHTpanbHo-
AsunaTtckoro cknagyartoro nosica. K Hambonee ppeBHMM 06pa3oBaHuaM
3TOr0 KOHTMHEHTaNbHOr0 MaccuBa OTHOCAT  MeTaMopdu3OBaHHble B
YCINOBUAX BbICOKOTEMMEpPaTypHON amdcubonutoBor daumm ocafouvHble U
BYNK@HWYeCKne nopoabl TOHXMHCKOW Cepuu, KOTOpPbIM MpUMMCbIBAeTCA
nosaHeapxemnckuii Bospact [[feognHamuka..., 2006; MNMeTpyk, Kosnos, 2009].
Mo CYLLECTBYIOLLUM npeacTaBneHnsamM K 6onee BbICOKOMY
paHHenpoTepo3orckomy [feoguHamuka..., 2006; lNetpyk, Koanos, 2009]
wnun  pudenckomy [KosbipeB, 2002] CTPpyKTYypHOM 3Taxy OTHOCAT
cnabomeTtamopcm3oBaHHble (3eneHocnaHueBasi, anuaoT-ampubonuToBas
dauun) BynKaHoreHHo-ocafouHble OTIIOXEHMWSA YarnoBCKON Cepun.

MeTamopdunyeckne nopogbl rOHXMHCKOM M 4anoBCKOW Cepui craratTt
Hebonblne No pa3mepy TeKTOHMYeckme 6noku (FOHXMHCKMI, TyTakckui,
MHUMCKMI), KOTOpble 4acTO pacCcMaTpvBalOTCA B KayecTBe BbICTYMOB
nokembpuiickoro doyHaameHTa ApryHckoro maccua. OAHaKo MosyYeHHble
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K HacTosiLlemMy BPEMEHU FeOXPOHONOrMYeckne 1 N30TOMHO-reoXuMmyeckne
OaHHble CBUAETENbCTBYIOT O TOM, 4YTO B npepenax [OHXuHckoro 6roka
NPOTONUTbI METaoCcafoYHbIX U METaBY/IKAHUYECKNX MOPOS TOHXMHCKON
cepuu, a TakXe HanOXeHHble Ha HUX CTPYKTypHO-mMeTamopduyeckme
npeobpaszoBaHMs UMEKT He paHHegoKeMOPUCKMI, a Me3030MCKUi
Bo3pacTt [KoToB n gp., 2013; CanbHukoBa u gp., 2012].

B aToM cBSA3M BOMpOC O BO3pacTe [ApeBHenWwux nopop APryHCKoro
MaccuBa CTaHOBMTCS Bce Gonee HeonpedeneHHbIM. [fsi peleHus 3Toro
Bornpoca BbinofiHeHbl  U-Th-Pb  (LA-ICP-MS)  reoxpoHonornyeckmnx
uccrnepoBaHMn [EeTpUTOBLIX LUPKOHOB U3  MeTaMopguyecknx nopon
MHumckoro 650Ka, pacrnofioXeHHOro B LEHTpanbHOW 4YacTu YyKas3aHHOro
maccuBa. B cTtpoeHun WMHumckoro 6rnoka npuHUMAlOT yyactue rHewncbl u
KpuUCTannuMyeckue cnaHubl, KOTOpble OTHOCAT K WrakCckom CcBuUTE
no3Heapxenckom roHxuHckon cepun [[MeTpyk, Kosnoe, 2009] wnu K
ncaraunmHcKom Tosnule pudenckon Yanosckon cepun [Kosbipes, 2002].

Ona U-Th-Pb reoxpoHonormyeckux nccnefoBaHuii ucnosib3oBaHa npoba
(R-78) rpaHaTcopepxalumx bMOTUT-CepULMT-MYCKOBUTOBbLIX CrnaHues. [Ons
onpeneneHns nNepBuYHON NMpupoabl CNaHLUEeB Ha OCHOBE UX XUMWUYECKOro
COoCTaBa MCMonb30BaHbl AUCKPUMUHAHTHbIE yHKUMN DF shaw [Shaw,1972]
n DF(X) [BenukocnasuHckuni un gp., 2013], KoTopble CBUAETENLCTBYIOT 06
0Cafo04yHOM NPOUCXOXAEHUM UX NpoTONUTa.

BblgeneHve UMpKOHa BbINOSIHEHO B MWHepanornyeckon nabopaTtopuu
Urvn OBO PAH. U-Th-Pb reoxpoHonornyeckue mnccnenoBaHusi LMPKOHOB
npoBeaeHbl B ['eoxpoHonornvyeckom LleHTpe ApM30OHCKOro YHuBepcuteTa
(Arizona LaserChron Center, USA) c ncnonb3oBaHNWeM CUCTEMbI Na3epHON
abnaumm Photon Machines Analyte G2 n ICP macc-cnektpomeTtpa Thermo
Element 2. [MogpobHoe onucaHve MeTOOMKM TMpPUBEOEHO Ha cante
www.laserchron.org. KoHkoppgaHTHble Bo3pactbl (Concordia  Ages)
paccyuTaHbl C UCnonb3oBaHWeM nporpammel Isoplot v. 4.15 [Ludwig, 2008].
MpM NOCTPOEHMM TUCTOrPaMM W KPUBbIX OTHOCUTENIBHOW BEPOATHOCTU
BO3pPacTOB LMPKOHOB MCMOMb30BaHbl TONIBKO KOHKOPAAHTHbIE OLIEHKU
BO3pacTa, KoTopble paccumtaHbl B nporpamme Isoplot v. 4.15 [Ludwig,
2008].

Ona U-Th-Pb reoxpoHonornyeckmx mccrnegoBaHnini ncnonb3oBaHbl 111
3epeH uupkoHa. [Ona  Hux nonyyeHol 44  KOHKOPAQHTHbIX U
Cy6KOHKOPAAHTHbIX OLleHOK BO3pacTa, KOTOpble HaxoanaTcsa B MHTepBane ot
932 po 1069 mnH neT. Ha KpuBOM BEPOATHOCTM pacnpeaeneHuss Bo3pacToB
OTYETNMBO BbIAENAETCA MUK, COOTBETCTYIoWMIA Bo3pacTy 991 mnH net. 370
CBUAETENLCTBYET O TOM, 4TO BO3pacT MpOTOSINTOB  U3YYEHHbIX
MeTamMmopdunyecknx nopopg, He npesblaeT 932 MIH neT.

NccnepoBaHmsa  BbINOMHEHbI Mpu  uHaHCOBOM nogaepxke POOU
(mpoekT N2 17-35-50064-mon-Hp).
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Pe3ynbTaTthl U3y4eHua N30TOMHOINo COCTaBa aproHa B
OCHOBHOM Macce CoBpeMeHHbIX naB: 060cHoBaHue Bbibopa K-
Ar reoxpoHomMeTpa A1a gaTMpoBaHUA HOBEULLMX
BYNKaHM4eCcKux o6pa3oBaHuit

MapdeHos A.B.

UTFEM PAH, Mocksa

N3oTonHbIE MccnenoBaHus, NpOBeAEHHble B MOCMeAHue OecATUneTvs,
MoKasbIBaloT, YTO ANA MUHEpPanoB BKpanfeHHWKOB, KPUCTanIM30BaBLUMXCA
B Marme Ha rnybuHe OO ee U3MMAHUSA Ha MOBEPXHOCTb, XapaKTepHO
NpPUCYTCTBUE OMnpefeneHHoro Konuyecrea n36bITouHoro * Arpaﬂ [1, 2, 3 u
ap.]. MNpu aToM pasnuyHbie MUHEpasnbHble KOMMOHEHTbI MOOAbIX (nnmou,eH—
YeTBEepPTMYHbIX) BYJIKAHMYECKUX MOPOA B LENOM coaepXaT OTHOCUMTENbHO
MaJsble KonmyectBa CO6CTBEHHOrO pagmMoreHHoro Ar, HaKOMNSIEHHOrO /n situ
nocne 3aTBEpAEBaHNA N1aBbl 1 €€ OCTbIBaHMS. Co0oTBETCTBEHHO, Hanuune
136bITOYHOTO Arpapl BO BKparnneHHukax 6yaeT oka3blBaTb 3aMeTHoe
BMUSAHME Ha pe3ynbTaTt u3otonHoro K-Ar gaTnpoBaHus, 3aBblllas peanbHbIl
reonormyeckuii Bo3pacT BYNIKaHUTOB. B TO xe Bpemsa npepgnonaraercs, 4to
OCHOBHas MMKpONMTOBAsA Wnk CTekrosaras mMacca nae A0NXHa CoAepXaTb
TONbKO  CBOWM  cOBCTBEHHbI  “°Ar,,,  obpasosaBwwmiica in  situ
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HEMoCpeaCTBEHHO MOCMe MW3NUAHMA W 3aTBepAeBaHvA pacnnasa. JT1oT
dakTop CTan oCHOBaHWEM [f1A TOro, YTO B HacTosLLee BpeMSA UMEHHO 3TOT
KOMMOHEHT BYJNKa@HWYeCKUx nopof wucnonb3dyetca B kKayectBe K-Ar
reoxpoHoMeTpa npuv  [ATUPOBaAHUU  YETBEPTUYHbLIX  BYNKAHUYECKUX
o6pas3oBaHuii.

C uenbto pgononHUTenbHoro obocHoBaHMA  BO3MOXHOCTU  K-Ar
0aTMpoBaHUA HoBeWWWx, B TOM 4ucne u YynbTpamosnofpix, nae ¢
UCMonbL30BaHMEM OCHOBHOW MacCbl B KayecTBe reoXpoHOMeTpa Hamu
npoBefeHbl  UCCeaoBaHMA W3OTOMHOrO CcocTaBa aproHa B MaTpuue
COBpPEMEHHbIX BYJIKaHM4YECKMX MNopof, ob6pa3oBaBLUMXCH B UCTOPUYECKOE
BpeMsi C MOATBEPXAEHHbIMU paTtamMu UX us3BepxeHus. [Ona atoro 6bina
oTo6paHa KOMneKLunsa KOHTPacTHO OTNIMYAIOLLMXCA MO XMMUYECKOMY COCTaByY
BYNKaHUTOB (OT LENOYHbIX PUOSIMTOB [0 TONEUTOBbIX 6GasanbTos),
06pa30BaBLUNXCA B Pa3/IUYHbIX FEOTEKTOHMYECKUX 06CTaHOBKaX (aKTUBHbIE
KOHTUHEHTanbHble OKpauHbl, OCTPOBHblE AyrK, ropsyne TOYKU MaHTUW,
BHYTPUMNMWUTHBIA  KOHTUHEHTaNbHbIN ~ Marmatuam u  gp.). Konnekuus
BKntovana B ce6s 14 06pasLoB NCTOPMYECKMX NaB U3 Pa3NNYHbIX PErMOHOB
mupa (Cpeam3eMHOMOPCKUIN PervoH - BysikaHbl Besysun, OtHa, CaHTOpuH;
BoctouHaa Typuwma - BynkaH HempyT; bonbwon Kaeka3s - BynkaH Manbii
TkapweTtn; Kypunbckue ocTtpoBa - BynkaH Anaug; KamuaTtka - BynKaHbl
KntoueBckada conka, lUuBenydy n KnaumeH; MaBanickmne ocTpoBa - BYJIKaH
Kunayaa). [ns Bcex o6pa3uoB 6bina NpoBefeHa MyUHepanbHas cenapauus,
BblgeneHbl  Npobbl  MUKPOKPUCTANNIMYECKOW  OCHOBHOWM  MacCbl U
BYJIKQHWYECKOro cTekna. [na KOPpekTHOro yyeTta BKraga XosocToro onbita
aHanMsbl MpOBOAMINCL  C  ICMONb3OBAHMEM ~ METOAMKM  M3OTOMHOTO
pa36aBrieHnsi C MOHON30TOMNOM “*Ar B KauecTBe Tpaccepa. [pu Kanubposke
macc-cnektpomeTtpa MW-1201 VII' ucnons3oBanocb MexayHaponHoe
NPUHATOE 3Ha4YE€HNE OTHOLLEHUA “Ar? ArBaTMOCq)epe (295.5) [4].

MMonyyeHHble paHHble YKa3blBalOT Ha TO, YTO B OCHOBHOW Macce
6OMbLUMHCTBA M3YYEHHbIX faB, He3aBUCMMO OT UX CcocTaBa MU
MPONCXOXAEHNA, WN3MEpPEeHHoe OTHOoLWeHune OArAr B npepenax
norpeLHocTM namepeHun (nydwe 1% OTH.) coBnagaeT ¢ aTMoOCdEPHbIM,
T.€. MPUCYTCTBUE U3OLITOYHOIO 4(’Arpa,1 He (pukcupyeTcsa. HeT Takxke u Kakux-
nmbo CBMOETENbLCTB TOrO, YTO OCHOBHAas Macca U3YYEHHbIX NlaB CcoOepXuTt
aproH, oboraleHHbIn nerkummn umsotonamu (T.e., OarAr < 2095, 5) B
pe3ynbtate  ppakuMOHMpOBaHUS  Npu  3aTBepAeBaHWM  pacnnasa.
WNcknoyeHnem sBnseTca pe3ynbTaTt Ans BYJIKAHUYECKOrO CTeKNna M3 KOpKK
3aKanky nogylieyHbix 6a3anbToBbiX NaB ByfkaHa Kunayaa, 3acTbiBLUMX B
cybakBanbHbIX ycnosusx. B Hem o6Hap (}/)KeHO NPUCYTCTBUE 3HAYUTENBLHOIO
KonuyectBa M36bITOYHOIO ArpaFl Ar/°Ar = 325.0). O6HapyxeHue
3aMeTHbIX KONUYECTB MW3ObITOYHOrO pafMoOreHHOro aproHa B KOpKax
3aKanky okeaHW4YecKux Nunnoy-naB BECbMa XapakTepHO 1 LUIMPOKO OMMCaHo
B nutepatype [5]. MHTepecHO OTMeTUTb, YTO B Npobe OCHOBHOW Macchl
ToneutoBbix ©OasanbToB BynkaHa Kwunaysa, MW3BEPXEHHbIX Ha cylle,
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W30TOMHBIA cocTaB Ar B MpeAeniax MorpeLlHOCT U3MEPEHUIt UOESHTUYEH
TaKoOBOMY /1711 COBPEMeHHOM 3eMHoit atmocdepb! (°Ar/*°Ar = 298.1).

NTaK, NoMyyeHHble HaMK AaHHble MOATBEPXAAIOT, YTO OCHOBHbBIE MACChI
MonoAblX BYyJNIKaHUYECKUX nopon, 06pa3OBaBUJI/IXCF| B Cy6aspaﬂbeIX
YCFOBUSIX, HE COAEPXaT 3aMETHBIX KONNYECTB N36bITouHOro “Ar,,,. B cBeTe
MOMYyYeHHbIX pe3ynbTaToB BLIGOP MWUKPONMWTOBOW WNM  CTEKNoBaTom
matpuubl ans K-Ar  4aTMpOBaHWs HOBEWMLWWX BYNKAHUTOB MOSyqaeT
[ONOMHUTENbHOE 060CHOBaHME.
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3aKOHOMEPHOCTU 3BOMIOLUN MarMaTU4YeCKMX pacriiaBoB
Ka3bekckoro HeoBynkaHu4eckoro ueHtpa (bonblon KaBkas)
Ha OCHOBEe pe3yribTaToB U30TONHO-reoxummuyeckoro (Sr-Nd-Pb)
N3y4YyeHUst HoBEMLUUX naB

MapcheHor A.B., Jlebepnes B.A.

UTEM PAH, Mocksa

Kasbekckuii HeoBYNKaHWYECKUA LEHTP PacrnofioXeH B LEHTpanbHoOW
YyacTu ropHow cuctembl bonblioro Kaekasa u npeactaensieT coboit oanH 13
KpYyMHENLWINX o4aroB HOBEWLLEero marmatuama B 3TOW 4actu 3emMnu.
lMpoBeaeHHble aeTanbHble uccnepoBanus [1, 2, 4, 7 n gp.] YeTBEPTUYHbIX
BYJIKAHWUTOB LIEHTpa, BKIto4as obpasubl Nopof Kak BCEX U3BECTHbIX 30EChb
BYJIKAHMYECKUX annapaToB, Tak M OONbLUMHCTBA WX JI@BOBbIX MOTOKOB,
no3BONUNN  ONpefenuTb BPEMEHHbIE pPaMKM  MPOSIBIEHNA  MOJI0A0ro
MarmaTuama, BbISIBUTb €ro AWCKPETHbIA XapaKTep, a TakxXe YCTaHOBUTb
BaXHble NETPOSIOro-MnHepanornyeckne xapakrepuctuku nae [4]. CornacHo
NONMy4YEeHHbIM HaMKU M30TOMHO-FEOXPOHONOTMYECKUM AaHHbIM, Kazbekckui
LEHTp - 3TO [ONroXuByLlaa mMarMaTudeckass cucTema, pa3BUTUE KOTOPOW
npoaonXxanocb AOnuMTenbHOe BpPeMs C cepefuHbl HeonnencroueHa Ao
ronoueHa. Ha ocHoBaHun K-Ar gatMpoBOK Obinn onpegeneHbl BpeMeHHble
NpPoMexyTkn (dasbl) NposiBMEHMA HOBEWLEero marmatuamMa Ha [AaHHOW
Tepputopuu: | - 460-365, Il - 300-200, 11l - 130-90 n IV - <50 TbIC. NeT Ha3ag.
Kpome Toro, Il n lll dpa3bl nogpasgeneHsbl Ha ABE CTaann Kaxgas - paHHIo
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n nosgHiwto [4]. MNpoBegeHHasa HamMu AeTanbHas paclumdpoBKa MCTOPUK
pa3sutus KasbekcKoro LeHTpa Mo3BOMSET CAenatb HOBble BbIBOAbI O
NeTPOJIOro-reOXMMNYECKON 3BOMIOLUN MarmaTuyecKux pacrnnaBoB B 3TOM
yacTtu bonbloro KaBkasa B Te4eHMe BpEMEHMN.

BynkaHuTtbl Kazbekckoro LieHTpa 06pas3ytoT HernpepbiBHbIA psSif COCTaBOB
oT 6a3anbToBbIX (TPaxu-) aHAE3UTOB A0 AauMToB. [py 3TOM GOMbLUMHCTBO
nopoa MNpPeACTaBieHO W3BECTKOBO-LLENOYHbIMU, YMEPEHHO-KanneBbiMu
aHpge3ntamun n gaumtamu. CopepxaHue SiO, B naBax coctaenseT 53.8-
68.0, (Na,O+K,0) - 5.1-6.0, a MgO - 1.5-6.0 mac.%. [lopoabl
XapaKTepU3yTCA HEBbLICOKOW MarHe3varnbHOCTbIO U, OYEBUAHO, ABMAIOTCA
NpoAyKTamMu KpuctannunsaumoHHon amdpdepeHumnaumm NCXo0AHbIX OCHOBHbIX
Marm. Ha neTporeHeTuyeckux guarpammax A OCHOBHbIX MOPOA, TOYKM
6a3anbToBbIX aHAEe3UTOB U aHae3nToB Kasbekckoro LeHTpa valle Bcero
nonazalT B Mofie W3BECTKOBO-LLENOYHbIX 6a3anbToB, T.e. obpa3oBaHuw,
UMEIOLLMX CMELLUaHHYK MaHTUMHO-KOPOBYH npupody. B To Xe Bpems Ha
COOTBETCTBYIOLLMX guarpaMmmax Afns rpaHUToOMAO0B TOYKU JAUUTOB fiexaT B
Nonax OpOreHHbIXx 0bpasoBaHWin UMM NOPOL, aKTMBHBLIX OKPauH, Y4TO Takxe
MOXET CBUAETENbCTBOBaTb 00 yyacTuM B UX METpPOreHe3uce pasfimyHbIX
WUCTOYHUKOB BellecTBa. JTO MOATBEPXAAETCA OOHapyXEHHbIMU Hamu
MHOIOYMCIIEHHBIMYU  METPONIOroO-MUHEPANIONTMYECKUMN  CBUOETENLCTBAMM
rmbépuaHoro NponcxoxaeHnst nopog, [4].

B poknapge npeactasneHbl pesynbTaTtbhl U3ydyeHus usotonHoro (Sr-Nd-
Pb) coctaBa pas3HOBO3pacTHbIXx ByNkaHuToB Kasbekckoro ueHTpa.
lMony4yeHbl paHHble ANs pPa3HOBO3PACTHbIX KOHTPACTHO Pas3fU4YHbIX MO
XMMUYECKOMY COCTaBY BYJIKAHWUTOB, SIBMISIOLUNXCA NPOAYKTaMN U3BEPXEHWUI
pasnunyHbiX  ByNKaHu4yeckux annapatoB. C mMpuBrneyeHMeM paHee
onybnukoBaHHbIX pe3ynbtatoB [1, 3, 5, 6, 8] coenaHbl BbIBOAbI O XapaKkTepe
reoOXMMUYECKON 3BOMOLUN Ka3beKCcKMXx MarM B TEYEHUE BPEMEHMU,
BEPOATHbIX WUCTOYHMKAX pacniaBoB M  poONM  MPOLECCOB  KOPOBOW
acCUMUIIALMKN B UX NETporeHe3uce.

BynkaHutbl Kasbekckoro UeHTpa B LESIOM  XapakTepusylTcs
NOBbILWEHHbIMU KOHLUeHTpauusamu Sr (315-930 r/1), yto ABnNseTcA obuien
oTnuUUTENBbHON YepTon Monoabix 3ddy3nBHbLIX nopoa Kaskasa [6].
KoHueHTpaumm Sm n Nd B n3yyeHHbIX naBax cc1>£:7TaBn1a50T 2-7 n 14-36 r/T,
COOTBETCTBEHHO, a W30TOMHOE OTHOLWEeHne Sm/™Nd Bapbupyet B
npegenax 0.09-0.13 (aHanorMyHble OTHOLUEHUSI 3TOro 3HayeHus Obinu
paHee nonyyeHbl U onsa Apyrux Monogbix nopon Kaeskasckoro pernoHa [6]).
[Onana3oH nepBUYHbIX OTHOLLEHUN 85r%%sr 1 "Nd/"*Nd B ka3bekckux
naeax Hesenuk u coctasnset 0.7038-0.7048 n 0.51271-0.51283 (unu ot
+1.2 po +3.3 B eAMHMLAxX €yg), COOTBETCTBEHHO. [Mpu aTOM Sr-Nd nsoTtonHble
XapakTepucTmkn nopod Kasbekckoro LieHTpa B LLefioM A0BOSbHO 6nM3Kkuy K
TakOBbIM [JIA PErMoHanbHOro MaHTMMHOro WucTovHMka «Caucasus», B
oTNnMYMe OT, Hanpumep, nae OnNbOpPYCCKOro BYNKAHUMYECKOro LEHTpa,
N30TOMHbII COCTAB KOTOPbIX 3HAYUTENLHO OGOralUeH PamMoreHHbIM o Sr 1
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obeaHeH paguoreHHbiM °Nd B pe3ynbTaTe acCUMUISLMM pacniaBamm

OPEBHEr0 cHanuyeckoro Matepuana BepxHei Kopbl [6]. Hanbonee 6nuskum
M30TOMHbIM COCTAaB K TaKOBOMY B MaHTUMHOM WCTOYHUKE UMET
6azanbToBble aHAe3uTbl Ka3beKkckoro LeHTpa, u3BepxeHHble B Havane | u i
¢a3, 4YTo onpefeneHHo ykasblBaeT Ha OrpaHWYEeHHOCTb PONvM KOPOBOM
acCUMMUMALMK B NETPOreHe3unce 3TUX BYNKaHUTOB.

Ona  kaxpon  da3sbl  BYyNKaHUYECKOW  aKTUBHOCTU  BblSIBIEHbI
3aKOHOMEpHblEe, HO B UeNoM Hebosblime no MacwTtabam K3MeHeHus
M30TOMHOrO COoCTaBa MOpPof, @ MMEHHO - €ro MocTeneHHas 3BOJoUMA B
CTOPOHY 6osiee «KOpPOBbLIX» 3HAYEHW, MPOMCXOAMBLIAS KOMMIIEMEHTAPHO C
yBenuyeHuem cogepxanua SiO, B pacnnasax. CnegosaTtenbHO, B npolecce
N3BEPXEHUN KpuctannunsaumoHHas auddepeHumaums conpoBoxaanach
orpaHuyeHHol no obbemam accumunsaumMein KopoBoro matepuana. Mpuyem
K Hayany Kaxpgou nocnegywouwien dasbl NPOMCXOANS PE3KUA N OTHETANBLIN
CABUT U30TOMHbIX XapakTEPUCTMK NaB B 06paTHOM HanpaBfieHnn, B CTOPOHY
NPOMEXYTOYHbIX 3HAYEHUN MeXAY COCTAaBOM MaHTMWHOIMO WUCTOYHMKA W
cocTaBoOM Hambonee KMCNbIX pa3HocTel cpeau kasbekckmx nae. Ckopee
BCEro, 93TO OOBACHAETCA MOBTOPHBLIMU  MOCTYMNEHUSAMU  TNYBUHHBLIX
pacnnaBoB B NMPUMNOBEPXHOCTHbIM MarmMmaTuyecKkuin oyar nop, BysiKaHoM, rae
NPOVCXOANIIO NX CMELLEHUE C OCTAaTOYHBbIMU AaLMTOBLIMU MarMamu.

KoHueHTpauma Pb B BynkaHutax Kasbekckoro ueHTpa MeHsleTca B
LUIMPOKOM ,qmanaz%gHe 2 8-37 r/1), a I/I3OTOI'IHI2:(;7e ozTolzomeHMﬂ B naBax
COCTaBJIAT: Pb/""Pb=18.574-18.675, Pb/""Pb=15.612-15.625,
208pp2%pp=38.630-38.764. Mpn aTom Bapmaunm M30TOMHOrO coctaesa Pb B
nopogax I-lll a3 HeBenukn. Ha M30TONHbIX guarpammax ux rnone HEMHOro
CABMHYTO B CTOPOHY MEHbLUNX 3HauYeHun OTHOLLIel-WII7I 26pp2pp

Pb/""Pb  oTHocuTenbHO  napamMeTpoB  MaHTUMHOIO  WCTOYHMKA
«Caucasusy». OTcyTcTBME KaknMx-Nnnbo 3BOSMIOLUNOHHBIX TpeHaoB ans nas I-ll|
da3 (B otnmume ot ux Sr-Nd M30TOMHOW CUCTEMbI) yKasblBaeT Ha TO, YTO
BEPOATHbIA aCCUMWISAHT, CKopee Bcero, 6bin cyuwecTtBeHHO obepHeH Pb.
OpHako ana nopog IV pasbl 3aMeTeH HEeKOoTOpbIi CABWUM U30TOMHOrO
coctaBa Pb Mo OTHOLWEHWIO K NPeALIecTBYIOWMM BYJIKAHATAM B CTOPOHY
MEHee pafUOreHHbIX 3HayeHuin. BeposiTHO, 3TO CBS3aHO CO CMEHON
XapakTepa MarmatMama Ha apeanbHbil UM 3an0XEHUEM  HOBbIX
MarmMonogBoAdaLLMX KaHanoB, B KOTOPbIX aCCUMUMSALMA KOPOBOro BeLecTBa
cTana npotekaTtb 60onee MHTEHCUBHO.
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MuoLeH-NNMoLEeHOBbIN BYSIKAHU3M IOro-BOCTOYHOIO (hnaHra
CpeaviHHoro xpebta KamuyaTku (MaccuB r. 3aragka): Bo3pacT U
HEeKoTopble 0CO6eHHOCTM cocTaBa NopoA

MeB3Hep M.M.1, BonbiHey A.O.2, Kyu.l,eB? IO.B.1, ToncTbix M.J'I.3, BabaHckui
A.0.

"TyH PAH, Mocksa, uBuC LBO PAH, lNetponasrioBck-KamyaTckmi,
SFEOXM PAH, Mocksa, *IFEM PAH, Mocksa

CpeaovHHbin  xpebetr (CX) - KpynHeWwas BYfKaHO-TEKTOHMYECKas
CTpykTypa nonyocTpoBa Kamuyatka. CuutaeTcd, 4YTO paHHWWA 3Tan
BynkaHuama CX Obin obycrnoBneH cybaykumen TUXOOKEaHCKOW NiuThl,
Korga akTuBHbIV xenob pacnonarancsa Ha 200 km 3anagHee COBPEMEHHOIO
NMonoxeHus, a B MO3OHEM MWOLEHe-NnuoLueHe B pes3ynbTaTe akkpeuuu
KpoHoukon ayru cybaykuma nog CX 6bina 3abnokupoBaHa [Jlernep, 1977;
Wanupo, INanpep, 2004 v pp.]. OaHHasa runote3a TpebyeT noaTBepXAeHus,
B CBfI3W C STMM OONbLUOW WHTEPEC BbI3bIBAET UW3YYEeHWe Mopog,
obpa3zoBaHHbIX B CX B NO3AHEMUOLEH-MITMOLEHOBOE BPEMSI.

Maccus r. 3aragka (55° 9'30.26"c.w.,158°16'33.70"8.4., h 1583.1 ™)
pacnonoxeH B toXHon 4actu CX, Ha ero BOCTOYHOM (pnaHre wu
npencraensier  coboM  CUIIbHO  3POOMPOBAHHYK  MOSIOrOHAKIOHHYHO
nnaTtoobpasHylo  MOBEPXHOCTb. CornacHo [locreonkapta, 2009]
obcyxaaemble BYNK@HUTbI cchopmmpoBanuncb B nanoLeH-
paHHEYeTBEPTUYHOE BpeMA M C  HecorflacMeMm  3anerawT  Ha
cpepoHemuoLeHoBbIX nopogax. Mbl npoBenu onpoboBaHne GPOHMPYHOLLMX
naB r. 3arafgka, u3yusnuM wux cocTaB W npoBenu u3oTonHoe K-Ar
hatupoBaHue (Tabn.). Kpome Toro, B fOnvHe py4y. YrnoBoro Obin U3yyeH u
[aTupoBaH  BbIxo4  CyOByNKaHUM4eCKOro Tena  CpegHEMMOLLEHOBOIO
[FocreonkapTta, 2009] Bo3pacTa.

M3mepeHue copepxaHuss paavMoreHHOro aproHa npoBOAWNOCHL B
eonornyeckom wuHctutyTe PAH no BanoBbiM npo6am n3 HaBecok 160-
190 Mr Ha Mmacc-cnekTpomeTpuyeckom komnnekce MU 1201 meTtopgom
usotonHoro pasbaBnenusi. [MnaBneHwe npob6 npoucxoouno  npu
TemnepaType 1600-1800°C. YuctoTa Tpacepa - MoHOM3OTOMa “CAr -
cocTaBnsana 97.5%. MorpelwwHocTb onpeaeneHns copepxaHus
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pafMoreHHoro aproHa He npesbiwana+2 %. [lonsa Bo34yLWHOro aproHa 6bina
B npepenax 60-90%. KoHueHTpauusa Kanua u3mepsanacb Ha aTOMHOM
abcopbepe AAS-3 B XuMMUKo-aHanuTuyeckou nabGopatopum MH PAH
aHanutukom W.B. Kucnoeon c¢ norpewHocTeldo MmeHee 1%. lMorpelHocTb
paccuuTaHHOro Bo3pacta cocTtaBnana 2-3%; OHa KOHTponMpoBanachb
CXOAMMOCTbLIO MOBTOPHBLIX M3MepeHui npob M Mo BOCMPOU3BOAMMOCTU
aHanu3oB cTaHaapTHbIX 0bpa3uoB. B pacueTax Bo3pacTa MCMonb30Banucb
KOHCTaHTbI )\e=0.581><10'10 ron 7\3=4.962><10'1° rog: “K/K=1.167x10*
[Staiger, Jager, 1977].

Tabnuua.
Pesynbtatbl K-Ar fatupoBaHusi naB Mmaccvsa r. 3aragka, CpefunHHbIn xpebeT, KamuaTtka
Ne Ne KoopaunHaTbl | BbicoTa (M) ‘“’Argan, K, K-Ar Bo3pacT, MSH
nab. nonesov (c.w., B.A.) MM™/T % net+o
1oro-3anagHble oTporu r. 3aragka
21 |MILK-0914 | 270340 1213 0.000117 | 0.59 5.100.08
20 | MILK-0913 | 2o./2005, 1182 0.000141 | 0.65 5.59+0.30
55°7'29.10" 1022,
19 | MILK-0911 | 2o oo i 0.000191 | 0.87 5.63+0.09
65 |MILK-0912| 272370, 1079 0.000156 | 0.50 8.00+0.35
pyuy. Yrnoson
64 | MILK-0909 | 2573385 728 0.000915 |0.94 | 24.9:0.9
I'IonyquHble pe3ynbTaTthbl CBMAETENIbCTBYIOT (o} TOM, 4yTO

cybBynKaHM4eCKOe Teslo B JONMHE pyd. Yrnosoro obpa3oBanocb B NO3gHEM
onuroueHe, a GpoHupylowmMe naBbl . 3aragka W3NMBanNUCb B MO3AHEM
MuoLeHe - paHHeM nnuoueHe (Ttabn.). Mo [Focreonkapta, 2009] ans
ceBepo-3anagHor OKOHEeYHOCTU MaccuBa umeetcs K-Ar pata 4.910.2 mnH
net (obBan KpoBnM MnaTo), KOTOpas XOPOLUO COrfacyeTcsa C Hawumu
OaHHbIMU O BpEMEHU puHanbHbIX n3nuaHun. Obpawaet Ha ceba BHMMaHue
nepvopg, Nokos MpoJoOSIXUTENBHOCTLIO OKONMO 2.4 MIH NET, pasgensiowmmn
ay3mBbl ¢ 8-MM N 5-TU MUISIMOHHBIMK BO3pacTamn. Bce usyyeHHble
nopoabl r. 3aragka WMEKT OCTPOBOAYXHbIA XapakTep pacnpeaeneHus
MUKpO3anemMeHToB. MuHumanbHble cogepxaHusa HFSE n P33 otmeueHb! B 8-
Mu MiH naese (MILK-0912). Bonee monoabie nopogpl (o6pa3upl MILK-0913
(5.6 mnH net) n MILK-0914 (5.1 MrnH neT)) o4eHb NOXOXW MO XUMUYECKOMY
COCTaBy W MMEKT KOHLIEHTPaLUUM HECOBMECTMMBIX 3fIEMEHTOB HEMHOrO
Bbille, 4YeM B o06pa3ue MILK-0912. Heckonbko WHON XxapakTep
pacrnpegeneHnss MUKpPO3feMeHTOB oOTMmevyeH B ob6pasue MILK-0911 ¢
BO3pacTtoM 5.6 MIH feT, 4YTO, CKOpee BCEro, CBA3aHO C ero 6osee KUCMbIM
cocTtaBom (58.98 npoTtus 54.32 mac. % SiO, B o6pazue MILK-0913).

Takum 006pa3oM, YCTAHOBMIEHO, YTO Ha Oro-BOCTOYHOM dbraHre
CpepnvHHoro xpebTta KamyaTku ewle B paHHEM NMOLLEHE (OKOSO 5 MIH F1.H.)
NPOVCXOAWUNM U3NUSAHMA NaB  ocTpoBogyxHoro Tuna. Kpome ToOro, B
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oyepegHoV pa3 [goKas3aHO, YTO Ha reonorMyeckmx Kaprax BO3pacT MOpoA
OKa3blBaeTCsd CUCTEMATUYECKN MOSOXE pearibHbIX 3HAYEHUN, NOMAyYEeHHbIX
npv M30TOMHOM AATUPOBaHMWMU.

PaboTa BbINoNHeHa B coOTBETCTBUMM C [Toc3agaHusamu no temam MH
PAH Ne¢ 0135-2018-0037 (reoxpoHonorunyeckue uccneposaHus) u NBuC
OBO PAH Ne 0282-2016-0004 (aHanu3 reoxvMMmyeckux OaHHbIX), @ Takxe
npu noaaepxke rpaHta PO®U Ne 17-05-00112 (aHanuTnyeckme paboThl).
ABTopbl 6narogapat B.C. PoauHa 3a nomolb Npy NpoBeAEHWM MONEBbLIX
pabor.
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MepBble pe3ynbTaThl nepekpecTHoro “C u 2°Th/U
haTtnpoBaHus norpebeHHbIX TOphoB B ONOPHbIX pa3pesax
PbIXSbIX OTSIOXEHUN NO3gHero-cpeaHero niencroueHa
LieHTpanbHOM KaMmuyaTku

MeB3Hep M.M.", Makcumos @.E.%, Metpos A.10.%, Mpuropbes B.A2,
Heuywxkun P.W.}, Kapumos T.[,’

"TvH PAH, Mocksa; 2crier Y, Caukt-llerepbypr

[MaBHble OMOpHble pa3pe3bl CpPefHero Uu No3JHero MnencToueHa
KamuaTtku pacnonoxeHbl B LieHTpanbHo Kamuatckon aenpeccun (LLKO) B
JonvHe p. KamyaTtky 1 ee NpuTOKOB U NpeAcTaBnsioT cobon BbiCOKue (0o
100 ™) HApbl, CNoXeHHble pbIXAbIMW  OTNOXeHUAMU. CuutaeTtcs, 4TO
3aneyatneHHble B Apax npupogHble CcobbiTUS COCTaBMAKT OCHOBY
npencraBneHnn o naneoreorpaduun, nNaneoknMmaTtoniornm,  UCTopumn
BYJIKaHM3Ma W ONEeAEHEHMIN, a TakKke TEKTOHWYECKOW aKTUBHOCTM BCEW
Kamuatku 3a nocnegHue 400 Tbicad net [bpanueBa u gp., 2005;
lNocreonkapta, 2009; Hoeenwwun .., 2005 u pgp.]. K coxanenuo, Oo
HaCTOSALLLEro BPEMEHMN U3OTONMHbIE (pagmMoyrnepoaHble) fatbl UMENNUCH NULWb

ona  BepxHeW yactm  otnoxeHun. OueHka  BO3pacTa  HUXHEN
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«CpegHennencToLeHoBon» 4Yactu HApoB OO0 CuMX Mop NpoBoAunacb Mo
KOCBEHHbIM faHHbIM [[MeB3Hep u gp., 2018].

B ocHoBaHuM CBOAHOro paspe3a pbixfblXx oTnoxeHun LK, 3aneraet
TOMLWA 03epHbIX «CUHUX FMUH» (Ha3BaHWA TOMLY nNpuBoaaTtca no [bpanuesa
n gp., 1968]), nogowBa KOTOPON CKpbiTa Mof, ype3om peku. Ha o3epHbIx
OTNIOXEHUAX, C YETKO BblpaXeHHbIM pa3MbIBOM, 3aneraet Tonwa
annioBuasbHbIX «KOCOCIIOUCTbIX MECKOB» MolHocThio o 40 m. B
HekoTopbix  Apax Hag Hem  duKcupyeTcs  Tak  Has3blBaemas
«MopeHonofobHaa Tonway» MowHocTbio Ao 50 M, MHorga oHa chaumanbHo
3amellaetca ranevyHukamu. Bbllwe pacnonaralotcs  «anmnoBuanbHble
MEXJI€JHNKOBbIE OTMOXEHUS» MOLWIHOCTbIO A0 25 M. Euwe Bbllle -
«MOKPOBHbIE cynecu» MoLHocTblo 0o 30 M. BeHyaeT pa3pes ronoueHoBbIn
MOYBEHHO-NMUPOKNIACTUYECKUIA YEXOS.

B cBA3n c 6GonblWMM KOMMYECTBOM BOMPOCOB W pa3HOYMTEHMA MO
BO3pacTy OTMOXEHUN, NPEACTaBIEHHbIX B OMOPHbIX pa3pe3ax PpbIX/biX
otnoxeHun LUK, Hawa paboyasa rpynna Hayana KOMMieKcHble paboTbl Mo
M30TONHOMY  (pagmMoyrnepogHoMy W ypaH-TOpMeBOMY) AaTMPOBaHWIO
norpebeHHbIX OpraHoreHHbIX FOPU30HTOB B pa3pe3ax AofvHbl p. KamyaTtku
U ee NpuUTOKOB. [MaBHaaA uUenb HalWMWX WCCNefoBaHWM 3akryaeTcs B
onpefeneHny W30TOMHOro BoO3pacTa OTnoxXeHun. [danHaa nybnukaums
MOCBSILLIEHa PACCMOTPEHMIO NEPBbIX PE3yNbTaToB MepeKkpecTHoro C U
20Th/u AaTnpoBaHua norpebeHHbIX TOpOoB B TOSWE «KOCOCIOMCTbIX
neckos» Apa CpepHero.

Ap CpeaHuit (55°01°10.52” c.w., 158°59°'25.86” B.4.) pacnonoxeH Ha
npaBom Oepery p. Kamuyatkm B ee cpegHeM TedeHun. Tonwa
«KOCOCMOUCTbIX MECKOB» UMeeT 3[1eCb MOLLHOCTb 0koro 40 M. B ee HuxHen
nonoBuHe BbiNn 06Hapy>XeHbl ABa XOPOLLO BblAEPXaHHbIX MO NPOCTMPaHUI0
ropu3oHTa norpebeHHbIX TOPgOB MOLUHOCTbIO OKono 20 cM Kaxnapll, B
KOTOpbIX COAEpPXanocb HECKOSIbKO MasilOMOLLHbIX NPOCIIOEB BYJIKAHUYECKUX
nennoB B HeHapylweHHOM 3aneraHuun. o «BepxHemy» (20 m Haa ype3om) u
«HuxHemy» (10 M Hap ype3om) Topdam 6biNo NPOBEAEHO MEPEKPECTHOE
“Ccn?Thiu JaTtupoBaHue (Tabn.).

Tabnuua.

PesynbTaThl nepekpectHoro "“C n 2°Th/U paTupoBaHus norpeGeHHbIX TopdoB B TONLLE
«KococnoucTbix neckoBy Apa CpeaHero, Kamuyatka

~ 230 230
\o o6 Marepuan ans | “C sospacr KaJ‘IVIGpOBaI—LHbII/I Th/U Th/U
2 06p. naTUpOBaHMA (neT) BO3pacT (TbIC. NET) (TbIC. NET)
(TbIC. NET) L/L mopensb TSD mopenb
15311 «BepxHuity | 43550.700 44.4+0.7 46+4 (8 06p.) | 43+4 (8 06p.)
Topg
. 34+3 (3 06p.) | 669 (3 06p.)
15308 |«HuxHuiny Topc| 43000+600 44.2+1.1 40+3 (5 06p.) )

[pumeyarme. *Kanmbpoeka C pat BbINONHEHa no [Reimer et al., 2013]. Yc hatnposaHue
nposoaunock B NeonornyeckoM MHCTUTyTEe PAH. 0Ty naTupoBaHue BbinonHeHo B CM6IY.
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Q{'” onpefeneHns Bo3pacta 06pasuoB MpPUMEHsINAcb BEPCUS U3OXPOHHOTO MpUGNNXEHUs

Th/U-meTona, ocHOBaHHasi Ha KonuM4yecTBEHHOM onpegeneHun nsotornos U n Th B cepum
OLHOBO3PacTHbIX 06pa3uLoB C WCMOSIb30BaHNEM MeToAMK Beoiwenaumsanusa (L/L-mopenb) u
nonHoro pacteopexus (TSD-mopenb) [Makcumos, KysHeuos, 2010; Makcumos u ap., 2017a,6]

Mo pe3ynbTaTam NPoOBEOEHHOr0 MEPEKPECTHOro AaTUPOBAHUS MOXHO
3aK0YUTB:

1. MNony4eHHble aaThbl (14C n 230Th/U) XOpOLLIO corfacytoTcs mexay cobon
ana «BepxHero» (06p. 15311) u ypoenetBoputenbHO - gns «HuxHero»
Topdha (06p. 15308).

2. BospacT HUXHEN NOMOBMHbI TOMLWM KKOCOCMOUCTLIX MECKOB» MOXeET
oTHocuTbes K MUC-3, T.e. K No3gHeMy nnencToueHy, a He K cpegHeMy, Kak
CUUTanocb paHee.

3. 3HauuTenbHbll pa3bpoc 3HaYeHuM Z0Th/U pat no o6p. 15308,
BEPOATHO, OOYCMOBMEH  HapyLeHWEM  NpeanocbiioK  M30XPOHHOro
npuénnxeHus *Th/U meTopa. 3To MoXeT 6biTb CBA3AHO C HaMMuMeM
6osiee YeM OIHOrO UCTOYHMKA AETPUTHOrO 3arpa3HeHust Topda (Hanpumep,
OOMONMHUTENbHBIM UCTOYHMKOM MOXET SBMATLCA BYJIKAHWYECKUI nenen).
Takxe, He WUCKIMOYaeTcs 4yacTMyHoe HecobnopeHve onsa Topda ycnosuii
3aKpbITOW paguoOMETPUYECKOW CUCTEMbI OTHOCUTENBbHO M3OTOMOB ypaHa M
TOpWSi B NOCTCEAUMEHTALMOHHOE BpEMS.

PaboTta BbinonHeHa B cooTBeTcTBUKN ¢ [Toc3apgaHuem no teme NMH PAH
Ne 0135-2018-0037 (paguoyrnepogHoe [aTUpOBaHME), NMpu NoJOEpPXKe
rpaHta PO®UN Ne 17-05-00352 (ypaH-TopueBOe paTupoBaHue W aHanu3
OaHHbIX) u rpaHTa [lpesnpgeHta P® MK-1428.2017.5 (ypaH-TopueBoe
naTtnpoBaHue).
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®parMeHTbl AOKEMOPUINCKMX OCPUONUTOB B CTPYKTYype
ypanup, CpeaHero n CeBepHoro Ypana: u30TorHo-
reoXpoHONorn4yecKne orpaHn4YeHus

Metpos I'.A., PoHkuH HO.J1.

Ul YpO PAH, r. Ekarepurbypr

MnyToHnyeckme nopogabl oduoNuTOBOM accoumauum - rabbpo u
NnepuaoTUTbl, NPOpbIBAaeMble KOMMJIEKCAMMW MapaniefbHbIX AONEePUTOBbIX
0aeK UM MNpOCTPaHCTBEHHO accouuvpylowmne ¢ 6a3anbToBbIMM  TOMLLAMM,
OOBOJSIBHO LUMPOKO pacrnpoCTpaHeHbl B KpaeBbix 4acTsaX TarunbcKoro
NnaneoocTPOBOAYXHOro 6fioKa, a TakkXe BXOASAT B COCTaB anfiOXTOHHbIX
TEKTOHMYECKMX nnactuH B npepenax BocToyHo-Ypanbckon CTpyKTypbl.
OnybnukoBaHHbIE B HacTosilllee BpemMs BO3pacTHble [AaHHble pns
NAyTOHMYECKUX nopof odUuoNUTOB, [ANEeKo He BCerga COOTBETCTBYHOT
BO3pacTaM MpPOCTPAHCTBEHHO accouMMpylWmMx € HuMmu 6asanbtoB. B
YacTHOCTM, B 3anagHoW 4YacTu TarunbCKOM CTPYKTypbl, W3BECTHa
odmonuToBas accouuauus, npeacTaBlieHHas AyHUT- rapubyprutoBbiM
canaTMMckum U1 rabbpougHbIM  KOLMWHCKUM  Komnnekcamu; rabbpo
NPOpbIBAOTCA MapUUHCKUM KOMMSIEKCOM napannenbHbiX AaeK, KOTOpbIi, B
CBOI0 04epenb, NepekpbIBAaeTCA NO30HEOPAOBUKCKMMM Ba3anbTamu HUXHEN
YacTu LUEMYPCKON CBUTbI. VI30TOMHO-reOXpOHONMOrMYECKNE UCCRenoBaHus
0ANKOBOro Komnrekca He npoBoamnucb, a Sm-Nd M30XpOHHbIN BO3pacT
MeTamoppr3oBaHHOro rab6po (NpopbiBaemMoro fankamu) onpegeneHHbIn
HaMu B Tpex obHaxeHusXx - B 3anagHom obpamneHun AnnNUHrHbEPCKOro
MaccuBa lNnatuHoHocHoro nosca Ypana (MMY), B ckpuHe cpeam Komnnekca
«hanka B ganke» 3anagHee NMomypckoro maccma lMIMY a Takxe ceBepHee
KbITNbIMCKOro MaccuBa, xapaktepudyetcsa 3HadyeHuamn 556132 mnH ner,
581+44 MJTH nert 7] 574154 MJTH ner, COOTBETCTBEHHO.
CepneHTUHN3NpoBaHHbIE rapubypruTel CanaTUMCKOrO KOMMMEKca Takxe
npopbiBalOTCA  Aankamu  goneputoB.  V30TonHO-reoxpoHonornvyeckue
uccrnepoBaHust  6azanbTouaHbiX  OpekynMid,  Terma  KOTOpbIX  CEeKyT
ynbTpamacuTbl canatuMcKoro Komnrnekca B npegenax CepTbIHbUHCKOro
MaccuBa, rnokasanu Hanuuue Tpéx rpynn UMPKOHOB: apxenckux (2605 un
2659 MnH nert), paHHenpoTepo3onckux u pudencknx (1713 un 1200 mnH
neT), a Takxe no3pgHepudencko-paHHekemMbpuinckmx (617, 561 n 530 mnH
net); 6Gonee "monogple" LUMPKOHbI He 6blnn  obHapyXxeHbl. Kpome
Ookembpuiickux rabbpo odwmonuMToBOro TWMa, B 3anagHoOM 4acTu
TarunbCKkon  CTPYKTYpbl  MPUCYTCTBYKOT  TEKTOHWYECKME  MaCTUHbI
rpaHaTcogepXalimx  nnarmorHencos u  amgubonuToB,  UMELMUX
reoxMMu4yeckne napameTpbl, conuxawwmne KX C  BYJIKaHUTaMU

NPUMMUTUBHBIX OCTPOBHbIX Ayr. Sm-Nd WM30XpOHHbIA BO3pacT rHencos
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573146 MnH net, KOHKopAaHTHbIM U-Pb BO3pacT BbIOENEHHbIX U3 HUX
LUMpKOHOB - 57131 mnH net. B BoCTOYHOM 4YacTu TarnnbCKoW CTPYKTYpbI
Takxe u3BecTHa oduonMToBas accouvauus, B COCTaB KOTOPOM BXOAAT
OYHUT-  rapubypruToBbIi  CEPOBCKUIA, AYHUT-BEPUT-KINHO-NMUPOKCEHUT-
rabbpoBbli  YCTENCKWUNA, [ONEPUTOBbLIA  SI3bBUHCKUA  KOMMJEKCHl U
No34HEOPOOBUKCKO-PAHHECUITYPUINCKNE 6asanbTbl HUXHEN
KpacHoypanbCKon cBuTbl. [lo HawuM paHHbIM, rabbpo ycTelckoro
KOMMJiekca npu 3TOM MMEKT BEHACKMIA Bo3pacT, 4YTo obocHoBaHOo Sm-Nd
N30XPOHHbIMK pJaTupoBkammn 566127 un 540126 mnH net. B npepenax
BocTouHO-YpanbCKon CTpPyKTypbl, Kak u B CMeXHoih Tarmnbckon,
NPUCYTCTBYIOT OYyHUT-rapubyprutosble n, NPOCTPaHCTBEHHO
accouuupylowme C  HUMM, rabbpomaHble KOMMMEKCbl, parMeHThbl
KOMMMEKCOB MapansenbHbiX [ONEepUTOBbIX [aek, MeTamopdu3oBaHHbIe
6azanbTbl. [@ab6po-NepuaoTUTOBbLIE MNACTMHBI BXOAAT B COCTaB CIOXHO
MOCTPOEHHbIX  TEKTOHWYECKMX  MOKPOBOB, T[AE€  MPOCTPAHCTBEHHO
accouMupyloT C  OpAOBUKCKMMU  (?), CUMYPUNCKUMW W OEBOHCKUMM
WHTPY3UBHLIMW, BYNKAHOFEHHbIMW W  0CafO4YHbIMW  0BpasoBaHMAMM U
NPOpPbLIBAOTCH UHTPY3MAMM KaMEHHOYIOSIbHbIX W MEePMCKUX OPOreHHbIX
rpaHuToB. B npepgenax Hambonee KpyrnHoro n HaumeHee nepepaboTaHHOro
OpOreHHbIMU  MpoueccamMyn  AnanaeBcKOro MaccumBa  (TEKTOHUYECKOM
NNacTuHbl), CIIOXEHHOIO nepuaoTMTamMu, AyHuTamum un rabbpo, Hamu
onpegeneH Sm-Nd W30XpOHHbIA BO3pacT amdubon- CocClopUTOBOrO
meTarabbpo - 579+42 mnH net. U-Pb paHHble ans 3epeH LUPKOHOB M3
BKpanieHHbIX XPOMWTOBbLIX pyAd, 3arnerawowmx cpeou nepuaoTuTos,
COOTBETCTBYIOT [BYM KracTepaMm, UMEKLLMM KOHKOpAaHTHble Bo3pacTta
588116 u 428.5+8.5 mnH net. [llonyyeHHOe MO UMPKOHAM 3HayeHue
Bo3pacta 588+16 MnH netr B npegenax nMoOrpewHoOCTen aHanusa
cooTtBeTcTBYeT Sm-Nd Bo3pacTty rab6po atoro xe maccuBa (579+42 mnH
neT) W, BEpPOSATHO, OTBeYaeT 3noxe AenneTUpoBaHWUA BEpPXHEW MaHTum,
COMpOBOXAaeMomn dopmMupoBaHueMm XPOMUTOBBIX 3anexen, "
OQHOBpPEMEHHON KpucTannmaauum rabbpougHoro KOMMnekca B HUXHeN
kope. [lo3gHee Hawm pe3ynbTaTel OblM  MNOATBEPXAEHbI  APYTUMM
uccnepoBatensamn. Tak, npu npoeegeHun [OM-200 Ananaesckom
nnowagu, no dpakuMam nnarvoknasa, amdpubona, oTobpaHHbIM U3
amdubonoBoro metarabbpo AnanaeBCKOro mMaccuBa M MOPoAe B LIENOM,
nonyyeHa Sm-Nd nsoxpoHa 580+14 mnH neT, a nccrneaoBaHue NMUPOKCEH-
amdunbonoBbIX rabbpo pacrnonoxeHHoro toxHee BbiICTpMHCKOro maccuea,
BbiABUNO Sm-Nd wn3oxpoHy onpepenstollyto Bo3pact 587119 mMnH ner.
MepeyncrneHHble [ATUPOBKU XOPOLLO YBA3bIBAOTCA C AaHHbiMu [.H.
CaBenbeBor ¢ coaBTopaMu, YCTaHOBMBLLUMMU MO LIMPKOHaM U3 XpPOMWUTOB
Bolikapo-CbiHbMHCKOro rab6po-nepmpoTnToBOro Maccusa BospacT 58516
mMnH net (U-Pb SHRIMP-II). Heckonbko 6onee monoable, HO TEM HE MeEHee
OO0OpAOBUKCKUE onpedeneHus nonyyeHsl CMupHoBbIM ¢ coaBTopamu (2009)
ans  Knw4yeBCKOro OyHUT-NEpUAOTMTOBOIO MacCuBa, pPacnosioXeHHOro
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toxHee AnanaeBckoro - Sm-Nd apoxpoHa 514117 mnH net (CKBO =2.4,n =
7) no BanoBbiM Npobam AYHWUTOB, BEPNIUTOB, ONIMBUHOBBLIX MUPOKCEHUTOB U
rabbpo, a Takxe MOHOMPaKLMSM OfIMBMHA W KIIMHOMMPOKCeHa. BTopas
rpynna U- Pb pgaHHbIX 3TMX Xe aBTOPOB, MO LMPKOHAM U3 XPOMMUTOB
AnanaeBckoro maccuBa, onpegendemaa kKak 428.5+8.5 wMnH ner,
COOTBETCTBYET 3HA4yeHMi0 Bo3pacTa amdubonosbix rabbpo (428+3.7 mnH
net) wn3 6nusnexawero PedTuHCKOro Kkomnnekca napasnnenbHbiX
poneputoBbix paek (U-Pb  SHRIMP-Il). PaHHecunypuiickne umdpbl
abcontoTHoro Bo3pacTta (441-449 mnH net) nonyyeHbl K.C. VBaHOBbIM C
coasTopamu (2013) N0 LMPKOHAM M3 OYHWUTOB U OSIMBUHOBLIX MMPOKCEHUTOB
pacronoXeHHOro B TOW Xe 30He KroyeBckoro maccua (KyMynATUBHBIN
KOMIMMEKC), U U3 MaHTUAHOTO AYHUT-rapubypruToBOro KOMMeKca Toro Xe
mMaccuea - 446.5+7.1 mnH net. MNo3gHee, CMupHoBLIM 1 ap., (2016), 6bino
ObHapyXeHo, 4TO B CUIYPUNACKUX LMPKOHax u3 oduronutoBbix rabbpo
yKa3aHHOIMo MaccuBa COLepXaTCsi MUKPOBKITHYEHUA MUHEpanoB rpymnnbl
aNMaoTa, a Takxe TpemMonuta W 3[eHuTa, 4TO yKa3blBaeT Ha
MeTaMopuryeckoe NPONCXOXAEHNE N3YHEHHbIX LUPKOHOB.

Takum 06pa3oM, npuBeAeHHble Bbllle [aHHble, YKa3biBalOT Ha
NpUCYTCTBUE CPeau Maneo30MCKUX KOMIMIIEKCOB ypanuph TEeKTOHWYECKUX
(parmMeHTOB, CITIOXEHHbIX NOpoAaMy LOOPAOBUKCKMX ManeocrnpeiuHroBbixX
cTpyktyp. O6 3TOM Xe CBMAETENbCTBYIOT U pe3ynbTaTbl WM30TOMHO-
reOXPOHONOMMYECKMX WUCCneaoBaHUA YrbTPAOCHOBHbIX MacCuBOB B 30HE
maBHoro Ypanbckoro pasnoma Ha tOxHom Ypane. Tak, ongd XpoMutoB n3
nepuonutoB MuHpsakckoro maccmsa umeetcs Re-Os patuposka 1250180
MIH neT, Sm-Nd Bo3pacT nepuaoTMToB MNpu 3ToM cocTaBun 882183 MIH
ner; Bo3pacTt  rab6po, MPOCTPAHCTBEHHO  acCOLMUpYKOLWUX  C
yneTpamacputamn, onpegensetca Re-Os uzoxpoHamun 804+37, 47619 u
447+20 mnH net, a Takke Sm-Nd wu3oxpoHon 540118 wmnH nert.
MpucyTcTBNE CpeaM Naneo30MCKMX TOSLW, TEKTOHUYECKUX (parMeHToB
TONbKO HUXHEeM 4YacTu [Aokembpuickoro odMonuToBOro  paspesa
(MaHTUAHBIX U HWUXHEKOPOBbIX MEepuaoTMTOB K rabbpo) M oTcyTcTBME
OOKEMOPUICKUX [ONEepUTOBbIX, 6a3anbTOBbIX U KPEMHUCTBIX 0Opa3oBaHun
BEPOATHO CBSI3@aHO C  HEAOCTaTOYHOM  U3YYEHHOCTbIO  BO3pacTa
METafloNIepuUTOB  KOMMMEKCOB  «Aalka B Jallke» U «HEMbIX»
MeTaba3anbToBbIX  TOMLW,,  TEKTOHMYECKMe  (PparMeHTbl  KOTOpbIX
NPOCTPaHCTBEHHO —accouuMupyloT C  6nokamu nNAyTOHUYECKUX Mnopon
ochmonmToBOM accoumauun. Yactb [AOKEeMOPUNACKMX CyBokeaHU4ecKnx
BYJIKAHOTEHHBLIX M OCafO04HbIX MOPOA, BEPOSTHO, BOLIMA BMOCNEACTBMU B
COCTaB MpoToNUTa  Maneo3onCKUX  MeTaMopdUYecKMX  KOMIJIEKCOB,
Hanpumep, CbicepTcKoro n Ydanemnckoro.
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[lBa 3aTana KonnM3noHHoro MmetamopdusmMa Ha CpegHem
Ypane: Rb-Sr u "¥’Sm-"**Nd usoronHble orpanunuyeHus

Metpos I"A.', PonkuH 10.11.}, PuiGanka A.B.2

"I YpO PAH, r.Exkateputbypr; @ 6Y BCEIEM, r.CaHkT-ITeTepbypr

Bonpoc o BpeMeHu NposiBNeHns KOMNMU3MOHHbIX MPOLLECCOB Ha Yparne oo
CMX MOop oOcCTaeTcA  AWCKYCCUMOHHbIM. B  nepBom  npubnuxeHuw,
paccmaTtpuBaeMas npobrnema pellaeTcd Ha OCHOBe aHanu3a dauumn
0CaflouHbIX NOpoA, BblAENEHUs OpOreHHbIX (MONAacCoBbIX) OCafOYHbIX
KOMIMEKCOB, M3Y4YeHUs TeOXMMUM MarmatTuyeckux obpasoBaHuMi, a Takxe
nyTem onpepeneHuss Bo3pacta MeTaMopduyeckmx MpoLeccoB MeToaamu
N30TOMHOW reonorunu.

B cootBetctBUM ¢  PepepanbHon  nporpammon  «CosgaHue
rocyfapCTBEHHOW CeTW OMOPHbIX reonoro-reousanyeckmx npodunen,
napaMeTpu4yeckmx U CBEpXryboKUxX CKBaXxuH» B CBOoe Bpems Obinu
BbIMOMIHEHbI TPU CyBLIMPOTHBLIX reosioro-reou3nyecknx nepeceyeHus
Ypana rnyouHHbiMu npodunamu HoBoro nokosieHusa (KOXxHo-Ypanbckum,
CpepHe-Ypanbckum, [NonapHo-Ypanbckum), cpegn Kotopbix CpepHe-
Ypanbckuih  TpaHcekT [1] aBnsetcs  Hambonee  MPOTAXEHHbIM,
nepecekamLmM NpPaKTUYECKN BCE Feonornyeckne CTpyKTypbl YpanbCKoro
cKnagyaTtoro nosica, B TOM 4ucne psga metamopdumyeckux obpasoBaHui,
haBas npefctaerieHMe o rfyOMHHOM CTPOEHMM LIeHTParnbHOro CermeHTa
3TON WNPOTHI.

Mpu npoBefeHUN KOMMIEKCHBIX Feonoro-reopmanyecknx ncenepoBaHuni
no ynomsaHytomy CpegHeypanbCKOMy TpaHCeKTy Oblflo  BbIMOSIHEHO
n3yyeHune Tpex Mmetamopduyeckux komnnekcos - CananHckoro, MaeBckoro
n KpacHorsapgenckoro MetogamMu  M3OTOMHOW reonoruu, C  Lenblo
YTOUYHEHUA BPEMEHM TMpPOSIBNEHNS MeTaMopgnyeckux MpoLEecCcoB Ha
BOCTOYHOM cKiioHe CpepHero Ypana. [JaHHble KOMMEKChl pacrnonarawTcs
Ha OAHOM LIMPOTE, M3Y4YeHWe BO3pacTa craramwLmx MX Mopos MOo3BONSET
NpocneauTb BO3PaAcTHYK 30HANbHOCTb MeTamopduama (MM oTCyTCTBUE
TakoBOM) C 3anafja Ha BOCTOK, BKPECT MPOCTUpaHUs YpanbCcKoro
CKlagyaTtoro nosca.

CanguHckmin  meTaMmopUYECcKMn KOMMIIEKC, CaMblil  3anafHbll 13
YNOMSIHYTON LIEMOYKM CTPYKTYp, BXOAWUT B cocTaB BepxoTypcko-MceTckon
Cd3 BocToyHOypanbCKOW  MerasoHbl.  YHWKaNbHOCTb  KOMIMMEKca
3aK/yaeTcs B TOM, 4YTO OH BKIYaeT MeTamopduyeckme nopoapl
amcubonMToBON U BbICOKOBAPUYECKON FpaHynMTOBON haumi. “Sm-"*Nd
MeToAoM aHanuaupoBasnca obpaszey 071-3, npeactasnawwmin  cobon
amdunbon-nnarnoknas-rpaHaT-KInMHONMPOKCEHOBbIN FpaHynuT (p. Tarun, yp.
MpsAHMYHKMKOBO). MWKPO3OHAOBbLIE WCCREOBaHUS MokKalanu OTCYTCTBUE
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OTYETNIMBO BbIPAXEHHON 30HaNbHOCTM B COCTaBe MMWHEpanoB, YTO
CBUAETENbCTBYET O paBHOBECHOCTM MapareHesnca. Annpokcumaums
durypatmMBHbIX TOYEK rpaHaTa, KIMMHOMUPOKCEHa, Nnarvoknasa u BajoBoro
cocTaBa rpaHynuTa Ha Auarpamme B koopauHatax 'Sm/™Nd -
3Nd/"Nd, no3sonuna BbISBUTD 9BONIOUMOHHYI0 3aBucumoctb (MSWD =
2.0), cootBetcTBylowyto Bo3pacty 370+38 mnH net (gng=+5.8), uTO
oTBeYaeT BepxHeMy AeBoOHy. [MonyyeHHad uudpa Xxopowo cornacyertcs ¢
paHee nosy4eHHbIMN AEBOHCKVMM AATMPOBKAMU MO LMPKOHaM v “Sm-

Nd M30XpOHHLIMU ONpeAeneHnsaMU BO3pacTa ABYMMPOKCEHOBbLIX rabbpo-
rpaHynmMTOB U rPaHOoMOPUTO-THENCOB [2, 3].

[aeBCKM  MeTaMoOpMUYECKU KOMMMEKC pPacrnofioXeH BOCTOYHEe
CanguHckoro wun  Bxogut B coctaB  CocbBUHCKO-Apyickon C®d3
BocTtouyHoypanbckoilt Mera3oHbl. lNoneBble reonornyeckne HabnwoaeHus wu
ulyyeHve WnNndoB Nokasanu, YTo KOMMMEKC COCTOUT, rnaBHbIM 06pa3om,
3 MeTaMopdn30BaHHbIX TEPPUreHHbIX MOpOA, - T[payBaKKOBbIX MU
apKO30BbIX MNECYaHWKOB, aneBpoONIMTOB, KBapLEBbIX MecyaHukoB. Ha
KnaccurKaunoHHbIX reOXMMUYECKUX Auarpammax, urypatmMBHble TOYKU
COCTaBOB MpOaHanu3npoBaHHbIX 06pasLoB FHENCOB MOMafaloT B MOSIS
rpayBakk, OCaJKOB OCTPOBHbIX [yr, peXe NUTapeHWTOB W apKO30B.
N3yueHne Rb-Sr nzotonHon cuctematmkn obpasua rHenca m BblOeNEHHbIX
U3 HEero MuHepanbHbiX (pakuuMi MONeBOro Lwnata, rpaHata M 6uoTwuTa,
NO3BONUIIO BbLIABUTb Ha rpacduke HukonanceHa NMHUIO perpeccun, HakroH
KOoTOopon onpegensdeT M3o0xpoHHblin (MSWD = 1.5) BospacTt 254+1.3 mMnH.
neT, 4TO COOTBETCTBYET rpaHuue BATCKOTO M CEBEPOABUHCKOrO SipycoB
TaTapCKOro oTAena BepxHen nepmu.

KpacHorBapgenckuin metamopunyeckmini KOMMMEKC, pPaCrnosyioXEeHHbIN
BOCTOYHEE [BYX paHee oOxapaKTepu30BaHHbIX, BXOAWT B COCTaB
KpacHorsapaencko-Ynyryuckomn Co3 3aypanbckon Mera3oHbl.
BbinonHeHHbIe noneBble uccnefoBaHUs UM neTporpaduyeckoe u3yyeHue
06pa3LoB U X WNNGOB Noka3anu 3HaunTelbHOe CXOACTBO COCTaBOB MOPOL,
aeBckoro u KpacHorBapAenckoro KOMMnekcoB. B nocnegHem Takxe
npeobnapalT rHencbl, 06pa3oBaHHble MO TEPpPUreHHbIM Mopodam -
rpayBakkoBbIM U  apKO30BbiM  necyaHukaMm. [lo  reoxmumuyeckum
XapakTepuctMkam nopofbl KpacHoreapgenckoro  Metamopdguyeckoro
KOMMJIEKCa Takxe MnornajarT Ha KnacCcMUKauMOHHbIX AuarpaMmma B nongd
rpayBakK, OCalKOB OCTPOBHbIX OYr. peXe NUTapeHUToB M apko3oB. Rb-Sr
n3oTonHass cuctematuka obpasua amdubon-bMoTUTOBOro rHenlca U
BblOENEHHbIX U3 HEFO MUHEpanbHbIN bpakuuin Nnonesoro wnarta, amgubona
n 6uotuTa, nNpenocTaBnsieT BO3MOXHOCTb  OOHapyXuTb  Hamnuiue
N30XpoHHoN 3aBucumoctn (MSWD = 1.7) ¢ Bospactom 253.6+1.2 MnH. ner,
4yTO B npejenax aHanuTUYEeCKOW MOorpewHocTn cosnagaetr ¢ Rb-Sr
OaTvpoBKOM THencoB [aeBckoro kommnnekca. [lepBnyHoe OTHOLWIEHME
nsotono. (*’Sr/*Sr)y=0.70548 B NpoaHanM3npoBaHHOM 06pa3LLEe HECKOMbKO
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BbllLe, YeM B rHemncax [[@eBCKOro KOMMIeKca, HO TakXe COOTBETCTByeT
napameTpam NopoL OCTPOBHbIX AyT.

B uenom, nonyyeHHble pe3ynbTaTbl U3ydeHUs Tpex MeTaMopdUyeckmx
komnnekcoB - CanagumHckoro, Maeeckoro n KpacHorsapgenckoro Rb-Sr n
475m-"3Nd MeToAaMun N30TOMHOW reonorum NO3BONSAT cAenaTh BbIBOAbI O
TOM, YTO B reoniorMyeckon UCTopuu Ypana nposiBNeHbl, No KpanHen mepe,
OBa 9Tana  MNaneo30MCKOr0  KOMAM3UOHHOMO  MeTamopdusma -
Nno3AHeAEBOHCKO-PAHHEKAMEHHOYTOMbHBIA M NO3OHENepMckun. 310
3acTaBnseT npegnonaraTb HanuMuMe [BYX TEOSIOrMYEecKMX  COObITUN,
06yCcnoBMBLLMX NOsIBNEHNE MeTaMopUYECKNX NapareHe3nCoB.

MepBoe (NO3AHEOEBOHCKO-PAHHEKAMEHHOYIOMbHOE)  reonornyeckoe
coObITUE BEPOATHO CBA3AHO C aKKpeLuen BOCTOYHO-YpanbCKUx GIIOKOB K
oKkpaumHe BocTouHo-EBponeiickoro naneokoHTMHeHTa (JlaBpyccun), a
BTOPOE - C 3aMblkaHMEM  ManeooKeaHU4yeckoro  MpoCTPaHCTBa,
CylLlecTBOBaBLUEro Mexay KasaxCcTaHCKMUM KOMMO3UTHbIM KOHTUHEHTOM U
YNOMSIHYTbIMU BOCTOYHO-YPanbCKUMu Grokamu, BXOAMBLUMMMW B BEPXHEM
naneo3oe B COCTaB KOHTUHEHTanbHOW oKpauHbl JlaBpyccun. B pesynbTaTte
BTOPOro (No3aHenaneo30MCcKoro) KOMM3noHHOIO TEKTOHUYECKOro cobbITus
obpas3oBasncs KpynHbI OpOreH, 3axBaTUBLUMA COBPEMEHHbIV Ypan u YacTb
dyHaameHTa 3anagHo-Cubupckon anvMnaneo30McKon nnaTtdopmbl.

Jlntepartypa

1. Poibanka A.B., MetpoB I.A., Kawy6uH C.H., IOxnvH K. CpegHeypanbCkuil TpaHCeKT
ESRU // CtpoeHnne n guHamuka nutoccepbl BoctouHon EBponbl. Pe3ynbTathl uccnenoaHuni
no nporpamme EUROPROBE. M.: TEOKAPT: T'EOC. 2006. C. 390-401.

2. Metpos I.A. K Bornpocy o nmpoucxoxpaeHun rpaHynutoB CanguHckoro komnnekca //
ExerogHuk-2002 UI'T YpO PAH. Ekatepunbypr, 2003. C. 108-114.

3. Friberg M., Larionov A., Petrov G.A., Gee D.G. Paleozoic amphibolite-granulite facies
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C- u Sr- u3otonHas ctpaTurpacdus OpI0BUKCKNX OTIIOXEHUN
Cunbupckon nnatgopmbl

MokpoBckuii B.I"., Bysakaiite M.U., 3aiues A.B., jpoHoB A.B., MNMeTpos O.J1.

UH PAH, Mocksa

OpAoBUKCKME OTNOXEHUs, ChOPMUPOBaHHbIE B KpaHE MENKOBOLHOM
3MNUKOHTUHEHTaNbHOM 6acceiiHe, 3aHWMalOT 3HAYMTENbHY MMolaab
Cwubupckor nnatdopmbl, ycTynas B 3TOM OTHOLIEHMM NUWb Kembpuio.
CnoxHasa cdauunansHas guddepeHunaums, NpoBMHLMaNM3mM 1 HebonbLloe
BUAOBOE pa3Hoobpasne (ayHbl CYLLECTBEHHO 3aTPyOHANT UX AeTaflbHoe
cTpaTurpadmyeckoro pacurieHeHe n Koppensaumo ¢ Apyrummn peruoHamu.
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lMepBas nomblTKa COMOCTaBEHNS OTIIOXEHUA CpedHero-BepxHero
opaoBuKa 3anagHoin 4Yactu Cubupckon nnatdopmbl (p.p. Kyniombe wu
MopkameHHass TyHrycka) C OnopHbiMM pa3pe3amu bantockaHouu Ha
OCHOBE M30TOMHOro coctaBa yrnepoga [1] pana npoTuBopeuuBble
pe3ynbTatbl. [lpy HekOTOpoM cxoAcTBe KOoHurypauun C-M30TOMHbIX
KPMBbIX, 3Ha4YeHNs &' °C B M3YUYeHHbIX CUBMPCKMX pa3pe3ax oKasanuch Ha 3-
5%o0, @ Ha HEKOTOpbiX MHTepBanax Ha 6-8%c HuXe, 4YeM B paspesax
BantockaHguu.

Hamu 6bin M3yyeH M3OTOMHBLIN COCTaB yrnepoaa, KUCnopoga, cepbl U
CTPOHUMA B [BYX OMOPHbIX pa3pe3ax, fnpuHagnexawmx K pasfvyHbiM
7poavmu,vmm p. Monepo u p. Bunion. YCTaHOBNEHO, YTO OTHOLUEHMSA
Sr/*®*Sr B rMncax u u3BEeCTHsIKax OpAOBUKCKOro paspe3a p. Monepo
yMeHbLUalTCcA CHU3y BBepx no paspesy ot 0.7091 B MpOYKNMHCKOW cBUTE
(HSMCKNIA TOPM3OHT ~ TPeMadoKCKU sipyc HMXHero opaosuka) go 0.7080 B
BEPXHEN 4acTU OXEPOMCKOM CBUTbI (A0NOGOPCKUI FOPU3OHT ~ KaTUNCKUIA
ApPYC BEPXHEro OpaoBMKa), YTO HaxoguTCA B XOpOLUEM COOTBETCTBUMU C
B6uocTpaturpacdMyeckum pacuyfieHeHUeM paspe3a W CyLLeCTBYIOLWMUM
npeacraBrieHmemM o6 3BOMOLMM N30TOMHOrO cocTaBa CTPOHUUS B MupoBom
oKeaHe.

Haunbonee xapakTepHOn 0COGEHHOCTLIO N30TOMHO- yrneg;op,Hovl KpuBOW B
paspese p. Moilepo SIBNSIeTCA yMeHbLUEHWe 3HaueHunit ' °C B kapBoHaTax
ot cnabo nonoxutenbHbix (0.5..1.1%0) B MPOYKIMHCKON CBUTE (HSINCKOM
ropusoHTe) OO pe3ko oTpuuatenbHbix ( -5.4...-5.8%0) B cpepHen 4yactu
KOYaKaHCKOW CBUTbl (KpOBMS KMMaWCKOro ropu3oHTa ~  OCHOBaHUe
AappuBHUIILCKOrO Apyca). YBenuMyeHMe B 3TOM WHTEpBane pas3pesa
3Haquvw| 5'%0 OT 20-22%0 po 26-28%0 1 oTpuuaTenbHaa Koppenauus
Mexny 5°C 1 80, a Takxe YMEHbLUEHNe 3HayYeHun 5*'S B runcax o1 30-
32%0 po 22-24%., nokasbiBalollee, YTo obegHeHue Kap60HaTOB 3C nHe
CBA3aHo C cynbdaT-peayKumen n oKMCNEeHNEM OpraHnyeckoro BellecTsa B
[vareHese, MO3BONSIOT CUMTATb 3TOT OTPULATENbHBIA 3KCKype O °C
NepBUYHbIM.

Ha p. Bunoi HWXHSAA 4YacTb OpAOBUKA CIIOXKEHA, FNaBHbIM 06pa3om,
gonomMtaMmy U Meprensimm, ManonepcnekTUBHbIMU AnA  Sr-M30TOMHOM
CTpaTl/lrpaq)MM B runcax xapbsnaxckon cButbl (0O,-O3), ogHoobOpasHble
3HayeHus 5°'S B KOTOpbIX (26.6+1.2%0) cBMAOETENLCTBYIOT O Berma
cnabblX NOCTCEANMEHTALMOHHBIX WU3MEHEHUsIX, OTHoweHus ° Sr/*°Sr
3aKoHOMepHO yMeHbLuatoTcs ot 0.7087 po 0.7080, 4To NO3BOMAET YTOUYHUTD
NMofioXeHWe rpaH1La cpegHero U BEpXHEro opAoBMKa: OHa pacrnonaraeTcs ¢
cpepHen 4acTu Xapbanaxckon CBATHl, @ He B ee KpoBne, Kak
npeanonaranocb paHee. 3HaueHust &'°C B kapboHaTax BMIIONCKOrO
pa3pe3a, Tak Xe Kak Ha p. Monepo, 3aKOHOMEPHO YMEHbLUAKTCS OT
0.1..0.8%0 B HMXHeM opaoBuke (6anbikTaxckaa csuta) Ao -4.1..-4.8%o) B
HM3ax cpeaHero (xapbsanaxckas ceuTa).
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BepxHsas 4acTb opaoBuka Ha p. Momepo XapakTepusyeTcs
CpaBHUTENbHO  OAHOOOGpPAa3HbIMM  3HAYEHUAMMU 5%0 = 26+1% u
H4E€peAOoBaHNeM MHTEPBAOB C MOHVXEHHbIMM (80 -2...-3%0) 1 NOBbLILLEHHbIMU
(8o 0.5..1.3%0) 3HauYeHuaMM 5"C, amMnnuTtyga 1 MosioXeHue KOTOpbIX B
pa3pe3e CXoOHbl C 3KCKypcamu B OMOpHbIX pa3pe3ax bantockaHguu. B
paspese BepXHero oposyka p. Bwuntoii, HaNpoTMB, YCTAHOBMEHbI LUMPOKUE
Bapuaummn d'°0 u 8'°C, cbnuxatoLme ero ¢ paspesamu p.p. MogkameHHas
TyHrycka n Momnepo 1 cBsizaHHble, MO HaleMy MHEHMIO, C MePUoaNYECKUM
onpecHeHneM 6accetHoB ceAUMEHTaLUN.

BaxHenwmm rnobanbHbiM N30TOMHO-YrNEPOAHLIM COOLITUEM OpLOBMKA
B HacTosiLLee BpeMs NpPU3HaeTCca NO3UTMBHAA aHOMasnua OTCyTCTBYIOLLErO B
Cubupu xupHaHckoro sipyca (Osz), MapKuUpylOLLEro paHHe-naneo3omnckoe
onegeHeHne n Benukoe BbIMVIpaHVIe He MeHee 3HauuMMbIM, BO3MOXHO,
ABNsieTCA oTpuLaTeNbHas aHoManus &' °C, SKCTPeMyM KOTOPOW MPUXOAUTCS
Ha BEPXHIO 4acTb KMManCKOro ropu3oHTa, COOTBETBYIOLLENO AAMNUHCKOMY
AIpyCy - OCHOBaHWIO JappeBUnbCKOro pyca cpegHero opgosuka (puc. 1).
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Puc. 1. ConocTtaBneHve Bapuaumii U30TOMHOIO COCTaBa yriiepoga U Kucrnopoaa B paHHe-
cpenHe- opAOBUKCKUX KapboHaTax pa3pesax p. Moiiepo, ceBep Cubupckoi nnatdopmbl (Halm
haHHble) n paspesa LluHrn-NMacc  Bonbworo baceriHa CesepHon Amepukn [Edwards,
Saltzman, 2014]

OyeHb 6M3KMe NO aMnNUTYAEe W MOSMOXEHWIO B pa3pe3e OTpuLaTeSbHble

9KCKYpCbl yCTaHoBneHbl B opgoBuke CeBepHon Amepuku [2, 3], 4TO

noaTeepxpaeT reorpaduyeckyto 6nM3ocTb MNaneokoHTUHeToB Cubupn u

NaBpeHTuu. MNMpryumHom 3TUX NPOTAXKEHHBIX U BEICOKOAMMNNUTYAHbIX (80 -6%o0)
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M30TOMHO-YIrNEepoaHbIX aHoManui Morno ObiTb nosiBneHMe Ha pybexe
paHHEro n CcpefHero opAoBUKa HA3e€MHOW pacTUTENbHOCTU WU pa3BuTUE
NMOYBEHHbIX NpoLeccos [4].

PesynbTaTthl, nony4yeHHble No pa3pesy p. Monepo, nogTBepannu, Takxe,
Hanuyve Tgyp,HOOGbFlCHVIMOFO oboraiwieHnss KapboHATOB  TsXEmNbIM
nzotonom O Ha 3-4%0 OT paHHEro opaooBWKa K CpedHemy, paHee
YCTAHOBMIEHHOTO Ha [APYrMx KOHTMHEHTax M B Apyrux daumnanbHbIX
ycrnoBusax. OTOT (pakT Mo3BONSIET MNpeanonoXutb rnobanbHbid  Mnu
cybrnobanbHbli XapakTep [aHHOro cobblTWsA, BO3MOXHO, CBA3AHHOMO C
NU3MeEHeHEM N30TOMHOro cocTaBa Kmucnopoaa B Boae MupoBoro okeaHa.

Pab6oTta BbinonHeHa npu nogaepxke POPU (npoektbl Ne 16-05-00487 n
16-05-00799).
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OTan CKONMbXeHUs1 TUToCepHbIX NIUT Ha BocTo4yHOM
UyKkoTKe: faHHble Npeun3MoHHON N30TOMHON nepuoagu3auum

MonwH B.CD.1, TuxomupoB I'I.J'I.z, TpaBuH AB.S

7,HB/' W [1BO PAH, r. BnagnsocTok; 000 "IHCTUTYT reoTexHosnormi’, r.
Mocksa; *VIIFM CO PAH, r. Hosocubupck

N3yyeHbl  M30TOMHO-FEOXPOHOSIOFMYECKME  acnekTbl  MPOSiIBIEHWN
TpaxupaunT-TpaxupuonmMToBoro " Tpaxunba3anbT-TpaxnaauuToBoro
ByfikaHM3ma 3aBepuwatowux ¢da3 pearenbHoctn OX0TCKO-YyKOTCKOro
BynkaHuyeckoro nosca (OYBI1), pa3suTbix B Mexaypeube AmMrysma -
KaHuanaH. Bo3spacT TpaxvaauuT-TpaxupuonutoBon dopmauum npexape
paccmaTtpuBancsa B MHTepBare OT CeHOMaHa A0 AaHus; BpeMs CTaHOBMNEHUA
TpaxubazanbT-TpaxuaauuToBon dhopmauum oueHnBanoch Kak
CEHOMaHcKoe, MaacTpuxTckoe nmbo naneoueH-soueHoBoe [benbin, 1977;
CwupgopoB u gp., 1970; bepman, 1970; v ap.]. BrnepBble npoBegeHHas
npeumn3noHHasa M30TOMHasA nepuoamsauus BYNKaHOMNYyTOHU3Ma AMrysmo-
KaHuanaHckoro BynkaHudeckoro nonsa (AKBI1) OYBI1 [CaxHo u ap., 2010]
nokasana Heob6XOOAMMOCTb BHECEHMS KOPPeKTMB B CYyLLECTBYlOLLME
npeacTaBfieHns 0 BO3pacTe cnaralLmx ero nopoga.
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N3yyeHne BpemeHn cTaHOBMEHMA nocrneaHmx a3 ByNKaHOMIyTOHM3Ma
AKBI1 npegnpvHATO HaMu C Lenblo nepuoamsaumn noctcybayKuMoHHOro
aTana pedarenbHoctn OYBI1 B ero ceBepo-BOCTOYHOM CEKTOPE, MMEHYEMOM
BocTtouHo-YykoTckon BynkaHudeckon 3oHon (BYB3). WccneposaHbl
BYNKaHWUTbl W CyOBYNMKaHWTBHI TpaxmaauMT-TPaxmpuonuToBon dopmMauuu,
npencTaBfieHHON 3[ecb JleypBaaMCKON CBUTOW C CybBBynKaHW4eCKMMU
Komarmatamu, W, nepekpbiBatolien eé, TpaxmbasanbT-TpaxmpaunaHae3unT-
TpaxupauutoBon ¢opmaumm, B 06bEME HYHIUIPaAHCKON CBUTbI U eé

KOMarmaToB. 3onoTto-cepebpoHocHas TpaxupauuT-TpaxmpuonmToBas
dopmaums npexge oTHocunacb K 3aBepLuatoLLen daze
HaacybayKUMOHHOro ByNKaHu3ma oyBri. TpaxubasanbT-

TpaxupaumaHgesuT-Tpaxmgauntosaa ¢gopmauua Mo reofiormyeckum,
reOXMMUYECKNM,  U3OTOMHO-TEOXMMWYECKMM  MpU3HaKaM  cuMTaeTcs
TUNUYHOW NOCTCYOAYKLMOHHON, OKPaWHHO-KOHTUHEHTaNbHO-pUTOreHHON
[MonuH, Monn-Ctonkan, 1999; MonuH u gp., 2006, 2009; n ap.].

HoBble paHHble “°Ar/*°Ar usotonHoii nepuoansaumu, BKyne C paHee
onybnmkoBaHHbIMW MaTepuanamu ypaH-cauHuosoro (WWPUMM) n A Ar
patupoBaHus [CaxHo u ap., 2010] noka3sbiBalOT, YTO BpeMs NPOSiBNEHMUSA
TpaxupauuT-TpaxupuonutoBon  cdopmauum B U3YYEHHOM  panioHe
CooTBeTCTBYeT WHTepBany 77.6-76.1 mnH net (£1.2 MnH net) (cpegHuin
kamnaH), coctaBnsaowemMmy 1.5 wmnH net. KamnaHckmi  BO3pacT
neypBaamckon CBWUTblI MOATBepxAaeTca eé uTocTpaTurpadduyeckumm
OaTtvpoBKaMn (apkaranvHCKni UMTOKOMMIIEKC). AP Ar «nnaro-Bo3pacT»
poroBoi 0OMaHKu U3 TpaxupaumaHaesuta [allku  HYHIUrpaHCKOro
KOMIMeKca, pBYLLEN NayKy HYHNUrpaHCKUX TpaxnbasanbToB U nexallyto Ha
Heil Tonwly TpaxvaHL4e3UTOB-TpaxugauutoB, cocTaBun 74.4+1.6 mnH ner.
3T0W cpeaHe-no3aHEKaMNaHCKOW AaTon (hUKCUpYeTCs BEPXHASA BO3pacTHas
rpaHvMLa  HYHIUrpaHCKOro  Komnnekca B AMryamo-KaH4yanaHCKoMm
BYJIKaHMYecKoMm nosie. Bpema cTaHoBneHus GumopancHow TpaxubaszanbT-
TpaxupaumaHoesuT-TpaxugaumTtoBon — accoumaumn  3TOro0  KOMMekca
nonagaetr BO BPEMEHHYK «Bunky» (1.7 mnH net) mexay obpasoBaHuem
cybBYNKaHMYECKOro yrbTpakanueBoro Tpaxvpuonura, ¢uHaneHoro ans
neypsaamckoro komnnekca (76.1+1.1 mnH net, no AaHHbiM LWPUMIT-
aHanv3a LMpKOHOB) 1 BO3PaCcTOM BhILLIEYNOMAHYTOW AaWKW HYHITMIPaHCKOro
Tpaxupaumanpesuta (74.4+£1.6 mnH ner).

MOXHO Npeanonoxutb, YTO pa3pbiB BO BPEMEHW MEXAY CTaHOBMEHUeM
3aBepLuatoLen dasbl 30n0TO-cepebpOHOCHOro KMCIOro
BYJIKQHOMNYTOHM3MA W Ha4yaroM U3BEPXEHMSA  ONMBUH-COAEPXALLMX
6azanbToB TpaxmubasanbT-TpaxupaunaHaesnT-Tpaxugauntoson cgopmauum
Obl1 MMHMManeH M He MNpeBbIan MepBbiX COTEH ThicAY neT. bnuskas
BpeMeHHasi nocnefoBaTesibHOCTb MPOSBAEHWIA KUCMOro U 6uMopanbHOro
TMNOB CyOLUENOYHOro BYJIKAHOMMYTOHM3Ma Ha 3aBepliarollen craguu
ctaHoBneHuss AKBI1l, npu y4éTe WX TECHOM CTPYKTYpHOW MU
npocTtpaHcTBeHHon cBA3u [[MonuH, 1990], no3BonAeT roBopuTb O
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npuHagnexHoctTn obenx dopmauuii, a He Tonbko GumopanbHoi [MonwuH,
Monn-Ctonkan, 1999; MomuH wn pgp., 2006], K eOouHOMY TEKTOHO-
MarmMaTtMyeckomy UMKy, CBA3aHHOMY C pas3HbiMu aslamu 3Tana
ckonbxeHnuss nutocepHbix nnut B BUB3. lNpepcrasndgerca cnepytowan
Moaenb. B HauanbHylo a3y (cpefHuii kKamnaH), N0 OKOHYaHuM cybayKumm
OKeaHMYyeckon nNnuTbl MNoA, KOHTUHEHT, obpas3oBanacb cepus «Ccnab-
BUHOOY», MOABEM W NIaBNeHNWE MaHTMWHOINO BELLECTBA, MPOHWKHOBEHMWE
MaHTUMHbIX  6asWTOBbLIX pacnnaBoB B  Npegefisl  3eMHOW  KOpbl.
MpoucxoxaeHe TpaxMaaunuT-TPaxmpuonuToBoi dopmaumm G6bio CBA3aHO
C aHaTeKCMCOM KOpOBOrO BellecTBa MNpu BHeApeHuM 6a3anbToBbIX
pacnnaBoB M UX ANATENbHOW 3agepXKe B 30HaX CXaTtud, noAa

BO30EeNCTBMEM dnongHo-TENNOBOrO MnoToKa, NcxXoaaLero oT
NPoMeXyTouHblX 6a3anbToBbIX o4aroB. Ha 3aBepluatowen dase (cpeaHui-
nosgHumn KamnaH) NPOW30LLSIO pacKkpbiTue CUHCABUIOBbIX

«napansenorpaMmmMoB pacTAXeHUA» U MOLBEM K MOBEPXHOCTU MaHTUMHbBIX
6a3anbToBbIX, crnabo AnddepeHUMpoBaHHbIX pacnnaBoB. Ha yyacTkax
OTHOCUTENbLHOTO cXaTus dopMupoBanucb Hebonblune no nnowaan
CTpaToBYJIKaHbI, NoA, KOTOPbIMU, N3-3a 3aE€PXKU MarM B MPOMEXYTOUYHbIX
oyarax, Haubornee nMOSIHO NpPOSIBUINCH NpoLecChl napartekcuca U
nocnegywowero  QIOMAHOrO  cuHTekcuca 6as3anbToBbIX U KUCHbIX
pacnnaBoB, ¢ obpa3oBaHMEM 3HA4YMTENbHbIX OOBLEMOB CUHTEKCUYECKMX
yMepeHHo-Kucnbix marm [[MonuH, 1990; MonuH, Monn-Ctonkan, 1999].

B 3akntoyeHne Hago OTMETUTb HEOBXOAMMOCTL, B CBETE HOBbIX AAHHbIX
Ar/°Ar  paTupoBaHMs, MCKIIOYEHUS U3 COCTaBa  HYHIIUMPAHCKOro
KOMMnekca 3HauuTenbHo 6onee MO3AHMX MO BPEMEHM 0O6pa3oBaHuSA
(maacTpuxT: 67+0.5 mMnH net) cyb6ByNKaHUYeCKMX U runabuccanbHbiX Ten
LLLENMOYHbIX MOPOA: KOMEHOUTOB, MaHTENSIEPUTOB U LLENOYHbIX TPaHUTOB,
npexzae oTHOCUMBbIX K 9ToMy Komnnekcy [MMonuH, 1990; MNonun n ap., 2006,
2009; n gp.]. WenoyHble BynKaHOMAYTOHUTbI MO NETPONOro-reOXMMNYeCcKumM
XapaKTepucTukam npuHagnexart K TUMWYHBIM BHYTPUMIIUTHBIM
obpazoBaHuam [MonuH, 1990; MonuH, Monn-Ctonkan, 1999; MonuH n gp.,
2006, 2009; n gp.] 1 xapakTepu13yIoT, Kak Tenepb CTasnio 04EBUOHbIM, HOBBbIN
3Tan TeKTOHO-MarmMmaTU4eCcKon akTMBHOCTU B npeaenax BUB3 O4YBI.

TpeTun BbIBOA, BbITEKAKOLWUIA U3 NMPeaCcTaBNEHHOrO Matepuana: nepuog,
CTaHOBJIEHNS1 HYHWIPAHCKOro KOMMMEKca coBrnajaeT CoO BpEMEHEM
OpMMpPOBaHNS  MbIFOBIKUTCKOrO  Komnnekca B MantaHo-Onbckom
ByfnkaHuyeckom none OYBIl. C yyeTOoM MOEHTUYHOCTM COCTaBOB MOPOA,
3TUX KOMIMIEKCOB, CTano BO3MOXHbIM FOBOPUTb O MOJSIHOW MX aHanoruun u,
COOTBETCTBEHHO, HenpaBOMEpPHOCTH OTHeceHus HYHIIUIPaHCKOro
komnnekca K AHaablpcko-Bpuctonbckomy BynkaHoreHHomy nosicy (AKUHWH,
Mwunnep, 2011).

PaboTta BbiNonHeHa Npu nogdepXxke nporpammbl «anbHuini BocTok»
2018-2020, npoekT Ne 18-2-015.
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"eoxpoHonorusa u usotonusa (Sr, Nd, O) wenoyHbIX nopon,
AngaHcKoro WwuTa: Hosble AaHHble

MoHoMapuykK AB., Mpokonbes n.p."? HOopowkesuny Ar'3

"WnetutyT I eO/IOMMN 1 MUHEPEIIONNN M. B.C. Cobonesa CO PAH, r.
Hosocubupck, HOBOCM5M,OCKMM rocyapCTBEHHbIN YHUBEPCUTET, I.
Hosocubupck; *reonornyeckmi uHeTutyT CO PAH, r. YnaH-Yas

AngaHcKui WNT npeactaBnseT cobo ApeBH0 NUToCcEepHyto NNnTy, ¢
OTYETNIMBO  MNpPOSIBNIEHHbIM  BrIOKOBbIM ~ CTPOEHMEM,  HEOOHOKPAaTHO
B3aMMOJENCTBYIOWLMM C COCEOHVMMW MNOABWUXHbIMM obractamu. BruvaHnue
oporeHe3za B BepxosHo-Yykotckon un  MoHrono-OxoTckon cknagyaTbixX
obnacTtsx, ABAAWMMACA B ME3030€ HXHON U I0ro-BOCTOYHOW OKpauHamu
NaneoKOHTUHEHTa, O0OYCNOBUMO TEKTOHO-MarmMaTU4YecKylo akTUBU3auuto
AngaHckoro wmta M obpa3oBaHMe 3HAYUTENbHOro apeana LWEeNoYHbIX
nopogd. lposBneHne mMarMatu3ama HOCUT HE MOBCEMECTHbIN XapakTep -
N3BEPXEHHbIE MOpOoAbl NPOSIBIIEHbI B psfe pa3obLieHHbIX paioHOB, BHYTPM
KOTOpbIX  BbIOENAT  OTAENbHbIE MacCuBbl W OTAENbHbIE  30HBI.
Me3030301MCcKMIn MarMaTu3mM AngaHCKoro LWWTa XapakTepu3yeTcs LUMPOKUM
pa3BMTUEM LLENOYHbIX U CyOLLENOYHbIX NOPOA KanneBon cneLmannsawmm.

blnnbiMaxckMi MaccvMB HaXOAMTCS B KOXHOW YacTu AnAaHCKOW nNnutbl u
BXOOUT B cocTaB LleHTpanbHO-AnpgaHcKoro pyaHoro pamnoHa. Maccus
XapaKTepusyeTcsi KOHUEHTPUYECKU 30HanbHbIM CTpoeHveM. Hawnbonee
paHHUMMK ABMAIOTCHA BbICOKOKaNMeBble MCEBAONENLNTOBLIE MOPAUPOBbLIE
nopogbl. ManuHbWTbl pacrnonaralTca B BMAE KOSbLEBON 30HbLI, MeXAay
WHTPY3VBOM MOP(MPOBbLIX MOPOA W BMELWAWUMM  U3BECTHAKAMMU.
lenoyHble  cMeHUTbI  craralT  KPYMHbIA  WITOK,  BbITAHYTbIA B
MepUANOHANbHOM HarnpaBfeHUn U pa3gaensitowuin MHTPY3NB Ha 3anagHyto u
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BOCTOYHYIO 4acTu. LenoyHble cueHnTbl pacceyeHbl MHOrOYUCIIEHHBIMU
hankamu cenbBcOeprutoB M LLENOYHbIX rpaHMTOB. MuHepanornyeckue u
NeTposioro-reOXMMUYECKNe  xapakTepuctmkn  nopog  blnnbimaxckoro
MaccuBa CBUAETENbCTBYIOT O CUHFEHETUYHOCTU  (DOPMUPYIOLLUX  UX
pacnnasoB. YcTtaHoBneHa cnepyowas nocneaoBaTesnbHOCTb
dopmupoBaHuss nopof (Ar-Ar faHHble): nenuMToBble U HedEenNUHOBbIE
cnenntbl (140+£1.9 MnH. net) - wenoyHble cueHutbl (13112.4 MnH. ner) -
wenoyHble rpaHutbl (125+1.9 mMnH. net). WenoyHble CUEHUTBI WUMEIOT
oTpuuaTesnbHble BenuyunHbl ENd, KOTOpble NonagakwT B y3KWUA MHTEpBarn oT (-
13.07) po (-14.09). BospacTt ncrouHmka cueHntoB Tyy(DM)=1.7-2.0 mnpga.
net. 'paHnTbl XapakTepu3yrTca aHanorudHbiM 3HadeHnem eNd - (-13.06),
HO oTnMyalTcsa MofenbHbiM Bo3pacToMm Tyng(DM)=1.4mnpg net. lMopoabl
Takxe  oOHapyxuBaloT 3HauMTenbHoe 060rauJ,eHV|e pagnoreHHom
KOMMOHEHTON, NEepBUYHOE OTHOLUEHUE ( Sr/? Sr)o nosbiwaetca go 0.710
npotne 0.705 Ans LWENOYHbIX CUEHMTOB. 3HA4YeHUs 5'%0 nopog mMaccuea
COOTBETCTBYIOT MarMaTn4eCKumM nopoaam.

30oHanbHO-KOMbLUEBON MaccuB WHarnmm  pacnonoxeH Tak Xe B
LleHTpanbHO-AngaHcKkom pyoHOM panoHe. LleHTpanbHas 4acTb MHTpy3uBa
npeacraBfieHa AyHutamu. BHewHAa oTopoyka WMEEeT KOHLIEHTPUYECKM
30HaNbHOE CTPOEHUE U CMOXEHa MNUPOKCEHUTAMU U LLENOYHBIMU
rabbpovgamu, a Takke gankamum cueHutoB. MaccumB obpamnsaeTrca nocT-
IOPCKUMU  MHTPY3USIMU CUEHUT- M MOHLOHUT-NOpdUpoB. [eonornyeckue
Habn4eHNss MOKa3bliBalOT MHOXECTBEHHbIE HANOXEeHHble Ha AYyHWTOBOE
A0pPO BTOPUYHbIE MNPOLECChl: BHeApPEeHWe [AaeKk KIMHOMUPOKCEHUTOB,
obpa3oBaHne ((pNOronUTOBBIX U XPOMAMOMNCUMOOBBLIX JIMH3 U XWA,
nermMaTuToBbIX XU (XpOMAMNCUA-OPTOKNa30Bble, OpTOKnas-amcpubonosblie,
MUWKPOKIUH-anbbut-amcgunbonoBsble ¢ 3rMpuvHoMm). YcTtaHoBneHo (Ar-Ar
OaHHble), UYTO BHEeApPEHUE LLENOYHbIX MOPOL MaccuBa MpPOUCXOOUIO Kak
MUHUMYM B ABa 3Tana: (1) Kpuctannm3auus OTOPOYKM AyHUTOBOro sapa -
KITMHOMMPOKCEHNTOB, patupyeTca Bo3pactoMm 142.4+2 wmnH. net; (2)
obpaszoBaHne puddepeHLMpPoBaHHOIO LWENOYHOro Konbla MaccueBa U
pyAHbIX MeTacoMaTUTOB npoucxoauno B uHTepsBane 133-128 mnH. nert:
BO3pacT KpucTannuMsauMum  MENaHOKpaToOBbIX CMEHUTOB  COCTaBriseT
133.2+2.2 MAH. neT, MOHUOHUT-nopcdupos - 130.8+2 wmnH. neT,
NENKOKPATOBbIX CUEHUTOB - He MeHee 128.2+4.4 mMnfH. neT, LWOHKUHUTOB -
128.4+1.5 mnH. net. BospacT BTOpMYHbIX npoueccoB coctaensaeT 136.5+5.3
MIH. neT (no mnoronuTy 13 [yHUTOB), @ BO3pacT KpucTannmsauuu
amcunbona n3 nermaTutToBon Xunbl paseH 133.4+1 mnH. net. 3HayeHns eNd
LLeMO4HbIX MOPOA BapLUPYIOT B MHTEpBane o1 (-12.4) po (-22.2). NepBunyHOE
OTHOLLIEHMe (‘ St/ Sr)o nameHsetca B npegenax ot 0.705 pgo 0.707.
3Hauenus d'°0 nopog MaccuBa (5.5-8.2%0) noxatca B uHTepBan
MarmMaTU4ecKux Mopof, 3a WCKIYEeHneM MOHUoHUT-nopdgumpos (9.3-10.3
%0). WHTepnpeTauua yTsXXeneHuss WU30TOMHOrO0 COCTaBa  MOHLIOHUT-
nopUpoB HEOAHO3HAYHA M MOXET OOBACHATBHCA Kak B3auMOLENCTBUEM C
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BMELLAWMMKN  nopogamMu, TaK U npoueccamn  (ppakLUNOHHON
KpucTannmMsaumm.

BepxHeaMIrMHCKMin 30710TOHOCHbLIA pafioH pacrofioXeH Ha TeppuTopuun
FOxHon Axkytum, B 120 km K 3anagy oT r. AnpgaHa. Tepputopus
nuccrnepyemMoro panioHa BXOguT B cocTaB AMIMHCKON cybmepuanoHanbHOM
CTPYKTYPHOWN 30Hbl TEKTOHMYECKOro MenaHxa, otgenswowien LleHTpanbHo-
AnpaHCcKMin COCTaBHOM TEPPENH C BOCTOKA OT PaACMOSIOXEHHbIX K 3anagy u
lory OT Hee COOTBETCTBEHHO 3anagHo-AngaHckoro U  TbIHAMHCKOroO
COCTaBHbIX TeppelnHoB. CornacHo reosiorm4eckomy u netporpaduyeckomy
N3YYEHUI0 LEeNoYHbIX nopos BepxHeamrvHcKon 30M0TOHOCHOW nnowianu
YCTaAHOBMEHO, YTO OCHOBHbIE (Pa3bl ME3030MCKMX MacCMBOB NpeacTaBreHbl
LUTOKOOOpasHbIMN TernamMum CUEHUTOB W CUEHUT-NOPCUMpPoB, a Takxe
bJankamMmm M cunnamn - namnpodupoB  (MUHETT).  [JaHHble AP Ar
haTUpoBaHUSA Mokasanu, 4To obpas3oBaHuMe nopopn BepxHeaMruHckoro
MaccuBa HOCUIIO MMMYNbCHBIA XapakTep; OBe CTaguu KpucTannuMsauum
OCHOBHbIX LLEMOYHbIX (ha3 MaccuBa OTBEYAKT CMeAYHLMM BO3PACTHbIM
uHtepsanam: (1) 129.1.5+£2.5 mnH. net BHeapeHue cueHunTos; (2) 117.7£3.4
MIfH. NeT BHeApeHuMe paek namnpodupoB. Bospact kpuctannusauum
cneHuToB noareepxpeH U-Pb metogom no umpkoHam - 13013 mMnH. ner.
O6pauwaet Ha cebs BHMMaHME TaK Xe MpUCYTCTBMUE Tpynn APEBHUX AOep
LMPKOHOB C Bo3pactamu 2.7 mnpa. net n 1.9 mnpa. net, 3axBaT KOTOpPbIX
MOl MPOUCXOANTb U3 OPEBHEr0 NUTOCEPHOro MCTOYHUKA. AHanNornyHble
3HayeHuMs Bo3pacTa Habnwganucb Npu  AATMPOBaHWM  LMPKOHOB
namnpocumpoB MaccuBa PsabuHosbin [WatoB u ap., 2012]. Bospact
kapboHatutoB Cenurgapa LleHTpanbHom  LleHTpanbHoro  AnpgaHa
coctaBnseTr 1880113 mnH net. Mogenb o6pa3oBaHus KanueBbIX MOPoS,
AnpaHckoro wmta [KoHoHoBa u gp., 1995, Doroshkevich et al., 2017],
OCHOBaHHasl Ha aHanu3e M30TOMHbIX XapaKTepucTuK nopop, npeanaraet
naneoapxewckoe obocobneHune oboraleHHoro NCTOYHUKA oT
OenneTMpoBaHHOM MaHTUW. YacTuyHoe nnaereHue 3Toro oboralleHHOoro
nuTocdepHoro cybcTpaTta, npousolwlellee B No3gHeEM Me3030e, NpPUBENo K
obpa3oBaHnl0 OOMbLIOrO KONMMYECTBA BbICOKOKANMEBOro pacnfaBsa C
dopMMpOBaHNEM MHOIOUYUCIIEHHBIX MaccuMBOB ANAaHCKOro WwuTa.
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U-Pb usoTtonHas cucremaTtuka UMpKOHa U3 pyonura
(SHRIMP-II) u anpesuta (LA ICP-MS) CacbsHOBCKOrO
MeaHoKon4YeaaHHoro MmectopoxaeHus (CpegHui Ypan)

Mpwutumn M.E., PoHkuH 1O.11., Copoka E.WU., bywapuHa C.B.

Ul Yp O PAH, r.Ekarepurbypr

B cootBeTcTBMM € umerwmmuca npepactasneHuamn, CadbsHOBCKOE
mectopoxaeHue (CM), ypanbckoro Tvna (cogepxaHve u 3anacbl Megu oo
3.33%, 0.9 MNH TOHH, COOTBETCTBEHHO, JlOKanu3oBaHo B BocTto4Ho-
Ypanbckon mera3oHe CpepgHero Ypana Ha OXHOM OKOH4YaHuMu PexeBckon
CTPYKTYPHO-(HOPMaLMOHHOW 30Hbl. Mo MHEHMIO 6onblIMHCTBA
uccneposarenen, CM npeacraesnsieT cobor WHTEHCUBHO
TEKTOHU3MPOBAHHbIA  COXPAHMBLUMICA parMeHT naneoBysIKaHUYECKON
MOCTPONKN OCHOBHOFO-CpeOHEro-KMCoro cocTaBa CpegHenaneo30MCcKoro
BO3pacTa, K BepLUMHE KOTOPOW MpUypoYeHa NIMHENHasi naneonenpeccus,
BbINOMHEHHAsA BYNIKAHOMWKTOBBIMW NMOPOAAMU U CMMOLIHLIMU U BKPamnieHo-
NPOXMWIKOBbIMA ~ MEAHO-LMHKOBBIMU  pyaMuM  KOMMJIEKCHOTO reHesuca.
PypoHoCHbI 60K 3aneraeT B nakeTe TEKTOHMYECKUX NnacTuH. BepxHiowo
TEKTOHWYECKYID MNacTMHy o00pa3ylT anbiMHOTUMHbIE ynbTpamaduTbl
PexeBckoro maccuBa (ananaeBckui Kommnnekc). Hwuxe pacnonoxeHa
TEKTOHMYecKada nnacTuHa, K KOTOpOW OTHOCWUTCS PpyLoBMeELLaloLLuin
komnnekc nopog CM. B Hero BxogAT BYfIKaHOreHHbIE NOPOAbl, OTHECEHHbIE
K 6azanbT-pmonutoBon dopmauum cpefHero geBoHa (B COOTBETCTBUM C
nereHpon CpepgHeypanbCKon cepuuM - TEYEeHCKass CBUTA; paHee -
cadbsHOBCKasi BYJIKAHU4eckKas accouuauus). HenocpeacTBeHHO
pyAOBMELLAOLWNMMI ABNALTCA nonudaumaneHble KpEMHeKUCrble
obpa3oBaHus, NpeacTaBfeHHbIE puonMTaMu, puogauntaMmu, gaumtamu, mx
Tycdbamu, Tyddputamm, OpekunsmMu C  MPOCHOAMMU  aHOE3UTOB U
BYJIKAHOT€HHO-0BIOMOYHBIMX ~ MOPOAAMW  aHanorM4yHoOro cocrtaBa C
NPOCNOAMM  YINepoaANCTO-KPEMHUCTBIX MOPOL, W  M3BECTHAKOB HUXHe-
cpenHeneBOHCKOro Bo3pacra.

B PexeBckom paiioHe, B Xoe MOUCKOBbIX U pa3BefoyHbIx pabot, B.H
MyuykoBbIM € coaBTopamu (ccbinka 4 B [1]), cpean BYNKaHOrEHHbIX W
BYJIKAHOrEHHO—0CaZlOYHbIX ToNW, ObiIM BnepBble CcAenaHbl  HaXOOKM
KOHOZOHTOB, KOTOpble, BOMPEKU paHee CyLIECTBOBAaBLUEMY MHEHUK O
CUNYPUNCKOM BO3pacTe 3TUX TosW, MO3BONMWMAM JAaTupoBaTb WX Kak
neBoHckue. Ha toxHom dnaHre CM (ckBaxuHa 2149, rnybuHa 298.5-335 m)
U3 naykm TydoaneBponuToB, Ty(OMNeCHYaHUKOB, T[MMHUCTO-KPEMHUCTBIX
nopoa ¢ pygoknactamu (oo 1-1.6 cm) cepHoro KondyegaHa n UHTepBanamm
CEAMMEHTOreHHbIX Bpekynin ¢ ob6oMKaM1 puonnToB, AauMToB, TyddUTOB,

TychoanesponuToB, 6a3anbToB, 6biNM BblAeNeHbl KOHOAOHTLI, PyKOBOASALLME
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onsa cpegHero noxkosa (D4, 410.8+2.8 - 419.2+3.2 MnH neT, No nocnegHeun
wkane BCEIEW). MpucyTtcTtBue pynoknacTtoB npepnonaraeT JIOXKOBCKUMN
BO3pacT MeCTopoXaeHus Haubonee BeposiTHbIM. B Awmax cpeam
TonentoBbix 6asanbToB 6Goriee BbICOKOW 4YacTu pas3pe3a 6binv HangeHbl
KOHOOOHTbI BepxoB amca-ancena. Ewé Bbilwe no paspesy, B
aHae3nTo—-6a3anbToBbIX nopdupuTax, o6HapyXeHbl KOHOLOHTbI
MOrpaHNYHbIX CIOEB BEPXHEr0 XMBETA - HA30B hpaHa.

Mo3xe B yrNepoaMCTO-KPEMHUCTbLIX Mopodax pynoBMeLlalwen Ha
rny6uHe 50, 100 m B./. YyBalwoBbiM ¢ coaBTopamu (ccbinika 5 B [1]), 6binu
OonucaHbl KPEMHUCTO-anaTUTOBbIE PaKOBUHbI AEBOHCKUX NapaTypamuH, no
Mopdonornm noxoxue Ha Bug Parathurammina tamarae L. Petrova, 1981.
Ha rnybuHe 285 ™ B W3BECTHAKax ObinM obHapyxeHbl [2]
cpenHeneBOHCKMe KapboHaTHble cdopamunndepbl  (Parathurammina
magna, P. elegans, P. paulis, P. devonica, Eotuberitina reitlingerae,
Cribrisphaeroides sp., Irregularina sp., lrregularina morpha, tcheslavkaensis,
Calcisphaera sp.,Auroria ferganensis), BO3pacT KOTOpbIX CYMTaeTCs
COOTBETCTBYIOLLMM J@aHIypCKOMY M BbICOTUHCKOMY FOpPU30HTaMm (BEPXHSS
YacTb 3N(PenbCKOro - HWXHAA YacTb XMBETCKoro fApycos). B
pa3HodaumanbHbiX reMaTUTU3NPOBaHHbIX 3MY3NBHBIX N 3KCMNO3UBHbIX
aHpe3nTomaax Bucadero 6oka CM, AmoHom n KopoBko (cceinka 6 B [1]),
Ob1nM BbIABMEHBI PaanonApun BEPXHETO AEBOHA.

MpuBegeHHble paHHble He MOryT ObiTb COrfacoBaHbl B pamkax
npeacTaBfieHMn 0 HOpManbHOW cTpaTurpaduyeckon nocneaoBaTenbHOCTM
nopog, B BucaveMm 6oky mectopoxaeHus. HakoHel, ¢akT, 4To B NOpoAHON
nocnefoBaTenbHOCTM  BMeLWjalwmux TOMW, MECTOPOXAEHMA BepxHee
NMonoXeHWe 3aHUMaIOT aflbNUHOTUMHBLIE rMNepba3uTbl, FOBOPUT O CIOXHON
Yellyn4yaTo—HaABUIrOBON CTPYKTYpeE.

N3yyeHHOCTb MeTogamMu  M3OTOMHOW  reosfiorMnm  XapakTepu3ayeTcs
Hanununem K-Ar gaHHbix ansa 12-tm o6pas3uoB cepuumMToBbIX METACOMAaTUTOB,
Nno KOTOPbIM MOJSTyYEHbl ABa U30XPOHHbIX BO3pacTa, 35012 MnH net u 26716
MITH NneT, MHTepnpeTMpyemble aBTopamu (ccbinka 5 B [1]), kak Bpems
LWapbMpoOBaHUsI MNAcCTUH OCTPOBOAYXHbIX KOMMJIEKCOB W pyA Ha 4exon
MWKPOKOHTUHEHTa, W OTpaxeHue 3Tana obwen konmnu3um Ypana c
NoAHOBMIEHMEM paHee 06pa30BaBLUMXCA LWIAPbAXEN, COOTBETCTBEHHO.
[OMOreHHbIn M30TONHbIM cocTaB cBuHUA pyn CM (Oxspbrospb=0.016%),
oTMeuvaeTcs aBTopamu paboTbl (ccbiika 7 B [1]), B KOTOpPON NpuMBOAUTCS
MopenbHbin  Pb-Pb  Bo3spact 380 mMnH netr Cc COOTBETCTBYHOLLMMM
OrpaHWYEHMAMMN Ha NPUPOLY FNMaBHbIX UCTOYHMKOB U MOCTMarmMaTU4ecKux
(NonaoB y4acTBOBaBLUMX B (DOPMUPOBAHNN MECTOPOXAEHUS.

MepBas U-Pb patupoBka uupkoHa u3 aHpeauta (1), oTobpaHHOro us
NMH30BUAHbIX TEN cpeau puogauuTor (B 3anagHom 6opty CadbAHOBCKOMO
kapbepa, koopauHaTtbl N57°22'58.88", E61°31'50.85"), OTHOCMMBIX K
nogpygHon 4vactu paspesa CM, BbisBuna BospacTt 422.8+2.0 (nHTepsan
420.8-424.8) MNH neT, 4YTO COOTBETCTBYET MNPXWUAOMNbLCKOMY oOTAeny
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BEepXHEro cuiypa W ABMASETCA  OTHOCUMTENIbHOW  HEeOXUOAHHOCTbHO,
MOCKONbKY, B MEPBOM NPUONUXEHUKN, BYJKAHOTEHHbIE MOPOAblI TaKoro
BO3pacTa He W3BECTHbl B cocTaBe BoOCTOYHO-YpanbCKoW MerasoHbl Ha
CpepHem Ypane.

B HacTosilen paboTe, B NPoAoXeHWe paHee HayaTblX UCcneaoBaHui,
6bina usyvyeHa U-Pb SHRIMP-II u3otonHas cuctematvka LMPKOHa,
BbIENEHHOrO U3 puonuTa, 0To6paHHOro N3 BEPXHEW YacTW BYSIKAHOFEHHOIO
KOMMJeKca B HaApyaHON YacTu paspesa, 06HaXeHHOro B BOCTOYHOM 6opTy
Kapbepa, B pesynbrate 4ero, no 17 kpuctannam, 6binu nonyyeHsl U-Pb
OaHHble, onpefenueBluMe Ha rpaduke C KOHKopauen Bo3pacT 424.91+2.0
(nHTepBan 420.5-429.3) MnH neT, NpakTUYeCKN CoBNajawLWmin, B npeaenax
yKasaHHbIX MOrpeLHoCcTen, ¢ paHee NoflyyeHHbIM 3Ha4YeHMeM Ans LMpKoHa
U3 aHae3uTa, 0THOCUMOTO K MoApyAHOW YacTu pa3pesa CM.

Takum ob6pa3om, BMepBble paHee YCTAHOBJIEHHOE MNPUCYTCTBUE
NpXunAonbCKo-NyafIOBCKUX BYJIKAHOTEHHbIX Mopog, B npegenax BocToyHo-
Ypanbckon merasoHbl Ha CpegHem Ypane; nonyywno oyepefHoe
noaTBEpPXAeHNe B MPOTMBOBEC YCTOSABLUEMYCA MHEHUIO O TOM, YTO B 3TO
BpeEMS 3[4eCb MPOMCXOOUIIO HAKOMMEHUE UCKIIOYUTENBHO OCafO0uYHbIX,
NPenMyLLLEeCTBEHHO KapboHaTHbLIX OTNoXeHun (ccbifika 9 B [1]). MNMony4veHHble
U-Pb patupoBkM pna uUMpKoHa U3 MNOAPYOHOro aHAeswnTa W HaapyaHOro
puonuta CM, pasymeeTca ¢ U3BeCTHbIMU orpaHudeHuamn ansa SHRIMP u
LA ICP-MS wmeTomoB, NO3BOMAAKT paccmatpuBaTb  JflaTeparsbHble
BO3pacTHble aHanorn Ha KOxHom Ypane, B cpegHem TedeHun p. barapsk,
roe pasBuTbl CXOAHble BYJNKaHOreHHble 00pa3oBaHus  hayHUCTUYECKU
0OXapaKTepPU30BaHHbIX 30TUHCKON (S1) U MexeBckon (S1.,) cBUT (ccbinka 11
B [1]), n B oKpecTHOCTAX . YenabuHcka (34ecb W3BECTEH BEHSIOK-
nyanoBCKUA MUYYPUHCKUIA 3hpy3nBHBIN koMnnekce (cebinka 12 B [1]).
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BospacT 3akniounMTenbHOro atana ynbTpaoCHOBHOMO
mMarmaTtusma B [lnaTMHOHOCHOM nosice Ypana

MywkapeB E.B.1, loTT™MaH VI.A.1, TpaBuH A.B.z, KOavH D,.C.2

"M YpO PAH, Exkatepun6ypr; MM CO PAH, HoBocnbupck

lMnatuHoHOCHBLIN  nosac  Ypana (MMY) aBnseTca  KpynHeunwemn

nnaHeTapHoOM  CTPYKTypowm, BMeLLaWen  AYHUT-KIIMHOMUPOKCEHUT-
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rabbpoBble KoMmnnekchbl Y pano-AnsickMHckoro Tuna. MNMnaTUHOHOCHLIA NosiC
npocnexwuBaetca ot CpegHero go MNpunonsipHoro Ypana noytn Ha 1000 km
Boonb 60-ro mepuamaHa u coctouT U3 14 ynbTpaocCHOBHbLIX U rabbpo-
rmnep6asnToBbIX MACCMBOB, MOLWAAbI0 OT HECKOSNbKUX [OEeCATKOB A0
HECKONbKMX COTEH KBaApaTHbIX KMNoMeTpoB [2]. bonbliaa YacTb MacCcuBOB
COCTOMT U3 HECKONbKMX GNOKOB C COOCTBEHHOW BHYTPEHHEN CTPYKTypoOWu,
ONCKOPAAHTHOM MO  OTHOWIEHUD K CTPYKType cocefHux rabbpo-
rmnep6asnToBbIX TeN W BMELLAOWMX BYJIKAHOTEHHO-0CAA0UHbIX TOJLL.
eonormyeckme COOTHOLWEHMSA Mexay 6nokamy B COCTaBe MacCUBOB U
OKpYXalWmMm  0Cafo4HO-BYNIKAHOMEHHbIMU  TONLWAMKM  ONpeaenstoTcs
«XONOOHBbIMUY» UNN  «TOPSYUMU» TEKTOHMYECKMMWU KOHTaKTammu [2], uTO
BHOCUT OOBEKTUBHbIE TPYOHOCTU B OLEHKY OTHOCMTESNBHOrO BO3pacTta
nopoA. EcTtb Bce ocHOBaHMA cumTaTtbh, YTO UCTOPUSA CTAHOBMEHUS MacCUBOB
MYy He Obina opgHoakTHoMW. [MosiBMBWMECA B cepeguHe XX Beka, K-Ar
OaHHble CBUAETENbCTBOBANN O BEHACKO-KEMOpPUICKOM Bo3pacTte nopog, [7].
MpoBegeHHOe NO3Xe onpepeneHve Bo3pacta amcubona u dnoronuta ns
ropH6neHguToB N KNMHoNupokceHnToB CBeTnobopckoro maccuea MY K-Ar
METO[OM MO3BONMMO0 O06OCHOBaTb WX MO3AHECUNYPUINCKMIA BO3pacT [6].
Cunypunickuin atan B popMuMpoBaHnn maccuoB [1naTMHOHOCHOro nosica
yCTaHaBNMBaeTCA [OCTaTOYHO HaAeXHO pasHbiMW uccnefoBaTensMn U
metogamu [1, 3,4, 7,9, 10, 12, 14]. 311 gaHHble Cbirpany BaxHyo posib s
o60ocHOBaHWA NpeacTaBneHnin 0 reHeTMYECKOM poACTBe YrbTpamaduToB M
rabbpomgoB € CUNYPUACKMMU  OCTPOBOAYXHbIMW  BYNK@HOr€HHbIMU
Komnnekcamu TarunbCckomn 30HbI Ypana [5].

MMepBble M30TOMHbIE AaHHbIE, MOKa3biBaWLME MPUCYTCTBME B NOpoAax
My martepuana pa3Horo Bo3pacTta, OT apxesa 0O BEPXHero naneosos, obinm
nony4YeHbl MpyU U3yYEeHUU LMPKOHOB M3 AyHUTOB KocbBUHCKOro KamHs B
KblTnbiMckoMm maccuse [13]. Bce nocrnefoBasluve 3a 3TUM UCCrneaoBaHUA
noarsepaunu Hanuuve B nopogax [1MY UuMpKOHOB C pas3nUYHLIMK
BO3pacTHbIMWU MeTKamu u reoxumuen [1, 3, 4, 12, 14 n gp.]. Rb-Sr n Sm-Nd
UccrnepoBaHusa TakXe MOKa3biBalT LMPOKME BapuauuyM BO3PACTHbIX
onpepeneHnin oT BeHAa OO KaMeHHoyronbHoro nepuwopa [9, 10, 11]. 3tu
HeonpeAeneHHOCTN KacalTcA Kak Hayana hopMMpoBaHMA nopog, Tak u
BEPXHEro BO3pacTHOro MNpefena Ux CTaHOBMeHNs. 3a BEPXHUI BO3pacTHOM
npegen ynbTpamaduToB MOXHO MPUHATbL BO3pacT nnaruorpaHutos (415-
416 MnH neT), ceKkywux rabbpouabl U MMPOKCEHUTbI B KbITALIMCKOM
maccuBe [3]. OgHako Henb3s OTOXAECTBMSATb 3TOT BO3PACT CO BPEMEHEM
3aBepLueHna MaduT-ynbTpamaduToBOro MarmMatuama, C KOTopbiM KUCHIble
nopoabl NPAMO FEHETUYECKMN HE CBSI3aHbl. 3a BEPXHWUIA BO3PACTHOW Npeaen
dopmunpoBaHus YNbTPaoOCHOBHbIX nopog, MOXHO NpUHMMaTb
no3aHecUnypunckuin Bo3pacT Aaek FropHO6neHaMToB B AyHMTaxX Maccuea
Ceetnbin bop [6] u no3gHecunypunckmMin Bo3pacTt HeENNHOBbLIX ThiIauToB
KbiTnbimckoro maccusa [10].
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lMpoBeaeHHble HamMu reonormdyeckne uccrnegoBaHus Ha KbITNbIMCKOM
MaccuBe Mokasanu, 4YTo NOMWMO T[MaBHOrO 3Tana, Koraa obpasoBanach
OYHUT-KIIMHOMMPOKCEHUT-THINTAUTOBAsA CEpUsi, cnararoLlas OCHOBHON 06beM
maccuoB [MY, nposiBunca ewe oavH 6onee MOSIOAON  MMMNYNbC
MarmMaTuU4ecKon aKTMBHOCTM, BO BPEMS KOTOPOro B yrnbTpamaduTbl paHHen
Cepunm  nNpou3oWSIO  BHEOPEHWE  ONIMBMHOBBLIX  KITMHOMWPOKCEHWUTOB,
MenaHorab6po v ropH6neHanToB. BbINo yCTaHOBNEHO, YTO NOPOAbI PpaHHEro
Komnnekca noABepXeHbl WHTEHCUBHbBIM BbICOKOTEMMNEPATYPHbBIM
nnactuyeckum gedopmauusiM, a MNOpoAbl MO3OHENW CEpPUU COXPaHAT
NepBUYHO MarmMaTU4eckme CTpyKTypbl. Bbino 3admkcnpoBaHo HapylleHue
roMOAPOMHOCTM, KOrga MnnarmoknasoBble TbilauTbl paHHEro Kommnekca
cekytcs 6onee mMonoAbiMM ONMBUHOBLIMU KIIMHOMUPOKCEHMTAMKN MNO3OHEN
cepun.

Bbino  nmpoBegeHO  M3OTOMHO-FEOXPOHOSMIONMYECKOE  OMpeaeneHune
BO3pacTa BCex Mopof MOMOAON KIMHOMUPOCEHUT- r0H6ner,vnTOBom cepun
KbiTneimckoro maccmea U-Pb MeToAoM no LMPKOHY 1 PAr-*Ar MmeTozioM no
amcubony. B  aproHoBom cnektpe amdwubona 13  Monogpix
KIMHOMMPKCEHYTOB 4ETKO BbIAENSETCA Mnato, COOTBETCTBYlOlLEe 90%
Bbl€JIEHHOro Sar n, oTBevawllee Bo3pacTty 41514 mnH. net. BennuuHa
WHTEerpaneHoro Bo3pacra amdubona 42014 MnH. NeT, YTO CBUAETENLCTBYET
O XOpOLUEW COXPaHHOCTM W30TOMHOW cucTeMbl amdwmbona. W3
KNMHONMpPOKCEH-amdunbonoBbix MenaHorab6po Obinn BbiAeNeHbl LUPKOHBI,
obnapawlwme BCEMM MNPU3HAKM MarmMaTMyeckoro npoucxoxpaeHus. Ha
anarpamme Teppa-Baccepbypra oHu o06pasyoT ofHy nonynsumi c
Bo3pacToM 41513 MnH. net. YnbTpamadutbl APEBHEN cepun U Monofble
KITMHOMMPOKCEHNTbI M MenaHorabbpo cekyTcA pankamu ropH6neHauToB,
KOTOpble crnaratoT TakXe LLEMEHT 3pyNTUBHbLIX 6pekynii ¢ KCeHonMTamu Beex
NPeALIECTBYIOLLMX YNbTPAOCHOBHBLIX U OCHOBHbIX nopop. ‘°Ar-**Ar Boapact
amdubona u3 ropHbnenamToB 40517 MnH. net onpeaeneH no nnaTto
cooTBeTcTBYloWemMy 95% BblgeneHHoro aproHa. Bospact amdumbona u3
MenaHorabbpo cyuiectBeHHo 6onee monopon 39415 MNH. net u Moxet
COOTBETCTBOBATb BPEMEHW 3aKJIIOUYUTENBHOIO 3aKpbITUA Kanui-aproHoOBON
cuctembl. [poBeaeHHbIE NCCNENOBaHNA HAAEXHO YCTaHaBMMBAOT BEPXHUN
BO3pacTHOW npegen yNbTPaoCHOBHOIO BbICOKOU3BECTKOBUNCTOIO
mMarmatuama B [lnaTMHOHOCHOM mMosice Ypana, KOTOopbli COOTBETCTBYET
paHHeMmy AeBOHY u nNposiBnaeTca B uHtepsane 415-395 mnH. ner.

Pa6ota nopaepxaHa rpaHtoM PP Ne 16-05-00508 n NocbrogxeTHoM
Temon Ne 0393-2016-0016
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DedopmauymonHble oTknku 2*U/8U B noaseMHbIX Bogax
npocguna Upkytck-baitkan: pe3ynbtaTtbhl 5-neTHero
MOHUTOPUHIa NoAroToBKM BEpOATHOro KaTtacTpogpuyeckoro
3emMneTpsiceHus

Pacckasos C.B."?, Ue6bikun E.N."?, Mnbsicosa A.M.", BopHsikos C.A."?,
Yysalwosa U.C."?

"M3K CO PAH, UpkyTex; Uy, Upkyrck; *JINIH CO PAH, WpkyTck
OTHoLLEeHWA aKTUBHOCTEN ypaHa 234U/238U, HaxoAsLMnecs B UMKITMYECKOM
pasHoBecuun (OA4/8 = 1), COOTBETCTBYIOT aTOMHOMY OTHOLLUEHWUIO ~5.47x10°.
HapyweHue pasHoBecua usotonoB U ceaAzaHo ¢ addektamu Cuunappa-
Yanvepca wun YepppiHuesa-Yanoea. [lepBbii U3 Hux 06ycnoeneH
XUMUYECKUMW Mpoueccamu, BTOpon - gedopmMaunamu ropHbix nopop. B
HacTosIeM COOOLLEeHNM NPUBOOATCA Ppe3ynbTaTbl CUCTEMATUYECKOrO
(bornee 1500 onpepeneHuit) W3y4eHUs U30TOMHbIX OTHoweHun U B
NoA3eMHbIX BOAAX M3 pa3HOBO3PACTHbIX KOMMIIEKCOB MOPOA, ClararoLimx
nobepexbe 03. balikan u toxHbIn Kpan Cunbupckon nnatdopmbl C
nposiBNeHnemM  (pakToOpoB  XMMMYECKOrO  pacTBOPEHMA  Moposa U
KBa3nNepuoanyeckoro OTKPbITUSA / 3aKpbiTUA TPeLUH B 30HaX akKTUBHbIX
pa3noMmoB. MeToanka onpepeneHnin  KOHUEHTpauun U U3OTOMHbIX
oTHoweHun U metopom VCM-MC npusepeHa B pabotax [UebbikuH n gp.,
2007, 2015].

Ha 110-kunometpoBom rugpousotonHom npochune Upkytck-CrnogaHka
CEBEPHYID YacTb COCTaBnAT MopoAdbl ocafgoyHoro uyexna Cubupckon
nnatcopmbl -  pudei-BeHA-KeMOpuinckme,  IOPCKUE U MIIMOLEH-
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YeTBEepTMYHbIE OCafO4Hble OTNOXeHus panoHa r. WpkyTtck. LieHTpanbHon
yacTM npodwuna COOTBETCTBYET Mofioca MeTaMopdguyeckux mnopos wu
rpaHuToB  Llapbixanraiickoro  BbicTyna  dyHaameHta  Cubupckoin
nnatopmbl ONXMHCKOro nnato u panoHa noc. JincteaHka. KOxHaa yacTb
npocuns npepcraBneHa TEKTOHUTaMU CTPYKTYPHOro LiBa, OTAENsIoLEero
dyHoameHT  nnatgopmbl  oT  CniogaHcKoro MeTamopmryeckoro
cybTteppeiriHa XamappabaHckoro TeppeniHa B panioHe noc. KynTyk, u
nopogamu CriogsHCKOro metamopduyeckoro cybTeppeiHa B paioHe T.
CniogsHka. KoHueHTpaums U B noA3emMHbix Bogax npoduna meHseTcsa ot
0.006 po 6.9 mkr/n, 3HavyeHna OA4/8 - ot 1.06 po 15.5. T'mapomnzoTonHbie
hedopmaumnoHHbele  adeKTbl  perucTpypoBannucb Ha Kyntykckom 1
NpKyTCKOM MONUroHax.

Ha Kyntykckom nonuroHe 6binio onpo6oBaHo 43 cTaHUMK (CKBaXWHbI U
POAHMKM), 6 U3 KOTOPbIX UCMOMb30BaNUCh 419 MOCTOAHHOIO MOHUTOPUWHIa C
oT6opom npob B cpeaHeM yepe3 2 Hegenn. ObocHoBaHME BbiOOpa NyHKTOB
onpo6oBaHMA W pe3ynbTaTbl Ha4yanbHOr0O MOHWUTOPWMHIa MNpuUBEAEeHbl B
pabotax [PacckazoB u gp., 2015; YebbikuH n gp., 2015]. Ha gnarpamme
(234U/238U)—87Sr/868r none curypatMeBHbIX TOYEK MOA3EMHbLIX  BOf
KynTykcKoro nonmroHa orpaHMuMBaeTcs KPUBbIMU AVMHUAMMU, CXOAALLMMUCSA
Mexay cobon B TOYKax, COOTBETCTBYKOLIMX KOHEYHbIM KOMMOHeHTam E
(equilibrium U) n NE (nonequilibrium U). B nepBoM 13 HUX ypaH HaxoguTcs B
M30TOMHOM pPAaBHOBECWMM TMPU MOBbIWEHHOM W30TOMHOM CTPOHLIMEBOM
oTHoweHun (OA4/8=1.0, ¥Sr/%sr= 0.7205), BO BTOPOM - MMEET CUJIbHO
HEepaBHOBECHLIN COCTaB ypaHa npu 6onee HU3KOM OTHOLUEHWW WU30TOMOB
cTpoHumsa (OA4/8=3.3, 87Sr/868r=0.70534). durypaTmBHble TOYKN B obnacTu
MEeXY KpVBbIMWU XapakTepu3yloT NoA3eMHbIE BOAbl U3 MUTOHUTOB LLOBHOW
30HbI, OThMYawWmxca oblwen romoreHM3aLumMen coctaBa BCIEACTBUE
nepemMeLUBaHNA Matepuana npu MacuTabHbIX TEKTOHUYECKUX OBUXEHMAX.
OtHowenne ¥’Sr/*®Sr B nopsemHbix Bogax U3 apxenckux nopog,
Wapbixanravickoro 6rnoka Cubupckoin nnatdoOpMbl CYLLIECTBEHHO BbILLE
3HAYE€HMN NOA3EeMHbIX BOJ LUIOBHOM 30Hbl, @ B MOA3EMHbIX BOAAX M3
CniogsiHckoro metamopduyeckoro cybtepperiHa, Ha060poT, HUXE.

Ha VpkyTckom nonuroHe 6binio onpo6oBaHo 12 cTaHuun, 2 U3 KOTOPbIX
UCMoSb30Banucb ANa MOCTOAHHOTO MOHWUTOpUHra. B nopsemHbix Bogax
NOSITOHA M3 KOPCKUX TEPPUreHHbIX OT/IOXEHUN C nnactamyu yrnenm Ha
npaBobepexbe u nesobepexbe p. AHrapa onpegeneHbl KoHueHTpauum U B
ogHom pguanasoHe (0.2-0.86 wmkr/n) npu 6Gonee Bbicokom OA4/8 Ha
npaBobepexbe (1.99-2.21), yem Ha nesobepexbe (1.38-1.73). B
POAHMKOBBIX BOAAaxX W3 AHrapckoro pasfiomMa, pacCeKalLlero pckue
OTNOXEHMUSA, KOHUeHTpaumn U nosblwatoTca oo uHtepBana 2.8-6.9 mkr/n, a
3HayeHusa OA4/8 - po nutepsana 2.07-2.50.

AHanua  pacnpegeneHns  aNuMUEeHTpoB  3emneTpsaceHun  KOxHo-
Bavkanbckon  BMaguHbl  BbISIBUNT  KBa3WMEPUOAUMYECKUA  XapakTep
ceicMuyeckux aktmemsaumi. CunbHble 3emnetpscerdua 1999 roga (My =
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6.0; K = 14.6) n 2008 ropa (My = 6.3, K = 15.9) cooTtBetcTBOBanNu
cenicmmyeckum nHTepBanam 1994-2003 1 2003-2012 rr. MoHuTopuHr OA4/8
OCYLLECTBASICA B TEYEHWE CEWCMMYECKOrOo WHTepBana MnoAroTOBKU
CNefyoLero CUNbHOro 3emMrneTpsaceHus, koTopbin Hadanca B 2013 r. Ha
OCHOBe 00LLero aHanusa pas3BuTus cercMmyHocTu B HKOXHOo-Baikanbckon
BrMaguHe npepnonaraeTca NposBAEHUE CUNbHOIO 3eMIEeTPACEHUS B KOHLE
2018 - Hayane 2019 rr. c Hanbonee BepPOSTHOW aKTUBU3ALMEN LEHTpPanNbHON
yactu O6py4yeBCKOro pasnomMa B paliOHE €ro COYSIEHEHMS C AHrapcKum
pa3nomMom (paroH noc. bonbwne Kothbl).

B npouecce MoHuTOpuHra 6biIMM  BbISIBAEHbI  Nepexogpl  OT
HeynopsAoYeHHbIX BbICOKOAMMMUTYAHbIX (hryKTyauun 3Ha4YeHun SToro
napameTpa K ero CorfiacoBaHHbIM HU3KOAMMNAUTYAHbIM (PryKTyaumam Ha
pasHbIX CTaHUMAX, CBA3AHHbIE C HEBONBLUINMU CENCMUYECKUMU COBBLITUSMU,
NPOVCXOAMBLUMMM HEMOCPEACTBEHHO Ha MOSIMFOHE unu BOMM3M HEro, u C
bonee cunbHbiM [onoycteHckum 3emnetpsiceHnem 2015 r. (K = 12.4),
yaaneHHoiM oT nonuroHa Ha 140 kM. O6HapyXeHHble TrMapou30TONHbIE
OTKIMKM  Ha  celicMuyeckme  cobbiTuss  Obinu  cornacoBaHbl €
MOHUTOPUHIOBbIMU 3anucamun aedopmMmaumin 1 TemnepaTypHbiX U3MEHEHUN
B rOpHbIX NOpoAax WToNbHM Tanas KynTykCKoro nosnuMroHa.

[Ona nporHo3a cencMMYecKom onacHocTM Tepputopun KynTyKCKun
MONMWIoOH paccMaTpuBaeTCAd B Ka4yecTBe OCHOBHOrO, MOCKOSIbKY OH
HaxoAuTcA B 061acTh COYNeHeHMs akTUBHbIX CyOLIMPOTHLIX (O6pydeBCKOro
n KOro-3anagHoro BopTtoBoro) pasnomoB HOxHoO-BankanbCKoW BraAuHbl,
UrparoLmx onpeaensoLwyo pofilb B €e CeNCMOreHepupytowen CTpyKType.
OTn pas3nombl  OTAeneHbl OT  TYHKMHCKOW  OOMAWMHbI  MOMNEepeyHoun
(cybmepugmnoHanbHomn) Kamapcko-CTtaHoBou 30HOM TpaHCTEHCUN.
MpKyTCKMA nonuroH pAaeT MWHGopMauui O COCTOAHMM  aKTUBHOTO
AHrapckoro pasnoma, Npoxogsllero yepes obnactHon ueHTp WpkyTck ¢
HaceneHwem 6onee 600 TbIC. YENOBEK U COYNEHSAIOLLEroCA C aKTUBHbIM
O6pyyeBckuM pasnomoM HOxHo-Ballkanbckol BnagmHsbl.

lMpepononaraemasa peanu3aunsa CUNbHOTO KOTOBCKOro 3emseTpsaceHus
BOnm3n couneHeHus OO6py4eBCKOro M AHrapckoro pasnomMoB co3[aTh
yrpo3y pacnpocTpaHeHus cencmMuyeckoro adypekta BAONMb AHrapckoro
pasnoma c KartacTpodumyeckumu nocneacteuamMum B T MpKyTcke.
PerynspHbin rmapon3oTonHbIi MOHUTOPUHT Ha KynTykckom un MpKyTckom
nonuroHax MO3BONUT ONpefenuTb nepexod K CencMUYecKu OnacHoMy
cocTosHuio O6pyyeBCcKOro pasnoma v npocneamTb 3eKTb NPUBINXeHUs
rMaBHOTO CEWCMUYECKOrO TONYKa AN MUHMMM3aLMU COUManbHOro U
3KOHOMMYECKOrO yuepba cecMu4eckomn Katactpodebl.

Jluteparypa
Pacckazoe C.B., Yebbikun E.M., UnbscoBa A.M. u pap. Paspabortka Kyntykckoro
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T. 6, Ne 4. C. 519-554. DOI:10.5800/GT-2015-6-4-0192
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Kaccuteput kak U-Pb reoxpoHomeTp ana agatmposaHus
PYAHbIX MECTOPOXAEHUN

Pun3saHosa H.I".

Ut PAH, Cankt-lleTepbypr

lMpaBunbHOE M TOYHOE onpepeneHve Bo3pacTa MECTOPOXAEHUN OYEHb
BaXHO ANa NOHUMaHMA npoueccoB pynoobpasoBaHus. O4HAKO CyLLEeCTBYOT
onpeaerneHHble TPYAHOCTU NPAMOro AaTMpoBaHWsA pyaHbIX 06pa3oBaHuii n3-
3a OTCYTCTBMSA NOOXOOALMX MUWHEparnoB [Ona OnpeaeneHus Bo3pacTa
TPagULMOHHBIMU METOLAAMM.

MHorve nonbITKK onpeaeneHns Bo3pacrta NpoLeccoB pyaoobpasoBaHus
OCHOBbIBaNUCb Ha onpeaeneHny Bo3pacta pyaoBMELLAOLWMX U PYAOHOCHbIX
MarmMatMyecknux MnopoA, a TakxkXe PYOOHOCHbIX WU OKOMOPYZAHbIX
MeTacomMaTuyeckmx nopop, OPMUPOBAHME  KOTOPbIX  MPOUCXOAUIO
OOHOBpPEMEHHO U 65IM3K0 N0 BPEMEHU C NpoLeccamun pynootrioxerusa. K
coXarneHuo, B MNocnegHem crny4vae MofyYyaembld BO3pacT He Bcerga
npeacrtaeBnsieT cobor ofgHO3HaYHbIN OTBET, T.K. Mbl HE BCerga yBepeHbl B
TOM, YTO MUHEpasbHble NapareHe3ncbl MeTacoMaTU4YeCKNX NOpoA CBA3aHbl
C npoueccamu pygoreHesa. [losatomy pAna onpegeneHus Bo3pacTta
MEeCTOPOXAEHUN npeanoyTuTensHee npsmoe JatupoBaHue c
MCMNOSb30BaHNEM AJ1S1 3TUX Lienen cobCTBEHHO pyAHbIX MUHeparnoB. B aTton
CBSI3W Halle BHUMaHWE TNPUBIEK KacCUTEPUT - PYAHbIA  MuUHepan,
NPUCYTCTBYIOLLMI BO BCEX MECTOPOXOEHNAX ONOBa Kak rnaBHbIA MUHepan
onosa. Kpome TOro, KaccuTepuT Hepeako MpucyTCTByeT B KayecTBe
BTOPOCTENEHHOro nnu aKLeccopHoro MUHepana BO MHOMUX
peakomeTanbHbIX, BONb(ppamMoBbIX, MONn6AeHOBbIX n naxe
NonMMeTanIM4YeCKNX MeCTOPOXAEHNSIX.

Kaccuteput (SnO,), ABNAACH CTPYKTYPHbIM aHarnoroMm pyTtuna, umeet
ps4a npeumyllecTB Ana uenen gatuposanua U-Pb metopom. OH obnapaet
3aKpbITOW U YCTOMYMBOW KPUCTASSIMYECKON CTPYKTYpPOW, B KOTOpPOMW ypaH
HaxoauTcsi B n3omopdHoit chopme, (U** 3amelaer Sn*', ¢ koTopbiM umeeT
6NM3KNe WOHHbIE pagMychbl), KpoMe TOro, OH uMeeT 6onee BbICOKYH
Temnepatypy 3akpbiTnsa U-Pb cuctemsi .
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Brnepeble U-Pb patupoBaHue kaccuteputa metogom ID-TIMS 6bino
npoeaeHo B 1992 roay [Gulson and Jones, 1992]. Mo npeafioxeHHON nmu
MEeToAMKE pa3foXeHus KaccuTepuTa B KOHUeHTpupoBaHHou HCI npu
Temnepatype 200°C ypaBanocb pactBopuTb MeHee 5% HaBecku npobbl.
Takum 06pa3om, M30TOMHbIE UCCRefoBaHUS (hakTUYECKU NPOBOAWUMUCE HEe
no CcoOOGCTBEHHO KaccuTepuTy, a no Bblwenokam. OpHako, HenorHoe
pasfnoxeHue kaccuteputa MoxeT npusogutb kK U-Pb cdpakuunoHmpoBaHuio n
nckaxeHuto U-Pb aatnpoBok.

Mosxe, noytn yepes 15 net, K 3ToN nNpobrieme BEepPHYNNCb KUTAWCKuNE
uccneposatenu [Yuan Sh. et al., 2008]. Kaccuteput, npoaHann3mpoBaHHbIN
umn metogom ID-TIMS, 6bIn ncnonb3oBaH B KayecTBe cTaHaapTta Ans
0aTUpOBaHNA KacCcMTepuToB MeTofoM nasepHon abnaumm (LA-ICP-MS). B
aTON paboTe HacTopaxmBaeT HEMOMHOE PasNOXEHUs KaccuTepuTa u HU3Kue
BenuunHbl  “°Pb/*%Pb  oTHoweHus, KoTopble TpebyeT KOpPpPEKTHOro
BBEEHWSA NONpaBKky Ha 06LLMIA CBUHELL,

B crnen 3a oaton paboTol KMTaWCKUMKM uccriegoBatensmu  Obin
onybnukoBaH uenbii pag paboT No AaTUPOBAHUIO KacCUTEPUTOB METOLOM
nasepHo  abnsauuu (LA-ICP-MS) ¢  wucnonb3oBaHuem paHee
npogatupoBaHHoro  metogom ID-TIMS  kaccuteputa B KayecTBe
cTpaHgapTta. OgHako TPyOHOCTb PasfioXeHua KaccutepuTa He no3BonseT
roBOpPUTb O AOCTOBEPHOCTM pe3ynbTaTtoB, nony4deHHbix U-Pb metogom ID-
TIMS.

J1.A. Heiimapkom c coaBTopamu 6bina npepnoxeHa meToanka ans LA-
ICP-MS U-Pb patupoBaHus kaccuTeputa, OCHOBaHHasi Ha 3KCTpPeMasbHO
HU3KOM COAepXaHUn TOpUA B KaCCUTEPUTE U UCMONMb30BaHUN N3MEPEHHOTO
208py, Ans onpegeneHus obbikHoBeHHOro cBuHua [Neymark L. et al., 2017a].
BeBepeHne KoppekTupytowero akrtopa MO3BOMUIIO MPOBECTM CEPUIO
onpefenennii Bo3pacTa KacCUTEPUTOB M3 pa3HbiX MECTOPOXAEHMI Mupa
6e3 ncnonb3oBaHusA Heobxoaumoro ans metopa LA-ICP-MS craHpapTa.

Tem He MeHee, oLWNBKN onpeaeneHns BO3pacToB, NOMy4YeHHbIX METOAO0M
LA-ICP-MS, npeBocxoaaT owunbku ID-TIMS paTupoBaHus, YTO 3aTpyaHsAeT
npocnexunBaHne NocnefoBaTenbHOCTM 3TanoB pyaoo6bpa3oBaHusi, MO3TOMY
BO MHOruMx nabopaTopusax Mupa MNpOAOSIKalTCA MOMNbITKA pa3paboTku
METOAMKU MOJIHOrO pa3fnoXeHns KaccutepuTa.

MpuctynuB Kk paboTe C Kaccuteputamu, Mbl CTONKHYNUCb C
aHasnormyHbiMM npobnemMamu npu Mx pasfnoxeHun. Hu cmeHa peakTuBOB
(HCI, HBr, HNO3, HF), HM yBenuyeHue akcrnosuumMum He crnocobcTBoBanu
NPOABUXEHNIO Ha NYTU MOMHOTO pa3noXeHws MuHepana. B pesynbTarte
KucnoTHon obpaboTku npu 220°C He npoucxoauno aaxe obecLBednBaHUs
kaccuteputa. U-Pb gatupoBaHue npoBoAMioCh No Boilenokam [Pn3saHoBa
H.I'. n gp., 2017, Neymark L. et al., 2017b].

Hamu 6bina noctaBrneHa 3apada [o6UTbCA MOJSIHOMO  pasfoXeHus
KaccutepuTta. [Ins nocTaHOBKM MeToauKu Obin BblibpaH KaccuTeput U3
obpasua CII Il u3 ckapHa lMutkspaHTCcKoro pyaHoro paiioHa (Crtapoe
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pyoHoe none), Ce.llpyunagoxbe Kak O40Oro M3 CamblX OPEBHUX M XOPOLLO
n3yyeHHbIX 06bekToB (konn. A.M. JlapuHa). B pesynbTate MHOroYMCNeHHbIX
9KCMEPUMEHTOB yAanocb nogobpaTb yCnoBus A1 MOSIHOTO Pa3fIoXeEHUS
kaccutepuTa. [Jo Hayana xmmuyeckon ob6paboTkyM KaccuTepuT TaTesnbHO
pactupasncs B SILLMOBOW CTyrkKe, 3aTeM obpabatbiBanca cmecbto 6N HCI n
6N HNO; npuw HarpeBaHuvM Ha MAUTKE ANS yAaneHus 3HAYUTENbHOro
KosnimyectBa OOBLIKHOBEHHOIO CBWHLA, NPUCYTCTBYIOLWIEro B Kaccutepure.
O1a npouepypa npusena kK 6Gonee uyem 10-20 KpaTHOMY MOBbILLEHUIO
25pp2%pPp, yTo HeoBXOAMMO AN Gonee TOYHOM U NpaBuIbHON OLEHKMK
Bo3pacTta. 3atem obpasel, pasnaranca B KoHUeHTpupoBaHHon HCI npu
Temnepatype 235°C B meTannmyeckon 6ombe ¢ TehsIOHOBLIM BKaAbILLEM
B TeyeHne 5-9 cytok. [danee xpomaTtorpacuyeckoe BbigenexHve Pb n U
npoBOAMNOChL MO CTaHAapTHOW meToavke B Br-cdoopme m nocnegyowum
BblaeneHnem U Ha noHoobmeHHon cmone UTEVA. N3oTonHble oTHOLLEHUSA
namepsinucb Ha Mmacc-crniektpometpe TRITON T1. B pesynbTaTte
NpoBeAEeHHON cepun IKCNepuMeHToB nonyyeH Bo3pact 1537.9+1.4 mnH.net
(CKBO=0.33). Ototr BO3pacTt coBnagaetr ¢ pe3ynbratamu |ID-TIMS
0aTMpOBaHNsA LMPKOHOB, nonyyeHHbIXx AMenuHbiM HO. ¢ coaBTopamu [Amelin
et al., 1997] n3 ckapHoBbIXx pya mectopoxaeHui MNMPP 1 oTBeyaeT Bo3pacty
PYAOHOCHbLIX rpaHUTOB panakuen CanMmnHckoro M-ea [J1lapuH, 2011].

Takum o06pa3oM, MOXHO Monaratb, 4YTO MpeasloXeHHasa MeToauKa
NO3BONUT MPUMEHATb OYEHb MEPCMNEKTMBHbIN MWHEpan KaccuTeput ansg
npsmoro U-Pb gatmpoBaHus pyaHbIX OTIIOXEHUIA.

Pabota BbinonHeHa B pamkax Temam HWP Ne 0153-2018-0013 u Ne
0153-2018-0012.
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O6 M30TONHO-TEOXMMUNYECKUX U FTEOXPOHOSIOrMYECKMX
ocobeHHocTAX bapaenentoB maccusa KoBoop

PoavoHos H.B.1’2, JlenexuHa E.H.1, Benfaukuin 5.B.1, AHTOHOB A.B.z,
BepexHas H.r', Ceprees CA."?

"OreY «BCEMEM», CankT-lNeTepbypr; "WH3 criery, CankT-lleTepbypr

PaHee, npu n3yyeHun eguHUYHbIX Kpuctannos 6apgaenenta us WenovHo-
yNbTPacoHOBHOro MaccuBa KoBpop, Hamu 6bina BbIIBieHa CWMbHas
reTeporeHHOCTb WX CoCcTaBa, onpegensemMas He TONbKO HanMynem
MUKponpumecen kapboHaToB 1M anaTuTa, HO, BEPOSITHO, UX FEHETUYECKUMMU
pa3nuunamu [PognoHos n ap., 2009; Rodionov et al., 2012]. 3BecTHO, 4TO
6appenent B 3TOM MaccuBe ABNSETCA CKBO3HbIM MUHepanom n obpasyertcs
Ha BCex 3Tanax popMMpoBaHUsi MOpoA, MaccuBa OT ONIMBMHUTOB [0 PYAHbIX
hoCKOpUTOB, N NOCTMarMaTu4ecknx cueHmToB [OyakunH, KupHapckui, 1994;
KpacHoBa, KonbinoBa, 1988]. MoxHO 6bino oxugatb, YTO KpucTanmbl
6appenenTta, obpasylowmecs B nopodax W pyAax OAHOro 3Tana,
XapaKkTepusylTcsi CyGroMoreHHbIMM CoCcTaBamMu U MMEKT CXOOHbIN ypaH-
CBUHLIOBbIA  M3OTOMHBLIN  BO3pacT, nNpu TOM, 4YTO opMMpOBaHue
nonudgasHoro Komnnekca KoBoop MOXET 3aHMMaTb BECb BpPEMEHHON
WHTEpBan NposiBNeHns Naneo3onckoro MaHTunHoro nnoma ot 410 go 360
MITH neT Ha3ag [Apasamacues u gp., 2006].

Hamu BbinonHeHo 6onee 450 nokanbHbix U-Pb M30TOMHLIX aHanu3oB
(SHRIMP-Il) no 3epeHam 6appenenta M3 KoBoopckux KapboHaTUTOB U
dockoputoB (12 obpasuoB kapboHaTuTOoB M 4 ob6pasua ockoputos).
HatupoBaHne 6apgneneuta U3 pasfnyHbiX MUHeEparbHbIX MapareHe3ncos,
roe GappenenTt npeacTaBneH Kak B oaccouuMaumMuM  C - CMIIMKaTHbIMM
MuUHepanamu (popcTepwT, MarHetTut, anaTtut, ¢noronuT), Tak ”n C
KapboHaTHOM MaTpuLen KanbLMT-40MOMUTOBbIX KapboHaTUTOB,
CBUAETENLCTBYET O CUMHMEHETMYHOCTM 00pa30oBaHMA BCEX W3YYEHHbIX
MUHepanbHbIX napareHe3ncos 376.4+3.0 mnH net Tomy Ha3zap, (Puc.1). Mpu
COMoOCTaBMEHNM C MOSNIyYEHHBIMU OLlEHKaMuW Bo3pacta (OCKOpPUTOB
KoBaopckoro komnnekca 378.4+3.4 MnH net o4eBMAHO, YTO obpa3oBaHue
cunukatHon K1 kapboHaTHoMm a3  MpoUCXoAMNoO  MpPaKTUYECKM
ogHoBpeMeHHO. K aHamoruyHbiM BbiBoAaM (O CMHXPOHHOCTU WHTPY3ui
hocKkopuTOoB M KapboOHATUTOB) MPULLNN U KUTAWCKUE uccnegoBaTenu npu
u3yyeHun bagpeneuTa M3 NPOTEPO30MCKOrO LLENMOYHO-YIbTPAOCHOBHOMO C
kapboHaTutamm komnnekca NMana6opa B FOAP [Wu et al., 2011].

BmecTe c TeM, KOHKOpOAHTHbI Bo3pacT bGappenevta m3 obpasua
aHOMarnbHOro no coctaBy kKapboHaTWTa (C yparaHHbIMU KOHLEHTpauusiMu
P33 u U+Th) maccuBa KoBaop okasancsi CywecTBeHHO Goriee BbICOKUM
395.945.2 MnH neT, 4TO MOXEeT CBMAETENbCTBOBAaTb Kak O HEKOTOPOM
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BMMSHUM cOCTaBa MaTpuupl 6apnenenta Ha pacyeT Bo3pacTa («MaTpUYHBbIN
achbdekT»), Tak u (4to Gonee BEPOSTHO) O NoNUCTaaMnHOM hopMMpoBaHUK
kapboHaTutoB KoBpopckoro maccuea. B atom cnydvae, Hanboree paHHue
KapboHaTUTbl conpoBOXAanu (OPMUPOBAHME YIbTPAOCHOBHOTO sApa
komnnekca (onvMBMHUTLI, runepbasuTbl) [BasHoBa u agp., 1998; Amelin,
Zaitsev, 2002]. O606was pe3ynbTaThl AaTMpoBaHus 6apaenenTta Bcex 12
M3y4yeHHbIX HamMu o6pa3uoB Kommnnekca KoBAOp, MOXHO paccyuTaTtb
CpefHIo OLEHKY BO3pacTa BCell KapOoOHaTUT-hOCKOPUTOBOW WMHTPY3WUM C
XopowumMn crtatuctudeckumn napametpamu: 377.8+1.9 mnH netr (CKBO
1.02, BepoaTHocTb 0.43).

17282
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Puc. 1. Pesynbtatel U-Pb SHRIMP-Il paTtupoBanua 6appenenta u3 kapboHaTUTOB
pa3fIM4yHOro MMHepanormiyeckoro coctasa maccuea Koegop (6 o6pa3uos)

OpgHako, aHanM3 W30TOMHOro cocTaBa radHUst pasHOBUOHOCTEN
6appenenta (100 aHanu3oB) M3 NOpoA  LIENOYHO-YIbTPAaOCHOBHOMO
Komnnekca Koepop, BbIMOMHEHHbIM MeToaoM nasepHon abnsumm ¢ UCTI-
MC, HecMOTpsA Ha CUHXPOHHOCTb WX ODOpa3oBaHWsA, CBUAETENLCTBYET O
HanM4YuyM onpefeneHHon reTeporeHHOCTN cocTaBa Gapaenenta Kak cpeau
3epeH ogHou npobbl, Tak U mexay npobamu (Puc.2). 3ta reTeporeHHoCTb
He MOXET OnpefensiTbCA TONMbKO HEMOMHOW KOoppekuuen us3obapHbIX
HanoXeHWN UTTepOuA, NPUCYTCTBYIOLLENO B 3HAYUTESIbHbIX KONMMYecTBax B
6apnenente maccuea Koaop.
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0.28282 448c/144 05316
448c/260f " T ‘[‘455’57} f
0.28280 I z
165c/620 l
0.28278 303-1

[0.0039%, 95% conf.]
(6apb! owmnbok 2c)

T?BHffl??Hf

176Hf/TTHE,, = 0.282800%0.000011
0.28276

0.28274

MUaotonHebin coctae Hf 6agnenenta
maccuea Kosgop
0.28272

0.28270

Puc. 2. i3oTonHbIn cocTaB rachHus B bapaenentax 3 pasHbix N0 MUHepanbHOMY COCTaBy
KapboHaTutoB MaccuBa KoBmop (chockoput, peakosemesnbHbii M A0NOMUT-KanbUUTOBLIN
KapboHaTuT)

U-Pb LA ICP-MS cuctematuka uMpKkoHa 13 KepHa
necyaHuka napaMmeTpUyYeCcKom CKBaxXuHbl 252 HuxHe-YoHcKown
nnowaau, uHtepsan rnyouH 2226.5 - 2239.1 m

PoHKuH lO.J'I.1, BenseBa F.J'I.z, Feppec Al

"MIrT YpO PAH, r. Exatepunbypr; >AO "KamHUWKUIC", r. [Tepmb,
3yHI/IBepCI/ITeT umern [ére, r. Ppank@ypt Ha MaviHe

HuxHe-YoHckas napameTpuyeckas ckBaxuHa 252 pacnonoxeHa B
HanbHeBocTouHOM ®DepepanbHOM  OKpyre, B  MUpHMHCKOM  painioHe
Pecnybnukn Caxa, B 6acceiiHe pekn HuxHue HOktanu. B TeKTOHMYECKOM
nnaHe CKBaxXuHa 3arlokeHa Ha 3anagHOM MOHOKMMHANBHOM CKJIOHE
Hencko-BoTyobuHckomn aHTEKNMN3bl B KOHTYpe HuxHe4yoHcKomn
npeanonaraeMmon AN3bOHKTUBHO OFpaHUYEHHON JIOBYLLKW, MPUYPOYEHHOW K
pudoreHHon nocTporike kembpusa. LleneBbiM Ha3HauyeHnem paboT no
U3y4YEeHUI0 BELLECTBEHHOrO COCTaBa CKBaXMWHbl fABNANacb  OLEHKa
nepcrnekTMB HedTerazoHOCHOCTU 3anafgHoro npoposkeHns Tanakax-
BoTtyobuHckon kapboHaTHOM nnaTtdopmbl (OCUHCKOrO ropu3oHTa kembpusa u
TEPPUreHHOro BeHAa), JoKanu3auum 30Hbl HedTEra3oHaKoMMeHUs wu

BbiABJIEHNA Y4YaCTKOB, MEPCNEeKTUBHbIX Ha MNOUCKK YyrnesoagoponoB B
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BEHACKOM HedTerasoHOCHOM KOMIMJIEKCe Ha 3anagHOM MOHOKIIMHaNbHOM
cknoHe Hencko-BoTyobuHCKON aHTEKNN3bI.

B coctaBe nabopaTopHbIX WCCNEAOBaHWUM, BbIMNOMHEHHbIX Mo 5472
obpas3uam KepHa, wnama u niouaos, YTo NO3BONUIO NOSYYUTbL JIMTONOro-
cTpaTurpadmyeckyio, reoXnMmn4ecKyo ] neTpoun3nyecKyto
XapakTepuUCTMKM pa3pe3a, Takxe Obino peanusoBaHo ulyyeHune U-Pb
CUCTEMATUKN OETPUTHOrO LMPKOHA, BbIAENEHHOIO M3 KepHa necyaHuka c
rny6uHbl 2226.5 - 2239.1 M, C LEenbl PEKOHCTPYKLMIO BO3pacTa NopoA
WCTOYHUKOB CHOCa.

U-Pb LA ICP-MS patupoBaHue 06510MOYHOrO LIMPKOHa OCYLLECTBASNOCh
B aHanuTu4yeckown nabopatopum PpaHkdypTckoro YHmsepcmteta umenun B.
lete (FepmaHuMA) C MOMOLLBID CEKTOPHOrO Macc-cnektpomeTtpa Thermo
Scientific Element2, nHterpnpoBaHHoro c nasepHon ycraHoskon New Wave
Research UP-213.

Mopodbl  M3y4yeHHOro wWHTepBana MNpeAcTaBfieHbl  Nec4YaHuKamm
aneBpUTUCTbIMM  KBapLEBbIMA U MONEBOLUNATOBO-KBApLUEBbIMU  Ha
CMELLEHHOM LeMEHTE C NPOCNOAMM aprufiMToB aHrmapuToBbIX. [lecyaHnku
COCTOSIT B OCHOBHOM 13 3epeH kBapua (65-70%), nonesbix wnaTtoB (0o 5%),
MUWKPOKBapLMUTOB (peakue 3epHa), buotuta (OT peakux yewyek no 5%) u3
aKLLeCCOpHbIX MWHEpPanoB OTMEYalTCA UWPKOH, TypMasnuH, JIENKOKCEH,
ceH. LileMeHT necyaHnka NnopoBOro Tuna rMHUCTBIN (TMAPOCNIANCTLIN, 0
5%), OKpalLeHHbI TMAPOOKUCNaMU Xene3a B KpacHOBaTO-KOPUYHEBLIN
LUBET, @ TaK Xe BTOpPMYHbIN npeHuToBbIN (40 15%), pexe oTmeuvaeTtcs
KBapLEBbIN pereHepaLOoHHbIN.

B cBolo ouyepedb, LMPKOH, BblAENeHHbIn M3 obpa3ua necyaHuka,
npeacTaBrieH Kak bunMpamMmaanbHO-NMpM3MaTMYecKnMmn Kpyuctannamm, Tak u
B pa3HOW CTENEHN OKaTaHHbIMWU Pa3HOBUOHOCTAMM pa3Mepom oT 60 MKM o
250 MKM. MIHOuBMAbI, XapaKTepu3yoLLmMecs COBepLIEHHON OKaTaHHOCTbLIO U
OBasfibHbIMU W/UNKN LLIAPOBUAO-OKPYrbiIMU (bOopMamMu, UMEKT NOAYUHEHHOE
pacnpocTpaHeHue.

lMonoxeHne urypatMBHbIX TOYEK LUUPKOHA, BbIAEMEHHOMO U3
necyaHuka, oTpaxeHo Ha rpaduke C KOHKOpAMEN B KOOpAMHaTax 27pp2%BY
- 26pp 28y (Puc. 1A). Ouarpamma paet npeacraBfneHue 0 TOM, YTO TOMbKO
60 u3 110 cpurypaTMBHbIX TOYEK YAOBMETBOPAIOT FIMHUU COrfacoBaHHbIX
3HayeHuIn, ocTanbHOE COO6LIECTBO XapaKTepusyeTrca AUCKOPAAHTHOCTbIO
pa3Hon CTENeHN.

'mcTorpamma, nNOCTPOEHHas MO KOHKOPAaHTHbIM 3HadeHuam U-Pb
Bo3pacta (Puc. 1B) paer npepctaBnenHne o BO3pacTHbIX —3Tanax,
yHacnefoBaHHbIX N3YYEHHbIM LMPKOHOM. Haunbonee 3HaYUMo
npeacrtasneHbl aBa pybexa - 718 n 1854 mnH net. MNocnegHuii, B Nnpeaenax
MONy4YeHHbIX MOrpeLlHoCcTen, npakTuieckn cosnagaet ¢ U-Pb Bospactom
(1842.61£6.7 mnH net, n=52; 1851+8.2 mnH net, n=14) uMpKoHa rpaHuTa,
oTobpaHHoro u3 nHtepeana 2239.1 - 2250 m.

282



B uenom, oOTHOCUTENMbHbIN  BKMah UMPKOHA M3  MNecvaHuka
HeonpoTepo3onckoro (541-1000 mnH neT), naneonpoTtepo3ovickoro (1600-
2500 mnH net) m apxewnckoro (4000-2500 mnH net) 3HadeHun U-Pb
KOHKOpAaHTHOro  Bo3pacta, coctaBnsetr 41.7%, 53.3%, 5.0%
COOTBETCTBEHHO, npu NpaKTUYecKu NOJSIHOM OTCYTCTBMWM
Me3onpoTtepo3omnckux sospactoB (1000-1600 mnH. ner).
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Puec. 1. U-Pb LA ICP-MS paHHble onsi LMPKOHa U3 necyaHuka napaMmeTpuyecKomn CKBaXuHbI
252 HwxHe-YoHckoit nnowiagn, uHtepBan rnybud 2226.5 - 2239.1 m. A - guarpamma c
KOoHKOpAmnen. B - MMcTorpaMma KOHKOpA@HTHBIX BO3pacToB

147Sm-"“3Nd cuctemaTtnka nopop npeAcTaBnsoOLMX
uHTepBan 6925.2 - 8250 meTtpoB EH-AXUHCKOI cBepXxrny6oKoit
CKBaXMHbI

PonkuH 10.1.", Kapacesa T.B.%, Macnos A.B.'

"W YpO PAH, r. Ekatepunbypr; °ITFHUY, r. [epmp

EH-AxuHckan napameTpuyeckas cBepxrnybokas CKkBaxuHa - ofHa U3
cambIx rnybokux 6ypoBbiX CKBaxuH B Mupe. OHa pacnonoxeHa mexay
MecuoBbiM U EH-AXMHCKMM ra30KOHAEHCATHLIMWU MECTOPOXAEHUSAMU B
npegenax rpynnel MectopoxaeHud bonbworo Ypedroa (EH-AxuHckoe
nogHaTue LleHTpanbHO-YpeHronckoro Bana, AMano-HeHeuknin aBTOHOMHbIN
okpyr, 150 kM Kk ceBepy oT r. HoBbii YpeHron). CkBaxuHa npobypeHa c
LUenb U3y4YeHUs rNyOMHHOro reonorMyeckoro CTPOEHUs CEBEPHOM YacTu
3anagHo-Cunbupckon HepTerasoHOCHOM NPOBUHLUMM U OLLEHKWU NEPCreKTUB
HedTerasoHOCHOCTU TPMACOBbIX U Naneo30MCKUX OTroXeHun. bypenne EH-
AxnHCcKon cKkBaxXuHbl nponssoannock npeanpuatnem AOryr HrL «Hegpav,
¢ aekabpsa 2000 r. no okTa6pb 2006 r. 1 6biNo 3aKOHYEHO HAa OTMETKE OKOJO
8250 m.
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Mo paHHbIM [1], HauuHas ¢ rnybuHbl 3597 M paspe3 CKBaXWHbI
NpeacTaBfieH OTMNOXEHUSIMU avyMMOBCKON (A0 rny6uHsl 3847 ™M) M
nogaunmoBckon (3847-3854.4 m) Tonuwi, 6axeHoBckon (3854.4-3886 M),
reoprueBckon (3886-3891 ™), abanakckon (3891-3960 M), TOMeEHCKOMN
(3960-4687 ™), kKoTyxTuUHCKOM (4687-5308 ™), arenbHon (5308-5417 ™M) un
HoBOypeHrounckon (5417-5562 M) cBuT (BCe MMEIOT IOPCKMMA BO3pacT), a
Takxe nopogamu Tpuaca, OTHOCALMMUCS K BUTIOTUHCKOM (5562- 5776 m),
BapeHrasaxmHckon (5776-6056 m), nypckown (6056-6504 M), TpblGbAXCKOM
(6504-6655 m), xapgyTTenckom (6655-6921 m), kopotuaeBckon (6921-7414 m)
W BepxaMm aunmanbCckon cButam. [lepMmckuin BO3pacT wMeET nopoapl
OCHOBHOWM 4acTu anmanbckon (7414-8248.13 M) u MoHratopubernckom
(nHTepBan 8248.13-8250.22 m) cBuT.

B pamkax HacTosieit pa6otbl '*’'Sm-"**Nd 130XpoHHbIM MeTOZ0M Gbinu
natnpoBaHbl 14 06pas3uoB nopon B LENOM, O0TOOpaHHbLIX BbIGOPOYHO U3
nHTepBanoB ot 6925.2 o 8250 M, npencTaBnAwWMX NPeanonoXUTENbHO
TPpUacoByww W  NEPMCKYl  cucTeMbl. AHanu3upyembll  maTtepuan
npepncraeneH 6asanbtamu (MeTpoBble MHTepBanbl 6925.2-6937.4; 7064.45-
7070.0; 7778.59-7787.57; 8245-8250, tychamu (7322.9-7325.8; 7376.48-
7382.18; 7415.6-7421.0; 7470.48-7479.88; 8000.0-8017.0), cunuumutamm
(7122.99-7132.2; 8245.0-8250.0) n poneputamun (7322.9-7325.8; 7664.0-
7673.3; 8245.0-8250.0). OnpepeneHne KoHueHTpaumin Sm, Nd wu
COOTBETCTBYIOLMX W3OTOMHbIX PacnpoOCTPaHEHHOCTEN OCYLLECTBIANOCh
mace- CI'IeKT:POMeTpI/ILIeCKI/IM MEeTOO0M M30TOMNHOro pa3basneHus.

“7Sm- M30TOMHbIE [aHHble npeacTaBfieHbl Ha pucyHke 1.
N3y4yeHHble 06pa3u,b| NMopoA B LIENOM XapaKTepusyrTca Auana3oHamu
Bapuauuin Sm n Nd B npegenax 1.41-12.9 r/t n 5.0-51.8 r/T COOTBeTCTBeHHO
HaHeceHme aHanUTUYeCKMX AaHHbIX Ha rpaduk B KoopanHaTax “TSsm/M*Nd
- "3Nd/™Nd nossonsieT BbUMCANTL N30XPOHHbIE BO3pacTbl Ans 06pa3uoB
YCNOBHO OTHOCUMBbIX K TpWacoBOW W nepmckor cuctemam. [Ons 3-x
obpa3uoB napameTpbl 3BonOUMOHHON Sm-Nd amarpammbl: Bo3pacT 249
MfIH JeT, NepBUYHOE OTHOLUEHUnE (143Nd/144Nd) =0.51258+0.00028,
eng=+5.5, MSWD = 0.017. KpaiiHe manbiii pa3bpoc 3Ha4YeHun “TSsm/M*Nd
no ocu abcuucc onpegenser OTHOCUMTENbHO OOMbLYD MOrpPeLHOCTb
BbIYMCNEHHOrO BO3pacTa, TEM HE MeEHee, YA0BMETBOPSA COOTBETCTBYIOLLUM
reofiormyeckum npeacTaBeHusM.

284



0,51289
051289 283 + 44 mnH. net

("*Nd/"*Nd) =0.512538 + 0.000045
051287 Eng=+5.2 MSWD = 0.95 } ¥ -
A
>

0,51285 E 3654
1

3821 <
051283 4235 Pt 3876

r AU
4146 ~‘/“8 am
0,51281 | 300
249 mnH. net H/’J |

051287

- 051285

0,51283

BNd™Nd

‘“Nd/“‘N

0,51281

("*Nd/'**Nd), =0.51258 + 0.00028 U
0,51279 / 4436

051279 K
end=+5.5 MSWD =0.017 s

0,51277 051277
0,130 0,140 0,150 0,160 0,170 0,180 013 0,14 0,15 0,16 0,17 018

“TsSm/*Nd “Sm/*“Nd

Puc. 1. Sm/"™Nd - "Nd/"™Nd aBonioLMoHHbIE AMarpaMMbl ANs Nopog, B LENOM W3
uHTepBana 6925.2 - 8250 M., EH-AxXuHcKoN cBepXriy6oKon CKBaXUHbI

Bonee MPEACTABUTENbHbIMM, B CPABHEHUN C TpUacoBon CUCTEMOMN,
senstotcad 'Sm-"Nd  paHHble Ans 11 MOpoA OTHOCUMBIX K MEPMCKOVl
cucteme. 3pecb Habnogaetca 6onee WMpokMe BapuauMu OTHOLUEHWMN
Sm/™Nd, B cBA3M C YeM, BbIYUCTIEHHDI Bo3pacT 283 xapaktepuayeTcs
ropasgo MeHbLUEN HeonpeaeneHHoCcTblo+44 MJTH. netr  (95%
noBepuTenbHbll  ypoBeHb), MSWD = 0.95. T[lepBnyHOE OTHOLIEHNE
("“*Nd/"*Nd), =0.512538+0.000045, £yg=+5.2.

MMonyyeHHble BENUYUUMHBI  E€yng, ANA  00pa3uoB  NpPeacTaBnAOLLIMX
TpMacoByto 1 NepMcKyto cuctemsl (+5.5 n +5.2), B npegenax Habnogaembix
NOrpeLLlHOCTEN MAEHTUYHbBI U COOTBETCTBYIOT YMEPEHHO AeNNEeTUPOBAHHOMY
BELLECTBY, NOKa3blBast YTO U3yYEeHHbIE NMOPOAbI NPOU3OLLN U3 OCTaTOYHbIX
(a3 pesepByapa fnocne ypaneHus U3 Hero mMarMbl B HEKOTOpbI Goree
paHHUA MOMEHT BpeMeHu. WHbIMM CcnoBamu, OHU [AEMOHCTPUPYIOT
«0begHEHHOCTbY NUTOUMBbHBIMUA  3NIEMEHTaMN € OOMbLUIMM  MOHHBIM
paguycom (LIL), KoTopble B xopne YacTUYHOro nnasneHus
NPeVMYyLLIECTBEHHO NEPEXOOAT B XUAKyo da3y.

MopenbHble **Sm-'*"Nd BO3pacTbl OTHOCUTENbHO AenfeTUPOBaHHOIo
uctoyHuka (DM) yknagbiBaloTca B Amana3oH 535-677 MnH. net, w He
npoTMBopeYaT rMnoTe3e O TOM, YTO CyObCTpaToM AN M3YYeHHbIX MOopof,
MOrnu ObiTb, Kak MUHUMYM [2], HeonpoTepo3onckMe o6pa3oBaHusi, 4TO
noarsepxpaetca U-Pb SHRIMP-II panHbimu [3] (1047, 1085, 1375 mMnH net
n 600, 1504, 1751 n 1816 mMnH neT) onsg umpkoHa u3 6as3anbtoB EH-
AxnHckow cBepxrnybokon ckBaxuHbl (MHTepBan 6925-6950 m).

Jlutepartypa

1. ExnakoB tO.A., ¥YrptomoB A.H., CaHduposa C.C. eonorus, reodmsmka n paspaborka
HedTAHbIX U ra3oBbIx MecTopoxaeHun. 2012. Ne 7. C. 16-25.

2. Arndt, N.T., Goldstein, S. L. Geology, 1987. p. 893-895.

3. Boukapes B.C., BpexyHuoB A.M., BaHos K.C. NopHble BegomocTtu, 2013. (12), 6-30.
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U-Pb cuctematnka BbiCOKO ypaH-TOPMEBONO LMPKOHA
HedeNMHOBBLIX CUEHUTOB aCCOLIMMPYIOLLMX C FPaHUTaMu
panakuBu

PonkuH 10.1.", CunpepH C.2 Mepaec A2

"wrr YpO PAH, r.EkarepuHbypr; ’RWTH, r.AxeH; ZJ/HMBepCMTeT um. U1.B.
lere, r. @paHkypTt Ha MaviHe

B cooTBETCTBME c NMeLLMMUCS npeacTaBneHnaMm 11
panakuBurpaHuTCoAepXxalime MarmaTuyeckue KOMMSIEKCbl MOryT ObiTb
paHXWpoOBaHbl Ha  4YeTblpe  TWMa:  aHOPTO3UT-MaHrepUT-4YapHOKMUT-
panakuBurpaHuTHas, aHOPTO3UT-MaHrepuT-panakMBUrpaHnT-
LLLerNIoYHOrpaHuTHas, rab6po-panakmBurpaHuT-onamToBas "
panakuMBUrpaHUT-LWOLWOHUTOBas. PoKycupysick Ha rab6po-panaknBurpaHnT-
douagnToBaa accouuauumu, criegyet OTMETUTb, YTO €AMHCTBEHHbIM ee
M3BECTHbIM MpeacTtaBuTenemMm saensetca bepaaywckun maccus  (BM),
NoKanu3oBaHHbIM B npefgenax 3anagHoro ckrnoHa HOxHoro Ypana w
NpOpbIBalOWMIA  OCafoYvHble Mopoabl CATKMHCKOW W GakanbCKoW  CBUT
Oyp3sIHCKON cepum B CTPATOTUMMYECKOW MECTHOCTU, OAHOIO U3 KPYMNHENLINX
nogpasgenenunii Ctpaturpacdmyeckon wkanol Poccun - pudeda, B cBot
oyepenpb, COOTBETCTBYIOLLEIO 3HAaYUTENbHOMY 3Tany pasBuTUs nuTtocdepsbl
n 6uocdepbl 3emnu.

Nctopuss m3yyeHnna bBeppaywickoro maccuBa MeTogamu  WU30TOMHOM
reoniormm HacuutbiBaeT yxe 6onee 60 net, ogHako npobnema Bo3pacTta u
reHeTMKn rabbpo-panakmBuUrpaHnT-oMaNTOBON accoumauum BcCe elle
ABNAeTCs NpegMeToM OXUBNEeHHoW auckyccun. Haubonee octpas
nosieMrMKa CyLlecTByeT OTHOCUTENIbHO BO3pacTa HedEeNUHOBBLIX CUEHUTOB
(HC) accouunupytowimx ¢ rpaHutamu panakueu. B cepegmHe 1950-x rr., Ha
OCHOBaHUM obLLereonormyeckux AaHHbix Bpemsa dopmupoBaHua BM 6bino
onpepeneHo M.W. MapaHeM Kak “go3uranbruHckoe” unu, B 6ornee LWMpokom
nnade, - “gotopmaTtmHckoe”. B koHue 1950-x rr. Bo3pact nopop BM 6bin
onpegeneH K-Ar wmetogom npumepHo B 1400 wmnH. net  [2].
“PeBONOLMOHHLIN"  MepecMoTp BO3pacTHOro  nosioxeHuss BM  6bin
ocywecTterneH B pabote [3]. Mo MHeHuO aBTOpoB 3TOM paboTbl
“‘onpepeneHna Bo3pacTta nopog, BM Rb-Sr n3oxpoHHbIM MeTogoM Aanu
3HavyeHna 1560-1600 mnH net”’, YyTO MO3BONSAET cAenaTb 3aK/lyeHne o
NMKBMAAUMN “OMOJSTOXXEHHOr0” BO3pacTa yparnbCKUX panakvmBu U BblABUHYTb
uaew O HenoBTOpPMMOCTM hopmaumm panakumeum ¢ Bo3pactom 1600-1800
M/IH. NleT B TeOJfIOrTMYEeCcKOn UCTopun pasButua 3emMnn. YKasaHHoe
npoTuBopeyre 6bINO pa3pelleHo B pe3ynbTaTe MNPOBEAEHMA KOMIMeKca
pabot K-Ar, Rb-Sr n U-Pb metogamu n3otonHomn reonornu, B pesysnbTate

Yyero, CTPaTOTUMUYECKUI CTaTyC ypanbcKoro pudes 6bin BoccTaHoBNEH [4].
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YT0 kacaetcsa umpkoHoB 13 HC, To AN HMX, UCTOPUYECKU N3HaAYanbHO,
nmMmenucb AoBonbHO ckyaHble U-Pb ID-TIMS gaHHble - aBa Bo3pacta 1086 u
1302 MnH. neT, Nony4YeHHble N0 MUMSIMTPaMMOBbBLIM HaBeCcKaM LMPKOHa [4].
MepBble pe3ynbtatbl U-Pb ID-TIMS patupoBaHuMa eOuHUYHbBIX 3epeH
LhVIpKOHa BblaeneHHbix n3 HC BM ¢ npuMMeHeHMeM CMeLlaHHOro crnamka

*Pb/*U, npueegeHbl B pabote [5] M xapakTepu3ylTCcs BO3pPacToOM
1368.446.2 MnH. neT, 4To 3HAaYMMO “ApeBHee” paHee ony6nMKoBaHHbIX [4].
Bnuskoe, B npepgenax MoJyYeHHbIX MOrpewHocTen, 3HadveHue (1373+21
MITH. neT) 6bino nonydeHo B peaynbtate U-Pb SHRIMP-II patupoBaHus 9
Kpuctannoe uupkoHa HC [6]. MosgHee, ans 10 umpkoHoe HC 6bina
onybnukoaHbl gee U-Pb SHRIMP-II gatupoBku, “mMe3onpoTepo3onckas
1332+37 MnH. neT anga paHHuX reHepaumin” n “HeonpoTepo3oickan 792170
MNH. net’ BCMeAcTBMe “aKTmBm3aumm TEKTOHUYECKOro pexuma”, B
pe3ynbTaTe 4Yero npou3oWwsio “fokasibHoe MnaBfeHne 3TUX MNOpo4 C
nocnegywwumMm obpa3oBaHMEM [AalKOBbIX CEpPU, B TOM 4ucne HedenuH-
cneHutoBbIX” [7]. I ecnu BennuunHa 1332 MnH neT, B npegenax nosy4eHHon
norpewHocTn 37 MIH feT, COOTBETCTBYET KOHLENUNN “0AHOBO3pacTHOCTM”
panakueu rpaHutoB n HC, To o60cHOBaHMe HEONPOTEPO30MCKON AAaTUPOBKN
792170 MmnH net, TpebyeT 6onee AetanbHOro NOAX0Aa, MOCKONbKY LIMPKOH C
TakMM BO3pacToM obnagaeT C OAHON CTOPOHbl BECbMa HWU3KOW CTeneHbio
KpUCTanfM4yHOCTM, a C Jpyrom - 060rau.|,eH U n Th, cymmapHas
KOHLEHTpaumusa KOTOpbIX AocTuraet 23x10° ppm. O6Wweun3BecTtHo, 4TO
KpUCTanmbl UMPKOHA C BbICOKUMW KoHUeHTpauuamu U n Th o6bivHO Gonee
noasepXeHbl N3MEHEHUAM, NOCKONbKY aBTOObONYyYeHMe npu
paguoakTUBHOM pacnage 3TUX 3MEMEHTOB CO BpPEMEHEM Bbi3blBaeT
onpeneneHHoe HapylleHue KpucTannumyeckon cTpykTypbl [8]. HaHeceHnue
durypatuBHbix Todek Ha rpadumk “Th+U vs U-Pb Bo3pact”, nossonsaer
BbISIBUTb 3HA4YMMYL0 oTpulaTenbHyto Koppenaumio (K, = —0.87), cornacHo
KOTOpon, 4Yem O6onblue KOHLEHTpauun TOpusa W ypaHa, TeM MeHbLUMe
3Ha4YeHMA BbIYMCASIEMOrO BO3pacTa, nMpu 3TOM, pAnd  LUMpPKOHaA C
copgepxaHnem U 1784 ppm un Th 178 ppm, nonyyeH U-Pb npaktuyecku
KOHKOpAaHTHbIn [D=-2%] Bospact 1348 MnH net, 4710, C Yy4eTOM
MoNMy4YeHHON norpewHocTn +37 MAH NeT, NpakTU4ecku coBnagaet c
BO3pacTOM rpaHMTOB panakusu. lMonyTHO cnepyeT OTMETUTb OYEBUOHbIE
nNpo6nemMbl, CBA3aHHbIE C aHanNMTU4eCKMn npouenypamu npu U-Pb “in situ”
0ATUPOBaHUN LIMPKOHA C BbICOKUMU KOHUeHTpauuamm U un Th. TNockonbky
noKanbHoOe [AaTMpOBaHME OCHOBAHO Ha MpeaBapuUTENIbHOM U3MepeHUn
usotonHoro coctasa Pb n U/Pb oTHoweHua B cTaHAApPTHOM LMPKOHE,
UCMNOJIb3YEMbIX B JaNbHENLLEM B Ka4yecTBe penepHbIX Ansa BblumcreHns U-
Pb Bo3pacTta aHanuanpyemoro obpa3sua, Ux XxapakTepUCTUKN OOMXKHbI ObITb,
B upeane, WAEHTUYHbIMKU, 4YTO, B HACTOsILLlee BpeMs, npeacTaBnsAeTcs
TPYAHOOOCTUXUMbBIM. [pyrum MNpensaTCTBUEM KOPPEKTHON MHTEpnpeTauuun
U-Pb paHHbix ana Beicoko U-Th copepxalero umpkoHa m3 HC, asndetcs
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nokanu3auusi COOTBETCTBYHOLUMX (PUrypaTUBHBIX TOYEK HECKOJSIbKO Bbille
HUXHEro nepeceyvyeHnss AUCKOPAMM C JIMHWEN COrfacoBaHHbIX 3HAYeHWH,
WUHTEpNpeTMpyemMoe aBTopamMu [7] Kak Bpemsa anusogunyveckon notepu Pb,
BCneacTBue BO3AEUCTBUA (PritoMaoB. 34eCb YMECTHO HarnOMHUTb O LUMPOKO
N3BECTHOW OUCKYyCCUW, B CBOE BpeMsi, OTHOcuTeNbHO “meaningless” U-Pb
BO3pacTa, COOTBETCTBYIOLLErO0 HUXHEMY MepecevyeHuio [UCKopamm
koHkopauen [9, 10].

[na ouyepenHoW peBMU3nKU CROXUBLLENCS CUTYaLUW, HamMK Bblna M3yyeHa
U-Pb cuctemaTtuka uupkoHa ns HC, otobpaHHOro u3 Toro xe obHaxeHus
yTo N obpasel K-633 un3 [7]. BblaeneHHbIn 13 31Ol NpPobbl LMPKOH, MO
COAEpXaHUo ypaHa M TOpuA MpeactaBneH ABYMSA NONynauuaMM, Kak C
BbICOKMMM KoHUeHTpauusammn U, Th REE, T1ak wn wuHguBmpamn, ¢
KOHLIEHTpaUMsAMN 3TUX 3NIEMEHTOB Gonee YemM Ha MopsSAoK MeHbluMmu. U-
Pb natupoBaHune LUMpKOHa C Y4ETOM €ro MUHEpanornyeckmx ocobeHHocTen,
BbIABUIO, YTO Hambornee BeposaTHbiM (probability of fit = 0.81), aBnsetca
BO3pacT, COOTBETCTBYHLUUA BEPXHEMY TMEPECEYEHN0 AUCKOpAMU C
kKoHkopaven 1371121 mnH neT, Torga Kak HUXHee nepeceyeHne He nmeer
reosiorM4eckoro CMbICra, B CUy METaMUKTHOrO COCTOsiHMA BbiCOKo U-Th
LMPKOHa.

Jlntepartypa

1. NapvH A.M. paHuTbl panakmBu M accouuupylome nopoabl. Hayka,
2011. 401 c.

2. Ctpatotun pudpes. Ctpaturpacums. FeoxpoHonorus / M.: Hayka, 1983. 184 c.

3. Canon J1.U., MypuHa I".A. // Cos. reonorus. 1970. Ne 6. c. 15-28.

4. KpacHobaeB A.A. LinpkoH kak uHamkaTop reon. npoueccos. M.: Hayka, 1986. 146 c.

5. CungepH C., PoHkuH FO.J1., Kpamm Y., Macnos A.B., Ilenuxuna O.N. Mart. Il Pocc. KoHd.
no reoxpoHonorun. C.-Metepbypr. 2003. c. 461-465.

6. Ponkun 1O.J1., Matykos O.U., MpecHsikoB C.J1., E.H. INenexuHa, O.I1. NlenuxunHa, O.1O.
Monoga. INutocdepa. Ne1. 2005. c. 135-142.

7. KpacHo6aes A.A., Nonos B.C., benaukuin 6.B. JAH, 2011, rom 436, Ne

3, ¢. 377-380.
8. Ewing R.C., Meldrum A., Wang L., Weber W.J., Corrales L.R. Radiation effects in zircon.
In book “Zircon”. Min. Soc. of America Rev. in Min. & Geochem. 2003. Vol. 53. p.387-425.
9. Tilton, G.R. Journal of Geophysical Research. 1960. Vol. 65, p.2933-2945.
10.Wasserburg G.J. // Journal of Geophysical Research, 1963. Vol. 68, p. 4823-4846.

288



MepBble aaHHbIe no Rb-Sr 1 *’Sm-'**Nd cucrematuke
mMmeTamopputoB Myp3anHcko-Apynckoro 6roka (BOCTOYHbIN
cektop CpeaHero Ypana)

PonkwuH 1O.J1., CmupHos B.H., MeaHoB K.C., Koposko A.B., 3axapos A.B.,
MoHomapés B.C.

UIrT YpO PAH, r. Ekarepurbypr

Myp3nHcko-Apgyinckuii 610K, pacnonoXeHHbI B npefenax BOCTOYHOro
cektopa CpepHero Ypana, npepncTaBfieH pa3Hoo6pasHbIMW MO COCTaBy
mMeTamopdmyeckummn nopogamu amdubonuToBon daumm, cnaralowumm
3anagHyto NOSIOBMHY 3TOM CTPYKTYpBbI, " rpaHuTongamm
no3AHenaneo3o0MCcKoro Bo3pacrta, 00pasyloWwmMn Tpu KpynHbIX MaccuBa B
ero BOCTOYHOM uacTu. [lpeobnapatowas 4YacTb wuccnegoBaTenen B
HacToslllee Bpemsa paccmaTpuBaloT Myp3nHCKo-Apoynckuin 6noK  Kak
MWKPOKOHTVHEHT, BO3HWKLUMA B pe3ynbTaTe packorna KOHTMHEHTanbHOM
nokembpuiickon Kopbl. C HE MEHbLUEN CTENEHBIO BEPOATHOCTU, MO MHEHMIO
OpYyrnx aBTOPOB, MOXHO nMpegnonaratb, Y4TO paccMaTpyMBaeMbll 6ok
npeacrtaensieT cobon BbICTYN KpucTannnyeckoro oyHagaMmeHTa nogBuxXHOro
nosaca. HakoHeu, B nocnepgHue rogbl, akTUBHO, Pa3BMBaETCA TOUYKa 3peHus,
cornacHo koTopown metamopdudeckme Tonwm MypanHcko-Agynckoro 6noka
BO3HMKNMM B  pe3ynbrate npeobpa3oBaHMA MOpoA  Naneo30NCKMX
OCTPOBOAYXHbIX KOMIMJIEKCOB.

MeTtamopdoreHHble Tonwu Myp3nHcko-Anynckoro 6noka, AnuTenbHoe
BpEMS BbIAENSBLUMECH B KayecTBe €AMHOM MYpP3UWHCKOW CBUTBI Wn
MYP3UMHCKOro MeTaMopduyeckoro KoMmniekca, B nocrnegHee Bpems 6binu
pa3feneHbl  Ha  pPaHHENpPOTEpPO30MCKUM  afoyWCKMN  KOMMEKC MU
cpepHepuderickyto anabawickyto cepuio [1]. AoQyACKMA KOMNSIEKC BKNOYaeT
6votutoBble UM  6uotuT-amcubonoBbie NnaruorHencol, amdpnbonuTsbl,
NUpoKceHoBble amMduUOONUTbl, MUTMaTUTbI, C PEeoKMMU MPOCHoAMU U
NMH3aMK KBapUMTOB U MpamMopoB. B cocTaB anaballckon cepum OTHECEHbI
6uoTuToBbIE, ABYCnoAsAHbIEe, BuoTUT-amdpubonoesie, amdgunbonoBbie (4acTo
rpacgutcogepxaiume, nHorpa c rpaHaTom) Kpucrtannuyeckume
nnarvocnadupl, amcdubonosble, 6uoTuT-amcpundonoeble, OUOTUTOBbIE
rHEWChbl, KBapuuThbl, CNIOANCTO-KBapLeBble U rpacuT-KBapLUeEBbIE CraHLpbl,
KanbumTOoMpbl, MpamMopbl.

JocTtaTtouyHo HapéxHoe 060cHOBaHWE Bo3pacTa pacCcMaTpuBaeMbIX
MeTaMo(UUeCcKnx TOsW, A0 HacCTOAWEro BPEMEHN  MPaKTUYECKU
oTcyTCTBYET. bonee TOro, U30TOMHbIE AaHHbIE O BO3pacTe MeTamopguTos,
NoNy4YeHHble COBPEMEHHBIMW METOAAMM, OrpaHM4YMBaloTCA pesynbTaTtamu
U-Pb patupoBaHusi UMPKOHOB M3 nnarnorHencoB anabaiickon cepum [2].

MonyyeHHaa B npouecce 3Tux pabotr U-Pb ID-TIMS paTtupoBka no
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BEpPXHeMy nepeceyeHunto auckopamm 1639142 mnH net, MHTepnpeTupyeTcs
aBTOpaMM Kak BO3pacT MfarMorHencoB, oTBevalowmuni amdubonnToBom
daumn metamopdusma.

B cBA3K ¢ 3TUM Hamu ObINO BLIMOSIHEHO AATMPOBaHNE MeTaMopdUTOB No
OByM npobam, OT06paHHbIM B 3anagHou 4yactun Myp3uHcko-Agyinckoro
6noka, Rb-Sr u '"’Sm-'"*Nd metogom. Ha COBPEMEHHbBIX e0NorMyeckKmx
KapTax Toyku oTbopa npob nonapalT B none nopop anabalickon cepuw.
O6pasey, M3-370 otobpaH Ha npaBom Gepery LMPOTHOIO OTpe3Ka pPekM
HelBa. KoopauHaTbl TOouyku oT6opa npobbl: 57° 43,038 c.w. u  060°
56,343'B.A. OnemeHTbl 3aneraHna cnaHues: asumyT nageHus - 70°, yron
nageHus - 75°. MuHepanbHbIl cocTaB nopoApl - OUOTUT, rpaHaT, KBapl,
aKLLeCCOpHbIe - anaTuT, MarHeTuT, UNbMEHUT. MI3yyancs COOTBETCTBYIOLL MM
n3oTtonHbli coctae Rb, Sr, Sm, Nd nopoabl B Uenom, anatuta, buotuta u
rpaHata. [Npoba M3-372 oTobpaHa M3 HebOosbLIOro KOPEHHOro BbiIXoAa
KpPYNHO3EpPHUCTBIX amdunbonutoB B npaBoM 60OpPTy [OMNWMHbI HeGOoNbLIOW
peuyLlKu (oBpara), npoTekatowlen Yepes a. Hosyto, npubnuauntensHo B 500-
600 ™M HuxXe ceBepHOMW OKpauvHbl 3TON AepeBHU. [ NaBHbIMM
nopogoobpasywmymMm  MUHepanaMmyM nopoabl  SABASOTCA NfarMoknas u
amdubon, NpUCyTCTBYIOLWME B NPUONN3UTENBHO OANHAKOBbLIX KONMYECTBaXx,
B Ka4eCTBE aKLECCOPHbIX MVIHePaJ'IOB NPUCYTCTBYIOT anatut, WIbMEHWT,
6uoTtuT n rpaHat. Rb-Sr n' *Nd MeToAaMM1 U30TOMHOWM reonornmn 6uinm
[aTMpoBaHbl NOpoAa B LeNoM, nnarvoknas, amduoborn, anatur.

OnpepeneHue koHueHTpauun Rb, Sr, Sm, Nd 1 n30TONHbLIX OTHOLLEHWN
COOTBETCTBYIOLLMX M30TOMOB YKA3aHHbIX 3SJIEMEHTOB, OCYLLECTBMANOCH
MacC-CneKTPOMETPU4ECK/IM METOLOM M30TONHOrO pa36<'aBJ'IeHI/IF|

Ha rpacduke B KoopgmHaTax ¥ Rb/*esr -¥sr/*esr durypaTmMBHble TOYKMU
KpucTtannuyeckoro crnaHua M3-370 u BbiAeNeHHbIX U3 HEro MMUHEepasnbHbIX
dpakumi anatuta u GUoTUTa YAOBNETBOPAIOT JIMHUM PErPECCUN, HAKIIOH
KOTOpON B yKa3aHHbIX koopauHaTax onpeaenset Bo3pact 216 MiH neT, npu
OLLYTUMO BbICOKOM 3Ha4YeHUN NEPBUYHOrO OTHOLUEHUSA M30TOMOB CTPOHLMSA
0.748. Annpokcumaums nonoxeHus Rb-Sr gaHHbIX amdpubonuTa, anatuTa u
amcpunbona obpasua Ms-372 Ha rpadwmke HukonanceHa BbiABNSAET
coBMnagawolmin, B Mpefenax MofyyYeHHbIX MOrpeLwHocTen, 3POXPOHHbIN
(MSWD=11.4) Bo3pacT 226 MNH NneT, Npy CpaBHUTENbHO Gofiee HU3KOM
(®’Sr/*sr)y=0.70414+0.00056, Torma Kak W30TOMHbIA coctaB Rb-Sr
nnaruoknasa amdpubonuta M3-372 AeMOHCTpUpyeT SBHOE HapylueHue
M30TOMHOrO paBHOBECUSA, JlOKanNu3yscb Ha rpaduke B KoopauHaTax
8RpAesr  -¥sr*esr CYWeCTBEHHO Bbille COOTBETCTBYIOLEN JIMHUK
perpeccuy NocTpoeHHon ans amdubonura, anaTinTa v am nbona. bnuzkne
natnposku 203113 MnH neT, AEMOHCTpUpyeT ” “7Sm-"**Nd cucrematuka
Kpuctannuyeckoro cnaHua (M3-370) v BblZeneHHOro M3 Hero rpalarTa,
Toraa Kak, mopgenbHbii Nd BO3pacT, BbIYMCIIEHHBIN OTHOCUTENBHO
MOAENbHOro pe3epByapa C napameTpamMu AenfeTUPOBaHHON MaHTMKU 3TOro
Xe o6pa3sua, xapakTepusyeTtcs 3Ha4yeHnem 3066 mnpg ner.
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B reHeTnyeckoM mnnaHe BbLICOKOE MEPBMYHOIO OTHOLUEHME W30TOMOB
CTPOHUMSI U KoMmnemeHTapHo Huskoe (' “°*Nd/"**Nd),=0.511551+0.000018
(eng =-16), CBMOETENBLCTBYIOT B nonbs)é TOTO, UTO o6pazeu, M3-370 asnsetca
napanopofoun, Toraa Kak BenuuuHbl ( St/ Sr)o 0.70414+0.00056 u gyg =
+2.6 gna amcdubonuta M3-372 noaTBEpX[aloT, C BbLICOKOW CTEneHbto
BEPOATHOCTU, €0 OPTOreHesunc.

B uenom, usyyeHume nopop M MuHepanoe amdcubonutoBon daumm
M;Tamogcbmama MypauHcko-Apyiickoro 6noka (CpegHuit Ypan) Rb-Sr un

Sm MeTo4amMu  M30TOMHOM reonornyM MNo3BoNAeT  caenatb
cnepywowme BoiBogabl: 1) romoreHnsauua Rb-Sr u 7Sm-"Nd usoTonHbiIx
CUCTEM B MWHEpanax KpucTanfnyeckux cnaHueB M amdubonutoB (3a
UCKMIOYEHMEeM nnaruoknasa wu pyTuana) npousowna B npouecce
mMeTamopdurama aMCbVIGOJ'IVITOBOVI dauun, npoTtekaswem okono 220 MIH
net Hasapg; 2) Rb-Sr, “Sm-"Nd usoTtonHas cuctematuka B N3YYEHHbIX
MUHepanax M3 KpUCTalNIMYeCcKMX CraHueB M amM@dubonutoB NO3BOMAIT
onpeaenuTb cneunduky noBefeHusi MUHepanbHbIX U30TOMHbLIX CUCTEM B
3aBUCUMOCTM OT CTeneHn ux yCTOI/NI/IBOCTI/I Kk P-T ycnosusam; 3)
BosgenictBue metamopuama Ha Sm-"Nd cucTteMy B N3yYaeMmbiX
nopogax B LENOM MNPaKTUYECKU He MpOSABMEHO, 4YTO cornacyeTcs C
npeacraBneHnaAMu 06 OTHOCUTENbHOW YCTOMYMBOCTM 3TOW  M3OTOMHOMN
CUCTEMbI Ha YpOBHE BanoBOr0 coCTaBa, OOYCIOBNEHHON Marnon
NOABUXHOCTbIO peAKO3eMENbHbIX 3fIEMEHTOB B NpoLecce MeTamopgunama.

WNccnepoBaHusa npoBefeHbl B pamMKax BbIMNOSHEHWSA rOCO0AXETHOW TEMbI
Ne 0393-2016-0019.

Jluteparypa

1. TocypapctBeHHasi reonorudeckas kapta Poccuinickon ®epepauum. Macwtab 1:1
000 000 (Tpetbe mnokoneHue). Cepusa Ypanbckas. Jluct O-41 - EkaTtepuHbypr. CI16:
Kaptdabpuka BCEIEW, 2011.

2. KpacHobaeB A.A., bea ®@., ®epwratep I'.6., MoHTepo M. OAH. 2005. T. 404. Ne3 . C.
407-410.

291



Rb-Sr, Sm-Nd u U-Pb cucrematuka kepHa rpaHoguopurta
napameTpuyeckon ckBaxuHbol 252 HuxHe-HYoHckon nnowaam
U3 uHTepBsana rnybuH 2239.1 - 2250 m

Ponkut 101", Watarun K.H.2, Bensiesa ".1.% Mepaec A.*

"I YpO PAH, r. Ekatepur6ypr; >UIFEM PAH, r. Mocksa; >AO
"KamHUWWIKUITC", r. Mepms,; *Yunsepcurer umenn Ete, r. @parkgypT Ha
Mavire

HuxHe-YoHckas napameTpuyeckas ckBaxuHa 252 pacnonioxeHa B
OanbHeBocTouHOM ®depepanbHoM okpyre, B MupHUMHCKOM paiioHe
Pecnybnukn Caxa, B 6acceitHe pekun HwxHue Hkrann. CkBaxuHa
npobypeHa C LEenblo OLEHKU MepcrnekTuB HedTerazoHOCHOCTM 3anagHoro
NPOAOIXEHNSA TanakaH-boTtyobuHckomn KapboHaTHOM nnatopmbl
(ocMHCKOro ropmsoHTa Kembpusi M TEeppUreHHoro BeHAa), JloKanusauuu
30Hbl HeTEra3oHaKoMEHNA U BbIIBIIEHUS y4acTKOB, MEpPCneKTUBHbIX Ha
NMOWCKW YrneBogOPOAOB B BEHACKOM He(Tera3oHOCHOM KOMIMIEKCEe Ha
3anagiHoOM MOHOKIMHaNbHOM ckinoHe Hencko-BoTyobuHcKom aHTeKNn3bI.

3aboli ckBaxXuHbl HaxoauTcsa Ha rnybuHe 2273.0 m ¢ npoxoakon Ao 34 m
no Kpuctannuyeckomy cpyHaameHTy. yHaaMeHT BO BCKPbITbIX MHTEpBanax
2239.1-2250.0 n 2265-2270 m npeacrtaBneH cnabometTamopgr3oBaHHbIMM
6MOTUTOBBIMM TPAHOAMOPUTAMM U  MOJSTHOKPUCTaNNIMYECKNMN PO30BATo-
CepbIMU FPaHUT-rPaHOAMOPUTaMMU.

Rb-Sr, ’Sm-'**Nd, U-Pb mMeTonamu M30TONHOI reonornu 6bin N3yyeH
obpazey, rpaHoguoputa (puc. 1, uHTepBan rmybuH 2239.1 - 2250 m) u
BbloefneHHble M3 Hero dpakuum nonesoro Linata, 6uotTuTa, a Takxe
aKLLeCCOpHOro LUMPKOHa, MNPEACTaBIEHHOTO B CBOK o4epefb LernbiMu
Kpuctannamy pasmepom o 500 MKM u 06nomMkamn, B OCHOBHOM
cybuamnomopcHom popmbl.

o TS Puc. 1. Ob6pasel, rpaHoguoputa
(vHTepBan rnybuH 2239.1 - 2250 m)

U-Pb LA ICP-MS paTtupoBaHue aKLECCOPHOro LMPKOHa 6bino
BbIMOSIHEHO C MOMOLLbIO CEKTOPHOro Macc-crnektpomeTpa Thermo Scientific
Element2, nHterpupoBaHHoro ¢ nasepHon yctaHoBkon New Wave Research
UP-213. Pesynbtathl U-Pb pgatupoBaHua nokasaHbl Ha puc. 2. Bospact
LUMPKOHa W3 rpaHoguMopuTa ONpedenseTcs Kak BepXHUM MepecevyeHuem
anckopamn (NOCTPOEHHOW No 52-mM urypaTMBHBIM TOYKaM) C KOHKOpAMEN
1842.616.7 mnH net (CKBO=4.4), TaK 1 KOHKOpPAAHTHbIM Knactepom (n=14)
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1851.1£8.2 mnH net CKBOC+E=1.4, yTO COOTBETCTBYET OPOCUPUINCKOMY
nepuoay naneonpoTepo30MCKON 3pbl MPOTEPO30S4.
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Puc. 2. Tpadmk C¢ KOHKOpAMEN AN LMPKOHA M3 KepHa rpaHoamMoputa napameTpuyeckon
CKBaxuHbl 252 HuxHe-YoHckoi nnowaan us wHtepBana raybuwH 2239.1 - 2250 m. C -
KOHKOPAAHTHOCTb. E - 3KBMBaneHTHOCTb. MNorpelwHocTy purypaTmBHbIX TOYEK COOTBETCTBYIOT
+2c

Rb-Sr 1 Sm-Nd nsoTtonHble nccnepgoeaHua nposegeHsbl B UITEM PAH Ha
mMacc-cnekTpomeTpe Sector 54. [Mony4yeHHble pe3ynbTaTbl NpeAcTaBieHbl
Ha pucyHke 3. Rb-Sr gaHHble Ana AByX NOneBbIX LWNATOB, MOPOAbI B LLENOM
1 6MoTMTa YAOBNETBOPSIOT JIMHUN PETPECCUM, HAKITOH KOTOPOW B YKa3aHHbIX
koopamHaTax onpegensetr Bospact 1803+12 mnH net (puc. 3A), uyTO
Heckonbko "monoxe" U-Pb LA ICP-MS Bozpacta (CM Bbllwe) UUPKOHa
BblENeHHOro u3 3Toro xe obpasua. BeposatHo, Rb-Sr nsotonHas cucrema
6uotuTta npetepnena HapyLueHne 3aMKHYTOCTH BCNeacTBue
mMeTamopdunyeckoro npeobpasoBaHus.

Sm-Nd paHHble Ansa rpaHoaMopuTa U MecyaHnka, oTobpaXxeHbl Ha puc.
36. 3HayeHus HeoAMMOBLIX MOAESNbHbIX BO3pacToB Ha rpaduke 3b
onpenensalTca nepecevyeHmemM COOTBETCTBYHOWMX NuHUN Nd-n3otonHon
3BONIOLMM M3YYEHHbIX 00pa3uoB M ucToweHHon MaHTum DM. B uenowm,
BblsiBNIeHHble 3Ha4yeHua Nd MopenbHbIX BO3pacToB (2726 n 2784 MmnH. ner)
CBUOETENbCTBYOT O ANUTENbHOM BpeMeMeHu npebbiBaHWA B Kope
UCTOYHMKA Wn3y4veHHbIX nopoA. OTpuuatencHbole BenuumHbl €Nd(1800) wu
reoxMmMm4eckme napameTpbl U3YYEHHOro BeLLEeCTBa C GONbLION CTEMNEHbHo
BEPOSATHOCTU CBMAETENbCTBYIOT B MNOSb3Y MNPEArnonoXeHUs, YTO NPOTONMTOM
ONnA  U3yYeHHOro  rpaHoauoputa  6biMO  BELWeCTBO  0OCaf04HOro
NPOUCXOXAEHUSI.
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Puc. 3 A - RbSr u "Sm-""Nd paHHble AN rpaHogMopuTa M necuaHuka

napameTpuyeckon ckBaxuHbl 252 HuxHe-YoHckoln nnowaau, uitepean rnybuH 2239.1 - 2250
M. A - rpadmk HukonaviceHa gnsi rpaHoguopuTa. Fs1, Fs2, Bi cdpakumm nonesbix WNAaToB U
61oTMTa COOTBETCTBEHHO. b - 3BOMNIOLMA N30TOMOB HEOAMMA AJ1S TPAHOAMOPUTA U MECHAHMKa.
DM - mopenbHbIn pe3epByap NpeAcTaBNeHHbIN AenneTMPOBaHHON MaHTHeN

U-PB usortonHoe patapoBaHue KCeHOreHHOro UMpKoHa u3
paHHenaneo30MCKMUX NarMorpaHNTOMAOB 0XHOMW YacTu
03epHOI 30HbI 3anaaHon MoHronum

PypnHes C. H.", Manekogew, B.I".] Benoycoaa E.A2 , TpeTbsikosa W. r2
Fw6mep AA’

M/—/cmryr reosnormy v muHeparsnorm um. B.C. Cobonesa CO PAH,
Hosocubunpck; ?Australian Research Council Centre of Excellence for Core
to Crust Fluid Systems / GEMOC, Department of Earth and Planetary
Science, Macquarie University, Sydney, NSW 2109, Australia

PesynbTaTthl reonornyecknx n U-Pb reoxpoHonorunyeckux nccnenosaHuia
WHTPY3MBHBIX accouuauuii (nnarmorpaHmTonapl U rabbpounabl) HXHOW YacTu
ocTpoBHOM ayrm  O3epHOM 30HbI MO3BOMWMAW  BbIIBUTb, YTO  OHMU
dopMupoBanUCcb B  PasfiMyHbiX  reoguMHamMuyeckmx obcTaHoBKax B
Bo3pacTHom uHTepBane 531-481 mnH. net [PygHes u gp., 2013, 2017]. B
3TOM BO3pacTHOM Juana3oHe BblgenseTca f[Ba pybexa nposBneHus
WHTPY3MBHOro MarMaTuama, oTBevalLme ABYM [MaBHbIM 3Tanam pasBuTust
3TOW 30Hbl: OCTPOBOAYXHbIM - 531-517 MPH. neT u akKpeuuoHHOo-
KONMMU3NOoHHbIN - 504-481 wmnH. net. Ha ocTpoBogyXHOM 3Tane
NMPOVCXOAWIO CTaHOBMEHWe nnarvorpaHuTongoB Tyrpukckoro (53114 mnH.
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neT, paHHUA puTtMm), Yp3yp-XyHruHckoro (5174 wmnH. net), XaTahl-
XyHruHckoro (521+3 mnH. net) n bascranaHTtckoro (524-522+2 mnH. ner)
mMaccuBoB. Mab6ponaHble accoumaunn XMpPrucHYpPCKOro KOMMJiekca, TECHO
accouuupylowe € nnarvorpaHuToMpamu, Bcerga  SaBnsioTca  6onee
paHHUMK. Ha aKKpeuMOoHHO-KOMIM3UOHHOM 3Tane pa3BUTUS  pervoHa
npoucxoanno bopMmnpoBaHue nnarnorpaHUTOMAHbIX accoumauuin B CocTaBe
Tyrpukckoro (50414 mnH. net, no3aHui putMm), Mangant (4958 MnH. net) n
LyTtynuHckoro (48113 MnH. ieT) MaccuBoB.

Bmecte ¢ Tem 6binm npoBepeHsl U-Pb u3oTonHble uvccnenoBaHus
KCEHOreHHOro LUPKOHa K3 pasfnuyHbIX N0 BpeMeHu OopMUMPOBaHUA WU
reoanHaMnyecKux 06CcTaHOBOK dopmmpoBaHus BblLLIEYKa3aHHbIX
nnarvorpaHUTONdHbIX  accoumauun.  YcrtaHoBMEHO, yto  BO3pacT
KCEHOreHHOro LIMPKOHa B NOpoAax 3TUX MacCMBOB BapbupyeT B Anana3oHe
664-520 MnH. neTt. YCNOBHO BbIAENSIETCA YeTblpe BO3pacCTHblie rpymnmnbl
KCEHOTEHHOIO0 LMPKOHA, KOTOpble, C HEKOTOPOW [AONeN BEPOSITHOCTH,
NoO3BONAIOT ONpefenuTb KX MNpUpoAy W BO3pacCT WCTOYHMKA, a Takxe
OLEHUTb BKIag, 3TUX UCTOYHUKOB MpU reHepaunn NCXOAHbIX pacniaBoB Anis
nnaruorpaHuTonaoB.

MepBas rpynna npeacraBneHa KCEHOrEHHbIM LIMPKOHOM KOTOpbIA UmeeT
MarmaTu4ecKyto 30HanbHOCTb 1 Bo3pacT 664118 mnH. net. OH Habnogancs
B nnaruorpaHutax XataH-XyHrMHCKOro maccuBa. KCEHOreHHbI LUPKOH
Takoro BO3pacTa, COrfacHo OnybNMKOBaHHbIM  F€OXPOHONOrMYECKUM
OaHHbIM, COMOCTaBNSETCA C BPEMEHEM KpucTannuM3aumm LUMpKOHa B
aHopToautax (66515 n 6554 mnH. net) basHXxOHropckoro ononNUTOBOro
nosca [Kosau u ap., 2005; Jian et al., 2010] n 6azanbtonagax (65914 mnH.
net) XaHTanwmpckoro ogpuonuTtoBoro nosca 3anagHon Moxronun [Bold et
al., 2016].

Btopas rpynna ob6beguHSIET KCEHOreHHbIN LMPKOH ¢ Bo3pacToM 56316
MIH. neT. OH npepcTaBnseT cobo 06710MoK Kpuctanna okpyrion opmbl 1
COXpPaHMBLLENCA B HEM MarMaTMyeckoW 30HamnbHOCTbI. LIMpKOH Takoro
Bo3pacTta Habnwoganca TOMbKO B NfarMorpaHvTax Mo34HEero putMma
Tyrpukckoro maccuBa. YuuTbiBas MarmMaTU4ECKOE MPOUCXOXAEHUE
KCEHOTEHHOIO0 LMPKOHa W ero BO3pacT, npepnonaraeTrcd, 4YTO ero
WUCTOYHUKOM MOIMM ObITb NPOAYKTbI paspyLUeHUa U pa3mbiBa UHTPY3WBHbIX
M  BYNKaHOTEHHbIX KOMMIEKCOB, 06pa3oBaHWE KOTOpbIX CBfA3@HO C
no3gHeBeHACKoN (570-560 MITH. ner) TEKTOHOMarMaTU4ecKomn
aKkTMBuzaumen pernoHa. CpeaM HUX MOXHO BbIAENUTb criepylowme
Marmatudeckne  obpa3oBaHuA:  nnarvorpaHvToMabl M rabbpougpl
6asHypckoro odmonuMToBoro Kommniekca xp. Oapunbu (565-560 mnH. ner),
nnaruorpaHnuTbl XaHTanwmpckoro (573-565 MnH. neT) u 6asgHXOHropcKoro
(577-569 MnH. net) odmonuToBbIX KommMnekcoB [(mbwep u ap., 2001;
KozakoB u gp., 2002; TepeHTbeBa u gp., 2010; Jian et al., 2014], a Takxe
BYJIKQHOTE€HHbIE OTIIOXEHUSA OCTPOBOAYXHOIO N OkeaHnyeckoro Tunos (~570
MIH. neT) [Apmontok n ap., 2011].
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TpeTba rpynna KCEHOreHHbIX LMpokoHoB (545-531 mnH. neT), aBnsetcs
Hanbonee pacnpocTpaHeHHo " obbeanHseT LIMPKOHbI,
XapakTepusyolwmecs npuamMaTnyeckon u cybuamomopdHon dopmamm
BblAEMNEHMIN U MarMaTM4eCKon 30HaNbHOCTbIO. KCeHOreHHbIe LIMPKOHbI 3TOr0
BO3pacTHOrO YpOBHA OTMeYalTCAa B  nnarvorpaHutompax  Xarae-
XyHruHckoro u bBaacranaHTckoro MmaccuBa, (popMupoBaBLUMECH Ha
OCTpPOBHOAYXHOW cTagun pa3BuTns O3epHOM 30Hbl, a Takke B
nnarvorpanuTax dyTynnMHCKOro MaccuBa, CTaHOBJIEHWE KOTOPbIX CBA3aHO C
aKKPELUVOHHO-KOMMM3MOHHBbIM  3TanoM pas3BuTUS pernoHa. K3oTtonHble
BO3pacTa, MOJIyYEeHHble MO KCEHOrMeHHbIM LMPKOHaM 3TOW Fpynnbl,
COMOCTaBnATCA C BpeMeHeM (OpPMUPOBaAHMA  NNarnorpaHUTOMAHbIX
accounaumin paHHero astana pasBuTUA OCTpPoBHOM Ayrn O3epHON 30HbI
(BymbaTt-XanpxaHckuin nnyToH - 5356 MnH. net, XapaHypcKuin NiyToH -
529-531 mnH net [PyaHeB u gp., 2009, 2016], Tyrpukckuin maccm - 53114
MIH. net [PygHeB n gp., 2013, 2017]), a Takxe BYyJIKaHOr€HHbIX KOMMJIEKCOB
ocTpoBogyxHoro Tuna (5463 wmnH. net) [Apmoniok u gp., 2011] wu
rab66povaoB (542-538 mnH. neT), Habnogaembix B paoHe Xp. XaH-Tanwupm
[Janousek et al., 2017]. Takoe cxonocTBO BO3pacCTHbIX AaT KCEHOreHHOro
LUMPKOHa C mnopojamu OCTPOBOAYXHOro Tuna (BynKaHuTbl, rabbpouabl u
rpaHMTOMAbl U NPOAYKTbl MX pa3MbiBa), MO3BOJSET MX paccMaTpuBaTb B
KayecTBe [OMOJSIHATENBHOMO  MCTOYHMKA BelecTBa B npoueccax
OpMMpPOBaAHNS UCXOAHBIX pacnfaBoB Afnd nnarnorpaHMTonaoB XartaH-
XyHruHckoro, bascrananckoro n [yTynMHCKOro MaccuBOB.

B 4yeTBepTylo rpynny OObEAMHSAOTCA KCEHOreHHble LMPKOHbI C
Bo3pacTtoM 520-530 mnH. net. OHM HabniopgatoTca B Nopoaax Maccuea
MaHgant u Tyrpukckun (no3gHui putm). LIMPKOHbI XapakTepusylTtcd
npuamaTuyeckon u cyouagnomopdpHor ¢opMoN 3epeH U Hannynem
mMarmatumdeckon 3oHanbHocTU. CnepyeT p[06aBWTb, 4YTO KCEHOrEeHHble
LMPKOHbI U3 MOPOJ, 3TUX MacCMBOB MMEKT OTHOCUTENBbHO 6/M3Kue Bo3pacTa
C BpPEMEHEM KpuCTanamMsauuu nnarmorpaHnTouaoB Ya3yp-XyHIMHCKOrO,
XaTaH-XyHruHckoro u basicranaHTckoro maccuBoB, a Takxe bymbart-
XaunpxaHckoro u Wapatonorovickoro nnyToHoB (524+10 n 51918 mnH. ner)
ceBepHoON 1 UueHTpanbHon Yactu O3epHoi 30Hbl [PyaHes n gp., 2009, 2016],
rabbpomgoB 1 nnarnorpaHnToupoB xpebta Xan-Tavwwmpu (524-516 mnH.
net [JanouSek et al.,, 2017]), dopmupoBaBLLMECS Ha 3aBepLialoLLen
cTaguen pa3BuTua ocTpoBHoW Ayrm O3epHon 30HbI.  [lonyyeHHble
reoXpoHOSIOrMYecKMe AaHHble MO3BONAIT NPEeAMnoIoXnUTb, UYTO MNPOAYKThI
paspylleHnss U pa3mbiBa MOPOA BbllLeyka3aHHbIX MacCMBOB Ha 6onee
no3gHeM reoAMHaMMYecKOM 3Tarne pa3BUTMA pervoHa (akKpeumoHHO-
KONIM3NOHHOM) B pe3yrnbTaTe TEKTOHUYECKMX NMPOLIECCOB, MOMMK nonagarb
B obnactb nnaBfieHUsi, r4e COBMECTHO C PasfM4YHbIMKW MO COCTaBy M
TEKTOHUYECKN-NEPEMELLEHHBIMU 6nokamm OCTPOBOAYXHOr0O Tvna
(NpenmyLLeCTBEHHO BYyNKaHUTaMu), MOrnK 6biTb UICTOYHMKOM BeLLLeCTBa Npu
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reHepauum MCXOAHbIX pacnfiaBoB ANA MarmorpaHMTonaoB TYrpukcKoOro u
MaHpganT maccuBoB.

Takum 06pa3oM, pe3ynbTaTbl FEOXPOHONOMMYECKUX WCCIef0BaHUM
KCEHOTEHHOTO  LUMPKOHA B  paHHENaneo3oMCcKUX MnarmorpaHutTompax
OCTPOBOAYXHOIMO M aKpPELMOHHO-KOSIIM3UOHOIO 3Tana pas3BUTUS HOXHOW
yacTn O3epHON 30HbI YKa3blBalOT, YTO BblAeNeHHble BO3pPacTHbIe rpynmnbl
(7664, 570-560, 545-531 n 530-520 mMnH neT) oTBEYalOT NUKaAM NPOSIBIIEHUSA
MarmMatmama  OCTPOBOOYXHOrO  (BYJNIKAHOTEHHble,  WHTPY3WBHbIE) U
0(bMOINTOBOrO  TMMOB M  OTPaxawT MarMoobpasyllmne UCTOYHUKY,
OTBETCTBEHHbIE NMpPU (DOPMMPOBAHMU MWCXOAHLIX AMA NnarnorpaHuTonaoB
pacnnaeos.

PaboTa BbinonHeHa npu cmHaHcoBon noppepxke POPDPU (rpaHTbl: 18-
05-00105, 15-05-05615) n nnaHoB HNP UM CO PAH (npoekTtbl: 0330-
2016-0003, 0330-2016-0006).

"naBHble aTarnbl TEKTOHO-MarmMaTu4yecKoin aBosioLmUm
Banikano-Myickoro nosica B CesepHom lNpubaiikanbe: HoBble
reoxpoHosornyeckue gaHHble

Pbiuk E.l0.1, TonmayeBa E.B.1, BenukocnaBUHCKMM C.,EI,.1, AHppeeB A.A.z,
JlenexuHa E.H.3, JlebepeBa }O.M.1, ®epoceeHko AM.'

"WIT/] PAH, r. Carxt-ITetepbypr; “IEM PAH, r. Mocksa, *BCETEMY, r.
CankT-lNerepbypr

[na BbIABMEHUSI TMaBHbIX 3TaNoB TEKTOHO-MarMaTU4ECKOW 3BOJSIOLMM
Bainkano-Myinckoro nodca (BMI1) knio4eBoe  3HayeHue  MMeLOT
reoXpoHOSIOrM4Yeckme  McCnepgoBaHWs  BbICOKO — MeTaMOp(M30BaHHbIX
MarmaTmMyeckmx KoMmnsekcoB Kuuepckon 3oHbl B 6acceitHe pek CrnioasHka u
Penb. HeonpoTtepo3oiickue oueHKM Bo3pacTa MeTaMopduyeckux nopon
3TOr0 pavioHa, MOSlyYeHHblE COBPEMEHHBIMUM U3OTOMHLIMU  METoAaMMU
reoxpoHonorum [Amenun u ap.,1999; Pbiuk u ap., 2001; n gp.], nossonunu
“3aKpbITh” AUCKYCCUIO O NPUHAASIEXHOCTM HIOPYHOYKAHCKOro KOMMeKca K
paHHemy pokembpuio (no [MakpbirmHa u  gp.,1989; Cky6nos,1994;
KoHHukoB 1 ap.,1999; n gp.]). BmecTte ¢ Tem, uHTepnpeTauma MMeKLWmuxcs
OLeHOK BO3pacTa rnaBHbIX MarMaTU4eckmx 1 MeTaMopguyeckux cobbiTun B
paHHeM 1 no3aHeM HeoripoTepo3oe Kudepckon 30HbI BMI amMckyccuoHHa.
CornacHo [Poeiuk u gp., 2013; KoTtoB 1 ap.,2013;] BbicOKOTEMMNEpaTYpPHbIN
MeTamopcmam 1 rpaHuToobpazoBaHne B BMI 6binn nposiBfieHbl B KOHLE
paHHebalkanbckoro umkna tektoreHesa (755 - 790 MnH neT) n B No3gHem
HeonpoTepo3oe Ha pybexe 630 - 640 mnH net. OgHako, No pe3ynbTaTam
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reOXPOHOJSIONMYECKOrO0  UCCMEA0BaHMA LUPKOHA W3  MeTaMopduyecknx
nopog (LA-ICP MS u SHRIMP-II), B atom paiioHe BMI 6bino BbigeneHo
TOSNIbKO OAHO MeTamopduyeckoe cobbiTve ¢ Bo3pactom 64017 mnH net
[PepoToBa n ap.,2014; Krener et al, 2015]. YuuTtbiBaa npuHumMnuansHoe
3Ha4YeHme 3TOro BOnpoca Afs PEKOHCTPYKLMU re0AnHaMUYeCKon SBONIL MK
BMI, Hamn wu3yyeH wun npoaHanuanpoBaH (SHRIMP-II) wumpkoH u3
9HAEepOMTO-THENCOB OAHOW M3 TEKTOHMYECKMX nnacTuH baikanbckoro
MaccuBa FHENCO-rpaHUTOB C Bo3pacTtoM 755115 mnH net [Pbiuk u ap.,
2013]. OHAaepbuTO-rHeWcbl NpeAcTaBfieHbl He SCHO  norocyaTbiMu
3eMeHOBaTO-CEPbIMN  MENKO3EPHUCTLIMKU  MOPOAAMW,  CIOXEHHbIMU
arperaToM M3MEHEHHOro nnarvoknasa C KBapLuem U 3nmaoToM, MOSTHOCTbIO
3ameLLaLLmMM NUPOKCeH (?) 1 YacTUYHO Nnarnoknas.

AKLECCOpHbIN LMPKOH (06p.N212-8/16) npencraBneH
KOPOTKONPU3MaTU4ECKUMN  UAMOMOP(MHLIMU 1 cybruamomMopdHbIMM
3epHamu (150 - 400 MKM) 1 ux 06rIOMKaMM, COCTOSLLIMMMN M3 XEeNToBaToro
KOpPpPOOMPOBAHHOIO siApa C TOHKOW 30HANbHOCTBO W OLHOWM WNWM [BYX
BbecuBeTHbIX oboroyek. B spgpax HaxopaTcs MepBUYHbIE pacniaBHble
BKJIIOYEHUS, YaCTb W3 KOTOPbIX PacKpUCTannM3oBaHa, a TakXe MHOro
BTOPUYHBIX  (DNIOUOHBIX  BKITHOYEHUN. O6onoykn copgepxaTr ToONbKO
nepBuYHble nOMOHbIE BKIOYEHUA. Takum o06pa3oM, B W3YYEHHOM
umpkoHe (puc.1.) nepepaboTaHHble MarmaTuyeckne sgpa obpacrtaroT oByMs
pa3HoBO3pacTHbIMM  obonoykamu, o6pa3oBaHHbIMM B Xo4e  ABYX
HanoXeHHbIX MeTaMopgrUEeCKX COObITUN.

Puc. 1. MukpodoTorpadmm UMpKOHa, cocToswero u3 marmatnyeckoro sppa (1), u
MeTamopcumyeckux obonovek (2, 3) B npoxoasem cBeTe (BEpXHUA psa) M ux
KaToOONMOMUHUCLEHTHOE n306paxeHue (HUXHUI psia)
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Mony4yeHHble pe3ynbraTthl n3oTonHoro U-Pb SHRIMP-II nsyyenus aaep m
o6onoyveKk UMpKOHA B LENOM KOPPENUPYT C U30TOMHbIMU AaHHbIMU AJ1s
3HAEepOUTO-rHENCOB TekToHUYeckoro 6rnoka ronbua Jlyaapb [Krener et all,
2015]. MarmaTtunyeckne aapa U3y4eHHbIX HaMu LIMPKOHOB XapaKTepusyTcs
oueHkon Bo3pacta 800+17 MnH net, B TO BpeMda KaK OLEHKa Bo3pacTta
BHELWHMX MeTamopduyecknx o60MoYeK LMPKOHOB MO MNATM  TOYKaM
coctaBnaeT 614130 mnH net. Pag npoMexyTo4yHbIX 3Ha4YeHun Bo3pacTta B
uHTtepBane 620 - 770 mnH net (no 206Pb/mU) ABNAOTCA pe3ysibTaToM
CMELLEHNS KOMMOHEHTOB Aaep U 060noYvek LMPKOHA, M3 KOTOPbIX OLEHKa
75014 MnH nNeT TONbKO B OOHOM 3epHe Hambonee AOCTOBEPHO OTpaxaeTt
BO3pacT BHYTPeHHel 060noYvkK LUMpkoHa. B utore, cornacoBaHHble Mexay
cobon pesynbTaTbl U30TOMHOrO U MUKPOCKOMUYECKOTO U3YYEHUS] LIUPKOHA
9HAEepOWTO-THENMCOB yKa3blBalOT Ha MposiBfieHne paHHebankanbCckoro
MeTamopdumama 1 rpaHutoobpasoBaHns B BMI1, cBA3aHHbIX, BO3MOXHO, C
KOJUIM3NOHHBIMK  MpoueccaMyM  Ha rpaHuue Cubupckoro KpaToHa U
AHamakuT-Myinckoro TeppenHa. Kpome 3Toro, cnepyet OTMETUTb, 4TO
0606LeHne pe3ynbTaToB U-Pb N30TOMHbIX nuccnepoBaHuii
MeTamopuryeckoro Komnnekca 3Toro pamnoHa BMIT He wucknovaet
BEPOSATHOCTU MpPOSABNEHNA OBYX MeTamopuyecknx cobbiTUn B NO3OHEM
HeonpoTepo3oe, Ha pybexax 630 - 640 n 610 - 620 mnH net. PaboTta
BbiMofiHeHa B pamkax Tembl HUP N20153-2018-0012 n npu noppepxke
PODU (npoekt N218-05-00724).
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"Heilco-rpaHnTbl “MaMCKO-OPOHCKOro” KOMMIeKca B
CeepHowm lMpubaiikanbe: reonormyeckas no3muus U Bo3pact
(U-Pb no umpkony, TIMS)

Pbiuk E.10.", KotoB A.B.", CanbHukosa E.B.", BennkocnaesuHckuii C.,EI,.1,
Kosau B.I.", AHppeeB A.A.2, Boromoros E.C.", ®enoceerko A.M.’

yrr, L PAH, Cankt-llerepbypr; 2UrEM PAH, Mocksa

B CesepHom [lpubankanbe, B Knuepckon 3oHe bainkano-Myinckoro
noaca (BMI1) un MapeKTMHCKOM BbICTyne yHOaMeHTa KpaToHa,
pacnonoxeHHOro Ha rpanuue ¢ BMI, nagaBHoO BbIAENANUCH ABYCOAAHbIE
rHENCO-rpaHnNTbl U MyCKOBUTOBbIE NErMaTuTbl, KOTOpPbIE pacCMaTpUBanmCh B
CoCTaBe MaMCKO-OPOHCKOro KoMMnekca no3gHepudenckoro Bo3pacTa
[Canon,1964;1967]. B HacTosee BpeMs, KlacCu4ecKne nnarmoknasoBble 1
OBYMONEBOLUNATOBbIE NErmMaTougHble rpaHnTbl U MyCKOBUTOBbIE NErMaTUTbI
MamckoW 30Hbl 06 begUHEHbI B MaMCKWIN KOMIIIEKC, KOTOPbIN HA OCHOBaHMK
reoxpoHonornyeckmx gavHbix [Henmapk n gp.,1990] cuntaetca paHHe- nnu
nosgHenaneo3onckum [MutpodaHos, Makapees, 2007], B TO BpeMs Kak
rHENCO-rpaHnTbI MapeKTUHCKOro BbICTYNa oKasanucb
naneonpoTepo3oncknummu obpasoBaHmamMmu ¢ Bo3pactom 184618 mnH net (U-
Pb no uupkoHy, TIMS)[Pbiuk n ap.,2006], a aBycnioasHble rHENCO-rpaHUTbI
Kunuepckon 30Hbl BMI1 BoOGLIE “BbiMmanu” M3 TEKTOHO-MarmaTu4eckom
WKanbl  perMoHa. YuutblBaa MHOAMKATOPHOE 3HayeHuMe  noAobHbIX
rPAaHUTONAOB [N PEKOHCTPYKUMU YCNoBUA (DOPMUPOBAHNS 30HASbHbIX
MeTaMop(PUYECKNX KOMMSIEKCOB, HAaMW WU3Yy4YeHbl OBYCMIOASHbIE THENCOo-
rpaHuTbl  OHKOSIHOKUTCKOrO MaccuBa B  BEpLUMHE  OONUHBI  PeKun
HiopyHOyKaH, NpuypoYeHHble K BHELUHEMY Kpbifly TEKTOHMYECKOrO LIBA Ha
rpaHvue MapekTUHCKOro BbicTyna pyHAamMeHTa KpaToHa  Kuiyepckom 30HbI
Baitkano-Myiickoro nosica.

HeNco-rpaHUTbl UMEKT YeTKue TFHENCOoBUAHblE TEKCTYpbl U 06bl4HO
BKIIIOYAKOT  TUMUYHbIE AN aBTOXTOHHbIX WM HE3HA4YUTENbHO
nepeMeLleHHbIX CMHMeTamMopdmryeckux obpasoBaHWUii TeHeBble “npocnoun”
Bi n Hrb-Bi rHeicoBugHbix OMOpuUTOB M amM@puUbonuToB. HENCo-rpaHuTbI
npeacTaBeHbl OBYCNIOAAHBIMA MUKPOKITMH-Marnokna3oBbiMU
pa3HOCTAMM, B KOTOPbIX HeEpeako OTMe4vaeTcA rpaHaT, a MWKPOKIVH
obpas3yeT nopdupobnacTbl U HanoXeHHble arperaTobl. [ns rHenco-rpaHnToB
fofbller 4YacTM MacCMBOB XapakTepHa 6nacTOMUNOHMTU3aUUST U
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aBTOMeTacomMaTuyeckme KBapL-anbOMTOBble MPOXWUIKM, @ B 9K30KOHTaKTax
MaccuBoB OObIYHO MposiBfieHa MuWrmMaTtusauus, denbawnaTusaumus u
MYCKOBUTU3aLUSI.

Mo cBoEMy XMMWYECKOMY COCTaBYy FHEWCO-rPaHUTbl COOTBETCTBYIOT
CTaHAapTHbIM NepanioMUHUEBLIM FpaHUTaM U NEMKorpaHUTaMm HopManbHON
LLLEeNoYHOCTM € pa3nuyHbiM cooTHowweHnem K20 n Na20. B pacnpegeneHun
pedKUX U PpacCesiHHbIX 3IEMEHTOB, HOPMMPOBAHHBIX K MPUMUTUBHON
MaHTuK, oTMedatoTca oTpuuatencHble Nb-Ta n Ti aHomanun. Sr-makcnmym
OTCyTCTBYeET. Pacnpepenedne P33 or cnabo- po  cunbHO
oundepeHumposaHHoro (La/Yb)y=2-20 3a cuet nerkux P33 (La/Sm)y=3-6,
B TO BpemMmsa KakK pacnpegeneHue Ttaxenoix P33 «nnockoe» - and
6onbmHcTBa 0bpasuos (Gd/Yb)y 6nm3ko kK 1. OTMevaeTca oTpuuaTenbHas
Eu-aHomanus (Eu/Eu=0.2-0.5).

M3 HanmmeHee WU3MEHEHHbIX TFHENCO-rpaHUTOB OHKOMHOKUTCKOrO
MaccuBa BbIAENEH LMPKOH MarMaTU4eckoro npoucxoxgeHusa. CornmacHo
nonyyeHHoiM U-Pb u3otonHbim gaHHbim  (ID TIMS), rHewnco-rpaHuThl
XapaKTepu3ylTca KOHKOPAAHTHOW oueHKow Bo3pacta 615+3 mnH nert wu,
cnepoBaTenbHO, He MOryT COMOCTaBASATbLCA C MNETPOTUNUYECKUMU AN
Baiikano-latomckoro cknag4yaTo-HaABWUIoBOro Mosica rHEWCO-rpaHuTamMm
MaMCKO-OPOHCKOro (MaMCKOro) Kommnsekca. Kpome 3Toro, W30TOMHbIN
COCTaB  MaMCKMX  S-rpaHUTOB  OMNpPeAenseTtcs  OPEBHEKOPOBLIMU
ucToyHnkamu, a Nd-u30ToMHbIE  XapakKTEepUCTUKU  FHEWCO-rpaHuToB
Kuuepckon 3oHbl BMI (eNd(615)=(2.3-1.6) - (5.5); T(DM)=(0.85-1.1) mnpa
netr n T(DM2st)=(0.9 - 1.2) mnpa net) nogobHbl U30TOMHOMY COCTaBy
BMELLALWMX MeTaMOpgUYeCcKMX MNOpoA, yKasbiBasd Ha eAuMHCTBO UX
no3aHebankanbCKoro BEHUIBHOTO MWCTOYHMKA C Hebonblion [Jonen
MaTepwuara OpeBHEN KOpbl.

MonyyeHHaa oueHKa Bo3pacTa rHewnco-rpaHNToB OHKONHOKUTCKOrO
MaccuBa TOYHO COOTBETCTBYET BO3pacTy MoHauuta 612+3 mMnH net u3
NaneonpoTepo30MCKNX rPaHnUTO-rHencoB MapekTMHCKOro BbicTyna [Pbiuk u
Op.,2006], cBnaeTenbCcTBya O €ro NpMHAANEXHOCTU K eANHOW TepMasnbHON
naneocTpyktype ¢ Kuuepckon 3oHon BMI1 B KoHUe no3gHero
HeonpoTepo3os. PaboTta BbinonHeHa B pamkax Tembl HAP Ne0153-2018-
0012, npu nopaepxke PODOU (npoekt Ne18-05-00724) n doHpga pa3sutus
OTeYeCTBEHHOW reosiorum.

Jlutepartypa

1. MutpodcpaHos I".J1., Makapbes J1.B. [ocynapctBeHHan reonornyeckas kapta Poccuiickon
Pepepaumn. Macwtab 1:1 000 000. N3paHue TpeTbe. Jluct O-50 (Bopaii6o).2007.

2. Heiimapk J1.A., Cokonoe HO.M., [Opy6eukon E.P. n pgp. BospacT pervoHanbHoro
mMeTamopdgu3ama 1 MyckoBUTOBOrornermaTutoobpasoaHusa B Mamcko-bopanbuHckom nporvube
(Baiikanbckas ropHasi obnactb). C6.1e3ucoB fokn. //M30TonHoe AaTUpOBaHUE 3HAOTEHHbIX
pyaHbix hopmauminyto.Knes.1990. ¢.130-131.

3. Poiuk E. 1O., MakeeB A. ®., nebosuukuin B. A., depgoceerko A. M. paHutouabl
dyHaameHTa Onokutckon 3oHbl (Balikanbckas cknagyatas obnactb): HoBble U-Pb nsotonHbie
naHHble //[OAH. 2006. T.407. N6. C.819-822.

301
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B0O3MOXHOCTU METOANKM CTYNEHYATOro BbiLENavYMBaHus
ANA U3yYeHUs NepBUYHbIX M30TOMHbIX XapaKTepucTuk Pb B
6a3anbTax YIKUHCKUX gaek

CaBaTeHKoB B.M.1'3, ManbiwweB C.B.1’3, MBaHoB A.B.2, BacunbeBa VI.M.3,
Wnakoeuy N.B.1*

! UHcTuTyT Hayk o 3emne, Cl16IY, CaHkT-lTeTtepbypr; °U3K CO PAH,
Upkytek; *UIT PAH, CankTt-lerep6ypr

lMpumeHeHne wm3oTONHOW cucTtemMaTnkm Pb aona  xapakTtepuctuku
WUCTOYHMKA [LPEBHUX TOPHbIX MOPOA CYLIECTBEHHO OrpaHU4eHo, B Cuny
Hu3kon yctonumsoctn U-Pb mn3otonHOM cucTeMbl K  HanOXeHHbIM
Bo3gencTeuaM. Pb, u, B bonbluen crteneHn, U, ABRAOTCA MOOUMNbHBIMU
anemeHtamu. CrneacTBMEM TakKoW BbICOKOW MOOWNBHOCTUM  ABMSETCA
uameHeHne wucxogHoro U/Pb oTHoweHuna B nopopax paxe npu
He3HAUNTENMbHbIX M3MEHEHUSX WX BELLECTBEHHOro COCTaBa BCreacTBue
rmapoTepMarnbHOro BO3AENCTBMA UM NPOLECCOB BbiBETpMBaHMA. B utore
nornpaeka Ha paguoreHHein Pb, ¢ yuétom umetowerocs U/Pb oTHoweHus B
nopoaax, MMeKLUX 3Ha4YuTenbHbIA BO3pacT, NPUBOOMT K OLIMOGOYHbLIM
OuEeHKamM MepBUYHOrOo M30TOMHOro coctaBa Pb. Ytobbl unsbexatb
BbllLeyKka3aHHoro adpdekTa, npuberaldT K WU3YYEHUO  U30TOMHBIX
xapakTepuctuk Pb B muHepanax ¢ Hu3kum U/Pb oTHoweHnem (cynbduasbl,
noneeble WNaTbl). TAakon NOAXOA OnNpaBAaH MpU YCIOBMU, YTO BblbpaHHble
MUHEparnbl SBAAKTCA MCXOOAHO MarMaTMyeckKMuMm W He npeTepnenu
nepekpuctannuaawmm u nepeypasHoselLnmBaHns Pb-Pb nzotonHomn cucremsl
Bcneacteue 6Gonee no3gHux npoueccoB. Bmecte ¢ Tem, cywecTtByeT
3HAQUMTENbLHbIA CNEeKTp MNopof, M3 KOTOPbIX HEBO3MOXHO MeXaHWYecKu
BblAeNUTb Tpebyemble Anst M30TOMHbIX UCCeAoBaHMn MUHeparnbl. K Takum
nopoaamM MOXHO OTHECTU BYNKaHW4Yeckue nopodbl, B ToM yucne 6asanbThbl.
PaHee npoBoamBLunecs paboTbl MO M3YyYEeHU0 30TOMHOWM cucTeMaTuku Pb B
OpeBHUX OUONUTOBBLIX M OCTPOBOAYXHbLIX KOMMEKcax, B TOM 4yucne 1 B
npepenax LleHTpanbHo-A3naTckoro cknagdartoro nosica [Hanp. Dolgopolova
en al., 2013; Lui et al.,, 2014; Pfander et al., 2002] npuBenu K TpygoHO
WHTEPMNPETMPYEMbIM pe3ynbTataM, NMOCKONbKY MopoApbl, NpeacTaBnstoLmne
pudenckune n naneosomnckme KOMIMEKChI, nogsepranuncb
NOCTKPUCTaNnM3aunoHHOMY BO3AencTeuio. BcneactBne 4Yero B HUX
Hapywwunocb U/Pb cooTHolleHue.
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OQHUM 13 BO3MOXHbIX MyTEN peLleHns 3Toi Npobrembl SBNseTc MeToq
CTYMEHYaTOro KWUCIIOTHOTO  BbILLENa4YMBaHWsA, MpyW KOTOPOM Nopoaa
noJBepraeTcsa BO3AENCTBUIO PaCTBOPOB HEOPraHNYECKMX U OpraHnYyecKmx
KUCMNOT pPasfnUYHOM KOHUEHTpauMm W npu pasnuyHbiX TemnepaTypax.
Pe3synbTaTtomM Takoro BO3AEWCTBUA SABMASETCHA pacTBOPEHWE pasfnnYHbIX
MUHepanbHblX a3, coaepxawmxca B Mopode, a Takxe ypaneHue
HECBA3AHHbIX XWMWYECKMX KOMMOHEHTOB (B TOM u4ucne Pb n U).
CoOOTBETCTBEHHO, XMMWYECKOE BblleNlayMBaHue Mo3BonseT yAanuTb
NerkonoABuXxHble  KOMMOHEHTbl, MPUCYTCTBME KOTOPbIX B  MopoAe
oTpaxaetca Ha yctonumsoctn U-Pb cuctembl. TpaguuuoHHo meToauka
BblLLenaymBaHua npu M3yyeHun cuctematukm Pb wmpoko ucnonb3yertcsa
ans 06paboTkn MUHEpanoB - KOHLEHTpaTopoB obbiyHOro Pb (cynbdugpl,
nonesble WNaTbl) AN yAaneHus MpoayKTOB MOCTKPUCTanIM3aLMoHHOro
W3MEHEHNs MUHeparnoB, copepxawux MobunbHbii Pb n U. Oenanucb
MOMbITKM MPUMEHWUTb aHanorMyHbli noaxond v gna o6paboTkyM BanoBbIX
npo6. OpgHako, Takas MeToauka BO MHOTMX Cryyasx He onpaspana cebs.
MepBWYHBIN M30TOMHBLIA cocTaB Pb, paccuntaHHbin Ha ocHoBaHun U/Pb
OTHOLLUEHMA B OCTaTKe Mocne BblllenaynBaHns, He COOTBETCTBOBaN
peanbHbiM W30TOMHBIM nNapameTpam Pb B BO3MOXHbIX WCTOYHMKAX
uccrnepyemMbix nopoa.

Bmecte c Tem, NyTéM CTyneH4YaToro pacTBOPEHMS MOXHO BbIAENUTb
MUHepanbl-kOHLUEeHTpaTopbl  06blyHOrO  Pb  (cynbduapl, oKuchbl) K
MUHEepasibl-KOHLLEHTPaTOpPbI U, XapakTepusytowmecs BbICOKUM
OTHOCUTENbHBIM COAEpXaHnem paaunoreHHoro Pb (MoHauuT, KceHoTum,
anatuT). B Hactoswen pabote paccMOTpeHbl BO3MOXHOCTM MeToAa
CTYMEeH4YaTOro KUCMOTHOrO Bbilenaynsanus ans nsyvexdusa U-Pb nsotonHon
cucteMaTuku 6a3anbToB JOKEMOPUIACKOro BOo3pacTa.

Hamu 6bin npoBeféH SKCNEPUMEHT CTYNEHYATOro BbILLENavymBaHna 3TUX
nopoA B pasnuyHbiX pacTtBopax HeopraHnuyeckux kucnot (HCI, HNO;) c
nocrneayowuM aHanM3omM n3oTonHoro coctasa Pb, koHueHTpauni U n Pb,
U/Pb oTHOWEHW B ocTaTKax Mocfe BblllenavynBaHus W BbIWENOKax B
6azanbTax  YOXMHCKOrO  JANKOBOIMO  KOMMJEKCa,  MPOpPbIBAOLLMX
OOKEMOPUICKME OCafoYHble M OCaf0YHO-BYJIKAHOTEHHBIN KOMMMEKChl B
npegenax Y axuHckoro naneopudra [Fnagkouy6 u gap., 2009].

Ha ocHoBe nMpoBeAéHHOro  3KCrepumeHTa no  CTyrneH4yaTomy
BblleNlaunBaHuo  pa3paboTtaHa  MeToaMka, Mo3BonfAwwas  MyTém
nocnegoeatenbHo 00paboTku BanoBoro ob6pasua Bbloenutb daasy,
XapakTepusyloLlyca Hanbonee NpUMUTUBHBIM U30TOMHbLIM cocTaBoM Pb,
6rM3KMM K NEPBUYHBIM M3OTOMHbLIM XapaKTepUCTUKam nopoppl. ATom gra3on
ABNSAETCH PacTBOPEHHbIN cynbdug,.

N3oTOonHble xapakTepuctukn Pb B 6a3anbtax M NpoAaykTrax WX
BbllLlenaumBaHusa, a Takke wux U/Pb oOTHOweHuA yKasbiBalT Ha
MEe30MpoTepo30MCKuiA  Bo3pacT 6a3anbToB  YAXMHCKONO  [ailkoBOro
KOMMfeKca, KOTopbln cornacyetca ¢ paHHeimu  U-Pb  usoTtonHoro
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0aTMpoBaHUs anatuTa U3 6asanbtoB YOoKuHckon aavky (t = 1386130 mnH.
ner).

MepBMYHble WK30TOMHbIE XapakTepuctkm Pb un Nd B 6asanbrax
YOXWHCKOrO [aKOBOro KOMMMEKca yKasblBalT Ha MX obpasoBaHue npu
yyactum  gpeBHero  (paHHeapxenckoro) ob6orawéHHoro  (KOpoBOro)
NCTOYHUKA.

Jlutepartypa

Mnapkouy6 O.M., CtaHeBny A.M., TpaBuH A.B. n ap. YAXUHCKWAA Me30mnpoTepo30MCKuUii
naneopudT (ceBep CnbmpcKoro KpaToHa): HoBble AaHHble 0 Bo3pacTe 6a3uToB, cTpaTurpadus
1 mokpoduTonorun // Joknapel Akagemun Hayk. 2009. T. 425, Ne 5. C. 642-648

Dolgopolova A., Seltmann R., Armstrong R., Belousova E., Pankhurst R.J., Kavalieris I. Sr-
Nd-Pb-Hf isotope systematics of the Hugo Dummett Cu-Au porphyry deposit (Oyu Tolgoi,
Mongolia) // Lithos, Volumes 164-167, 2013, Pages 47-64

Liu X, Xu J., Castillo P. R., Xiao W., Shi Y., Fenga Z., Guo L. The Dupal isotopic anomaly in
the southern Paleo-Asian Ocean: Nd-Pb isotope evidence from ophiolites in Northwest China. //
Lithos 189 (2014) 185-200

Pfander Jo.A., Jochum K.P., Kozakov |.K., Kroner A., Todt W. Coupled evolution of back-arc
and island arc-like mafic crust in the late-Neoproterozoic Agardag Tes-Chem ophiolite, Central
Asia: evidence from trace element and Sr-Nd-Pb isotope data // Contrib. Mineral. Petrol. 2002.
V. 143. P. 154-174.

U3oTonHaa reoxpoHonorusa (U-Pb) u reoxumusa (Nd, Hf)
HeoapXeuCcKux puonuToB u rpaHuToB Kypckoro 6noka,
BoctoyHaa Capmatus: netposiornyeckue peKoHCTpyKumm ans
BHYTPUMMUTHBIX KUCMbIX MarMm

Caeko K.A.", CamcoHos AB.', Xonuka H.B.", 3aituesa M.B.%, NMapuoHoB
A.H.

"Bry, Boporex; UIFEM PAH, Mocksa, *UIT YPO PAH, Exatepurbypr; (4)
BCETEU, C.-lMeTepbypr

B KoHUe apxea 3aBeplumnacbk ctabunusaums apxemckux KpaTOHOB, YTO
HaWo OTpaxXeHMe B MOSABIEHWM LUMPOKOrO  CreKTpa  KarueBbiX
rpaHutonaos, B uHTepsane 3,0-2,5 mnpa. net (Laurent et al.,, 2014). He
ABNAETCS UcKnoveHnem apxenckuin Kypckuin 6nok  (KB) BoctouHom
Capmatuun, rge nposiBIEH HEOapXeWCKWA TPaHUTOMAHbIA  MarmMaTtusm,
NpencTaBfieHHbIN  KanueBbIMWU puonuTaMmm K rpaHutamu. 1o AaHHbIM
MUHepanbHo  TepmobapomeTtpun (TiQtz wn  TiZm) TemnepaTypsbl
PUONMTOBbLIX PacrnsiaBoB B 04are MarMoreHepauum Ha rinybuHax okoso 7 KM
npesbiwanu 1000°C (XonuHa u ap. 2016). Mo reoxnmMmyeckum npusHakam
BbICOKOKPEMHUCThIE, KaJIMEBbIE PUOMUTbI  ABNAOTCA BHYTPUMSIUTHBIMU.
[aHHble No 3neMeHTaM - MNpPUMECSM B UWPKOHE [alT HEe3aBUCHMMYHO
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WHOpMaLMIO  pPUOSIUTOBOM pacnnase, KOTOpbI ~ OblM  CYXOW,
BbICOKOTEMMEPATYPHbIN 1 ManornyOuHHbINA.

[na onpepeneHus Bo3pacTa Kpuctannmsaumm u paclum@poBK1U KOPOBOM
npeabICTopyn bl NpoaHanM3npoBaHbl TpU MU30TOMHLIX cuctemMsl: U-Pb,
Lu-Hf B umpkoHax n Sm-Nd gns BanoBbix Npo6 pronuToB 1 rpaHnNTOB.

U-Pb cucrema umpkoHa (SIMS BCEIEYV). Ona U-Pb wusotonHoro
AatupoBaHna Obinv oToOpaHbl NpU3MaTUYECKME LUPKOHbLI, NMpo3payvHble,
6ecuBeTHbIe, C APKUM CTEKNSHHbIM Grneckom, paamepom 100-150 mMkm no
yonvHeHuo. B uMpkoHe 13 puonuta B KaTOAHOW  JIIOMWHECLIEHUUN
yCTaHaBNMBaETCA OCLUMINALMOHHAs KOHLIEHTpMYeckas 30HamnbHOCTb, AOep
He BbIsiBNeHo. U-Pb M30TONHbIN BO3pacT UMPKOHA U3 pUOSINTOB COCTaBNsAeT
2612110 mnH. net, 6onee [ApeBHeNW KOMMOHEHTbI He oOOHapyxeHo. B
UMPKOHE W3 TIpaHUTOB Ha (OHE OCUUMSALMOHHON 30HaNbHOCTU B
LeHTpasbHbIX YacTAX KPUCTansoB MPUCYTCTBYIOT OOHOPOAHbIE TeMHble B CL
OKpyrfnble [LOMEHbI, KOTOpble MOryT MNpeacTaBnATb YyHacnegoBaHHble OT
UCTOYHMKa pacnnasa fgpa. U-Pb mn3otonHoe pgatupoBaHwe uMpkoHa U3
rPAHUTOB BbIMOSIHEHO MO pa3HbiIM 4YacTaAM 3€epeH, B TOM uucne u no
ueHTpam. U-Pb unsoTonHble aHanu3bl MO LMPKOHY M3 ABYyX 06pasuoB
rpaHUTOB AatoT Bo3pacTbl 261216 n 260617 1 MiH. neT, KoTopble 6NU3KK K
LUUPKOHY M3 PUOSINTOB M, YKasbiBalT Ha BO3pacT KWCMOro marmMaTusma.
Tonbko B OAHOM 3€pHEe LMPKOHA W3 T[PaHUTOB  COXPaHWIIOCh
yHacnegoBaHHOe A4po, BO3pacTt Kotoporo 3187 mnH. ner.

Sm-Nd wn3soronHas cucrema Basosbix npob (BCEIMEV). TepBu4HbIn
M30TOMHbIN cocTaB Heoauma B puonuTtax (ENdpgeiz OT -6,4 o -6,1) n B
rpaHutax (eNds12) OT -6,7 00 -5,4) 6nU3KUIA, YTO yKa3blBaeT Ha OBLHOCTb
ux Koposoro nctoyHuka. Iix Sm-Nd mopenbHble Bo3pacTbl Tyg(DM) = 3,4-
3,6 mnpga. net Ha 0,8-1 mnppa. net gpesHee, Yyem U-Pb Bo3pacTbl LMPKOHOB
U3 3TUX MOPOA U CBUOETENLCTBYT O OJIMTENBHON KOPOBOW MPEAbLICTOPUM
WCTOYHMKA KUCTbIX Marm 2,6 Mnpa. ner.

Lu-Hf wnzoronHas cucrema wuupkoHa (LA-ICP-MS, UIT YPO PAH).
M3mepeHusa nzotonHoro coctaBsa Hf B LMpKoHax u3 pnonutos NpoBOAUINCH
B TeX Xe Toukax, rae onpeaenanca U-Pb nsotonHein Bo3pacT. B otnunyne ot
U-Pb un30TONHOM CUCTEMBbI, KOTOpad BO BCEX 3€pHax LUPKOHA WMeeT
NOCTOSsIHHbIA Bo3pacT 2612+10 mnH. net, Lu-Hf nsotonHas cuctema B TEX
Xe 3epHax [EeMOHCTpMpYeT LIMPOKUE Bapuauumn W30TOMHOrO COCTaBa
rapHuA Ha a1oT Bo3pacT (eHf612 OT + 1,1 0o -8,9). MoaenbHble BO3pacThbl
Tri(DM), paccunTaHHble No AByXCTagunHon mogenu Bapbupytot ot 3029 go
3649 MnH. neT ¢ Tpema Knactepa 3HaudeHun: 3649 - 3441 mnH. net (7
3epeH), 3381 - 3271 mnH net (3 3epHa) n 3182 - 3029 mnH. net (5 3epeH).

Takum o6pa3oM, Tpu WU3OTOMHbIE CUCTEMbI B3aWUMHO LOMOSHAT ApYyr
Opyra M B LENOM [alT [eTalnbHylo WHGOpMauui O reTeporeHHbIX
UCTOYHMKAX pacnaaBoB BHYTPUNMUTHbIX MarM. U-Pb naotonHaa cuctema B
LMPKOHE U3 PUONIMTOB M TPaHMTOB HaAEXHO OnpenensieT Heoapxenckui
BO3pacT KpUCTannm3auumn Kucnbix marm. Beicokme TemnepaTypbl 3TUX Marm,
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YCTaQHOBMEHHbIE AN PWONMTOB, MPUBOAAT, MNO-BUOUMOMY, K MOMHOMY
pacTBOPEHMIO LUMPKOHOB MpOTONMTa, CTMpas MpeaLecTBYOLWY KOPOBYHO
uctoputo. 13 Tpex npob (6onee 100 3epeH LMPKOHOB) rPaHUTOB 1 PUOTINTOB,
COXpaHWUIOCh TONMbKO OAHO yHacneaoBaHHoe 6onee ApeBHee S4p0.

Sm-Nd u3otonHas cuctemMa B BanoBbix Npobax ykasbiBaeT Ha BeayLLyto
ponb naneoapxenckux (3,4-3,6 mnpa. neT) KOpOBbIX MOPOL B UCTOYHUKE
Kucrbix marm 2,6 wmnpg. net. OTuMyM  NopodamMu  MOMU  CYyXWUTb
Me3o0apxeiickue metaocagkm OOOSHCKOro KOMMMEeKCa, KOTopble WMEKT
naneoapxenckme mopgenbHble Bo3pactbl Tng(DM) = 3,49-3,64 mnpp. net
(WunaHckmn n  pgp., 2007) v cogepxaTt petpuTtoBbin uuMpkoH ¢ U-Pb
Bo3pacTtamu 3,35-3,55 mnpg. ner.

Lu-Hf n3otonHble aHanu3bl BbIABMIM LUMPOKME Bapuaumm U30TOMHOro
coctaBa radHus B OTAENbHbIX 3€pHax MarMaTU4yecKkoro uMpkoHa K3
puonuTa. 3TO, BO3MOXHO, OTpaxaeT HekoTopyk Lu-Hf reteporeHHocTb
cpenpbl KpUCTannm3auum UMPKOHOB yHacneAoBaHHyK OT (MeTa)ocafoyHoro
npoTonnTa 1 NO3BOJISIET AeTaNU3MPOBaTh UX KOPOBYIO NPEAbICTOPUIO.

Bo3aMoxHoe yyacTue pa3HOBO3PaACTHbIX/TETEPOreHHbIX apXencKux nopon,
B WCTOYHMKAX KUCMbIX Marm, BbISIBIEHHOE MOAENbHLIMKU BO3pacTamm
umpkoHa Tw(DM) B uHTepBane 3.03 - 3.65 mnpa. net, cornacyetcsa C
BO3PaCTHOW reTeporeHHOCTb0 apxenckon kKopbl Kypckoro 6noka: B eé
cocTaBe, Hapsagy C OOOsHCKMMKW MeTaocajkamu C naneoapxenckumu
0EeTPUTOBbIMM LIMPKOHAMU, LUMPOKO NpeacTaBfieHbl ME30apXencKkue K1csble
BYJIK@HUTbI 3€M€HOKaMeEHHbIX NOACOB C BO3pacToM okono 3,13 mnpa. net u
TOHANUT-TPOHABEMUT-TPAHOANOPUTOBBIE KOMIMIEKCHl C BO3PAacTOM OKONo 3
mnpa. net (Caeko u gp., 2018).

Pabota no nayyenuto Lu-Hf nsotonHom cuctemnl BoinonHeHa B LUK YpO
PAH “I"'ecaHanuTtuk” npun cdomHaHcoBon nogaepxke rpaHta PODU Ne 17-05-
00618.
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Bapuauum 3HaueHus 8’Sr/3°Sr B xBoitHbIX AepeBbAX pa3Horo
BO3pacTa

Capaciok A.C., WatarnH K.H.

UITEM PAH, Mocksa

O6HapyxeHHble B nocnefHee BpeMsa Bapvaunn U30TOMHOrO OTHOLUEHUS
¥Sr/*°Sr B xBOE [PEBECHBIX PACTEHNI MOTYT UrpaTh BaxXHOE 3HaYEHWe ANS
aHanus3a npoueccoB, MPOMCXOAALLMX B OKpyxatwlen cpepe. Bapuauuu
3HaueHus 'Sr/¥Sr B pacTeHnsXx CBA3aHbl CO CMeLlleHWeM pPa3fiMyHbIX
WUCTOYHNKOB CTPOHLUS: MPUPOLHbIX (MOPCKME a3po30Miv, YacTulbl NOYBbI U
rOPHbLIX MOPOA) U aHTPOMOreHHbIX; PErMOHANbHbLIX U NOKasbHbIX. 3Ha4YeHue
¥Sr/®Sr  MoxeT 6biTb MCMONb30BAHO [Nl BbLISIBNEHUS  Pa3UYHbIX
WUCTOYHUKOB CTPOHLMS N OLLEHKM UX POnu B cpefe obutaHua pacteHus. Ona
nyylero NOHUMaHWA JfOKanbHbIX U perMoHasnbHbIX Bapuauun M30TOMHOro
coCTaBa CTpPOHLUMSA B XBO€ A0 MOCNEeOHEro BPEMEHW HE XBaTano LaHHbIX,
nonyyeHHbIX Ana MHAMBUAYanbHbIX pacTeHui. B npeacraBneHHon pabote
npvBeAeHbl pe3ynbTaTbl, MOMYyYEeHHble ANA Tpex XBOWHbIX AEpeBbEB U3
Butuesckoro napka r. MockBbl.

Mcnonb3oBaHne xBou B kadectBe npob Ana onpepeneHvss U30TOMHOro
cocTaBa CTPOHUMS MpWU MCCNenoBaHMM OKpyXalowen cpenbl UMeeT psajg
BbIrOAHbIX MOMEHTOB. KOHLIEHTpaLMsA CTPOHLMS B XBOE AOCTAaTOYHO BbICOKA,
NnoaToMy Ans W30TOMHOrO aHanusa TpebyeTca Hebonblioe KONM4ecTBO
BellecTBa. XBOWHblE AepeBbsl YpPE3BblHAMHO LUMPOKO pacrnpoCTpaHeHbl B
pa3HbIX KMMMaTUYeCKMX 30HaxX Ha pasHbiX KOHTMHEeHTax. CyllecTBeHHa
TakXe nerkoctb oTbopa npo6 B nwboe BpemMsa roga C MUHUMASbHbIM
ywepbom ans aepesa.

K HacTosilueMy MOMEHTY cobpaHa M npoaHanuaupoBaHa Konnekums u3
23-x 06pa3uoB XBOW FIMCTBEHHULLbI, COCHbl, €1 U MOXXEeBerNbHMKa 1 2-X
npo6 rpyHTa (necyaHas no4eBa W rpaHUT), KOoTopble ObINM OTOOpaHbl Ha
pa3Hbix Tepputopuax EBponenckon uyactm Poccun, Kpbima u Kcnanumw.
OTob6paHHble Npobbl ObIM NOArOTOBMAEHbI MO CreuManbHO pa3paboTaHHOM
MeToguKe, onpepeneHve KoHueHTpaumih Sr 1M Rb  npoBogunucb
OTHOocuTenbHO Macchl 3onbl [Capactok A.C., 2016]. [Ona aHanusza
noaBuMXHON hOpMbl CTPOHLMS, KOTOopasa AOCTYNHa pacTeHuo, NPOBOAWU
MOYBEHHYID BbITSXKY B aMMOHWiiHO-aueTaTHoM bOydepe ¢ pH=4.8. [Ons
OLEHKM BKnaga aTtMocepHoW nbiiM B CUCTEMY pacTeHuid Obina
OCyLlecTBfieHa CHeroBas CbeMKa. ViccnepoBaHus npoBogunuce B
nabopaTtopun N30TOMHOM reoxumnn u reoxpoHonorun MFEM PAH Ha macc-
crnekTpomeTpe Sector-54.

B konnekuuMm U3y4yeHHbIX npob BenuuMHa OTHOLEeHUs ° Sr/*°Sr
U3MEHSIETCS B LUMPOKMX MNpepenax nns pasHbiX [epeBbeEB U3 pa3HbIX
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reorpacduyeckux MecT. [ enn OGbIKHOBEHHOW 3HaueHue ° Sr/*°Sr
nameHsnetca ot 0.7095 po 0.7323, pnsi cocHbl 06bIKHOBEHHOM - 0T 0.7090 no
0.7291.

Ha atom ¢poHe Bapmauuu 3Ha4eHusi 8Sr/%%Sr Takxe HabnopawTca B
XBO€ OTAENbHbIX AEePEeBbEB U3 NTIECHOr0 MaccuBa Ha toro-3anage r. Mocksbl
(3oHa oTgbixa "butua"). XBos Tpex AepeBbeB (Mofiogple COCHa U €flb
BbicoTon 0.5 M, 1 cocHa Gornee crapliero Bo3pacta BbicoTon 15 M) 6bina
pasfgeneHa Mo BO3pacTy Ha Mooyl (SpKO-3eneHoro uBeTa) U CpeaHion
XBOK (TeMHO-3eneHoro ugeta). [lofnyyeHHble W30TOMHbIE pe3ynbTaThl
npeacTaBneHbl Ha pUCyHkKe 1.

0,712

B - Mononas XBos

B - cpenHss XBOS

0.711

B - Morojas IIHIIKa

== — BoJa 13 buTHEeBCKOro npynaa

0,710 -p—— Smmem m—

73]‘ R()L‘ r

0.709

Ems Cocna Cocna
OOBIKHOBEHHAsS OOBIKHC OOBIKHC
0,5 M 05™m I5m

Puc. 1. ViamenumnBocTb ¥Sr/*°Sr B ApeBecHbIX pacTeHNsX pa3Horo BO3pacTa

Cne,u,yeT OTMeTI/ITb YTO XBOSI CpefiHero Bo3pacTta umeet 6onee BbiCOKOe
3Hauenne °'Sr/*Sr, uem monopas. C  Gonbluoit BEPOATHOCTbIO 3TO
O3HayaeT, YTO C TEeYEHWEM BPEMEHU XBOS 3aXBaTbIBaIOT aTMocdepHyto
MNblfb, KOTOpas UMeeT Boree BbICOKOE 3HaYeHne 8sr/%8sr,

[MonyyeHHble AaHHble O BapuauMsXx BeNUYUHbI OTHOLLEHWUS 83r/%8sr B
XBO€ MOXHO OOBACHUTH CMELUEHMEM CTPOHUUS U3 [BYX WCTOYHMKOB B
pa3HbIX nponopumsx. N30ToNHbIM COCTaB CTPOHLMS MONOA0N XBon B6N30K K
3HayeHuo onsa Boabl 3 butuesckoro npyaa, a gnsa cpegHemn xeom oH 6onee
paanoreHHblin. Mo COOTHOLIEHUSIM U30TOMOB CTPOHLMSA Bomacca Monofon
XBOM pOpMUpPYETCA 3a cYeT KOpHeBOro nutaHus. CO BpEMEHEM B XBOH
NPOHMKAET CTPOHLMIA nmcmsoro nUTaHns (M3 BO3AYLLUHON MbIfK), UMEOLLMIA
Goree BbiCOKoe 3HaueHme 8'Sr/2esr.

MonyyeHHble pe3ynbTaTbl onpefeneHna M30TOMHOIO0 CocTaBa CTPOHLMA
B PasfINYHbIX MO BO3PACTy XBOMWHbIX ,u,epesbﬂx OTBa)KaIOT HEeOAHOPOAHOCTb
OKpY>XatoLLen cpepl B OTHOLUEHMM 3HAYEeHUs 873r/%8sr. Bapvaunn 3HaveHus
3TOr0 OTHOLLUEHUSI B OTAENBbHOM XBOWHOM ,u.epeBe COCTaBJ'IﬂIOT HEeCKOmbKO
necatblx npoueHTa. Takum obpa3om, BennymHa 87Sr/%8Sr MoxeT BbINOMHATS
(YHKUMIO  MHOMKATOpa W3MEHEHUS YCNOBWWA, B KOTOPbIX pacTteT W
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pa3BMBaeTCH XBOWHOe AepeBo. Bo3aMoXHO, C MOMOLLbI0 AAHHOTO 3HAYEeHUs
OTKpbIBAETCH BO3MOXHOCTb NPOCIEeANTb TPAHCTPaHUYHbI NepeHoc.

Jlutepartypa
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MNMpumeHeHue BbicoKoTemMnepaTypHoro omxura gnsa U-Pb
reoXpOHONOrM4Yecknx UCCnepoBaHNin LMPKOHOB U3 LLLENTOYHbIX
nopoga
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MMaBHbIMK NpuunHamu anckopgaHTHocTn U-Pb Bo3pacToB umpkoHa, kak
U3BECTHO, SBMASAKTCA YacTuyHad MoTeps pPagMOreHHoro CBuHUaA MU
npucyTcTBue 6onee ApeBHEN yHacnefoBaHHOW KOMMOHEHTbl cBMHUA. [Ona
YMEHbLUEHNA ONCKOPAAHTHOCTW, CBA3AHHOMW C 4YacTUYHOW noTepewn
paguMOreHHoro CBMHLA, WCMOMb3yKTCA METOOUKU  MpenBaputenbHOn
aspoabpasusHon [Krogh, 1982] n kucnotHon [MakeeB, 1984; Mattinson,
1994] 06paboTKM LMpKOHA, a Takxe LUMPOKO MpUMEHseTCs MeToauka
XUMMYecKon  abpa3um  UMpKOHa,  BKJOYawWas  npeaBapuTenbHbI
BbICOKOTEMMEPATYPHbIN ~ OTXUT M MOcnefoBaTeflbHOE  XMMUYECKoe
BbiwenaymsaHue [Mattinson, 2005; 2011]. B pe3ynbrate XuMU4eCKoWn
abpa3uvn BocCTaHaBNMBAETCA KPUCTaN/IMYHOCTb LIMPKOHOB C HU3KOW U
cpepnHel CTeneHblo paavaLnoHHbIX MOBPEXAEHUN U YAANATCA «y4acTKu»
LMPKOHA C NOBPEXAEHHON peLleTKom.

Mpu npoeepeHun U-Pb reoxpoHONOrmyeckux MCCrnefoBaHUn LWEeNOYHbIX
rpaHuTongoB [CanbHukoBa wn Ap., 2014] Mbl CTOfKHYNUCb C TeMm, 4TO
aKLeCCOpHbIN LMPKOH B 3TuUX nopogax obnagaer uenbiM  pagoMm
0COBEHHOCTEN, KOTOPbIE B HEKOTOPbLIX CIy4asax 3HaA4MTeNlbHO 3aTpyaHAT
ero pgatmpoBaHue. K uncny Takmx oco6eHHOCTEN OTHOCUTCHA BbICOKas [ons
HepaauoreHHoro cBMHUa, 06ycnoBieHHas MUKPOBKITIOUYEHNAMMW MUHEPASOB-
KOHLIEHTPaTOpPOB 3TOr0 3fIEMEHTa, KOTOpble O0ObIMHO [AEMOHCTPUPYIOT
BbICOKY0O ~ CMOCOBHOCTb K  CENEKTUBHOMY pacTBOPEHWID B  XoAe
npeaBapuUTeNbHON KUCNOTHOM obpaboTkn. OpHako B page CcrnyyaeB He
yOaeTca MNosflyyuTb KOHKOPAAHTHblE OLIEHKM BO3pacta LMPKOHa U3
LLLENMOYHbIX TPaHUTONAOB, AaxXe B pe3ynbraTe NpeaBapuTeNbHON KUCITOTHOM
06paboTKK ¢ 6OMbLLION IKCNO3ULMNEN.
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Ons TOro YTOObI OLEHUTb BNUAHNE npeaBapuTENbHOMO
BbICOKOTEMMEpPATYPHOro oTxura Ha nosegeHue U-Pb cuctembl B uupkoHe
6e3 MpU3HaKoOB CYLLECTBEHHbIX pPaAMaALMOHHBIX  MOBPEXAEHWUN, HO
copepxalumx 6onbllioe KOnM4ecTBO OObIKHOBEHHOrO CBUMHLA, NpoBeAeHa
cepust  3KCMepuMeHToB.  LIMPKOHbI 13 Naneo3oWMCKUX  LEeNnOYHbIX
rpaHMTOMaoB LleHTpanbHomM MoHronuun 6b1nn NOABEPrHYTHI
BbICOKOTEMMNEPATYPHOro oTxury B MydenbHon neun «SNOL ES5CC» B
Kepammnyeckux Turnax npu TemnepaType 850°C B TeuyeHue 48 uvacos.
OTOXXEHHbIN LUMPKOH B AanbHenwem Obl NOABEPrHYT aspoabpasvBHOM
UM KACNOTHOM 06paboTke M NpoaHanu3npoBaH Mo CTaHAAPTHON MeToanKe
[Krogh, 1973]. Kpome ToOro aHanuavpoBanucb U «HeobpaboTaHHbIe»
€[IMHNYHbIE€ KPUCTanbl OTOXXEHHOrO LMPKOHa.

MonyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT, YTO MWCMONb30BaHWE
NnpeaBapuUTENIbHOIO OTXMUra LMPKOHOB B HE3@BWCUMOCTU OT MOCNenyrLLEeEn
06paboTKM NPMBOANT K 3HAYUTENBHOMY YMEHbBLLIEHWIO 0NN 0ObIKHOBEHHOTO
cBuHUa. lNocneaytowaa kucnotHaa obpaboTka OTOXXKEHHbIX KpUCTannoB
LMpKOHA BO BCeX Crnyyasx [Mo3Bonuna MofyuuTb  AfA  HUX
CcybKOHKOpAAHTHbIE U KOHKOpAaHTHbIEe oueHkn U-Pb Bo3pacrTa.

WccnepoBaHua BbinonHeHbl npu nogaepxke PODOU (npoektbl N2 16-05-
00361, 17-05-00912).
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U-Pb n3oTtonHasa cuctemaTvka KanbLMeBbIX FpaHaToOB Kak
MCTOYHUK re0XPOHOJIOrMYecKon HopMaLmm

CanbHukosa E.B.", Ctndeena M.B.", KotoB A.B.", AHucumosa W.B.",
LWaxmypagsH A.P.z, puueHko IO.)J,.2
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[o HegaBHero BpeMeHu KanbLmeBble rpaHaThbl HE pacCcMaTpuBanncb Kak
HagexHble U-Pb MuHepanbl-reOXpoHOMETpbl B CBSI3W C OTCYTCTBUEM
[aHHbIX 00 ocobeHHocTax noBeaeHun nx U-Pb nsotonHon cuctemsl B xoae
Kpuctannusauum w nocnegywwmx npeobpasoBaHuin. Bmecte ¢ Tem
[OCTaToO4YHO [ABHO YCTaHOBMEHO, YTO copepxaHue U B TakuMx rpaHaTtax
pocturaet 200 mkr/r [DeWolf et al., 1996; Scheibner et al., 2007; Seman,
Stockl, McLean, 2017], a ero npucytctBue B OONbLUMHCTBE Cry4aeB
obycnoeneHo naomMopdHbIM 3amelleHnem Ca [Barrie, 1990; DeWolf et al.,
1996; Rak et al.,, 2011] n He cBA3aHO C BKAYEHUAMMU MUHEpanoB-
KoHueHTpaTtopoB U, Pb n Th (uupkoH, MoHauuT M Ap.), Kak B rpaHatax
mMeTamopdmyeckux nopod. KanbuueBble rpaHaTbl ABAAKTCA TUMWYHBIMU
NEpPBUYHBIMU MUHEpanaMm MOPOA LESNOYHbIX, KApOOHATUTOBLIX U LLENOYHO-
YNbTPAOCHOBHbIX ~ MarMaTM4yecKuMx KOMMJIEKCOB, a TakKXe CKapHOB
pasnuyHoro coctaBa. OHU NpeacTaBnalT coboM CrnoXHble cepun TBEPAObIX
pacTBopoB C pasnuyHon ponew angpagutosoro (Adr, CasFe;+2SizOqy),
Mmopumotoutooro (Mrt, CazFe,+TiSi3O4,) ©  wopnomutoBoro (Sch,
Ca;Ti,SiFe;+20+;) MuHanoB. [lpoBefeHHble 3a nocnegHwe f[Ba ropa
HEeCKONbKUMU Hay4HbIMU KonnekTusamu uccneposaHus [Chakhmouradian
A.R. et al., 2015; Salnikova et al., 2017; Seaman, 2017; Deng et al., 2017
CanbHukoBa u ap., 2018a, 6; Yang et al.,, 2018; Zhang et al., 2018]
NPOAEMOHCTMpPOBanu, yTo KanbLumeBble rpaHaTbl ABNAOTCA
nepcnekTueHbiMn U-Pb mnHepanamu-reoxpoHomeTpamum.

Hamu BbinonHeHsl U-Pb (ID TIMS) reoxpoHonornyeckne nccrnenoBaHus
40 o06pa3uoB KamnbUMeBbIX rPaHaATOB pPa3fUYHOIO MNPOUCXOXAEHUA (M3
MarmaTuMyeckmnx u ruapoTepmanbHO-MeTacoMaTUYEeCKMX Nopoa) 1 Bo3pacTa
(ot Nno3HeapXxemncKoro 0o 30L,E€HOBOrO0). O6bekTamu U-Pb
reOXPOHOJSIONMYECKMX UCCNeN0BaHUA MOCAYXWUN LUenblid  psag,  penepHbIX
LLLENTOYHO-YJNIbTPAOCHOBHBIX MacCMBOB BOCTOYHOM 4actu LleHTpanbHo-
A3unatckoro cknagvatoro nosica (benosvmuHckui, Ynkckuia, JlyruHron,
Bypynezanckuin, Myxanbckun), Cubupckoro KpatoHa (MypyHckun,
HuuaTtka), kpatoHa Coblonepuop (Cinder Lake, Eden Lake complexes),
BopoHexckoro Kpuctannuyeckoro maccua (dy6paBuHCKMI Maccus),
Konbckon wenoyHon nposuHumn (Adppukanga, Kosgop, AdpukaHaa,
Byopusipsu, Cannannatsa), Mawnmeua-KoTyiickon MarmMaTu4eckom
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npoBuHummK (Mynn, OgmxmnHya), a Takxe maccuBoB MarHeT-KoyB (ApkaH3ac,
CWA) n Tamazept (Mapokko). Kpome Ttoro O6binn BbinonHeHsl U-Pb
reoXpOHOJSIONMYEeCKMe WCCnefoBaHNs KamnbUMEBbIX FpaHaTOB W3 CKapHOB
MecTtopoxaeHun JauwkecaH (Manbin Kaska3s), TaexHoe (AngaHckuin wmT),
ToipHblay3 (CeBepHblii KaBkas), Manbin Kynbac (FOxHbin Ypan).

paHaTbl M3 Nopof LEeNoYHO-YyNbTPAOCHOBHbLIX KOMMMEKCOB B LENOM
OTIMYAIOTCA BbICOKMMU coaepXaHuamm ypana (10-40 mMKr/r) n HU3komn gonen
06blKHOBEHHOTO cBMHUa (Pbc/Pbt = <0.1). B 60nblUMHCTBE Cny4aeB Ans HUX
nonyyeHbl KOHKOPAAHTHble U CYOKOHKOpAAHTHbIE OLEHKM BO3pacTa,
KOTOpblE€ XOpOLLIO COrnacyrTca C OueHKamMu BO3pacTa, MNOoJyYeHHbIMU
apyrumn metogamm (U-4I;’b n38 umpkoHy, U-Th-Pb no neposckuty, Sm-Nd no
anatuTy u rpaHaty, u —Ar-"Ar no cniogam). Tem He MeHee, cywecTByeT
uenein psag rpaHatoB, U-Pb reoxpoHonormyeckne uccnenoBaHus KOTOPbIX
BbI3bIBAKOT OMpefeneHHble MeToanYeckme TpyaHOCTU (MaccuBbl JlyruHron,
MareHT-KoyB) m13-3a  BKNIOYEHMA  CynbpuMaoB U COOTBETCTBEHHO
CYLLLeCTBEHHOI O BKJ1aa 06bIKHOBEHHOIO CBMHLIA.

KanbuuneBble rpaHaTbl M3 CKApHOB PE3KO Pa3fnnyaloTcda rno CoAepXaHuo
ypaHa (0.2 - 58 MKr/r) 1 0bbl4HO MMEIOT reTEPOreHHbIN COCTaB B OTHOLLEHUN
KaK MeTPOreHHbIX, TaK W MarbiX 371eMEHTOB. KOHKOpAaHTHbIE OLEHKM
BO3pacTa MoOMyyYeHbl AnA aHjpaguTa W3  CKapHOB  MECTOPOXAEHWS
HDawkecaH (14712 mnH net) n TaexHoe (190012 mnH ner).

[Mony4yeHHble AaHHbIE OEMOHCTPUPYIOT MPUHLMMMANBHYI BO3MOXHOCTb
UCMOoNb30BaHWA KanbLUWEBbBIX FPAHaTOB B Ka4yeCTBE HaAeXHbIX MUHepasroB-
reoXpoHOMeTpoB ons reoXpOHOSOrMYEeCKnX U-Pb-nccneposanuii
kapboHaTUTOB, cueHuToB, coupgonnToB, ONMOUTOB, MENMUIUTONMTOB,
MENUINTUTOB, TaMNpoMpoB, CIIOANCTLIX KUMOEPNUTOB 1 CKapHOB.

WccnepnoBaHusa BbinonHeHbl npy nopgaepxke POOU (npoekt Ne 17-05-
00912).
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U-Pb, Sm-Nd, Rb-Sr u Ar-Ar u3oTonHble CUCTEMbI B
MUHepanax naneonpoTepo301MCKOro 0epuToBoro cuna
MypMaHCKOol NPOBUHLMK KaK OCHOBa AJ151 KNOYEeBOro
naneomMarHuTHoro nosoca ~1.86 mnpa. net

CamcoHoB A. B , JlTapnoHoBa |O. O CaJ'IbHVIKOBa E.B.2 TpaBVIH AB2
CrenaHosa A.B.* Becenoacmm P. B Apsamacu,ea A A2 , EropoBa C. B
Epodeena K. r.! Cmcpeeaa M.B.2

"Mrem PAH Mocksa; °UIT,[J PAH, CarkT-lTetep6ypr; *MIMM CO PAH,
Hosocnbupck; ‘ur KapHL| PAH, ﬂerpo3aBo,40K °eonornyeckmsi Qo-T Mry,
Mocksa; *®3 PAH, Mocksa

BasuToBble pdanikMm W cunbl  ABNAIOTCA [NaBHbIM  OOBHLEKTOM MpU
NpoBeAeHMN NaneoMarHUTHbIX UccnegoBaHnii B paHHeM fokembpun (Ernst,
2014). OcHOBHbIMM TpebOBaHMAMU MpU 3TUX UCCREOBaHMAX ABMSIOTCA
HafleXHoe onpeaeneHne Bo3pacta MHTPy3nBa N 060CHOBaHNE OAMHAKOBOro
(Mnn makcumanbHO 6M3KOoro) Bo3pacta XapakTepucTUYeckon KOMMOHEHTHI
€CTECTBEHHOW OCTAaTOYHOW HaMarHMYeHHOCTU K MarmMaTudeckomy aTtany C
UCKITHOYEHNEM BO3MOXHOI0O BMeLLaTenbCTBa 6onee Nno34HUX
MeTamMopryecKux NpoLeccoB, NMPUBOSALLMX K MOIHOMY WU YaCTUYHOMY
nepemMarHmyMBaHuio Nopog.

HapexHoe paTupoBaHWe ManoMOLUHbIX 6a3nTOBbIX WHTPY3UBOB B
HacTosilee Bpema obecneunBaetca U-Pb  (ID-TIMS) u30TONHbIM
0aTMpOBaHNEM eOuHUYHBIX 3epeH W MUKpoHaBecok 6Gappeneuta, Aans
BblAENEHMA KOTOPOro MPUMEHSIETCA CcrneuuanbHas «BOAHas» MeToAuKa
(Soderlund, Johansson, 2002). [OnAa o060CHOBaHUSI  COXPaAHHOCTM
naneoMarHuUTHbIX XapaKTEPUCTUK MOPOA  MNPUBNEKAIOTCS  pasfnyHble
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noaxodbl, CpeAuM KOTOPbIX BaXHOE MEeCTO 3aHWMaloT W30TOMHbIE
UccrnefoBaHUss  MUHEpasrioB  pasHbiIMM  MeTodamu, KOTOopble  MOryT
3adukcmpoBaTb BpPEMSI UM CKOPOCTb 3aKpbITUS M3OTOMHbIX CUCTEM B
MWHepanax u TeM cambiM 00603HaYNUTb CTEMNEHb AOCTOBEPHOCTU OTHECEHNS
naneoMarHuTHbIX [AaHHbIX K MarMaTudeckomy unu 6Gonee nosgHemy
anu3ogy ee a3gonouun. B poknapge OyayT npencTtaBneHbl pe3ynbTathbl
n3yyeHus HECKOJIbKMX N30TOMHbIX cucTem B MUHepanax
nanenpoTepo30NCKUX AONEPUTOBbLIX CUMINOB ¢ Bo3pactom 1860 MrnH neT Ha
TeppuTopun MypmaHckoro  610ka, no  KOTOpbIM  MpPOBOASATCA
naneomMarHuTHble UCCnefoBaHus.

MypmaHckuii 6nok pacnonaraeTtca Ha ceBepe PeHHOCKaHAMHABCKOro
LMTa, CNOXeH TOHaNUT-TPOHAbeMUT-rpaHoanopuToBbiMu (TTTT) rHencamn un
rpaHuTongamm ¢ Bospactamum ot 2.84 po 2.73 mnpp net. C KoHua apxes
(2.66 mnpa NeT) U Ha NPOTSAXEHUM BCEro naneonpoTrepo3osi B npeaenax
MypmaHckoro 6noka BblAENSAETCAs HECKONMbKo 3TanoB  6a3nToBoro
marmatmuama (CtenaHoBa u ap., 2018, atoT cb6opHuK). Hanbonee nosgHum
u3 3Tux atanos, okono 1.86 mnppa net, npeacTtasneH cunnamm SONepuTos,
KOTOpble LUMPOKO pacnpocTpaHeHbl Ha TeppuTopun MypmaHckoro 651oka, Ho
He W3BEeCTHbl 3a ero npegenamum B ApYrux apxewckux 6Hnokax
®eHHockaHann. Cunnbl goneputoB MowHocTbio Ao 100 meTpoB umeloT
NpoCTOe BHYTPEHHEE CTpoeHue. ManoMoLlHble Tena M MOAOLBbI MOLLHbIX
CUMMNOB CrOXEeHbl Menko3epHbiMu poneputamu. OCHOBHOWM o6bem Ten
cnaraloT MoWKUnooguToBblE [ONEPUTbl, B KOTOPbLIX MHOFOYUCHEHHLIE
KpynHole (0o 1 cM) OMKOKpucCTansbl KIMHONUPOKCEHa npuaakrT nopogam
XapaKTepHYI0 TEKCTYPY «B rOpPOLLEK», XOPOLLO Y3HAaBaEMYIO Ha BbIBETPESbIX
noBepxHocTax. B MowHbIX (> 20 M) cunnax nonkmMnoouToBbIX A0NEPUTOB
BCTPEYaTCA  JIMH3bl  KPYMHO3EPHWUCTbIX  rabbpo-nermatutoB.  [o
MUHepanbHOMYy  COCTaBy [ONepuTbl B pasHbiX Tenax  6nu3ku:
KIMMHOMMPOKCEeH +  MnarMoknastonMBuUHtbUOTMT +  TUTAHOMAarHeTwT.
Mpeobpa3oBaHMs MuHepasribHOro cocTaBa [AONepuToB, BblpaXeHHble B
amcubonmsaumMm  KNUHOMMPOKCEHA W  cepuuMTU3aumMM  nnarnoknasa,
NPOSABNEHbI JTOKANbHO.

KomnnekcHble nccnepoBanud, Bkntodasa U-Pb, Sm-Nd, Rb-Sr u OaroAr
N30TOMHbIE METOAbI, ObINM NpoBefeHbl Ans MowHoro (okono 30 M) cunna
NOVKMNOOMUTOBLIX A0NEPUTOB Ha OKpavHe nocenka [anbHue 3eneHupl.
M3oTonHbIe UccnenoBaHUS BbINOMHEHbI MO TpeM obpa3uam, 0TobpaHHbIM B
pasHbIX YacTax cunna: MenKo3epHUCTbI [onepuT BOGMU3M MOAOLLBHI;
CPpeOHEe3epHUCTbIN  NOMKNNOOMUTOBLIN  OONEPUT U3 CPedHen 4acTu;
KpYNHO3epHUCTbLIN rabbpo-nermaTuT U3 Wnpa B BEPXHEN YacTu cunna.

U-Pb koHKOpaaHTHbIn Bo3pacTt 1860+4 MnH neT, nony4YeHHbIn METOLOM
ID-TIMS no 6appeneuty u3 rabbpo-nermatuta BepxHeW 4acTu cunna
Hanbonee TO4YHO PUKCUPYET BO3pACT KPUCTANNM3auun 3Toro MHTPy3uBa.

Sm-Nd MuHepanbHaa usoxpoHa ¢ Bo3pacToM 1886158 MnH ner,
CKBO=1.9, paccuuTaHHas no KIMHOMWPOKCEHY, Mnarvoknasy, 6uotuty u
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BanoBoW HaBecke obpa3sua Menko3epHUCTOro foneputa, conoctasuma c U-
Pb Bospactom ra6bpo-nermatuta no 6agpeneuty. BanoBble npobbl w3
pasHblX 4YacTei cunna UMeT OnU3KWIA NEPBUYHBIA M3OTOMHLIA COCTaB
Heoguma (eNdqggg OT -2.8 po -3.1), KOTOpbIA, BO3MOXHO, OTpaxaeT BKNnajg
npouecca KoHTaMuHauuM 6a3nToBbIX MarM BMELLAOWUMU  apXencKumm
rpaHuTONaaMM.

Rb-Sr mogenbHble Bo3pacTbl 6uotuTa Tyr = 1849 - 1859 MnH net us
OByx o6bpasuoB poneputoB 6nmskm k U-Pb Bospacty 6apaeneuta.
KnvHonupokceH, nnarnoknas v BasnioBas npoba obpasua Menko3epHUCTOro
poneputa Ha Rb-Sr M30XpoHHOW AnarpamMme [AEeMOHCTPUPYHOT CUIbHbIN
pa3bpoc M He palT WU30XpPOoHbl. [lpu 3TOM Haubonee paaMoreHHbIn
N30TOMHbIA COCTaB CTPOHLMSA, nepecyuTaHHbin Ha Bo3pacT 1860 mnH ner,
MMEIOT NNarnoknas m aBrnT, YTO MOXET YKa3biBaTb Ha NPUCYTCTBME B 3TUX
KanbLMEeBbIX MWHepanax pafAMoreHHOro CTPOHLMSA, 3axBayeHHOro mnpu
KOHTaMuHaLmm BMELLLAIOLLMX apxencKux rpaHMTONAOB " He
YPaBHOBELLEHHOTO C BanoM pJoneputa. OTOT BbIBOA MOATBEPXAAETCA
HaxofKoW B OCHOBHOM nnarvoknase pgoneputa anbbut-Krlw skntoueHui,
BEpPOATHO, MpeAcTaBnsalwmux @parMeHTbl BMELLaloLWmMX FPaHUTOMAOB.
3aKOHOMEpHbIN POCT NEPBUYHOIO UIOTOMHOrO COCTaBa CTPOHUUS Sriggy =
0.7046 - 0.7062 - 0.7073 B obpa3uax AONEPUTOB OT MOAOLUBbI K KpOBIe
cunna MOXeT ykasbiBaTb Ha [J00aBKy KOpPOBOM KOHTaMMWHaAHTbI Mpu
o6p\6meva| Nopoz, KpoBMnu cunna.

°Ar BospacTbl 61oTuTa 1857420 1 186548 MNH neT 13 [ONEepUTOB
HUXHEW 1 cpegHeln YacTu cunna MMeroT 6rM3kne BeNNYUHbLI U HEOTNNYMMBI
oTr U-Pb Bospacta 6Gappeneuta u3 rabb6po- -nermarura, BerHeVI yactu
cunna. lMonyyeHHbI ONsi OQHOW U3 HaBeECOK 6uotuta “°Ar-**Ar Bospact
1772+11 mnH net, obycnoBneH, No-BUAMMOMY, JIOKanbHOMW TepManbHON
aKTUBHOCTbIO, CBSI3@aHHOW CO CTaHOBJIEHMEM rpaHUTOMAOB  Jlnuko-
Aparybckoro komnnekca B uHTepBane Bpemenu 1.77-1.75 mnpp, neT Ha3ag
(BeTpwuH, 2014).

Takum 06pa3om, MoslydeHHble AaHHble CBMAETEeNbCTBYOT O 65M3KoM
BPEMEHU 3aKPbITUSI YETLIPEX U3OTOMHBIX CUCTEM B PasHbIX MarMaTU4eCKMX
MuHepanax naneonpotepo3onckux (1860 MNH neT) AONepuTOBLIX CUNNOB B
MypmaHckom 6noke. Xopowas coxpaHHocTb Ar-Ar cuctembl 6uoTuTa,
TemnepaTtypa 3akpbiTusa KoTopon He npesbiwaeT 350°C (Reiners et al.,
2005), ykasblBaeT Ha OTCYTCTBME  3HAYUTENbHbLIX  PErnoHanbHbIX
TepmanbHbIX  cobblTMd B nocnepywowen  uctopum  CB  uactu
®PeHHOoCKaHAMHABCKOro wuta. OTO [JaeT OCHOBaHWE paccMaTpuBaTth
n3yyeHHble 06as3nToBble WHTPY3UM KaK MNepcrnekTUBHble OOBLEeKTbl Ans
nony4eHusi HaZeXHoro KITHO4EBOro naneomarHMTHOro nonoca
®deHHOCKaHAMKN Of1si BpeMeHHoro pybexa ~1.86 mnpa. ner.

WccnepoBaHne nopaepxaHo Poccuinckum HayyHbiM PoHOoM, rpaHT 16-
17-10260.
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M3yyeHne COXpaHHOCTU BKMYEHUA W [AETPUTOBBIX AOEpP LMPKOHA,
noasuxHoctn U, Pb, Th n gpyrux anemeHTOB B KpuCTannnyeckon CTpyktype
MVHepana npu BO3OENCTBMU  pPasfMYHbIX FeoNorm4yeckux akTopoB
(HanoxeHHbIX BbICOKOTEMMNEPATYPHbIX AedopMaunin, NonMcTagunHbIX
TepManbHbIX cobblTMW M T.4.) SABNSETCA  aKTyanbHOM  3ajadven
reoxpoHosnoruv u tepmoxpoHonoruu [1]. BosneyeHne B metamopduyeckne
npeobpa3oBaHus 3epeH LIMPKOHA U BCEN NOPOoabl B LIESIOM MOXET NPUBECTM
K 3HAYUTENbHbIM M3MEHEHUsIM MOpPEONOrMM, BHYTPEHHEWN CTPYKTYpbl U
COCTaBa OTAENbHbIX 3epeH UMpKoHa [2, 3], 4To genaet HeoOHO3HaYHbIM
WHTEPMNPETaLMI0O  FEOXMMUYECKMX U WU30TOMHO-TEOXPOHOSOMMYECKNX
nccnenoBaHun.

PelweHnem npobnemMbl MOryT CRyXWTb KOMMEKCHble WCCneAoBaHus
LMPKOHOB B CBA3KE C aHanM30M BCEro MUHepasnbHOro arperara, COCTosHMe
KOTOpPOro OTpaxaeT reoflorMyeckylo UCTOpUIO, YCMOBUS WM  MeXaHW3Mbl
npeobpasoBaHMa nopofdbl, B TOM u4ucne umpkoHa [1]. Kpome Toro, ans
OOHO3HAYHOW MWHTEepnpeTaLuMn reosiorM4yecknx cobbiTin  Heobxoanmo
u3HayanbHO MUMETb WHAOPMaUWK O BO3PacTHOM MNOCNEeAOBaTENbHOCTU
TepManbHbIX  coObITUA, MarmatuamMe u MeTamopduaMe pervoHa,
TEKTOHUYECKUX U Fre0AMHaMUYECKNX 06CTaHOBKaX.

C 3TMX NO3uUMN MHTEpeC pNna OLEHKM BO3OENCTBUS HANOXEHHbIX
BbICOKOTEMMNEPATYPHbIX AedopMaLmMi 1M NOAUCTAAUMHBIX  TepMalbHbIX
COObITUI Ha COXpaHHOCTb UMPKOHA npeacTtaBnseTr MaTyTckunm cparmMeHT
Op3NHCKON CABUIOBOW 30HbI, PACMOSIOXEHHONW Ha CeBepo-BOCTOYHON
rpaHuue  TyBuHO-MoHronbckoro  maccmBa  (LleHTpanbHO-A3unatckun
cknap4atbin nosc). [JaHHbi pernoH (3anagHeii CaHruneH, KOro-BoctouHasn
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TyBa) M3BECTEH W AeTanbHO NpeAcTaBneH B paboTax MHOMOYMCIEHHbIX
uccrneposaTenenn (o063op nybnukauuin npueegeH B [4]. Op3uHckas
CABWUroBasl 30Ha npefcTaBnseT coboi MPOHUKAWMIA FNYOUHHBIA pa3nom
(shear zone), 3anoxeHune KOTOPOro CBA3@HO C MUKOM KOMMAU3UOHHbIX
cobbITUn B permoHe Ha pybexe 515-520 mnH. net [4]. B nocnepytowme
nepuogbl Op3uHcKaa 30Ha (shear zone) npertepnena o Tpex 9Tanos
peaktuBaumm (495, 485, 465 wMnH. neT), oOTpaxawWux U3MEHeHne
KMHEMATVKN TEKTOHWYECKMX ABUXEHWA B pErnoHe Uu CconpoBOXAaemble
dparMeHTaumMen  TEKTOHMYECKOW  30HbI Ha  OTAesNbHble  GROKW,
Tpaccupyemble WHTPY3UBHbIMW TeNamu KUCIOro U OCHOBHOrO cocTtaBa. B
npepenax MaTtyTckoro dpparMeHTa 3aknio4eH OAHONMEHHbIV FTPaHUTOUAHbIN
maccu. [lo cBoen Mopdonorum MaTyTCKMA  rPaHUTHBIN ~ MaccuB
npepcTasnsieT coboi rapnonnT, 3HAOKOHTAKTOBas 0611acTb KOTOPOro nMeeT
Nnpu3HakM Marmatuyeckoro TeuveHus. [1poCcTpaHCTBEHHOE MOSIOXeHWE
TEKTOHMYeckoro 6rmoka  wmaeHTUdMUMpyeTcs MO MHOFOYMCIEHHBIM
KOMMO3UTHbIM  rabbpo-rpaHNTHLIM  faiikam, pPachofioXEeHHbIX Mo  ero
KOHTYpY, a TaKxe rpaHuTougamMm npeanosiokUTeNbHO  YXafarckoro
komnnekca. [locnegHwe cnaraloT cobol Teno fuHEWHOW OOpMbI,
OPWEHTUPOBAHHOE MNEPMNEHOUKYNAPHO MPOCTUPaHUI0 OP3UMHCKOW 30HbI U
NMaccuBHO 3anosHsALee 06nacTb ee pacTsXeHus.

Ona JIA-UCM-MC U/Pb-paTupoBaHus LMPKOHOB BblbpaHbl 4YeTbipe
yyacTtka: 1) ueHTpanbHasi obnactb MaTyTcKOro rpaHutHoro maccusa 6es3
NPU3HaKoB MarmMaTuMyeckoro TeyeHus; 2) 3HOOKOHTaKToBas obnactb
rPaHWTHOrO MaccuBa C Mpu3Hakamu TeyeHusi;  3) rabbpo-rpaHUTHbIE
KOMMO3UTHblIE Jalkun u 4) rpaHMTonabl JIMHEWHOrO Tena YyxaAarckoro
komnnekca. U/Pb-gatnpoBaHune uupkoHoB nposoaunock metogom J1A-UCT1-
MC c ucnonb3oBaHuem TBeppotenoHoro Nd:YAG nasepa ¢ AfIMHOW BOJSHbI
213 HM M MarHWTHO-CEKTOPHOrO Macc-CNeKkTpoMeTpa C WHOYKTUBHO-
cBsA3aHHon nna3mon Element XR (Thermo Scientific) Ha 6aze AL, UM CO
PAH.

PesynbTaTbl MUccnefoBaHWin C Yy4eTOM OMNyBNMKOBAHHbLIX AaHHbIX MO
0OBbEKTY OTBEYAIOT NONINCTaANNHBIM TEKTOHO-MarMaTU4eCKMM CobbITUSIM OT
485 po 520 MnH. ner.

Haubonee nosgHue rpaHvTonabl yxaparckoro KOMIMIIEKCa,
npeacrtaensiowme cobon Tena rpaHUTOB, «3anevyaTbiBaloWmx» o06nacTu
pacTsiXeHuss OP3UHCKOWN CABUIOBOIN 30HbLI, OTBEYalT pybexy 485 MnH. net
[4].

Cneunduryeckon YepTo KOMMO3UTHBIX [aek £ABfseTcAa Hanuuune
NPU3HaKoB Te4YeHUs (MUHITIMHE  CTPYKTYpbl), OpMUpPOBaHUE KOTOPbIX
BO3MOXHO /Wb MNPW  COCYLLECTBOBaAHWM  KUCMOTO WU  OCHOBHOIO
pacnnaea/marm. WHbiMM crnoBamu, rabbpoupabl U rpaHUTbl M3Ha4YanbHO
OOMXHbl 6bITb OQHOBO3pacTHbI. 1o LMpKOHam Kak rabbpouaoB, Tak u
rpaHUTOB KOMOGMHWMpOBaHHOW pankn metogom JIA-UCM-MC nony4yeH
Bo3pacT 495 mnH. net [4, 5].
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Bo3spacT rpaHMTONAOB M3 3HAOKOHTAKTOBOM 30HbI MaTyTckoro maccusa,
npeTeprneBlINX BA3KO-MAacTMYECKOe TeYyeHWe U pacrnofioOKEHHbIX B
HenocpeacTBEHHON 6nM30CTM OT AaTMpyemon paHee KOMOWHUPOBaHHOM
nanku, coctasun 510 mnH. net. B TOXe BpemMs BO3pacT rpaHUToOUaoB M3
LeHTpanbHOM 4YacTu 9TOr0  Xe MaccuBa, He3aTPOHYTbIX  BA3KO-
nnactudeckumu gecdopmauusamm, CyLLLeCTBEHHO apeBHee - 519 MnH. ner.

Mony4yeHHbIN Anana3oH onpepeneHunin Bolpacta UUpKoHoB oT 485 pfo
510 MfH. neT oTBeYaeT BO3pacTy TepMalbHbIX COObITUIA, HaNOXEHHbIX Ha
TENO HWXHEKOPOBbIX KOMMU3WOHHBIX rpaHMTonaoB MaTtyTckoro maccmBa C
Bo3pactoM 519 mnH. net. lNpakTMyecku BCe HasloXeHHble TepMarsbHble
COObITUA UMEIOT YETKYIO FE0NOrMYECKyo NPUBA3KY K MHTPY3UBHbLIM TeNam u
TEKTOHMYECKUM cObbITUAM B pernoHe. OgHako onpegeneHue 510 mnH. net
ans rpaHntoB MaTyTCcKOro maccvMBa W3 3HOOKOHTAKTOBOM 30HbI SBHO
yKa3blBaeT Ha «OMOJIOXEHNEY PE3YNbTaTOB OTHOCUMTESNIBHO NPOObI U3 3TOro
Xe maccuBa ¢ Bo3pactom 519 mnH. net. JaHHbIA BbIBOA HE MPOTUBOPEUUT

reofiormn4ecCkmm OaHHbIM - reoxpoHonorn4yeckas npo6a B34Ta n3
HernocpeacTBeHHoW 6nmM3ocTn oT 6asnToBON MHTPY3uM Gorlee MONoAoro
BO3pacTa, roe aHanmanpyemblie rPaHNTbI HeCyT NPU3HaKn

BbICOKOTEMMNEPATYPHOro BA3KO-MNACTUYECKOro TeyeHus. [paHuTbl Xxe u3
LEeHTpanbHOW YacTu MaccuMBa He HeCyT NMPU3HAKOB TeYeHNs n umetoT b6onee
npeBHWI Bo3pacT 519 mMnH. ner.

WccnepoBaHve BbINOMHEHO NpuM (PMHAHCOBON MNOAAEPXKE MNPOEKTOB
P®®U Ne 18-35-00484, 16-05-01011, nnanos HUP UM CO PAH (npoekt
Ne 0330-2016-0003), npoekta MuHuctepcTBa o6pa3oBaHus u Hayku PO Ne
5.1688.2017/MN4.
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LyHuT-rapubypruT-nMpokceHnToBbIN MaccuB Napgoc-TyHapa:
naneonpoTepo3onCKUN BO3pacT Nopos, pPUTMUYHO-
paccrnoeHHon cepun no Sm-Nd AaHHbIM

Cepos N.A., BasHosa T.b., Ctewenko E.H., KyHakky3uH E.J1., BopuceHko
E.C., EkumoBa H.A.

leonornyeckmii uHctutyt KHL PAH, Anatuts!

Maccus lMapoc-TyHapa pacnonaraetca B 3anagHon 4dactn KonbCKoro
nonyoctpoBa W aBnsAeTcA 4YacTbto HoTosepckoro runep6a3uToBoro
komnnekca [2, 3]. Ha ypoBHe COBpEMEHHOIo 3pO3NOHHOIO Cpe3a UHTPY3Kus
npencraBneHa Tenom nnowanpo okono 13 KM, BbITAHYTbIM B CEBEPO-
BOCTOYHOM HanpaeneHun. Bmelawowime nopogbl CMOXEHbl apXxencknumu
rPaHUTO- U rpaHoanoOpuUTO-rHencamn. B cTpoeHMm maccuBa BbIOENAIOT TPU
OCHOBHbIX 30Hbl (OT KOXHOrO K CEBEPHOMY KOHTAKTYy): 3HOOKOHTaKTOBas
30Ha (TOHKOpaccraHuoBaHHble amdubonoBble Mnopoapl), PUTMUYHO-
paccnoeHHas cepus (7 puTMoB, Kaxblil U3 KOTOPbIX HAa4YMHaeTCs AyHUTaMu
N 3aBepLuaeTca OpTONMPOKCEHUTaMK) U npegnonaraemMas BEpXHsis 30Ha, B
HacTosilllee Bpems MNPaKTUYecKM He obHaxalwascs Ha MOBEpPXHOCTU
Bcneacteme Hagsura. B maccmBe  ycTtaHOBnEeHbl 4 BKpanieHHbIX
XPOMWTOBBLIX FOPU30HTa MNIAcTOBOrO TUMA, a TakKxXe PsA JIMH30BUAHBIX U
cton6oobpa3zHbix Ten [5]. CornacHo paHee NpoBeAEHHbIM UCCNEAOBAHUAM,
cuyuTanocb, 4YTo popMMpoBaHNe MaccuBa npoucxoauno Ha pybexe 2.5-2.4
MIpA4. NeT, a caM MaccuMB GNM30K MO CTPOEHUIO, COCTaBy U YCIOBUSAM
¢dopmMmpoBaHus K paccnoeHHbIM WHTPY3MBHbIM KOMMekcam
naneonpoTtepo3os [5, 8]. OaHako reoXpoHONOrM4YecKoe U3yvyeHne nokasano
6onee monogon Bospact - 2.10-2.15 mnpga. net [9]. OnpeneneHune Bo3pacta
6asmpoBanocb B OCHOBHOM Ha Sm-Nd W30XPOHHbLIX OMNpPeAeneHnax cC
UCMOJIb30BaHNEM HE TOSMbKO NopoAoobpasyomx, HoO U MeTaMopdOreHHbIX
MuHepanoB (amcubon, pytun). OpHako, nocrneaywLwun aHanu3
NOSlyYEHHbIX [aHHbIX W  MOAENbHbIX BO3PacToB [alOT OCHOBaHUA
npeanonaratb 6onee ApeBHWIA BO3pacT MaccuBa, a NoslydeHHble paHee Sm-
Nd patupoBkn TpebyloT nepecmMoTpa W OOMOMHUTENbHLIX W30TOMHbIX
uccnepoBaHun. B cBA3M ¢ 3TMM OgHOM M3 [NaBHbIX Lienen HacTosilen
paboTtbl ObINO MccnefoBaHME  KAYeCTBEHHOIO  r€OXPOHONOMMYECKOro
MaTtepuana, oTobpaHHoro B xoge nonesblx paboT 2016 r. [na M30TOMHbIX
uccnenoBaHuii  6binn  oTobpaHbl  MPoObl  ONIMBUHOBBLIX  MUPOKCEHMTOB,
rapubyprutoB M AOYHWTOB W3 LEHTpasribHOW, Hanbonee COXpaHMBLUENCS,
YacTu maccuBa (B OCHOBHOM 5-11 1 6-1 pUTMbl). AHanuTUYeckKue npouenypbl
N XMMUYeckKasa NoAarotoBka npob ons M3oTonHOro aHanusa npoBoanusnCh No
MeToauke, noapobHo onucaHHowm B [7, 10]. Mo 11 obpasuam nopoabl B

uenom 6bina noctpoeHa Sm-Nd nsoxpoHa, orBevatowlan Bo3pacty 2485177
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MIH. neT, eyg(T) = +2.0+0.6 (puc. 2). CpegHuin MopgenbHbi BO3pacT Tpy
cocTaBnsieT 2.7 MNpA. net u 65nmM30K K MoaenbHbIM BO3pacTaMm Ans MNOpof,
pacCnoeHHbIX UHTPY3UI CeEBEPO-BOCTOYHOM YacTn banTtunckoro wwura [1, 6,
10].

MwuHepanbHasi U30XpoHa, MOCTPOEHHAasA MO paHee NoflyYeHHbIM AaHHbIM,
oTpaxaeT Bo3pacT 18721230 mnH. neT (puc. 1), 4to, B Npegenax owmnbku,
MOXET COOTBETCTBOBATb 3aNn3o4y MeTaMmopduyeckoro cobbiTus Ha pybexe
1.9 mnppa. neT u ykasbiBaTb Ha nepectpoiky Sm-Nd M30TONHON cucTeMbl Ha
ypoBHEe MuHepanoB. bnuskun Sm-Nd Bo3pact no nopoge u
mMeTamopcduryeckum pytunam - 1872176 mnH. net [9] - 6bin nony4veH ans
amcubonmsnpoBaHHbix rabbpoHoputoB Manoro [Magoca (catennut
MaccuBa). MNony4eHHbI BO3pacT UHTEPMNPETUPYETCS Kak BPEMEHHON pybex
nocT-metamopdunyeckoro ocTbiBaHUsl NOpPoA A0 TemnepaTtypbl 650°-600°C.
OTta TemnepaTypa COOTBETCTBYET TemnepaType 3aKpbITus M30TOMHON Sm-
Nd cuctembl B rpaHatax u3 rmMHO3eMUCTbIX FTHENCOB panoHa Asp-llagoc-
HoTa, Bo3pacT koTopbix okoso 1.89 mnpa. nert [4].

0.5122

57
05120 2 0ps
18724230 miH. JeT ¥
ENA(T) = +1.140.9 Dot
CKBO =22 7

0.5118

-
-

_~7 Chr-Spl

05116
2485%77 muH. neT
eNd(T) = +2.0+0.6
CKBO = 1.4

0.5114

147 Sm/ I-HNd

0.5112
0.10 0.12 0.14 0.16

Puc. 1. Sm-Nd n30xOpOoHblI ANs MopoA U MWHEpanoB PUTMUYHO-PACCIIOEHHON Ccepumn
MaccuBa

MonyyeHHblE N30TOMHO-FEOXPOHOSIOMYECKUE AaHHbIe, B COBOKYMHOCTU C
pe3ynbTaTtamMu MpeabiayWmnx WUcCcnefoBaHUi MO reoxmmumn, reodusmke,
neTponormm n MuHepanorum maccuea [5, 8, 9], No3BONAKT OTHOCUTb
MaccuB K OOLIMPHON NaneonpoTeEpPO30MCKON WU3BEPXEHHON MPOBUHLUN,
f6oraTtoil Ha MECTOPOXAEHNSI CTpaTerMyeckux BUAOB MUHEPanbHOro Chipbs -
Cr, Cu-Ni-Co, 3I1I', Ti-Fe-V.

Takum o6pa3omMm, HoBble Sm-Nd reoxpoHonormyeckne [paHHble
yKa3blBaloT Ha 6onee ApeBHMIN BO3pacT MOpPOL MaccvMBa U €ro pUTMUYHO-
paccnoeHHON cepum, KOTOpbIi BMM30K K BO3pacTy ManeonpoTepo30MCKON
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pyoHomMarMaTuyeckon cuctemMbl PeHHOCKaHAMHABCKOro Wwuta, AJIMTENbHO
pa3BuBaBLLeicsa Ha pybexe 2.53-2.40 mnpg. neT Hasaga.

Pab6ota BbinonHeHa npu duHaHcoBow nopgaepxke PPDU (rpaHTbl NeNe
16-05-00305, 18-35-00246 mon_a) u Mporpammel NMpe3nanyma PAH Ne48.
Tema roczagaxma Ne 0231-2015-0005.
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Pb-Pb Bo3pacT n3BeCTHAKOB U JO/IOMUTOB apaoLLeinCKOn
cBuTbl BocTtouHoro CasiHa

Cutkuna [O.P., Ky3Heuos A.b.

UHCTUTYT reosiorum u reoxpoHorsiormm gokembpus PAH, CankT-llerepbypr

[peBHMe ocafoyHble KapboHaTHble Mopoabl  UCMOSMb3YTCA  AnA
peLLEeHNs1 FeOXPOHOSIOrMYECKUX 3a4a4, NOCKOMbKY MOryT 6biTb AaTUPOBaHbI
U-Pb (Pb-Pb) meTtopom. T[lofnlydeHHble M30TOMHO-FEOXPOHOSIOrNYECKue
DaHHbIE N Sr-n30TOMHbIE XapaKTEPUCTUKN NMPUIroAHbI Kak Ans onpeaenexHns
BO3pacTa HEMbIX TOJL, Tak M MPUBEAEHUS pervoHasnibHow Koppenauun. B
HacTosALLEN pabote npoBeaeHo N30TOMHO-TEOXPOHONOrN4YecKoe
uccrnefoBaHMe  U3BECTHAKOB WM AOMIOMWUTOB — apaollencKon  CBUTHI,
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npeacrtaensouwlen cobor oanH u3 Hauboriee MHTEPECHbIX KapbOoHaTHbIX
KOMIMJIEKCOB Ha TEPPUTOPUN Oro-BOCTOYHON YacTn BoctouHoro CasHa.

Mopoabl apaoluenckon CBUTbI pacnpocTpaHeHbl B GacceliHe p. Apa-
Owen, roe umetoT MoLHocTb okono 2000 m. Paspes cBuThbl AenvTcs Ha ABe
YacTu, HUXHAS npeactaBneHa AOMOMUTOBBIMU U KanbUMT AONIOMUTOBLIMU
nopogamu, NpPeumMyLLECTBEHHO CBETJI0-CEPbIX TOHOB, 0ObIYHO WHTEHCUMBHO
OKpPEeMHEHHbIX. YacTo BCTpeyvalTcs JSIMH30BMAHbIE MPOCIION U CTAXEHWs
KpemHen. BepxHsasa yacTb CBUTHI CIOXEHa U3BECTHAKaMU CBETIIO- U TEMHO-
CEepow 0KpacKu, UHOrAa NATHUCTBIMW C FOPU30OHTaMM KanbLUWT-0OSIOMUTOBBIX
nopof. OcobeHHOCTb OTNOXEHUIA apaoLUENCKON CBUTbI 3aKrioYaeTcs B TOM,
4YTO OHM 060CO6NEHbl B UHAMBMAYASIbHBIN TEKTOHUYECKUIA BMoK, NMOSTOMY
HOpMarnbHble cTpaTUrpadnyeckme KOHTaKTbl CBUTbI HAFQE HE OOHapYXeHbl.
Ha ocHoBe nwutonoro-ctpaturpamyeckux UCCrnefoBaHUn M MO CMOPHbIM
HaxoJKamM OpraHM4Yeckux OCTaATKOB BO3pacT apaolUenNCKONW  CBUTHI
onpepenseTcsa B UHTepBare oT BeHA-kembpus [1] oo opaosBuk-cunnypa [2].

Mpu nsyveHnm Rb-Sr n U-Pb cuctem kap6oHaTHbIX NOPOA NPOBOANIOCH
npeasapuTensHoe netporpadu4yeckoe, MUVHepanornyeckoe "
reoxMMM4yeckoe WccrefioBaHne 4YTO MNO3BONWMO BbIABUTbL  0Opa3ubl
Hanbonee npurogHble pAnsa nonyyYeHWss Bo3pacTta. Takue obpasupbl
06HapyXeHbl B HAXHEN YacTu CBUTbI U NPEACTaBNSAT cObon yrnepoamcTblie
N3BECTHSKU 1 A0NOMUTbI ¢ HebonbLon gonen (>1%) cunnkaTHom NpuMecHy,
npencTaBfieHHON CNOAoN 1 KBapLeM. B Heckonbkux o6pasiuax n3BeCcTHAKOB
n ponomuTax ob6HapyxeHbl 3epHa amdubona, 4YTO MOXET SBNATLCA
cnepgctenem  MeTamopduyeckoro npeobpas3oBaHus nopod. B xope
reoXMMUYECKOro uccnepoBaHns OblI0  BbISBMEHO, 4YTO  WU3BECTHSIKU
apaowlenickon cBuTbl cogepxat mano Mg (0.1-1.4%) wu Hebonblioe
konuyecTBo TeppureHHon npumecu (1.5-5%). CopepxaHue Mn, Fe, Sr B
obpasuax 13-278, 127-536 n 970-2647 MKr/r COOTBETCTBEHHO. [JONOMUTBI
Takxe cogepxaT mano teppureHHon npumecu (1-2%), a cogepxaHme Mn,
Fe u Sr B Hux 14-26, 259-571, 88-157 MKr/r COOTBETCTBEHHO.

OTHoleHne 8Sr/®sr B M3BECTHAKAX, YO0BNETBOPAOLLNX
reOXMMUYECKUM KPUTEPUSIM COXPaHHOCTU M3OTOMHbIX CUCTEM KapboHaToB
(Mn/Sr < 0.2, Fe/Sr sst';) [38]6, coctaBuiio 0.7085-0.7086. B ponomutax atom
Xe CBUTbI OTHoLeHne “ " Sr/°"Sr paBHanocb 0.7084-0.7086.

Ona wn3yyeHus U-Pb cuctem 6binu BbiGpaHbl Te xe 06pasupl,
YOOBMNETBOPAOLLME YTOMAHYTHIM BbiLLE FEOXMMUYECKMM KpuTtepusm. B xoae
npobonoarotoBkn ob6pas3ubl obpabatbiBanuce 1N pactBopom HCI npwm
KOMHaTHOMW TemnepaType QA0 TMOJSIHOrO pacTBOpPeHMA KapboHaTHOM
COCTaBNAKOLEN HAaBECKMN. CogbepxaHme Pb B o6pa3uax BapbupyeT o1 0.1 o
1.1 MKr/r. OTHoweHue *®°Pb/***Pb B ussecTHsKax 1 JonomMuTax HaxoguTca B
npepenax 19.238 po 92.675. lectb 06pa3uoB W3BECTHAKOB Oblnu
OOMOSTHUTENBHO MOABEPrHyThl TpexcrtyneHdyatomy pactBopeHuto B 1N HCI,
oTHoLweHue **°Pb/’%Pb B nepBow nony4yeHHow dpakunm nameHsetca 23.462
- 31.050, Bo BTOpON 23.256 - 29.347, B TpeTben 25.266 - 33.745. Kpome
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Toro, 6bin U3yyeHo ABa obpa3sua amdubona, otHowwenmne 2°Pb/**Pb B Hux
coctaBuno 32.746-34.572.

BospacTt gonomutos n amgnb0onoB apaollenckoin CBUTbI, BbIYUCIEHHbIN
B KoOpAuHaTax W7pp204pp . 209pp2MpL o Bcem ToukaM  BanoBbX
kapboHaTHbIX pakumin paBeH 440135 mnH. net, CKBO=5.8. 310T BO3pacT
coBnajaeTr CoO BpeMEHEM OpAOBUKCKOro oporeHesa [3] u, BeposiTHO,
oTpaxaeT Bpems MeTamMopdu3ma, MOCKOMbKY TEKTOHWYeckme U
MeTacoMaTuyeckne cobbITUSl, COMPSIKEHHbIE C HUM, MOFMM MPUBECTM K
nepekpucTannnsaumm ocafoyHbix KapboHaTHbIX nopoA u "nepesanycky" U-
Pb cuctem. Mpu ncnonb3oBaHuM B pacyeTax TOYEK BanioBoN KapboHaTHoOM
cocTaBnawLwen obpasuyoB 1 dpakuMin CTyneH4yaToro pacTBOpPeHUs TONbKO
N3BECTHAKOB BoO3pacT cocrtasndetr 520+40 mnH. net, CKBO=1.2. 3to0T
BO3PacCT COOTBETCTBYET paHHEMY KEMOPUIO, YTO XOPOLLO corflacyeTcs ¢ Sr-
XemMocTpaTUrpaduU4ecKMMmn AaHHbIMU, MOCKOSbKY MOSIyYEHHOE OTHOLUEHMWE
¥Sr%°Sr B m3BecTHsikax (0.7085-0.7086) Obino xapakTepHo pJnis
paHHekeMbpuiickoro okeaHa [4]. PaHHekeMbpuiicknin Bo3pacT kapboHaToB
apaoLLEenNCKON CBUTbI MNOATBEPXAAET KOHLEMNUMIO O MPUHAANEXHOCTU MOPOL,
9TOM CBWUTbI K BEHA-KEMOpPUINCKOMY OCafloMHOMY yexny  TyBWUHO-
MoHronbeckoro maccusa.

PaboTa BbinonHeHa npu puHaHcoBon nogaepxke PODU (npoekt Ne 16-
05-01090).
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[MepBble AaHHbIE 0 BO3pacTe U reOXMMUKU LIMPKOHa U3
pUOEKUTOBbLIX FPaHMTOB peaKo3eMesIbHOro MeCTOPOXAeHUs
BepxHee 3cne, Ka3zaxcTaH

Ckybnos C.F.1’2, JleBawoBa E.B.1, Oiuesa T.A.3, ObsaykoB 5.A.3, lllaToBa
H.B.*, LaTos B.B.*

"Vt PAH, CankT-lNerepbypr; Zenry, CankT-lNeTepbypr; SBKITY, Ycrs-
KameHoropck; *BCETEMY, CankT-lTerepbypr

Zr-REE-Nb-Ta mecTtopoxpeHune BepxHee Ocne pacnofnioxeHo B CEBEpO-
3anagHbix oTporax TapbaraTaiickoro xpebTta B BOCTOYHOM 4acTu
LlenHtpanbHoro KasaxctaHa. MecTtopoxaeHMe  MpOCTPaAHCTBEHHO U
reHeTUYECKN CBA3AHO C LLENMOYHBbIMU rPaHUTaMM, KOTOPbIE JIOKan1M30BaHbl B
LeHTpanbHon 4actn Tneymbet-Caypckoro nosica LENOYHbIX TPaHUTOB.
PypHast MyuHepanu3aumsa npencraBrieHa Menkon BKpansieHHOCTbI0 LMPKOHA,
nupoxmnopa, TopuTa, 3nbnuouta, rarapuHuta (OCHOBHOIO KOHLEHTpaTopa
REE, BnepBble OTKpbITOro B BepxHem 3cne) n apyrux peakux MuHeparsrioB
(Belov, Ermolov, 1996). [eoxpoHonormyeckune p[aHHble MO BO3pacTy
BepxHero 3cne KpaiHe nMMUTMpOBaHbI. Micxoas M3 obLwmx reonormyecknx
npeacTaBfieHMn 0 Bo3pacTe pyaHON MuHepanu3auuu okono 250 mnH. ner,
ONnsi pubeKMTOBLIX rPaHUTOB ObiNM ONpeAeneHbl BapbupylOWME 3HayYeHus
Nd-mogenbHoro Bo3pacta - 243, 286 u 391 mnH. net (Heinhorst et al.,
2000). Hamn npoBepeHo wu3oTonHo-reoxnmudeckoe (SHRIMP-II, SIMS)
uccrnepoBaHue LMPKOHa U3 MENKO3EpPHUCTBIX pUBEKNTOBLIX rpaHMToB (06p.
11VE), oTobpaHHbIX B 9HAOKOHTaKTOBOM 30He Manoro Kynona.
MenkosepHuUcTole  puOGEKUTOBblE  FPaAHUTbI  OTHOCATCA KO  BTOpOM
WHTPY3MBHOW (ha3e Keperetac-sCruHCKOro KOMMMEeKca WM SBMATCA
OOMONMHUTENBHON (pa3oM 3TOr0 KOMMMEKca, MNOpPOAbl MPaKTUYECKM He
noJBepXeHbl MeTacomaTu4eckum npeobpa3oBaHUsIM. LinpkoH
npeacTaBneH aBregpanbHbiMyM 3epHamn, pocturaowmmmn 100-200 Mkm B
nonepeyvHuke. YCTaHOBMEHbI MUKPOBKIIIOYEHUss anbbuta n kanuwnarta. B
BSE-n306paxeHnn NpocrnexvBaeTcsi reTeporeHHOCTb CTPOEHUsl LUPKOHA:
LeHTpanbHas 4acTb COAEPXWUT Y4yacTKU WM 30Hbl MO MEPUMETPY
LeHTpanbHon yacTu, noasepriivecs nepekpucTannnsaumm "
oTnuyarolimecs TeMHblIM oTTeHKoM B BSE. KpaeBada 3oHa 3epeH
OTHOCUTENBHO YMCTasA, HO MpPOHU3aHa TpewmHamu. o cemMu TouKam,
MOCTaBfiEHHbIM B HauMeHee W3MEHEeHHble Y4YacTKM UMPKOHa, 6bin
onpegerneH koHkopaaHTHbln (CKBO = 0.50) Bo3pacT 28313 mnH. neT (puc.),
KOTOpbIV COBMafaeT C AatupoBkon 284+4 mnH. net rpaHnToB KepereTtaca,
BXogAwWmx ¢ rpaHutamu BepxHero Ocne B eauHbln Komnnekc (Rb-Sr,
BekxaHoB, 1996). Copepxanne REE u gpyrux HeopMynbHbIX 3f1IEMEHTOB

3HaUMTENbLHO YyBenuuMBaeTCA B [AOMEeHax W3MeHeHHoro uupkoHa (XREE
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Bo3pacTtaet o 43600 ppm, Y - po 22500 ppm, Nb - po 9400 ppm).
XapaktepHa otpuuatenbHas Eu-aHomanusa (Eu/Eu* B cpepgHem 0.04).
Ckopee Bcero, oboralleHne UMPKOHA HECOBMECTMMbIMU 3feMEHTaMM
ABNAETCA CIEeACTBUEM BO3AEWCTBUS DNIOUAOHACBILEHHBIX OCTaTOYHbIX
rpaHuTHbIX pacnnaesoB. U-Pb Bo3pacT uupkoHa okono 283 MnH. net
BO3MOXHO paccMaTpuBaTb Kak Bpems 06pas3oBaHuMs MeCTOPOXAEHUS
BepxHee Ocne. YcTaHOBNEHO, 4YTO LUMPKOH SABMASETCA 3aMETHbIM
KoHueHTpaTopoMm REE, Y, Nb.

0050 data-point emor elipses are 25 | ||\pXOH/XOHAPUT
100000

10000

0.048
obpaszey 11VE

A n=17)
KOHKOPAAHTHBIN
BO3pacT

283 + 3 Ma

CKBO = 0.50

1000

0.044

*Pb/*U La Ce Pr Nd  Sm Eu Gd Dy Er Yb Lu

PucyHok. padvk c KoHKopguenm u cnekTpbl pacnpepeneHus REE B uupkoHe w3
p1BeKUTOBbIX TPaHUTOB MecTopoxaeHusi BepxHee Ocne

PaboTbl BbinonHeHa npu cduHaHcoBon nopaepxke PODU (rpaHTt 16-05-
00125).
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HoBble aaHHble 0 BO3pacTe UMpPKOHa, pyTuna U1 MoHauuTa u3
pyaonposienenus Nuetvio, CpegHuin Tumax

Cky6nos C.I"."?, Makees A B. KpaCOTKMHa AO2 PM3BaHOBa H.I,
KowmaH c TomceH T.BS , Ceppe C X5

"wrr, L PAH, Ca/-//(r-ﬂerepb'ypr Zenry, CaHKr-ﬂerepb'ypr SUrEM PAH,
Mocksa, S/I/INH Crokronbm; GEUS KonieHrareH

Muxemckoe MeCTopoXaeHue TMTaHa " nonnuMuHepansHoe
pynonposBneHve W4yeTnblo, pacnonoxeHHole Ha CpegHem TwumaHe, B
nepcrnekTMBe MoryT ObiTb KpalHe BOCTPeOOBaHHbIMU Kak B OTHOLUEHWM
rMraHTCKMUX pecypcoB TUTaHa, Tak u B nnaHe pepkux metannos (Y, Zr, Nb,
REE), anmasoB u np. [MakeeB, Cky6noe, 2016]. [NMonumunHepanbHoe
pyoonposiBneHue NyeTbio npeacraenseT cobon rOpu3oHT
KOHrnobpeKymeBbIX NOpoA, CO CIOXHON NATHUCTO-CTPYNYaTO-NIMH30BUOHON
Mopdonormen Ten u BblaepxaHHon molHocTblo oT 0.2 go 1.5 m. lMopogpl
py£onposBreHNs npencraBneHbl CBETNO-CEPbIMMN KBapL,eBbIMU
necyaHukamu, rpaBenMTamMun, KOHIFIOMepaTaMn U  KOHrmobpekvmamum,
3aneranwmmMm Mexay ABYMsi MOLLHBIMW TOJSLLAMW B OCHOBaHUN NMUXKXEMCKNX
MOHOMMWHeparbHbIX KBapLEBbIX NECYaHNKOB U BbILLIE UIbMEHUT-NENKOKCEH-
KBapLueBOW  Manopy4yenmckon  TUTAHOHOCHOW  Tonwm  [luxemckoro
MECTOPOXAEHNS.

HecmoTpa Ha 3HauuTenbHOe KONMMYecTBO paboT, MOCBSILLEHHbIX
MWHepanbHOMYy cocTaBy pygonposieneHus Wuetbio, npobnema ero
reHesnca, UCTOYHUKOB PyLHOro BELLECTBA U BO3pacTa OCTAeTCA OTKPbITON.
[o cux nop psag wccnegoBaTenen NpPUOEPXKMBAETCS TOYKU 3PEHUA, YTO
pyoonposBsneHne Nyetsio, kak u lNMuxemckoe mectopoxpeHve, ABndeTcs
pOCCbINbI0  WAM  KOpPOW  BbIBETPMBAHUA OEBOHCKOro Bo3pacta Mo
NnoACTUNaloLWLnMm cnaHuam. ABTOpbI HacTosLero coobLeHuns
NPUAEPXMBAIOTCA TOYKM 3pEHUA O ruapoTepMasnibHOM TreHe3uce 3TUX
MECTOPOXAEHUA U B KayecTBE WCTOYHMKA TUTAHOBOM pyAbl MpUBIEKaloT
namnpodupsbl, WMPOKO pacnpocTpaHeHHble Ha CpepgHem TumaHe. Hamu
NpoOBEAEHO  KOMIMMEKCHOE  U30TOMHO-TEOXMMUYECKOE  UccnefoBaHue
UMpKOHa, pytuna u MoHaumta (TIMS, SIMS wun LA-ICP-MS wmeToapl),
COMNpPOBOXAaeM0oe N3y4YeHneM reoXnMmnm MnHepasnioB-reoXpoHOMETPOB.

YcTtaHoBneH peavanwnii cnyyan npeobpas3oBaHus KaiMbl LMPKOHA M3
pyoonposBneHuss Myetwlo B Mukpoarperatel Oappeneuta, pytuna u
dnopeHcuta [Cky6nos u ap., 2018]. Cmecb HOBOOOpa30BaHHbLIX MMHEPATOB
OTNN4YaeTca pe3Ko MoBblWeHHbIM copgepxaHmem LREE, Y, Nb, Ca, Ti.
0630p 3KCNneprMeHTasbHbIX uccnepoBaHum no peakuMOHHbIM
B3aMMOOTHOLLEHNAM LUMpKOHA M Gagpenenta M eAMHUYHBIX MPUPOAHBIX
aHanoroB Mo3BONSET cAenaTh 3aK4yeHue, 4To Haubonee BeEPOSITHLIM
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MexaHu3MoM npeobpas3oBaHus LMPKOHa B Oapaeneut 6biio BO3AENCTBUE
Ha LUMpPKOH BbicOKOTEMNepaTypHbix (He MeHee 500-600°C) LIENOYHbIX
dnionpos, TpaHcnoptupytowmux HFSE. KocBeHHO 3TO nopTBepxpaeTcs
HaxodKamMu LMPKOHA C aHOManbHO BbiCOKMM cogepxaHnem Y n REE po
100000 1 70000 ppm cooTBeTcTBEHHO [MakeeB, Ckybnos, 2016].

Cpean  uupkoHa  pyponposiBneHus  WNuetbio u  [uxemckoro
MECTOPOXAEHMSA MpuUcyTCTByeT Oonbluas [ons UMPKOHa C BO3pacToM B
uHTepBane 572-1000 MnH. neTt, KoTopble HEe MOrMM OblTb MPUHECEHbI U3
OpYrMx NPOBUHUMWA WM OTCYTCTBYIOT B MOACTMNAOWMX cnaHuax. eoxmmuns
penKux SNeMeHTOB B LIMPKOHE M3 CMaHLEB PEe3KOo OTNM4yaeTca OT TakoBOW B
uMpkoHe n3 pyponpossrneHna Nuetbto n MNuxemckoro mectopoxzaeHus. B
cnaHuax oTcyTcTByeT aHomanbHo 6Goratbii Y, P u HREE uupkoH,
XapaKTepHblii Ana AByx obcyXxAaemMblX Bbille TUMAHCKUX MECTOPOXAEHWIA.
Takum obpasom, noacTunatrome HeonpoTEPO30MCKUE TNUHUCTLIE ChnaHLubl
HEe MOrMM ObiTb KOPEHHbIM WUCTOYHUKOM HW UMPKOHA, HU TuTaHa Ans
dopmMrpoBaHns pyaonpossneHnst Muyetsbio n MNnxemMcKoro MectTopoxXxaeHus.

BnepBble npoBeAeHHOE  U3OTOMHO-TEOXMMUYECKOE  UCCrefoBaHue
pytuna wn3 pygonposiBneHna WM4yetbio nokasano, 4YTo MOCTYNUBLUMA U3
pa3HbIX UCTOYHUKOB Pa3HOBO3PACTHLIN (NPeAnoNioXMTENIbHO C BO3pacToM
okono 1000, 1660, 1860 n 1980 mnH. neT) pyTun npetepnen obuwee ans
BCEX €ro pasHOBWAHOCTEN TepmasibHOe BO34EWCTBUE B pe3ynbrarte
npouecca ¢ Bo3pactom okono 580 wmmH.  net. Pe3ynbrathl
reoxXpoHOSIOrMYECKOro UCCnefoBaHns pyTuna cornacyloTcs ¢ NpoBeAEHHbIM
paHee U-Pb paTtupoBaHvem uupkoHa w3 pygponposBrneHus WN4yetbio u
Muxemckoro mectopoxaeHuss [Makeee un ap., 2016, 2017]. CornacHo
COBpPEMEHHbIM MpeAcTaBneHnaM TemnepaTypa 3akpbiTua U-Pb cuctembl B
pytune coctaBnaet He MeHee 500°C, uTo npepgnonaraetT AOCTaTOYHO
BbICOKOTEMMEpPATYpPHbIE YCINOBMSA TMApOoTEpManbHOW nepepaboTku pyTuna
npu copmMmMpoBaHuUM paccMaTpuBaeMbiX MECTOPOXAEHU B pudenckoe
Bpemsa. OuyeBMAHO, 4TO noaAepxuBaemMass pagoM  uUccnegoBaTenen
poccbinHas runoTe3a obpa3oBaHMsA TUTAHOBbLIX MecTopoxaeHui CpegHero
TumaHa He 06bSCHAET TakMxX TemrepaTypHbIX PeXumMoB npeobpa3oBaHus
pyTuna.

M30oTonHo-reoxmmmnyeckoe uccrnepoBaHue MOHauuTa n3
pyoonposBrneHnss  MuyeTblo  Takxe  npoBegeHo  Bnepeble.  O6Ge
NPUCYTCTBYKOLUME B MOpoAax Pa3HOBUAHOCTU MOHauUMUTa - Kynaput U
«OObIYHbIA» MOHAUMUT XENToro OTTeHKa MO KpawHe HU3KOMY COAepXaHMHo
Th, a Takxe p[pyrMM TreoXMMWYECKUM TMpU3HaAKaM - MOHUXEHHOMY
COLEpPXaHU paga pefkux 3reMEeHTOB, OTCYTCTBUIO oTpuuaTensbHon Eu-
aHoManuu OTHOCATCA K rmapoTepManbHOMy TNy MoHaumTa [Schandl et al.,
2004] NokanbHoe JaTMpoBaHie MOHaLMTa AANo ABa NUKa 3HauYeHus Pb—

¥y BO3pacTa - [MaBHbI MWK C BO3PacToM 10001060 JMITH. netr wm
MOAYMHEHHbI C Makcumymom okosio 570 MITH. neT %®pp-232Th BO3pacT,
onpepeneHHbIl B Tex xe Toukax, uto un “°Pb->**U BospacT, man Tonbko

327



3Ha4veHusa B wupokom nHtepsane 500-700 mnH. neT. CToNb 3HAYMTENBHOE,
Ha COTHW MfH. net, pacxoxaeHue “°Pb-**U u 2®pPb-**’Th Bospacta ans
MOHaLUTa SBMSIETCS KpalHe peakum (peHOMEHOM, HeAABHO BbISIBIEHHbLIM
npu rmapoTepmanbHOW  NepekpucTannmMsaumm MoHauuTa  [Seydoux-
Guillaume et al., 2012].

Takum o6pa3om, Bce TpU M3YYEHHbLIX MUHepana-reoxpoHomeTpa u3
pyaonposBereHns M4eTbio N30TOMHLIMU CUCTEMAMM 1 COCTaBOM MO PeEfKUM
anemMeHTaM (UKCUPYIOT WMHTEHCUMBHOE TMApOTEPManbHOe cobbiTve ¢
Bo3pactoM okono 600 mnH. neT. 370 cobbiTMe He MposIBNEHO B
NOACTUNAOWMX  TUTAHOBbIE  MECTOPOXAEHUST  Mopodax W MOXET
paccMaTpmBaTbCA Kak BO3pacT 06pa3oBaHuA TUTAHOBbLIX MECTOPOXAEHWN
CpeaHero TumaHa.
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O Bo3pacTte oHAOKCKOM cBUTbI CeBepHoro Npubaitkanbs u
€OMHON HeonpoTepo30iM paHHENaneo30MCcKon 3BOSIOLMN
PYAOHOCHbIX 0CaA04HbIX KOMIMIIEKCoB ora Cnbupckoro
KpaToHa

Cky30BaToB c.lo.'?, Byask AE., Tap1ascoaa 0.1.!, Banr K.-N2, lopsiueB
HA."

"MIrx CO PAH, Upkytck, PoccusPIES AS, Taipei, Taiwan; >CBKHW [JBO
PAH, MaragaH, Poccus

B npepenaxioxHoro ob6pamneHns Cubupckoro kpaTtoHa Haubonee
3HaYNMbIMU PYAHBIMU PErMoHamMu ABNATCA JIeHCKUIn 3010TOPYAHbIN PanoH
BopanbuHckoro cuHknuHopua (JI3P) u conpsixeHHbin ¢ HAM ONOKUTCKUI
nonumeTtannuyeckui (Ba-Pb-Zn) paion (OlP). OuckyccnoHHbIM siBnsieTcs
BOMPOC  BO3pPacTHOW  MPWUHAANEXHOCTU  PYOOHOCHbIX  FOPWU3OHTOB,
Koppenauus NCTOYHMKOB Mofie3Horo KOMMOHEHTa "
naneoreognHamMn4eckux cobbITuA, cNOCOBCTBOBaBLUMX MX (POPMUPOBAHNIO.
B paspe3se HeonpoTepo3onckux yrnepoacoaepxaiumx tonw, JI3P Hanbonee
3HaYUMbIM ABMSETCA AANbHETAUIMHCKUN-XYWHCKUIA TOPU30HT, BMELLAIOLL NI
uenbin psg mectopoxpaeHunAu (YraxaHckoe, Cyxowm Jlor, n gp.) [1-2].
BospacT oTtnoxeHun ropusoHTa oueHnBaetca B ~610-635 mnH. net [3-4]. B
CpaBHEHUN C NOACTUNAOLLMMMK U NEPEKPLIBAIOLMMMN TOMNLLAMM, OTIIOXEHUS
3TOro0  UMHTepBana obnagalT cuaepodunbHON  creunanusaumen wu
HagknapkosbiMu copepxaHusamn Au, Ag, Pb, Zn, Ba, P, Mn [2, 5-6]. B
npepenax OlP Bce mecTopoxaeHusa u pygonpossnenus (Pb-Zn, Ba-Pb-Zn)
TakXe NpUypoYeHbl K eANHOMY FOPU30HTY, MPeaCcTaBlIeHHOMY UTBIKUTCKON U
OHOKCKOWN CBUTaMMm.

Hamu nposepgeHo onpepgeneHne U-Pb Bo3pacta AeTPUTOBLIX LIMPKOHOB
n3 obpasua yrnepoacoaepXallero rMUHUCTOrO CraHua OHZAOKCKOW CBUTHI.
Oatbl 3epeH c guckopgaHTHocTblo MeHee 10% npeumyLLecTBEHHO
CrpynnupoBaHbl B KnacTepbl ¢ naneonpotepo3oun-apxenckumm (2786-1771
MSIH. NeT) U HeonpoTepo30MCcCKMMKN 3HaveHuamMmu (980-597 mnH. net) (puc.
1a), yka3biBas Ha BEHACKUI BO3pacT OCaAKOHaKOMEHUs OHAOKCKOW CBUTbI
(7600 MnH. NeT) U 3HauuUTEeNbHbIA BKMA[ «HECMOUPCKOro» WCTOYHMKA,
npeacTaBneHHoro nopoaamun bBaikano-Myiickoro TeppenHa. Ocob6eHHOCTH
U-Pb cuctembl psaaa kak AUCKOPAAHTHbIX, TaK U HEKOTOPbIX KOHKOPAAHTHbIX
3epeH, npegnonarawT CyLWecTBEHHOe BnusHWe 6onee nosgHero (He
apeBHee 569 MnH. net) meTamopduveckoro cobbiTsi. MI30ToMHbIA cOCTaB
CBUHUA TONW, BMewawwmux Ba-nonumerannmyeckoe MeCTOpoOXAeHUe
Moko-Pbibaube  (MTbikUTCKasi  ceuta) W Pb-Zn  XonogHuHckoe
MeCTopoXxaeHne (OHOOKCKas CBWTA) YKa3biBalOT Ha €AMHbIA UCTOYHUK
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pyOHOrO CBMHLA Ha BCEM 3Tane ceguMeHTauuu AanbHEeTanrnHCKOro
ropu3oHTa Npu pasnuymm mogenoHoro Bo3pacta B 10-20 mnH. net [7], uTo
CXOXe C npeprnonaraeMoi pasHULEn Mexay OTIOXEHUAMUN BYXYUXTUHCKON
N XOMONXMHcKon cBut B pa3pe3e bIH [3-4]. YBenuueHHble B 3-5 pas
3HayeHua akcranaTueHoro moayna (Mn*Zn*Pb/Ti) B 0TNOXeHnAX OHOOKCKON
M XOMOJSIXMHCKOW CBWUT OTHOCWUTENbHO MNOACTUNAOLIMNX  OTMAOXEHWUN
fGanaraHaxckoro ropu3oHTa npeanonaralT CyLleCcTBOBaHWE  €AMHON
06CTaHOBKM NOABOAHbIX SKCransumin npu hopMUMpOBaHUM pyAOBMELLAOLLMX
TOSW, B YCMNOBWMAX cnpeguHra 3apyroBoro 6GacceliHa. [eoxumuyeckas
cneumanmsaums utblikutckon ceutbl (OlMP) Ha anemeHTbl NUTOUIBLHOrO
YKIOHa pe3Ko OTAnyaeTcs OT OTNOXEHMN OHOOKCKOW CBWTbI, KOTOpas
XapakTepusyeTcs MOBbILEHHOW XanbKOoCUAepoUunbLHOM cneuuanuaaumen,
O[HAKO CXoXa C TakoBomn Ans 6yxyuxtuHckon ceutbl (J13P), ana kotopoi
MapKuUpyoLMM SIBNSEeTCA BbICOKOe copepxaHue 6apua (go 0.2 %) u
oTpuuaTesnbHble 3KCKypchl cuaepodunbHbix anemeHToB (Cr, Ni, Co, Mn). C
Y4E€TOM MOJSTyYEHHbIX BO3PACTHbIX AaHHbIX, MOXHO KOHCTaTupoBaTb (haKT
CMHXPOHHOIO HaKomnneHus 6yXyMXTUHCKOM M xomonxuHckon csut J13P ¢
UTBIKUTCKOM W oOHpoKcko ceButammn OlMP M ux ob6lero oTHeceHusa K
hanbHETaNrMHCKOMy ropusoHTy (puc. 16).
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Puc. 1. (a) PacnpegeneHne BO3pacToB LMPKOHOB OHAOKCKOW CBUTbI C AUCKOPAAHTHOCTbIO
MeHee 10% wu (6) koppensuusi OTNOXeHuW no3gHero npoTepo3os baiikano-MNatomckoro
pervoHa

Ycnosua QopmMupoBaHusa fanbHEeTarMHCKOro ropu3oHTa B UCTOPUM
IOXHON  OKpamHbl ~ CuMOBMPCKOro  KOHTUHEHTa  XapaKTepu30BasucCb
creunuryeckum coyeTaHneMm reouHaMuUyeckux u naneoreorpauyeckmx
0bCTaHOBOK  CeAMMEHTOreHesa, OnpefenuBLINX  MeETannoreHNnYecKui
noteHuman otnoxeHun [5]. Pyapl rmgpotepmanbHO-cTpaTndOpMHOro
NONMMETaNNMYeckoro mectopoxaeHuin Vloko-Peibaube 1 XonogHWHCKoe
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(OMNP) dopmupoBanmMcb HemnocpeacTBEHHO BONU3M 30HbI  CrpeauHra
3apyroBoro 6acceiiHa B npefeniax CBA3aHHOrO C HUM FMAPOTEPMarnbHOro
Mons CUHXPOHHO C OCafAKOHAaKOoMNfieHMeM, TOraa Kak Te Xe Mpouecchbl MOrfm
OKa3blBaTb BMMAHME Ha Treoxumuyeckue OcOBEHHOCTU amarmaTUyHbIX
oTnoxexwun bBopanbuHckon, [lMpuneHckon u [pubankanbCKoOMn  30H.
CepvmeHTOreHHoe HakonneHue NPOAYKTOB rmgpoTepMarnbHON
OEeATEeNbHOCTU ABMANOCH NEPBbIM 3TanoM (POPMUPOBAHNA MECTOPOXAEHMUN
n pygonposieneruin B bankano-lNMatomckom 3agyroBomM naneobacceriHe [5].
O6pa3oBaHNe MNPOMBLILUSIEHHO  3HAYMMbIX  MECTOPOXAEHMI  3050Ta
npoucxoawno  Mpu  JanbHewwen  3BONIOUMU  CMeuuanu3upoBaHHbIX
yrnepoancTbIX 0cagKkoB c nx nocTceanMeHTaLNOHHbIM
nepepacnpefeneHneM 1 HaKOMieHWeM pYAHbIX KOMMOHEHTOB BMSOTb A0
PYOHbIX KOHLEHTpaLui B yCNOBMAX KarieAOHCKOro oporeHesa.

Pabota BbinonHeHa npu YyacTuyHon noanepxke PODU (rpaHt Ne 18-05-
00081).
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U-Pb reoxpoHonorus LUpKOHOB U3 NOSIOCHATbIX XENe3UCTbIX
KBapuuTtoB byHaenkxaHackoro kpatoHa (MHaus): orpaHuyeHus
BpeMeHU (hopMUPOBaHUSA

Cna6yHos A.W.", Cutrx B.2

wr KapHL| PAH, lNerpo3aBosgck; ’5 VHAESIKXHACKUY YHUBEPCUTET,
LxarHcu, NIHansa

MonocuaTtble xene3uctble kBapuutbl (BIF - banded iron formation)

ABNAKTCA BU3UTHOMN KapTOLIKOVI ,EI,OKeM6pVIﬂ N WWNPOKO pa3BUTbl B COCTaBe
3€fIEHOKAMEHHbIX W CNaHUEBbIX KOMMIIEKCOB. 3OTO B MOJSIHOWM Mepe
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OTHOCUTCA W K CynpakpycTanbHbiM o6pa3oBaHusiM ByHOenkxaHCKoro
KpaToHa NHAMICKOro wuTa.

ByHOoenkxaHACKMM  KpaToH — COCTOWT,  [naBHbIM — obpa3om, U3
Heoapxenckmx (2.51-2.53 mnpg netr - Ga) MUKPOKAMHOBBLIX FPAHUTOB.
BmecTe ¢ Tem, 3aechb ycTaHOBNEHbI Naneo- n Heoapxewnckue (3.6-3.2 n 2.67
Ga) rpaHuToMAabl TOHaANUT-TPOHALEMUT-TPAHOANTOPUTOBOW (TTI)
accounaumn, Heoapxenckme (2.54-2.52 Ga) caHykuTOoMabl, a TakKxe
3eNneHoKaMeHHble KoMMnekcbl. B coctaBe Me30- M HeoapXencKmx
LleHTpanbHO- 1 HOXHO-ByHOENKXaHACKOro 3efIeHOKaMEHHbIX KOMMEKCHI
[CnabyHoB u pgp., 2018; Singh, Slabunov, 2015 u ccbinkn Tam] U3BECTHbI
BIF.

LleHTpanbHO-ByHaenkxaHACKUn 3eneHokaMmeHHbln  komnneke (L B3K)
cnaraet psig MOSICOB, KOTOpble MpPOCTUPAlTCA C 3anaga Ha BOCTOK
npumetHo Ha 150 kKM ¥ paccekaloT KpaToH Ha ABa TeppenHa. HOxHo-
ByHpoenkxanbckuin 3eneHokameHHbln komnnekc (HOB3K) Haxogutca B
COCTaBe 0XHOro TeppenHa, roe oH dopmupyet mpapckuin nosic [Singh,
Slabunov, 2015; Slabunov et al, 2017].

CynpakpyctanbHble  obpazoBaHus LIB3K  coctoatr u3  aByX
CTPaTOTEKTOHMYECKUX accouunauui: paHHEN, NpeAcTaBiEHHON Tpems
Tonwamn 1) metabazanbT-ynbTpaba3uToBo, 2) METapUONMT-gaLUMTOBON U
3) BIF 1 nosagHen, CnoXeHHOW KUCNbIMU BynKaHuTaMn. KOHTaKTbl Mexay
TONWAaMM 1 accoumaumsiMm o6bIYHO TEKTOHMYEeCKMe, XOTA HekkoBas ¢asza
NO34HUX KMCAbIX BYNIKAHUTOB MMEET HOpMarbHble UHTPY3UBHbIE KOHTAKThI
[Singh, Slabunov, 2015]. Bo3pacT KMcnbiXx ByNKaHMTOB paHHen accoumaumnm
- 2810+13 mnH net (Ma), a nosgHen - 2557+33 Ma. TeKToHu4Yeckue
KOHTaKTbl 4acTO COMpOBOXAAKTCA Heoapxenckumun (2687111 Ma)
mMeTacomaTtamu. CnefyeTt TakkXe OTMETUTb, YTO B FOXXHOM 60pTY 3TOro nosca
onucaHbl MPOSIBIIEHNS apXeNCKOro 3KNormMToBoro Metamopdguama.

FOB3K coctouT 13 gByx Tonuy: KBapumtoB (4acto ¢ dykcutom) u BIF,
MeXxay KOTopbiMW OTMe4deHa Heborsbluas nMH3a gonoMuTtoB. B kBapuwmTtax
YyCTaHOBMEHbI ABE pa3HOBO3pacTHble rpynmbl AETPUTOBbLIX LIUPKOHOB: 3.34 1
3.2 Ga. Bospact HB3K oueHMBaeTca TOMIbKO Ha OCHOBaHUM €ro
reonorM4yeckon nosvuuu: apesHee naneonpoteposounckoro (1.8-1.7 Ga)
0Capo4yHOro Konnekca bugxasap, HO MOMOXe AETPUTOBLIX LUPKOHOB B
kBapuutax [Ramakrishnan, Vaidyanadhan, 2010; Slabunov et al., 2017].

Apxenckne KOMMMEKCbl KpaToHa CeKyTCA poeM ManeonpoTepO30MCKUX
(okono 2.0 mnppa net) Aaek rabbpo ceBepo-3anafgHOro MpPOCTUPaHus, a
TakXe MHOIOYMCNEHHbIMU TMIraHTCKUMW KBapLIEBBLIMW XUlaMy C BO3PacToMm
1.9-1.8 Ga [CnabyHoB 1 gp., 2017].

M3 BIF UB3K 1 FKOB3K 6binu BblAeneHbl LMPKOHbI U NPOBEeAeHO UX
n30TOoNHOE patupoBaHue Ha npubope SHRIMP-II (BCEFEWN, CaHkT-

MeTepbypr).
Beibopka unpkoHoB 13 BIF LUB3K npepcTtaBneHa 4 3epHamu, Tpu U3
KOTOpbIX KOpOTKo-npuamaTtudeckue c¢ KY 1:2, ogHO - yANMHEHHO-
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npuamatnyeckoe ¢ KY 1:3, Bce OHu BbICOKOYpaHOBbIE€, TEMHbIE B
KaTogHon nomuHecueHuun (CL), ¢  rpyboir unum  KOHBOMOTHOM
30HanbHOCTLI. 1o 0cOBEHHOCTAM MOPCONOrNM BCE LMPKOHbI OTHOCATCS K
mMeTamopcdoreHHbIM. Bo3pacT paHHen reHepaumu LMPKOHOB OLIEHMBAETCH B
2713126 Ma (no BepxHemy nepecequvm) BTopon - B 2573133 Ma (no
BEPXHEMY MepeceyeHunio), 27pp_28py, BO3pacCT 3epHa C KOHBOJSIOTHOW
30HanbHOCTb0 BapbupyeT oT 2070+29 po 1934139 Ma (Puc. 1 A).
MonyyeHHble BO3pacTbl LUPKOHOB XOPOLLO COrfacylTcs C YCTaHOBIIEHHbLIMM
B [JaHHOM 3efleHOKaMEHHOM TMofice 3nu3ogamu ero opM1MpoBaHuUs:
nepBbii M3 HUX COMOCTaBUM B npepenax owunbkn c  BO3pacToMm
MmeTacomaTtutoB (2687+11 Ma), BTOpOoM - C BO3pacTOM nosaHen
accoumaumm KUCNbIX BYNKAHUTOB U LUMPOKO Pa3BUTbIX FPaHUTOB. 3ATu
OaHHble ABMAKTCA apryMeHTOM B MOMb3y TOro, YTOo paccmaTtpuBaemas
Tonwa BIF oTHocuTCA K paHHEen Me30apXencKon 3eneHOKaMeHHOM
accoumaumu.

A B
055 YXeneswncTble KBapuWTbI 2800 055 2800

YKeneauctble KBapuuThbl
MA15-20-1 t,.,.=2898+26 Ma

MaypuHunypa P 1,=2713£26 Ma Ge15-32-1

/, Tvpap /.. =2664:12 Ma
. 2400

> 58 : 045

& 42575433 Ma 1,=2386£18 Ma
£ 4 2

) ¢

P
2000 1, = 2070£29 Ma 2000 ,

035 J 3 0.35 7 i
T~ 1934239 Ma H i

206pp, 238

/ I
1400 J || 1600 tm=1868512Ma | | |

3 5 7 9 " 13 15 17 19 3 5 7 9 " 13 15 17 19
207y 35y 2075 P35y

Puc. 1. Jnarpammbl C KOHKOpAMeNn (tconc - KOHKOPAAHTHbIA BO3pacT; t1 - M30XPOHHbLIN
Bo3pacT; tPb-Pb - 207Pb-206Pb Bo3pacrT), (Ha Bpe3kax) ructorpammbl 207Pb-206Pb Bo3pacToB
AJ1 LMPKOHOB U3 MorocyaThiX Xene3ncTHbix kBapumtoB (A) LB3K (mosic Maypuxunypckuii) un
(B) FOB3K (nosic N'mpapckuii)

LinpkoHbl B BIF KOB3K Takxe Mano4ymcneHHbl, Bbiboka cocTouT n3 3
3epeH: OfHO - OKaTaHHbIi OBNOMOK KpucTamnna C TOHKOW OCLMAATOPHOWN
30HanbHOCTbIO, cBeTnoe B CL, octanbHble - KOPOTKO-Mpu3maTtuyeckune, C
rpyboin n KOHBOJSIOTHOW 30HANIbHOCTbIO, TeMHble B CL, BbICOKOYpaHOBbIE.
KOHKOpLI,aHTHbIVI B03paCT oKpyrnoro dparmeHTa 3epHa - 2898126 Ma,
BO3pacT ( "Pb-2Pb ) anpa apyroro 3epHa - 2664+12 Ma, a ero kaimbl -
2386+18 Ma (Puc. 1B). Kpome Toro, 7pp-206pp, BO3pacT KallMbl Opyroro
3epHa - 1868+12 Ma.

OkaTaHHOe Me30apxenckoe 3epHo uupkoHa B BIF ykasbiBaeT Ha To, UTO
3TW ocagku (bopMMpPOBaNIUCh HE TOSNbKO KaK XEMOTEHHbIEe, HO U C MPUBHOCOM
B 6acceliH 06710MOYHON COCTaBNSAOLWEN, @ BO3PacT 0CaAKOHAKOMMEeHUs He
opesHee 2.9 Ga. MetamopdoreHHble uupkoHsl B BIF HOB3K ¢

HeoapXBVICKI/IM BO3paCToOM MOryT ObITb OoTpaxeHnem AKKPELMOHHbIX
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NpoLECCOB B KpaToHEe, paHHeNaneonpoTepo3onckne - 6mM3kn no Bo3pacty
cambIM No3gHuM (2358146 Ma) rpaHogmopuTam KpaToHa, @ camMble No3gHue
- conoctaBumbl ¢ Bo3pactom (1.9-1.8 Ga) cTaHOBNEHWUs TUraHTCKUX
KBapLEBbIX XWI.

lMpoBepeHHoe paTtupoBaHune uupkoHOB u3 BIF, HecmoTpa Ha cBoto
cnabylo CTaTUCTUYECKYO 3HAYUMMOCTb, AEMOHCTPUPYET XOpoLlee CXOACTBO
3HaYEeHMN MOJTyYEHHbIX BO3PACTOB C NIaBHbIMU 3MM304aMu CTaHOBMEHUS
3eMHOM Kopbl bByHOenkxaHackoro KkpaToHa W MO3BOMSET  OUEHUTb
BPEMEHHbIE paMK1 (hOpMMPOBaHUS 3TUX OCaA04HbIX MOPOA.

Pa6ota BbinonHeHa npu noanepxke PO®U (17-55-45005 NHO-a).
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a66po-AuopuUT-ToHanMToBasi accoumaums PecbTHCKoro
MaccuBa (BOCTo4Hasi okpauHa CpepHero Ypana): Rb-Sr, /Sm-
“3Nd n Lu-Hf, U-Pb n3oTtonHble orpaHuyeHus

CMupHoB B.H.1, PoHKuH lO.J'I.1, VBaHoB K.C.1, Gerdes A.2, CepoB nAz

"wrr YpO PAH, r. EkarepuHb) yfr,' ZJ/HI/IBepCMTeT umeHn I'ére, r. DpaHkypt
Ha Mavine; "'V KHL PAH, r. Anaturtsi

PedTuHCKUIA  NAYTOHUYECKUA KOMMMAEKC npeacraBneH OAHOW U3
Hanbonee xapakTepHbIX ANa Ypana accoumaumin MarmMaTU4eCKUX FOpPHbIX
nopog, BKIuawwen amdubonosble rabbpo, AMopuTbl, KBapLeBble
ONOpUTBI U TOHANUTbI C HE3HAYMTESNbHBIM KONMYECTBOM MNfarnorpaHuTos. B
paHHuX paboTax oTeyecTBeHHON neTporpacdum 3TM nopodbl  OGbinu
KnaccudmumpoBaHbl Kak rabbpo-nnarnorpaHutHas dopmauus, ogHako B
COOTBETCTBMM C PEKOMEHAYEMOW B HacTosllee BpeMs TEePMUHONOrMewn
(MeTporpacpuuecknii Kogekc Poccuun, 2008) ux cnepyeTr BblAensTb B
KayectBe rabbpo-ANOpUT-TOHANMTOBbLIX KOMMMeKcoB, opMupoBaHue
KOTOpbIX BbINO CBA3AHO C PaHHUMW 3Tanamu pasBUTUS NOABUXHOIO Mosica,
0 YEM CBUOETENbCTBYET MPOCTPAHCTBEHHAs! CBA3b CrlaraeMbiX UMKU Ten C
BYJIKQAHOTEHHLIMUY TOMLaMKN 6M3KOro cocTaea, 3aneraLwymMm B OCHOBaHWM
reonoruyeckoro paspesa. O6pasoBaHWe accouunauluin paccMaTpuBaemoro
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TMnNa, Takxe, KakKk W ppyrux rab6po-rpaHUTONAHbIX  KOMMJIEKCOB,
TPagMUMOHHO TpakTyeTCA ypanbCKMMW reofioramMm Kak pesynbTart
KpUcTannuMsaumoHHon  aundpdepeHumMaumm  pacnfiiaBoB  6a3anbToBOro
COCTaBa, O HAKO BLINOSIHEHHbIE HAMW UCCNEef0BaHUSA MEeTOAaMMN N30TOMHOM
reofiormm  No3BONAKT  CYLWECTBEHHO  MepecMoTpeTb  MMetomecs
NpeacTaBfieHMsl Kak O neTporeHesnce 3Tux o6pasoBaHuM, Tak U O
HEKOTOpPbIX OCHOBOMOMAratLMx OCOBEHHOCTSX FEOSIOrMYECKOro CTPOEHUs
pervoHa.

OnpepeneHne napameTpoB Rb-Sr u “'Sm-"Nd wn30TONHBLIX CcUCTeM
06pa3uoB, 0oTOOpaHHbIX B pasHbiX YacTAX MaccuBa M3 BCEX [MaBHbIX
netTporpacu4ecknx pasHOBUAHOCTEN U3yHaeMOro KoMrsiekca NpoBoAnnoch
MaccC-CneKTPOMEeTPMYECKUM MEeTOAOM MU30TonHoro pasbaenexus (ID-TIMS).
U-Pb n3oTonHble gaHHble ANA UMPKOHOB BbIAENEHHBIX N3 COOTBETCTBYHOLLNX
nopon Obinu BbiNoONHeHbl kak ID-TIMS, Ttak nokanbHbiM SHRIMP-II
meTtogamu. Lu-Hf msotonHas cuctemaTuka umpkoHa Obina nonyyvyeHa B
YHuBepcutete 'ete, C NOMOLLBI CEKTOPHOIO MYNbTMKONNEKTOPHOIO Macc-
cnektpometpa Thermo  Scientific  Neptune MC SF  ICP-MS
WHTErpupoBaHHoOro ¢ nasepHou yctaHoskon New Wave Research UP-213.

Bapuaumn copepxaHun Rb B nopomax pedTuMHCKOro Komnnekca
oxBaTbiBatoT uHTepBan ot 1.4 go 17.0 r/t, Sr ot 76 go 402 r/T. BenuunHbi
M30TOMHbIX OTHOLUEHMW [OCTAaTOYHO LUMPOKO BapbupyioT: ¥Rb/sr =
0.0120+0.1938, ¥Sr/**Sr = 0.70365+0.70663 n *’Sr/**Sr; 0.70348+ 0.70567
(es/(T) 0T -7.2 po +33.4).

CopepxaHuss Sm B u3dyyeHHbIx obpasuax unamensiorcs ot 0.29 go 3.06
r/';, a Nd or 1.94 po 13.0 r/1. VI3aMepeHHble OTHOLLUEHMA W30TOMOB
“7Sm/"*Nd HaxopAaTca B paumana3onHe 0.0914+0.1837, SNd/M*Nd
0.512732+0.513075. Mo Benuunxam **Nd/"**Nd; exq(T) 1 Nd mopenbHoro
Bo3pacTta (Tpy) NMOpPOAbI U3YYEHHOrO KOMMJIEKCA pacnajalwTca Ha [Be
oTuétnueo obocobnawwmeca rpynnbl. K nepson oTHocATca rabbpo u
OMopuUTLI, craratowue ABa U30fMpoBaHHbIX ApYr OT Apyra Tena B BOCTOYHOMN
4acTM Maccua, a Takke Marvoknasosble rPaHUTOMAL! U3 CEKyLLUX WX
ManoMoLLHbIX gaek u xun. lNo BenuymHam ! 3Nd/144Nd,-, HaxogAWMMCHa B
AunanasoHe 0.512518 + 0.512573 (eng(T) = +8.6 + +9.7), Bce 3T nopoapl
NPakTUYEeCKNU  aHamnoruyHbl  BELLEeCTBY  AENNETUPOBaHHOW  MaHTUM.
BbluncneHHble Ha OCHOBE MofyYeHHbIX AaHHbiXx Nd MopenbHble BoO3pacThbl
nopoz, 3TOW rpynnbl BapbUpyrT AOCTAaTOYHO wupoko, oT 371 go 500 mnH
net. BTopas rpynna, npeacTaBneHHas ToHanNWTaMuM W KBapLUEBbIMU
avopuTtamu, crnararlowmMMmn KpyrnHoe Teno B 3anafHow NMoSIoBUHE MaccuBa,
XapakTepusyetcsl 6ofiee HU3KUMMW 3HAYEHUAMU OTHOLLEHUS 143Nd/144Nd,-,
paBHbiMK 0.512265+0.512388 (eng(T) = +3.7 + +6.0). BenuuuHbl Tpy Ana
nopog, BTOPOM Trpynnbl, pacCYWTaHHble MO OJHOCTAOUNHOW MoAenu,
3HauMTENbHO (B 2-3 pasa) NpeBbIlAT BO3PacT UX KpuUCTannsauuu, 4to
npeanonaraetT  AOCTaTOYHO MPOAONXWUTENbHOE BPEMS  HaxoXaeHue
BELLECTBA UCTOYHMKA rPaHUTOUAHbLIX pacnfiaBoB B COCTaBe KOpPbl.
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M3oTonHbin coctaB Lu u Hf B uupkoHax u3 nopon pedTUHCKOro
KOMMekca NoATBEPXAAEeT Hannune ABYX BblAeNeHHbIX Ha ocHoBe Sm-Nd
cucTematuku rpynn nopop. [lepBasi npeacTaBneHa B U3yYeHHON BblGOpke
obpasuamu rabbpo u nnarvorpaHuTa U3 panku, cekywen rabbpouppl.
LInpkoHbI U3 nopof, 3TON rpynnbl XapakTepU3ylTcA M30TOMHbIM COCTaBOM
Hf, 6nuM3kMMm K TakoBOMY [AenneTUpOBaHHOM MaHTuu. W3mepeHHble
oTHowenus °Hf/'Hf umetoT BenmumHbl 0.282966-0.282989, nepBuYHbIE
otHowenust ((7°Hf/'7’Hf) 0.282961 + 0.282980, £x4(T) +15.4+ +16.2 B ra66po
n "°Hf/""Hf, 0.283008 + 0.283033, '"°Hf/"'Hf, - 0.282993-0.283019, £u(T)
+17.0+ +17.8 B nnarnorpaHute. BbluucneHHble no 3TuM AaHHbIM Lu-Hf
MofenbHble BO3pacTbl (416-443 mnH net ans ra66po n 368-398 mnH net
ONs nnaruorpaHuta)  6nu3ku  BpeMEHW  KpucTannu3auuu  Mopog.
lpaHWTOMAbI M3 KPYMHOro Tera B 3anagHoOW MOSIOBUHE MaccuBa,
npepcTaBfieHHble obpa3uamy KBapLEBOro AMOpuTa WM TOHanuTa, MMeoT
MOHWUXEHHbIE 3HAYEHUsT ITUX BennumH: ' Hf/" Hf, = 0.282845-0.282874,
OHf/7Hf; = 0.282835+0.282861 n g4(T) = +11.4+ +12.3 B KBapLEBOM
ovopute  n °Hf/'HE, = 0.282847+0.282897, °Hf /'Hf, =
0.282826+0.282870, e4(T) = +11.1+ +12.7 B ToHanuTe. HakoHeu,
BblUMCIIEHHblE 3HayveHus Lu-Hf mopenbHbIXx Bo3pacToB rpaHuTomaos (588-
624 MmnH net ansa keapueBoro guoputa n 578-644 mnH net gna ToHanuTta)
3HAYMMO BbllLe BENNYUH Tpy NMOPOA NEPBON M3OTOMHON rPynnbl U BPEMEHU
NX KPUCTannm3aauuu.

PesynbTtatbl ndydyenusa Rb-Sr, "Sm-"*Nd 1 Lu-Hf nsotonHbIx cuctem B
nopogax pedTuMHCKoro rabbpo-ANopuT-TOHANMTOBOMO KOMMJIEKCA He
NoATBEPXAalT AOCTAaTOYHO LUMPOKO PacnpOCTPaHEHHYH TOYKY 3peHus o
BeAywien ponu npoLeccoB KpucTannu3aumoHHon AaunddepeHumnaumnm
6a3uToBON Marmbl Npy hopMUPOBaHUM accoumaumii rabbpo-rpaHUTONAHOro
Tuna. CornacHo MosyYeHHbIM MeToAaMu W30TOMHOW FeoslorMn AaHHbIM,
rab66pouabl u npeobnaparoLlan YacTb rPaHNUTONAOB U3YHYEHHOTO KOMMeKca
CYLLEeCTBEHHO oOTnuyarTca no wu3otonHomy coctasy Nd u Hf, uto
CBUAETENbCTBYET O Pa3HbIX UCTOYHMKAX UCXOAHbIX AN HUX MarMaTU4ecKmx
pacnnageos.

B uenom, u3yyeHne rab6po-AMOPUT-TOHANUTOBON  accoumauun
PedTuHCKOro maccuBa COBpeMEHHbIMU MeTodamMu WM30TOMHOW Feonorumn
No3BONAT caenaTth cneayowme BbiBoabl:

1.  ®opmupoBaHue  pedTuMHCKOro  rabbpo-gUMopuUT-TOHANNTOBOrO
KOMMeKca fBMseTcs pe3ynbTaToM COMMXEHHbIX MO BpeMeHun u B
NpPOCTPaHCTBE MpPOLLECCOB MarmMoobpasoBaHWs B KOpPe WM MaHTMU Npw
He3HaunTenbHON ponu anddepeHumauum 6a3nToBo Marmbl. ICTOYHUKOM
ana rabbpo, AMOPUTOB W MSArMoKNasoBbiX FPaAHUTOMAOB U3 CEKYLUMX MX
ManoMOLLHbIX AaeK U XWUSl, XapaKTepu3yLNXCA BENMMUNHON Eyy(T) = +8.6+
+9.7 n g(T) = +15.9+ +17.9, cnyxuno BeLweCTBO AeNIETUPOBAHHON
MaHTun. KeapueBble AMOpUTbI U TOHANUTbl C 6onee HU3KMMKU 3HaYeHUsAMU
eng(T) = +3.7+ 46.0) n g(T) = +11.1+ +12.7, cnarawowmmun KpynHoe Terno,
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KPUCTannM30Banucb U3 pacrniaBoB, BO3HUKLWINX B pe3yrbTaTe MiaBfeHnm
nopoz, Kopebl.

2. NepBUYHOE OTHOLLEHKE 8Sr/%%sr, B nopopax obeux rpynn A4ocTaTo4YHO
wupoko BapbupyeT (0.70348-0.70495), 4yto, no-BnaMmomy, o6bSICHAETCS
HepaBHOMEPHbLIM HacCbILLEHUEM pacnnaBoB  GQnouaoM, 00orawéHHbIM
pagnoreHHbIM Sr, UCTOYHMKOM KOTOpPOro MOrFfla CRyXuTb MoOpcKas BoAa,
3aXOpOHEHHas B 30He CcybayKUMM C OKeaHW4YeckMMu ocagkamum U B
OanbHellem ocBoboXaaBLIascs B NpoLecce germapatauun cnaba.

3. YyacTue KopoBOro BeLLeCcTBa B NPOLLECCE reHepaunm MarMmaTuyeckmx
pacnnagos, UCXOAHbIX  ANnA  nopofd,  pedTUHCKOro  KOMMJEeKca,
CBMAETENbLCTBYET O Hanuuun B npegenax BoctouHon 3oHbl CpepgHero Ypana
KOpbl C BO3PACTOM HE MOJI0OXe HEOMNPOTEPO30MCKOro.

WccnepoeaHusa npoBeaeHbl B pamMKax BbIMNOMHEHUS rOCO0aXETHOW TEMbI
Ne 0393-2016-0019.

LeTpuTtoBble LIMPKOHbI U3 6a3anbHbIX TEPPUrEeHHbIX TOSLL
HeoapXencKon W naneonpoTepo30MCKUX CTPYKTYP BOCTOYHOM
YacTn PeHHOCKaHAMHABCKOro WwuTa

CMonbKuH B.CD.1, MeXxenoBckas C.B.2, MexenoBcKuii A.,D,.3

" ITM PAH, r. Mocksa, v.smolkin@sam.ru,; % MrPu-PrrPy, r. Mocksa;
OreY UMIrP3, r. Mocksa

Bbinv M3y4yeHbl UMPKOHbI M3 TEepPPUreHHbIX Mopopn, 3anerawwmx B
OCHOBaHun pa3pe3oB Ypary6cko-TUTOBCKOro Heoapxemnckoro
3eneHoKaMeHHOro nosica, [le4yeHrckonm 30Hbl, ABMAKWENCA 4acTbio
lMeyeHrcko-Bapayrckon naneopudToreHHon cuctemsl,  BeTpeHoro nosca
naneonpoTepo30MCKoro Bo3pacrta. PaHee 6binn uccrnegoBaHbl LMPKOHbI U3
KpacCHOLBETHbIX rpaBenuToB fy4YriOMMOfIbCKON CBUTbHI U3 CpefHen 4actu
pa3pe3a [leueHrckon 30Hbl [2]. [MpenBapuTenbHOe U3y4YeHUE UUPKOHA
ocyLuecTsnsAnock B nabopatopusax BCEFEN, IO PAH n UIN KapHL, PAH.

Bce nsotonHble nccnegoBanuns 6uinm BeinonHeHsl B LI BCEFEW. U-Pb
M30TOMHbIA aHanM3 UuUupKoHa BbinonHAnca Ha SHRIMP-II u metogom
nasepHou abnauum DUV-193 (NewWaveResearch) Ha ocHoBe 193 Hm ArF
akcnmepHoro nasepa COMPex-102 (LambdaPhysik) B coyeTtaHuu ¢ macc-
CMEeKTPOMETPUYECKUMMN U3MEPEHUSMU C UOHU3ALUMEN NPOObI B MHOYKTUBHO-
cBs3aHHon nna3me (LA-ICP-MS) Ha npubope ThermoFinnigan Neptune.
Pasmep nasepHoro kpatepa coctaensn 50 mkm npu rnybuHe nopsigka 30-
50 MKM, T.e. cywiecTtBeHHO 6onblue, Yem npu U-Pb ananuse Ha SHRIMP-II.
OTO0 0OCTOATENBCTBO  ONpPefenseTr  ONpefaeneHHyl  CIOXHOCTb B
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conoctasneHnn U-Pb faHHbIX, NONyYeHHbIX pasHbiMWU MeTofdamu, AnA
MHOropasHbIX KpUCTasnIoB LMPKOHOB.
Mpoba YI'72 otobpaHa B cpegHeM TedeHun p. Ypa, Ha 8 KM aBToO0poru
Ha noc. Bugseso. Matepuan npobbl npeacTaBnseT coboi Menko3epHUCTLIN
rpayBakKOBbIA LLEMEHT pacCraHLOBaHHbIX KOHIIOMepaToB C YMNSOWEHHOM
ranbkon rpaHUTOB, MHEWCOB M KBapua. LiMpkoH obpa3yeT npospayHble U
nonynpo3payHble, a TakKkXe OKpalleHHble B  pa3fnu4yHble TOHA
cybupnomopcpHble U uamomopdHble  NpU3MaTUYecKuMe — KpucTannsbl,
cnabookaTaHHble 3epHa U Ux 06rnomMku anvHon 152-400 mkM. BonbWNHCTBO
aHanNUTUYEeCKUX TOYEK Ha M30XPOHHOW AuarpaMmme 206pp 238y - A7pp233yY
g)oacnonaralomﬂ Ha KOHKOpAaHTHOM Kpueon. OCHOBHOM Knactep umeeT
"Pb/*%®Ph BO3pacT B uHtepsane ot 2670 no 2960 mnH neT ¢ ABYMSA YETKO
BblpaXeHHbIMU NMukamu 2762 n 2939-2952 mnH net (Pwuc.). MNepeceveHus
OUCKOpAMM C KOHKopAMewn patoT Bo3pacT 276318 m 2948+10 mnH ner.
OTpenbHble 3epHa, TOYKM KOTOPbIX pacronaralTCsl  BbIE  KPUBOW,
XapaKTepu3yroTcsA NoBbILEHHbLIM cop,epxaHme%7U (g(?67—678 ppm). Ons Tpex
3epeH YCTaHOBMEHbI NMOHMXEHHbIe 3HavyeHusa = 'Pb/“"Pb Bo3pacta - 2547,
2504 n 2141 mnH net ¢ 6onblwinmmn owmbkamu onpepenenni (99-166). 3Tn
OaHHble 1 aHOManbHO BbicOoKMe cogepxanus U (1268-1712 ppm) wnun Th
(1000 ppm) cBMAETENLCTBYOT O HapyWeHWNM W30TOMHOW CUCTEMbI B
pe3ynbtate npusHoca U unu Th.
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Pne. MynbtumopanbHoe pacnpepenenune 207Pb/206Pb-Bo3pactoB Ha PD-gnarpamme um3
npo6 Yr72, N73, TK-12-01 n P21

Mpoba M73 otobpaHa B6NU3K 1. 3anonspHbii MeyeHrckoro panoHa (03.
MuTbeBoe) u3 cnabo OTCOPTUPOBAHHBLIX KPYMHOraneyHbIX KOHrnomMepaToB
TENeBUHCKOW CBUTbI, 3aneralmnx Ha TOHaNUToBbIX THeincax dyHaameHTa ¢
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U-Pb BozpacTtom uupkoHa 2752+12 mnH net [1]. B npobe npucyTtcTtBytoT
npo3payHble U Mosynpo3payHble, KOPUYHEBbIE, XenTble U XenTto-cepble
cybupnomopcpHble NpuamMaTUYeckue Kpuctamibl U Mx OBSIOMKM MHOraa C
TOHKOW UK CEKTOpuanbHOW 30HanbHOCTbIO. Pa3amep no gnuHe cocrtaBnseT
210§O_590% MKM. OCHOBHasi 4acTb 3epeH UMpKoHa K3 npobbl 173 umeet

Pb/“""Pb Bo3pacTt B uHTepBane ot 2700-2830 mnH net ¢ nukamn 2707,
2731 n 2785 mnH net (Puc.). NepeceyeHnss AUCKOPAMM C KOHKOpPANEWN fatloT
Bo3pacT 272419 un 279217 mnH net. Cnabo BblpaXeHHbI MUK UMeeT
3HayeHue 2831 mnH net. B npobe obHapyxeHo 3epHO ¢ Bo3pacTtomM 300919
MSIH NeT, @ Takxe 3epHa C MOHUXEHHbIMW BO3pacTHbIMU AaHHbIMU - 2640,
2566 n 2476 mnH net c 6Gonbwon puckopaouen (22-64%). 3epHo C
Bo3pacToM 2476 mnH neTt umeeT Bbicokoe copgepxaHue U (1000 ppm) u
aHOManbHO HU3Koe oTHoleHue 22Th/*®U=0.02, uTo CBUOETENbCTBYET O
MeTacomMaTU4eCckoM Npeobpa3oBaHumn.

PaHee wu3syuyeHHas [lpoba [M21 [2] xapakTepudyeT KpacCHOLBETHble
apKO30Bble FPaBenuThbl, 3anerawLLme Ha Kope BbIBETPUBAHNS CYOLLENOYHbIX
BYNKaHWUTOB (2.3 Mmnpa neT) B cpedHem TedeHun pyd. Jlyunomnono. Bce
Toukn U-Pb aHanu3a pacnonaratotca Ha KOHKopAaHTHou KpuBon. OCHOBHas
YyacTb 3epeH uMpKoHa umeet 207pp 206 py, Bo3pacT B MHTepBane ot 2700-
2820 mnH net ¢ nukamun 2715 n 2790 MnH neT, B NOAYNHEHHOM KonumyecTse
BCTpeYyalTca 3epHa C Bo3pacToM B npegenax 2840-3000 mnH nerT.
Haunbonee apesHee 3epHo ¢ Bo3pacTom 369818 MrH neT coaepXuT S4po U
LLUMPOKOIO KanMy C HEYETKOMN 30HaNbHOCTbIO.

Mpoba TK-12-01 xapakTtepuayeT cBeT/ble KBapLUWTbl TOKLUMHCKON CBUTbI
Ha TeppuTopuM Bopnoosepckoro HauuoHanbHoOro napka (r. [BonHas).
LinpkoHbl npeacTaBfieHbl  KOPOTKOMPU3MAaTUYECKMMKU  KpuUcTannamu C
XOpOLLO BbIpaX€EHHOW 30HaNbHOCTbH, OKPYIIbIMU OKaTaHHbIMU 3epHaMun U
ux obnomkamu. Nx pasmep no anvHe B npeaenax 50-200 mkm. M3 120
3epeH npoaHanuampoBaHo 114, ana 90 3epeH MOMyyYeH KOHKOPAAHTHbIV
Bo3pacT. OCHOBHas YacTb 3epeH LypkoHa (80%) umeeT *°’Pb/**Pb Bospact
B nHTepBane 2720-2885 mMnH net ¢ ABYMSA YETKO BblpaXeHHbIMU NUKamu -
2758 n 2845 mnH net (Pwuc.). Ona uupkoHoB 6onee ppeBHEro nvka
KOHKOpAaHTHbIN Bo3pacT paBeH 2885167 mnH net. MeHee 20% UMPKOHOB
uMmeloT AaTnpoBku B nHtepsane 2010-2985 MnH neT ¢ NMKOBbIM 3HAa4YEHUEM
2920. EavHuYHbIE UMPKOHbI UMmetoT 6onee gpeBHWe Bo3pacTa 3148, 3257,
3357 MnH net c owwubkon onpepeneHus 1-5%. Bbinn BCTpeYeHbl Takxe
€0VHNYHbBIE LMPKOHBI C MOHWXEHHbIMU BO3pacTamu B MHTepBarne 2654-2463
MITH neT. OHM UMeloT BonbLUylo OWKMGKY onpefeneHnsa u 6onbLUyo CTENEHb
ONCKOPAAHTHOCTMU.

MonyyeHHble pe3ynbTaTbl CBUAETENbLCTBYHOT, YTO OCHOBHOW BKMag B
KOHTUHEHTanbHY KOpY Aanu rHewcbl U rpaHUToMabl C BO3pacToM LMPKOHA
2.72-2.70, 2.79-2.76, 2.85-2.83, a Takxe 2.95-2.90 mnpg ner.

Pabota BbinonHeHa npu nogaepxke MNporpammbl POOU «[OeTputoBble
LMPKOHbI TeppUreHHbIX Tonw, BeTpeHoro lMosca - kak MHaUKaTopbl yCrnoBui
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hopMupoBaHus pUdTOrEeHHbIX CTPYKTYp BOCTOYHOM yacTtu
PeHHoCKaHAMHABCKOro wuTa B naneonporepo3oe™» Ne 17-05-00592 A.
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U-Pb reoxpoHonorusa paHHegokemopunckmx 6asmtos
Konbcko-MypmaHcKoi npoBuHUUM BoctoyHon deHHocKaHauu:
0ANKOBbIA «LUITPUX-KOA» KaK OCHOBA NasfieOKOHTUHEHTasbHbIX

PEKOHCTPYKLMIA

CrenaHoBa A.B.1, CanbHuKoBa E.E.z, CamcoHoB A.B.3, JlapuoHoBa l0.0.s,
Ap3amacueB AAZ JlapuoHoB AH*
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OpnH 13 KNoYeBbIX  MOAXOAOB  MPW  MasfieOKOHTUHEHTanNbHbIX
PEKOHCTPYKLMSX B paHHEM [AOKEMOpuM - 3TO KOPPEensuMs SHOOMEHHbIX
cobbiTuin. Pou Madmyeckmx paek, KoTopble (UKCUMPYIOT MCTOPUIO
BHYTPUMNSIUTHON aKTUBHOCTM B Mpefenax pAPEeBHUX KOHTUHEHTanbHbIX
6110KOB, TpagMLMOHHO WCMONbL3YKTCA ANA NPOBEAEHMs Koppenauun, a
aHanu3 Wkanbl 9HAOFEHHbIX COOBLITUA  (OANKOBbIX  KLITPUX-KOAOBY)
Nno3BoOMAEeT OLUEHUTb MNPUHAANEXHOCTb OTAeNbHbIX 6MOKOB K ednHoMy
KOHTUHeHTY (Ernst, 2014). MNpaBunbHOCTbL KOppenauun B 3TOM Ccly4vae
obecrneumBaeTcs HaAEXHOCTbIO M TOYHOCTbIO W30TOMHbIX BO3PacToB
6a3uToB, rnaBHbIM o6pa3om, U-Pb patuposaHnem bapneneuta.

BocTtouHaa deHHOCKaHOuMA BKOYaeT apxenckne Konbcko-MypmaHcKyto
(KMIT) " Kapenbckyto NPOBUHLMMN (KIT), pa3geneHHble
naneonpoteposonckum (1.98-1.85 wmnpa net) JlannaHacko-Konbckum
KonnuanoHHbIM oporeHoM (Daly et al., 2006). HoBble reoxpoHonoruyeckue,
reoXnMn4eckne M U30TOMHO-TEOXMMUYECKUE AaHHble, MOJlyYeHHble HaMu
npu nayyeHnn poes Maduyeckux gaek B KMI1, nossonunu cyecTBeHHO
AeTanu3npoBaTb UCTOPUIO Pa3BUTKS 3TOW MPOBMHLUMN B NaneonpoTepo30e u
BbISIBUTb PS4 HEU3BECTHbIX paHee cobblTnin. OObBEKTbl KCcCnefoBaHUA
pacnonoxeHbl Ha nobepexbe BbapeHueBa mMops oT BapaHrep-gboppa Ha
3anage o n. OCTpoBHOW Ha BOCTOKeE, BKJIOYAIOT CUMbl U Aanku 6a3nTos,

LUMPOKO BapbMpytoLLME N0 COCTaBy, CTENeHM COXPaHHOCTU U pa3Mepam Terl.
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Bbigenexve 6apneneuta n LMPKOHa NpOBOAWIIOCH Ha
KOHLEHTPAUMOHHOM CTOfle MO MOAUMULMPOBAHHON «BOAHOW» METOAMKE
(Soderlund, Johanson, 2002) c nocnepytowenn oT6opkol Haubonee
COXpaHHbIX 3epeH nop 6uHoKynapoM. BospacT 6a3uMToB, COXpaHMBLLMX
NnepBUYHY0 MUHepanoruto, 6bin  onpegeneH no pesynbtatam  U-Pb
reoxpoHonornyeckmx wuccnegosaHni (ID TIMS) epuHWYHbIX 3epeH U
MUKpOHaBecok 6appenevTa. Bo3pacT MeTamMopduM3oBaHHbLIX B YCOBUSAX
3eneHocnaHueBon dauun 6asnMToB Obin onpedeneH Mo pe3ynbTaTam
0ATUPOBAHUSA LUUPKOHOB Ha WMOH-MOHHOM Mukpo3oHae SHRIMP Il. Ha
OCHOBaHUM pe3ynbTaToB MPOBEAEHHbIX WCCNEeAOBaHUA BbiAENEHO LWeCTb
cobbiTui 6a3MTOBOrO MarMaTu3ma:

CobbitTve 2650 MnH netr patupoBaHo no 6apaeneuty u3 pganku Pl
nopcupuToB B panoHe n. JanbHue 3eneHubl (264815 mnH net). OTa ganka
npuHagnexuT KpynHomy poto C3 npocTupaHusa, NpPOCNEXEHHOMY Ha
pacctosHun okoso 200 km B BocTouHOM YacTu KMI1. bnu3kue no Bo3pacty
6a3uTtbl (2670 mnH net) yctaHoBneHbl B KeiBckon ctpyktype (basiHoBa,
2004), HO He n3BeCTHbI B APYrnx NpoBMHUMSAX BocTtouHon deHHockaHanw.

Cobbite 2505 mnH ner xopowo usBectHo B KMIT n HapexHo
hatvpoBaHo no 6Oapgdefneuty U UUPKOHY W3 PacCriOEHHbIX  WHTPY3UR
(BasHoBa, 2004). [datupoBaHue Oapgeneuta w3 Madmyecknx paek
nokasano, 4to cobbiTne 2505 MIH NEeT NpoOsiIBNIEHO Ha BCEN TeppuTOpuM
KMI1 n BknoyaeT MepuamnoHanbHbIi poi faek yMepeHHO-MarHe3nanbHbIX
ONMBMHOBbIX rabBpPOHOPUTOB - KBapLEBbIX AONIEPUTOB, OXBaTbIBaOLUIA BCE
nobepexbe BapeHueBoro Mops U AaTMpoBaHHbIM MO 6apaeneuty B panoHe
JNunHaxamapm (250816 mnH net), Konbckom 3anuee (2523148 MnH net) u
paioHe r. Bap3uHa (250516 mMnH net). B Kapenbckon npoBUHLUK
MarmaTtu3m 3TOro aTana npeacTaBneH fankamu rabbpoHoOpuUTOB.

CobbitTve 2400 MnH neT, BblAeNEHHOE MO pe3yfnbTaTtam AaTUpoBaHuUS
bappenenta w3 pgaek pgoneputoB (240115 ™MnH neTt) u  cunsnos
nukpogoneputos (2399+2 mnH neT) B ceBepo-3anagHon Yactu KMI, paHee
3pecb He 6bIno N3BeCTHO. Bo3pacTHble aHanoru 3Toro atana MarmaTu3mMa B
Kapenbckov NpoBUHLMM NpeAcTaBiieHbl AaikaMn A0NEepUTOB.

Cobbitve 2060 MnH neT BrepBble BbISIBNEHO B CEBEPO-3anaHON YacTu
KMTI1 Ha ocHoBaHun Bo3pacTa umpkoHoB 206017 n 206316 mnH neT us pos
naek MetaponeputoB C3 npocTupaHus. 310 cobbiTMe  XOpoLlo
KoppenupyeTcs ¢ MaclTabHbIM MPOSIBfIEHMEM OCHOBHOIO MarmMaTu3ma B
ceBepo-3anagHon u 3anapgHow 4vactax Kapenbckon nposuHumm (Vuollo,
Huhma, 2005).

Cobbitve 1980-1940 MnH neT, WMpoKo nposiBfieHHoe B Kapenbckoi u
Konbcko-MypMaHCKOM NpPOBUHUMSX, AETaNbHO U3Y4YEHO M OATUPOBAHO B
npepenax MNeyeHrckon cTpykTypbl. HoBble flaHHble MOKa3bIBaOT, YTO AalKK
hepponuKpUTOB pacnpocTpaHeHbl BAOSb Bcero nobepexbsi BapeHuesa
mopdA. Bospactom 198315 mnH net B panoHe KonbCkoro 3anuea
[aTvpoBaHbl Aaviku rabbpoHOPUTOB C MIIIOMOBBLIMU XapaKTepUCTUKaMMU,
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Takxe ABMALWMECA KOMMOHEHTOM 3TOro cobblTuA W NpeacTaBuUTENIEM
navikoeo cauum patupoBaHHbIX B [leyeHrckon cCTpykType rabbpo-
BEpUTOBbIX MHTPY3un (CkydbuH, BasHosa, 2006).

Cobbite 1860 MnH neT BblgenseTca No pe3ynbTaTam AaTUpPOBaHMSA
CUMNOB MOMKUNO-0(PUTOBLIX [OSNIEPUTOB, LUMPOKO pPacnpoCTPaHeHHbIX B
BocTouHon yactu KMI n patupoBaHHbix Bo3pacTtoMm 186014 mnH net no
6apnenenty. Bo3pacTHble aHanorn aToro cobbiTUS B APYrMx NpPOBUMHUMAX
BocTouHoM ®eHHocKaHaMM He U3BECTHbI.

[MonyyeHHblE TrEOXPOHONONMYECKNE [aHHble HABMASAIOTCA OCHOBOW Anis
COCTaBNeHMA AankoBoro «wrtpux-koga» ana KMl B nHtepsane 2650-1860
MnH net. ConocTaBneHue LKanbl 3HAOMEeHHbIX CcobbITUA Kapenbckon u
Konbcko-MypmaHckou NPOBUHLUIA ®deHHocKaHann nokasbliBaeT
CYLLECTBEHHbIE pa3nMuna Mexay HUMKU B UHTepBane BpemeHu 2.4-2.06
mnpg net. Ons Kapenbckon NpoBUHLMMW 3TO BPEMSA aKTUBHOIO MpOSIBNIEHNS
aTynuinckoro (2.31, 2.22, 2.1 mnpg net) marmatuama u opMUpoBaHus
KOHTUHEeHTarnbHbIX NnatobasanbToB. HageXHbix 4aTMPOBOK 6a3MTOB B 3TOM
uHTepsane BospactoB B KMI1 K HacToswemy BpemMeHn HeT. BbisiBneHHble
pasnuuusa  MOryT  oTpaxaTb MPOCTPAHCTBEHHYKD  pPa306LLEHHOCTbIO
nutocdepHbix 6nokoB KI n KMI B nepuoa BpeMmerun 2.40 - 2.06 mnpa. ner,
BEPOATHO, CBA3AHHYIO C CcyllecTBOBaHMeM JlannaHacko-KonbCcKkoro okeaHa.

MonyyeHHble AaHHble NOATBEPXOAKT PEKOHCTPYKUMW AN MHTepBana
2500-2450 mnH net, nmewwmeca pna cynepkpatoHa Cbtonepua (Ernst,
2014) v paloT [OOMONHWUTENbHYID OCHOBY AN MPOAJSIOXEHHOW paHee
(Pisarevsky et al., 2014) koppensumn BoctoyHonm ®PeHHOCKaHAUN C
kpaToHamu Coronupuop, unrapH n 3umbabse.

WccnepnosaHne nopaepxaHo PoccniCKUM HayyHbIM (POHAOM, rpaHT 16-
17-10260.
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Ctucbeena M.B.1, CanbHukoBa E.5.1, KoTtoB A.5.1, Ap3zamacueB A.A.1,
LWaxmypaasH AP2 puLeHko 10.B., AHucumosa U.B."

wrr, L PAH, Cankt-llerepbypr; ZYHMBepCMTeT Manutoba, KaHaaa;
[eonornyeckmi pakynbrer MY, Mocksa

Mcnonb3oBaHne  TpaguUMOHHBIX  MWHEpParoB-reOXPOHOMETPOB  Afis
nony4yeHunss nHopmauumn o Bo3pacTe LLENOYHO-YNIbTPAOCHOBHBIX MacC1BOB
orpaHuyeHo nNMbo Mx OTCYTCTBUEM, NMNOO HANOXEHHLIMW Ha HUX MO3AHUMMU
U3MeHeHnsMU. B Toxe BpemMs XxapaKTepHbIMUW MUHepanamu LEenoYHbIX
nopog, ABNAITCSA oboralleHHble TUTaHOM KarbuWeBble rpaHaTbl, KOTopble
[0 HepjaBHEro BpeMeHn He paccMaTpmBanuck B kadyectse U-Pb MyuHepanos-
reoxpoHomeTpoB. Hamu Obinn npoeepeHbl U-Pb reoxpoHonornyeckune
uUccrnefoBaHUs rpaHaToB M3 MacCMBOB [BYX KPYMHENWUX  LLEMOYHbIX
MarmaTtmyeckunx nposuHumun - Konbckon n Manmeya-KoTtynckon.

Konbckas LWwenoyHasa MNpOBMHLMA PacrnosioXxeHa B CEBEpPO-BOCTOYHOW
yactu bantuiickoro wwuta. B ee npepenax BbIgenAwT ABa  Tuna
MHOropasHbIX LLENOYHbIX MacCMBOB: MacCUBbl arnantoBbix HeEENNHOBbIX
cneHnToB (XnbuHbl 1 JloBo3epo) M MHOrodgasHble MacCuBbl LUENOYHO-
yNbTPaoOCHOBHOIO cocTtaBa C kapboHaTutamu (Kosgop, AdpukaHaa,
Byopusapeu, CannanvnatBa v pgp.) Hamu 6binM u3ydeHbl rpaHaTbl U3
maccusoB AdpukaHga, Canmaropa, Cannannatea n Byopuspsu. Vix coctas
oTBevyaeT crnegywwmm MuHanam: AdpukaHga (Mor35.16  Sch29.63
And28.31 Kim3.88), Byopusapsu (Mor36.18 Sch33.20 And25.66 Kim2.59
Kald0.47), Cannannatsa (Mor38.62 Sch31.88 And24.24 Kim2.67 Kald0.55),
Canmaropa (Mor40.65 Sch31.88 And24.87 Kim0.21  Gold0.14).
CopepxaHue ypaHa B HUX uameHsietcs ot 8 fo 15 ppm. MNMony4yeHHble ans
yKa3saHHbIX MaccuBOB OLEeHKM Bo3pacta (AdpukaHga - 377+3 MNH ner,
Canmaropa - 377+2 mnH net, Cannannatea - 378+3 mnH net, Byopuapsu -
37315 mnH neT) coBnagaloT B npeaenax aHanuTuyeCcKux norpeLiHocTen u
COrnacylTCa C CYLECTBYHLMMN OLEHKaMX NPOAOCIXUTENBHOCTU FNaBHOMo
nepuoga naneo3oMckon Marmatuyeckonm aktuHocTu (380-360 mMnH ner)
[Kramm et al., 1993; Ap3amacues, By, 2014] banTtuickoro wura.

Marimeuda-KoTyckas marmaTnyeckasi NpOBUHLNA HAaXO[MWUTCS Ha CEBEPO-
3anape Cubupckon nnatdopmbl [Eropos, 1991; Korapko, 3aptmaH, 2011].
OHa o6beauHsneT 6onee 30 ynbTPaoOCHOBHbIX-LLENOYHbIX UHTPY3UIA, U B TOM
yucne KpynHenwumi B Mupe LLl,eJ'IOLIHO-yJ'IbTE)GOCHOBHOVI Maccus [ynu,
nnowaap Kotoporo coctasnseT okorno 2000 km®. MI3yyeHbl rpaHaThbl U3 ABYX

MacCUBOB 3TON NPOBUHLUMK - ['ynnHckoro n OguxmHya.
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[paHaT u3 MeTacoMaTU3UPOBAHHOIO MenunuTonuTa Maccumsa [ynu
npencrtaeneH aHgpagutom (Adr74Mrt12Sch10Gold0.2). CopepxaHue ypaHa
B HeMm m3meHsieTrcsa oT 8 go 15 mkr/r. CpegHAsa BenuuMHa Bo3pacTta 3Toro
rpaHata (*°Pb/?U) cocraBnsieT 2466 mnH et (CKBO=1.3).

paHaT U3 LWEeNoYHbIX NermaTouMgHbix nopof maccuea OpuxuHya no
XUMMYECKOMY cocTaBy oTBevaeT aHapaguTy (Adr57-73Sch12-18Mrt10-18) ¢
cofepxaHuem ypaHa okono 8 Mkr/r. KOHKOpOaHTHbIV BO3pacT rpaHara
coctaBnsaeT 25011 mnH net (CKBO=0.77).

WccnepnoBaHust BbiMonHeHbl Npy nogaepxke POOU (npoekt Ne 17-05-
00912).
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U-Pb Bo3pacTt aHgpaauTta U3 WenoYHbIX nopog MypyHckoro
MaccuBa (AngaHCcKui Wwur)

Ctucpeena M.B.1, CanbHuKoBa E.5.1, KoTtoB A.5.1, BnapblkuH H.B.z,
FopoBoii B.AZ2

"WUrr PAH, Cankr-Ierep6ypr; “U3K CO PAH, VpkyTck

MypyHCKMiA MaccuB, pacrnofioXeHHblh B CeBepo-3anagHon 4actu
AngaHckoro wurta, u3BecTteH bnarogapsi CBA3aHHOMY C HUM YHMKaNbHOMY
mMecTopoxaeHuto uvapouta. OH npepctaeBnset cobol  MHorodasHyto
uHTpy3uio [Bnagpikun, 2000, 2009]. NMocnepoBaTensHOCTb (hOpMUPOBAHUSA
cnaralowmx maccuB nopoAd [BrmagbikuH, 2009] MOXHO npeactaBuTb
cnepywowmm obpasom: 1) KanueBble yNbTPAOCHOBHLIE LLENOoYHbIe Nopoapl
(paHHAAa pa3a); 2) cueHuTbl, KBapLueBble CUEHUTHI, LUefNoYHble FPaHuTbl U
cneHuT-nermMatuTbl  (rMaBHaa  ¢asa); 3) nenuutoBble  POHONUTHI,
NENUUTUTLI,  NENUUTOBBIE  NAMMNPOUTbI,  JIEALMTOBbIE  TUHIyaWTbl,
3BAMaNUTOBbIE NMySBPUTLI (ByNkaHuveckas dasa); 4) kanvesble CUMKaTHO-
KapboHaTHble nopoapl U kKapboHaTUTbl (No3aHASA hasa).

lMpakTuyeckn BO BCeX pa3HOBUAHOCTAX nopod MypyHckoro maccuea B
KayecTBe nopoAoobpasylolero MuHepana npuUCyTCTBYET KanbLUUEBbLIN
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rpanat [WaxmypagsH, EBaookumos, 1997; Bnagpikun, 2009]. Hamu n3ydeH
rpaHaT M3 KanueBblX WNONWTOB paHHen ¢a3bl U CUEHUT-NermMaTuToB
rnaBHon pa3zbl. 1o XxMMmMyeckoMy cocTaBy OH COOTBETCTBYET aHOpPaauTy.
CopepxaHue okcuMpga TuTaHa B aHApagute W3  KanueBblX WAONNTOB
nameHsietcs B npegenax 3.16 - 11.11 Bec. % (B cpegHem - 8.78 Bec. %), a
n3 cueHut-nermatmToB - 1.23 - 8.52 Bec. % (B cpegHem - 5.17 Bec. %). B
rpaHaTte NpUCyTCTBYIOT BKIHOYEHMSA cynbdunaos, anatuta n kapboHara.

Ona U-Pb u30TOMNHBbIX WCCNeAoBaHM UCMONb30BaHbl Haubornee
O[HOPOAHbIE MO OKpacke hparMeHTbl KPUCTaNoB aHapaTMTa U3 KanueBoro
unonuta u cueHuT-nermaTuta. M3yyeHHbll aHOpaouT XapakTepusyrTcs
BbICOKUMU AN rpaHaTos coge gD)KaHVIFlMI/I ypaHa - 40-20 mkr/r. CpepgHee
3HayeHnMe Bo3pacTa ( ®pp/? U) aHgpaguta 43 KanueBoro wunonuta
coctaBnser 131x2 mnH. net (CKBO=1.6), a KOHKOpAaHTHbIA BO3pacT
aHgpatuTa u3 cueHuT-nermatuta cootBetctByeT 13111 m™MnH. ner
(CKBO= 17) I'IonyquHble OLEHKM BO3pacTa CcornacylTcs C OLeHKamu

Bo3pacTta ( Ar) TOKKOMTa, TUHaKcuTa, paHkaMeHuTa U MUKPOKIMHA
u3 L48p0|/|Tco.c|,ep)Kau.l,l/lx nopog MypyHckoro maccusa (136 mnH net) [MiBaHoB
v ap., 2018].

MccnepnoBaHus BbiNonHEHbI Npy nogaepxke PODU (npoekTbl Ne Ne 17-
05-00912, 17-45-388067).
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NpeuM3noHHble [aHHble O BO3pacTe 4apouToBoW MuHepanusaumm (BoctouHas Cubupb) //
Loknaabl Akagemun Hayk. 2018. T.478, Ne 6, c.657-661

U-Pb reoxpoHonoruyeckue uccneaoBaHusa aHgpaauta us
LLIeJTIOYHbIX MMPOKCEHNTOB [lybpaBMHCKOro Maccuea
(BOpOHEXCKUIA KpUCTaniMyeckun MaccmuB)

Ctucdeena M. B.!, CanbHukoea E.B. KOTOB A.B.", CaBko K.A 2, TonmaueBa
E B.!

wrr, L PAH, CaHkt-lleTepbypr; 2Br- Y, BopoHex

Lly6paBuHCKNIA LLLeNoYHOo-yNbTpaMaduT-kapboHaTUTOBLIN maccus
pacrnonoxXeH B Hro-BocToyHonm 4vactn Kypckoro 6roka BopoHexckoro
Kpuctannuyeckoro maccusa (CTapooOCKONbCKUA pYAHbIA paloH) B 30HE
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CeBepo-3anagHoro  3aMblkaHuWsi  MarieonpoTepo3onckon  BonoToBckon
CUHKITMHaNbHOW CTPYKTypbl. Bmewawwwmmn ero nopogamu SBNSKOTCA
KpuUcCTannuMyeckue cnaHubl W TPaHUTO-THEWCbI apXeWCKoro Bo3pacTta
[Bouapos, 2015], meTamoppnzoBaHHbIE B NaneonpoTepo30Mckoe BpeEMS B
ycnoBusx amcubonutoson caummn [CaBko u ap., 2017]. PaHHsa c¢a3za
MaccuBa npefcTaBrneHa NpevMMyLLeCTBEHHO LWEMNOYHbIMU MUPOKCEHUTaMU.
Ko BTopon pa3se mMaccuBa OTHECEHbl KanbUWUTOBbIE W  [ONIOMUT-
KanbUUTOBblE KapOOHATUTBLI, @ TakXe CUSIMKOKApOOHaTUTbI, a K TPeTben
dase - gavky rpaHOCMEHNUTOB, LUENOYHbIX FTPaHUTOB U CMeHUToB. Bo3spact
cunukokapboHaTutoB [dybpaBuHckoro maccuea coctaensieT 2080+13 mnH
net (U-Pb meTop (ID TIMS) no cdeHy, [Anbbekos n gp., 2017].

LWenoyHble NMPOKCEHUTbI NepBON ha3bl CIOXEHbI HATPUEBBLIM aBMUTOM,
3rMpuH-aBrUTOM, cybKanbUMeBbIM AMONCUAOM, (hEPPOABIMTOM, TUTAHUCTBIM
6roTuToM, BbICOKOXENE3UCTbIMU TeTpadeppmbuoTuTom n
TeTpadeppudnioronutom. BTopocTeneHHble MuHepanbl NpeAacTaBrieHb
MarHeTuToM, WIbMEHUTOM, cdeHoM, anatutoMm U rpaHatoM. OO6bl4HO
rpaHat HabniogaeTca B BuAE CKOMIEHUA 3epeH HenpaBuilbHOW (OpMbl.
Pexe oH o6pasyeT ugmMomMopdHble 3EpHa TEeMHO-KOPMYHEBOrO LiBeTa.
CocrtaB rpaHata cootBeTcTByeT aHapaauTy (And 85.09%, Mor 8.12%, Sch
1.89%, Gold 0.52%, Gross 0.38%, Pyr 0.21%).

Ona U-Pb reoxpoHOMoOrMyeckux WCCnefoBaHUN  MUCMOMb30BaHbI
Haunbonee opHopoAHble MO oKpacke dparMeHTbl KpWUCTannoB rpaHaTos,
KOTOpbIe 6binn nNpoaHanu3npoBaHbI B COOTBETCTBUU c
moamcmumpoBaHHeiMn MeTogukammn T. Kpoy n E. XopsuTua ¢ coaBTopamu
[Horwitz E.P. et al.,, 1992; Krogh T.E. et al., 1973] u C. OeBonbda c
coaBTopamu [DeWolf C.P. et al., 1996]. CpegHee 3HadeHue Bo3pacTa
(2°7Pb/ 06Pb) U3yyeHHoro aHgpaguta coctasnaetr 20753 MnH net
(CKBO=3.2) u coBnagaet B npepenax norpewHoctu ¢ U-Pb Bospactom
cdeHa U3 cunmkokapboHaTMToB.

Temnepatypa 3akpbitua U-Pb un30TONHOM cUCTEMBbI  KanbLMEBOro
rpaHata oueHuBaetca B 750-800°C [Yang et al., 2018] u conocrtaBuma ¢
Temnepatypon 3akpbltua U-Pb nzotonHoun cuctemol cpeHa 650-700°C. P-T
napameTpbl pervoHanbHOro metamopduama, MpSABMEHHOr0O B nNpepenax
HOro-BOCTOYHOM YacTu Kypckoro 6noka, coctasnsoT 639°C npu Pobuy,. = 4-5
k6ap [CaBko, Kanbmyukas, 2002]. 3To gaeT ocHoBaHue nonaratb, 4To U-Pb
BO3pacT aHApaamuTa U3 LesroyHble NMpokceHnToB [y6paBMHCKOro maccuea
OoTBeYaeT BO3pacTy KpUcTannm3aumm pogoHavanbHbIX A9 HUX pacrniiaBoB.

WccnepnoBaHus BbinonHeHbl npy nogaepxke POOU (npoekt N2 17-05-
00912).
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O TeKTOHO-MarMaTM4YecKom akTUBHOCTU B IOXXHOW KpaeBoM
yacTtu banTtuitckoro wuTa B paHHeM pucpee

TepexoB E.H.1, MakeeB A.E.z, BbasHoBa T.5.3,Cepoa I'I.A.3, JlebepeB B.A2

"TWIH PAH, Mocksa; UIrEM PAH, Mocksa; >t KHL| PAH, AnatuTts:

Bonpoc o Hannunu paHHepudenckmx cynpakpycranbHbix 06pa3oBaHuin B
obpamneHun bantuickoro wMta OO CUX TMOpP OCTaeTcA BecbMa
ONCKYCCUOHHBIM. B aTOon cBA3M Mbl nNpepacTtaBnsgem paboTy No U3yyeHuro
BTOPWYHBIX KBapLMTOB, KOTOpbIE Ha Hall B3rnsa4 MOryT CBUAETENbCTBOBATH
o} CYLLIeCTBOBaHWM 3HAOOrEHHbIX npoLeccos, KOHTPOMUPYIOLLMX
dhopmMupoBaHue paHHepudenckmx o6pa3oBaHuii B 3TOM pernoHe. B ueHTpe
®uHckoro 3anmBa Ha octpoBe bonblon ToTepc BbIBMEHO U AeTarbHO
U3y4yeHO KpYyMHOe MposiBfieHne BTOPUYHbIX KBapumutoB [TepexoB u Aap.,
2017]. MNMpwn aToM TpyoamMu OTEYECTBEHHbIX reonoroB pa3paboTaHa Moderb
0b6pazoBaHNa BTOPUYHbIX KBapLuuTOB [HakoBHMK, 1964]. Bepywias ponb B KX
dopmMnpoBaHMN NpUOAETCA SK3IrandAuMoOHHOW [OeATeNbHOCTU BYJIKaQHOB.
Ncxops n3 aton mopenu, no aHanornv, MOXHO NpeanonoXuTb, YTO U B
MOMEHT 00pa3oBaHuWs BTOPUYHbLIX KBapuutoB Ha o. B.TioTepc B 3TOM
parioHe cyLlecTBOBanu BYJIKAHMYECKUE LeHTpbl. Ha 6onblioe Konuyectso
BYNKaHOB, npeflwecTByOWmMX (OPMUPOBAHUIO  FPaHUTOB  panakusw,
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yKasblBalOT U HeKoTopble uccneposatenu [Laitakari, 1996]. B paHHOM
coobLeHMN Mbl 06CyXaaem pe3ynbTaTbl KOMMMEKCHbIX paanMosiormyeckmx
nccrnefoBaHUn 3TOro NPOSIBIIEHNS.

Bonbwas u4acTb KopeHHbix mnopoa o. b.TwTepc npencrasneHa
MacCUBHbIMK, He nonocyaTbiMu KBapumTamu. OHM MMEKT PasfUyHYHo
oKpacky oT 6ecLBeTHON K cepoit 1 Bypoi ¢ NOCTEMEHHbIMU Nepexoaamu.
O6bIY4HO 3TO  KPYMHO3EPHUCTbIE, MAaCCUBHbIE, YacTO «CIIMBHbIE», HO
MecTaMu MOPUCTblIE Pa3HOCTU, KOTOPblE€ CEKYTCH MHOMOYUCIIEHHBIMU
BEPTUKANbHBbIMW U peXe HaKMOHHbIMW XUnamu, Takxe KBapLieBOro CocTaBsa,
mMowHocTbio 10-20 cm, MepuamoHanbHOro npocTupaHus. B kBapuutax Ha
CTapoM CKOfle 4acTo BUOHbl TEHEBble CTPYKTypbl B BUAE pa3HOLBETHOMN
nonoc4aTocTu, MHoraa Tvna MUrMaTUTOBOW C XapaKTEPHbIMWU CKIagKamu.
Ho Ha cBexem cKofle HMKakuMx pas3nuuMi He BUOHO W BCe MNOpOAbI
OOVHAKOBO MNpeACTaBfieHbl KBapuuTtamu, MpuMYeM KBapuWTbl B OCHOBHOW
Macce M B KBapueBbIX Xunax B wnudax oamHakoBbl, XOTA B rone
nocrnegHve KaxyTtca 6onee cBeTnbIMK U CNUBHbIMU. B Lienom kBapuutbl He
06pa3yloT NNacToB, CKNafok, He BbISIBNEHO 0cafo4Hol nonocyaToct. OHu
3aHUMaloT BClo 0OHaXEHHY YacTb OCTPOBa M pa3BuTbl Kak B ype3e BOAbI,
Tak M B BOOOPas3fenbHOM 4YacTW OCTPOBa, MpW 3TOM MpPUHLMMMANbHON
BEpPTUKaANIbHOW W TOPU30OHTaNbHOW 30HaNbLHOCTM He oTMedeHo. Cpeau
KBapLMTOB BbIAENAKTCA JIMHENHbIE 30HbI TPELLMHOBATOCTW, HaNOXEHHbIE
Ha KBapLMTbl, LEHTpanbHble YacTu KOTOPbIX YaCTO CMOXEHbl MacCUBHbIMM
Xenes3o-rMMHO3eMUCTbLIMU  MeTacoMaTuTaMmu, uMelLWwyuMn fpko  6ypyto
okpacky. MoLWHOCTb 3TUX 30H A0 MEpPBbIX METPOB U MPOCHEXEHbl OHWU Ha
COTHU MeTpoB. BaxHoe 3HauyeHve AN NoHMMaHuA Bo3pacTa BTOPUYHBIX
KBapLUMTOB WMMEKT [alKM KWUCMOro CocTaBa, KOTOpPble WX MPoOpbIBAlOT WU
cofepxaT KCeHONnWTbl, MpencTaBfeHHble KBapuuTamu. Mo coctaBy wu
OpuMEeHTUPOBKe B Npepenax octpoBa b. TioTepc BblgeneHo ABa Tuna Aaek.
MepBbln  TMN 3TO f[alkym CyOGLUMPOTHOrO MPOCTMPaHUs, TO eCcTb
napannenoHole banTuicko-Me3eHCKOW TEeKTOHMYEeCKON 30He (dhrekcypbl
MonkaHoBa). Mx mowwHocTb oT 50 cm o 20 m. B Menkux fankax ot4eTnImBo
BUOHA niouaanbHOCTL MapansenbHasa KOHTakTam, 4YTO YyKa3blBaeT Ha
BbIXKMMaHue pacnnaBa BAOMb HanpaBleHus pasBuTus Oyaylien [Aanku.
KceHonuTbl KBapUMTOB TakXe BbITAHYTblI MO NPOCTMpaHuMio 3Tux gaek. Ha
yaaneHun ot 6epera BBeEpx MO CKIIOHY (Ha paccTosHUM NpUBNN3UTENBHO B
150 m u B BbicOTy 10-15M) hbnompanebHOCTL B Aankax nponagaer u eé
nopoAbl CTAHOBWUTCS MACCUBHbIMU W MNOSBAAETCA Monoras OTAENbHOCTb.
[arkn BTOpPOro Tuna CfIOXeHbl MaCCUMBHbIMW  TMFAHTO3EPHUCTLIMM
rpaHMTamMm, MOLWHOCTb0 OT 1 go 15 M, OHM MMelT cybmepuanoHansHoe
npoctupaHve. B opHoOM w©3 paek BCTPEYEH KPYMHBIN  KCEHONMUT He
OKBapLIOBaHHbIX MOPOA - CNaHUEB C rOPU30HTOM amM@UBONUTOB 1 peaKUMM
Xunkamu Heocombl. MogobHble nopoapl Becbma 6nm3kuM no obnuky u
COCTaBy K CyrnpakpycTajibHbiIM MOpoAaM CBEKO(EHHCKOro KOMMeKca.
BeposATHO, 4TO Mopo6HbIEe NMOpoAbl MOACTUNAKT Ha rNybuHe BTOPUYHbIE
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KBapuMTbl, 1 MMEHHO MO HWM OHW U Mornm copmupoBaTbca. Cekyliee
NMonoXxeHne Aaek MepyuavoHaNbHOro NPOCTMPaHNA MEHEE OTYETIMBOE, YEM
JaeKk nepBOW Trpynnbl, TaK KakK OHW HacrnegywT TpewuHbl TOouW Xe
OPWEHTUPOBKKN, YTO U BOSbLIOE KONMMYECTBO PasBUTbIX 34E€Cb KBapLEBbIX
Xun.

B nabopatopuv WM30TOMHOW reoxumum u reoxpoHonorun UMFEM PAH
nposefeHbl onpeaeneHns K-Ar Bo3pacTa rpaHuTHbiIX gaek. C HekoTopou
Oornen yCnoBHOCTU MOXHO FOBOPUTb, YTO AWKU LUMPOTHOrO HanpaeneHus
bonee ppeBHWe, yeM mepugmoHanbHble (1680+30 u 1660130 mnH net
COOTBETCTBEHHO). 1o 3TOMy BO3pacTy OHM ONM3KM rpaHuTaMm panakvsu
Boiboprckoro  mMaccuBa, KOTOpble MO  [aHHbIM  MHOFOYUCIIEHHbIX
uccnegoBaHMn nmerotT Bo3pacTt okono 1650 mnH net. Npuyem o4veBMAHO,
YTO T[paHUTHble [Jalku pBYT YyXe CHOPMUPOBABLUMECA BTOPUYHbIE
KBapLMTbI.

KoMnnekcHble U30TOMHbIE WCCNEAOBaHUSA [PaHUTOB WM BTOPUYHbIX
KBapuutoB npoBoaunucb K B [eonornyeckom wuHCTUTYTE KOMbCKOro
HayyHOro ueHTpa. [OnA eOouHU4YHbIX 3€epeH LUWPKOHa U3 rpaHuTa
MepuUAMOHAaNbHON Aariku nonyyeH 6onee MONoAON KOHKOPAAHThI BO3pacT
(156010 mnH NeT), KOTOPbIN COOTBETCTBYET BO3pPacTy (hOPMUPOBAHNS yXe
Opyroro maccuBa rpaHuToB panakuBu - CanmuHckoro. Takum obpa3om,
MOXHO yTBepXAaTb, 4YTO OPMUPOBaHME BTOPUYHBbIX KBapuMTOB
npealwecTteoBano o06pa3oBaHW0 MacCMBOB panakuBM  HOXHOM  4acTu
BanTtuiickoro wmta. ViccnepoBaHna Takxe nokasanu, 4YTo u3oTonHas Sm-
Nd cuctema rpaHutoB u3 gaek o. 6. TioTepc 6bina HapyLleHa, BEpOSTHO, NOA,
BO3JenCTBUEM DrIOMOOB M MeTacoMaTU4eckmx mnpoueccoB. [lpouecchl
3KCranAuMoHHOM OesTenbHoCTy, TEKTOHNYECKON aKTUBHOCTW,
MeTacomMaTM4eckon nepepaboTKu, pas3BUTUE  MHOTOYUCIEHHBIX  30H
TpeLmMHOBaTOCTH, MO-BMAMMOMY, obecneuunu ycnoBus [na HapylleHus
nzotonHon Sm-Nd cucTtembl Ha ypoBHe MOpoA B LefnoMm. 3TO NpuBeno K
TOMY, 4YTO ObINM MONyYeHbl HepeanbHble MCOBLIE 3HAYEHMS 3JMCUIOH
Heoauma, Hanpumep, anst npobel 5T-40 (c Bo3pacTom 1650 mnH net) eNd =
+8.0, mn pas3bpoc B MoOOeNnbHbIX BO3pacTax OT apxenckoro Ao
Me30MnpoTeEPO30MCKoro.  [ByxXToueyHble  “U30XPOHbI” N0 nopoge W
WIbMEHUTY BO BTOPUYHbIX KBapuuMTax [alT CWUIbHO OMOJIOXEHHbIE
Bo3pacTbl (okono 1.0 mnpa net u 460 MNH neT.), BO3MOXHO CBSI3aHHbIE C
no3gHMMn  anu3ogamu  prMaHO-MeTacoMaTMyeckon  nepepaboTku,
KOTOpble COBMafalT C nepuogamMv TEKTOHMYECKOM aKTMBU3aALUUKU KpaeBow
yactn bantuinckoro wuTa.

Takum 06pa3om rpaHWUTHblE XWJbl, CEKyLUME BTOPUYHbIE KBapUUTHI,
umetoT Bo3pacT 1.65-1.5(?) mnpp, net, 4To ykasbiBaeT Ha 6onee ApeBHUN
(paHHepudecknin) Bo3pacT MNPOSABEHUA KUCIIOrO BYyJfKaHM3Ma B 3TOM
paWoHe, cnepgpl KOTOPOro NOYTKM HE COXPaHWUIINCD U NOoA BNNSIHUEM KOTOPOro
obpasoBanucb  BTOpMYHblEe  KBapuuTbl. OTO B  CBOKW  oyepenb
CBUOETENLCTBYET O HanNU4MM  MNPU3HAKOB  TEKTOHO-MarmaTuyeckomn
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aKTUBHOCTM B 30He loXHOro obpamneHuss banTtuiickoro wuta B
paHHepudenckoe Bpems.

Pab6oTa BbinonHeHa npu onHaHcoBOW noaaepxke rpaHta POdI Ne 18-
05-00485 u Mporpammsl Mpe3ngunyma PAH Ne 19.

Jluteparypa

HakoBHuk H.N. BTopuuHble kBapumtbl CCCP u cBA3aHHble C HUMMU MECTOPOXAEHMS
nonesHblx uckonaemobix. N3a-s8o «Hepgpa». 1968. 335 c.

Tepexos E.H., Makees A.B., Mpokodbes B.lO., n ap. MNpupoaa BTOPUYHLIX KBapLUTOB
ocTpoBa bonbliown Tiotepc (PuHckuin 3anue, Poccus) // NMutocdepa. 2017. T. 17. Ne 6. C. 97-
115.

Laitakari ., Ramo T., Suominen V., Stepanov K and Amantov A. Subjotnian: rapakivi
granites and related rocks of the gulf of Finland // Geol. Survey of Finland, special Paper. 1996.
21. P. 5997

"e0XpPOHONOrNs MHTPY3UBHBIX NOPOA, AYKYKCKOrO KOMrekca
(3anapHas Kamuatka)

Tuxomupoa A.C., KoctnubiH F0.A., AHocoBa M.O., Pessiko H.M.

TEOXH PAH. Mockea. y.s.tikhomirova@gmail.com

Ha ceBepHOM n toxHOM obpamnerHun CpeanHHo-KamuaTckoro maccvea
pacnofioxeHbl rabbpo-HOPUT-KOPTNAHAWUTOBbLIE  WHTPY3MBbI  LYKYKCKOrO
KOMMfiekca C Cynb(MAHOM MEOHO-HMKENEBOW MUHepanus3auven u
nnatuHongamu. B ceBepHo yacTu Haxopgutcsi mecTopoxpaeHue LlaHyy, B
IOXHON - MecTopoxpaeHue Kyamopor (npuypoyeHHoe K OfHOWMEHHOMY
WHTPY3NBHOMY MaccuBy).

HavanbHble W30TOMHblE OTHOLWIEHUSs CTPOHUMS M Heoguma  Aans
rabbpovaoB AyKyKCKOro KOMmsekca aHoMaslbHbl OTHOCUTENbHO MaHTUIHbIX
3HayeHuit, a pasbpoc 3HayeHWn uX Bo3pacTa MO pasHbIM MeToaam
coctaBnsiet 6onee 10 mnH. net. B yacTHocTw, HabniogaTcs pasnuyus B
BO3pacTe Nnopop, AYKYKCKOro KOMMJEeKca Ha CEBEPHOM U HOXHOM driaHrax
CpeanHHoro maccmnBa Kamuatku. Hawa 3apava cocTtosna B TOM, 4TOObI
YTOYHUTb BO3PacT C ucnonb3osaHuem U-Pb uzotonHon cuctembl, a Takxe
onpenenuTb xapakTep UCTOYHUKA MaTePUHCKUX pacnnaBoB No AaHHbiM Rb-
Sr 1 Sm-Nd n30TOMHbIX CUCTEM.

Mopoapl DYKYKCKOro KOMMJieKca BHEpEHbI B
CUINIbHOMETaMOpP(M30BaHHble TOMNWM yHAaMeHTa M obpamnsolme ux
paHHeMernoBble MeTaTeppureHHble CnaHueBble Tonwm vexna. B cTtpoeHum
WHTPY3MBHbIX TEN KOMMMeKca y4yacTBYIT KOPTNaHAMTbl, HOpUTbI, rab6po-
HopuTbl, rabbpo, AMopuTbl U KBapueBble AvopuTbl. Cneumduka cocTasa
BCEX Pa3HOBUOHOCTEN NOpof, AYKYKCKOro KOMMSIEKCca 3akoyaeTcsa TOM, YTOo
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B HUX HEUW3MEHHO MPUCYTCTBYIOT TMAPOKCUIICOAepXallme MUHepansbl:
amdunbon (napracut) u 6MoTUT, a B ynbTpamadniecknx pa3HOBUAHOCTAX -
dnoronut.

Rb-Sr MuHepanbHaa u30xpoHa no Tpem dpakuuam dnoronuta u3
rabbpompgoB paykykckoro komnnekca (TpyxuH w gp., 2009) maccuBa
KyBanopor oTBevaeT 3HauyeHuto Bo3pacTta 55.2+2.2 mnH.net. I3oxpoHa no
5 cpakumam nopog B uenom (amcunbonoBble AUOPUTLI, MENAHOAUOPUTLI,
nermatougHole  rabbpo-gMopuTbl M NermMaTtoupHble  AMOpUTHI)  Ha
mMectopoxpaeHun LWaHyu (CtenaHoB, TpyxuH, 2007) onpenenseTt BO3pacT,
paBHbii 49.2+2.7 mnH.ner (CKBO=33). AHanu3 natu npob nokasan
HanMyne W30TOMHOW reTepOreHHOCTU, MO3TOMY 3TU aBTOPbl MNOMbITANUCh
MOCTPOMNN W30XPOHY MO TpEM To4ykaMm, OTOpakoBaB [ABe U3 NATU.
MosnlyyeHHble Takum o6pa3oM pe3ynbTaTbl ONpefenieHuss Bo3pacTa
rabbpompooB Ha MectopoxpaeHuax Kysanopor m LaHyy pasnuuatorcsa 3a
npeaenamMu MorpewHoCcTeN, U pa3HuLa Mexay nofy4YeHHbIMU 3HaYeHUAMM
COCTaBmseT OKOMO 5 MNH.NeT. OTU pe3ynbTaThbl Bbi3blBaniM COMHEHUSA U, Ha
Hal B3rnapg, TpeboBanu NoATBEPXAEHMS.

Ar-Ar pgatupoBaHue nopoA MopoA  OYyKYKCKOrO KOMMfekca Ha
MecTopoxaeHun Kyeanopor no AByM MuHepanam, 6uotuty u amdubony,
nokasarno 3HaueHune Bo3pacTta 57.21+1.4 mnH. net (Konnikov et al, 2006), 4To
npoTuBopeymnno pesynbtatam U-Pb gatnpoBaHua no uMpKoHy: no 9 3epHam
LMPKOHA M3 NOpoA 3TOro C MecTopoxaeHus 6bin nonyyeH Bo3pact 50.8+1.4
mrH. net (Konnikov et al, 2006).

B T’EOXN PAH Ha ogHokonnekTtopHoMm LA-ICP-MS macc-cnektpomeTpe
Element-XR mbl npoBenun U-Pb uccnepoBaHua umpkoHa mn3 rab6pouaos
maccuBa LWaHyy. 3HauyeHus Bo3pacta coctaunu 50.1+£0.2 mnH.neT
(avoput, 54 3epHa umpkoHa, CKBO=1.4) un 51.0+£0.2 mnH net (ra66po-
ounoput, 35 3epeH unpkoHa, CKBO=1.6).

Takxe ™Mbl npoBenu wuccnegosaHusa Rb-Sr cuctembl  MuHepanos
6uotutoBoro rab6bpo c mectopoxpaeHuss Kysanopor. Bbinu BbloeneHsbi
MUHepanbl W3 HauMeHee W3MEeHeHHoro obpasua kepHa Bt-rabbpo c
MaccuBa KyBanopor, oTobpaHHOro BO BpeMsi MoOneBbiX paboT Ha tore
CpeguHHoro maccusa B 2015 roay. B pesynbtate no YeTbipéM (hpakumnsam
6uotuTa nonyvyeHa Rb-Sr muHepanbHaa M3oxpoHa, oTBevatollas Bo3pacTy
54.410.9 mnH.net (CKBO=0.9), 4to B Nnpefenax NorpewHocTy cornacyercs
¢ Rb-Sr paHHbiMu konner (TpyxuH u gp., 2009; CtenaHos, TpyxuH, 2007).
lMpu 3TOM Ha WM30XPOHHOW AMarpamMmMe TO4YKW, OTBevallme nrarnoknasy,
KITMHOMMWPOKCEHY, a TakXe MopoAe B LESIOM, HE JIerM Ha M3O0XPOHY Mo
dpakunam  6uotuta, T.e. MIOTOMHAA TETEPOreHHOCTb  CTPOHUMS
HabnpgaeTca Ha MuHepasnibHOM YpOBHE pAaxe B MacwTabe LwTydHOM
npoobl.

MpuHUMNManbHO BO3MOXHbI ABa BapuaHTa 06bACHEHUS 3TOro ABMEHUS:
reTeporeHHbI  UCTOYHWK pacniaeBa, WM  KOHTamMuHauua pacnnasa
BMELLALLMMN NOPOAaMK B Kamepe KpucTannmsaumu.
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NccnepoeaHusa Rb-Sr u Sm-Nd nzotonHbix cuctem 14 o6pa3uoB nopoa
OYKYKCKOro KOMMJIEKCa MoKa3anu, YTO HauvallbHble U30TOMHbIE OTHOLUEHUS
HeoguMa W CTPOHUMA COBWHYTbI OTHOCUTENbHO TUMWYHO MAHTUMHBIX
nsotonHbix 3HaueHnin: (¥Sr/*°Sr)y=0.7043-0.7050, €nqg OT -0.03 go +2.2. Ha
Rb-Sr n3oxpoHHOW guarpamme TOYKM, OTBEYaloLWme nopogam pasHbix da3s
BHegpeHua mMaccua KyBanopor He nexaT Ha OfHOW nuMHuKM, a obpasyoT
06nako TOYEK, YTO CKOpee BCEro YKasblBAET HA U3OTOMHYH0 reTEPOreHHOCTb
MarmaTu4ecKkoro MCTOYHMKa Nnopoj, AyKYKCKOro Komnnekca. B 1o xe Bpems
1 B npegenax ogHoro wtyda Habnogaetcs M3oTonHas reTeporeHHOCTb Ha
YpOBHE MuHeparnbHbIX (Ppakuui, T.e. CKOpee BCEero W30TOmMHbIA COCTaB
CTPOHLMA M3MEHANCA B pacnnaBe nNpaMoO B XxXoAe ero ¢pakLMOHHON
KpucTannusauuu, BecbMa BepOSTHO, YTO B pe3ynbTaTe acCUMUNSALMM
BMELLALWMX MeTaocafiouHbiXx nopod. [lpy 3TomM Koppensuus Mexay
KPEMHEKUCITOTHOCTBIO MOpPoA4, M M30TOMHbIMM OTHOLUEHUSIMU CTPOHUUS U
HeoguMa B HUX He Habniopaetca. CnepoBaTenbHO, npouecc 6bin 6onee
CNOXHbIA, YeM MpPOCTOe [ABYXKOMMOHEHTHOE CMELUEHMEe MaHTUMHOIro W
KOpPOBOro MmaTepuaros.

Mockonbky no gBym u3oTonHbiM cuctemam (Rb-Sr 6uotuta n U-Pb
LMPKOHA), CUNbHO pPasnNYallUMCA MO YCTOMYMBOCTM K HANOXEHHbIM
npoueccam, ObiM MNofyYeHbl CXoAsWMecs 3HayveHus Bo3pacTa, CKopee
BCEro HanoXeHHble MpOLEeCCbl He Obln 3HAYUTENbHO OTOPBaHbl BO
BPEMEHMN OT MOMEHTA 3aKpbITUA U3OTOMHbIX CUCTEM MarMaTu4ecknx Nopog,
T.e. OT marmatmyeckoro stana. [lonyyeHHble Hamu U-Pb pgaHHble no
LMPKOHY He TMOATBEepOMNM pas3nuMyuud B BO3pacTe MOpOA AYyKYKCKOro
KOMMekca Ha mectopoxaeHusix Kyeanopor u LaHyy B 5 MiH.NeT.
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Mpouecchbl, MaTepuarsbl U BpeMEHHbIe LuKasbl No3aHeN
aKKpeLuu, - COrniacHo AlaHHbIM O COAEPXaHUAX NeTY4mX,
NUTO(UNBHBIX U CMAEPOPUIBHBIX ANIEMEHTOB B
«HabniogaeMbix» pesepByapax 3emnu

TonctuxvH U.H.

' KHL PAH, Anatutel

B cooTBeTCTBMM CO CTaHOApPTHbIM cLeHapueM (opMupoBaHus 3emnu,
No34HASA aKKpeuus - 3TO MpOLLeCChbl, UMEBLUME MECTO Mnocrne MnocrnegHero
CTONIKHOBEHMS 3€emMnM C MacCUBHOW MpOTOMnaHeTen, cerperauven sapa,
(yacTnyHoro) 3aTBepaeBaHMa OkeaHa Marmbl U OOPMUPOBAHNS MaCCUBHOM
CpaBHUTENbHO pgonroxueyulen kopbl [Johnson et. all.,, 2014]. Ha
NMOBEPXHOCTb 3TON KOpPbl ObINIM NpUBHECEHBI 0OOMKU (YacTuLbl, Mbifb) Ten,
nagaBLlIMX Ha 3eMIi0 B Xoe NO3AHEN akKpeuun (Huxe byaeT ucnonb3oBaH
TEPMUH «3eMHOro peronnt»). Crneppl 3TUX NPOLLECCOB ObINN COXpaHeHbI B
3MIEMEHTHbIX U U30TOMHbLIX COOTHOLUEHUAX B MaHTMM 3emnu. Tpu rpynnbl
XUMMWYECKUX INIEMEHTOB, XapaKTepU3YILMXCA pPasHbIMA  XUMUYECKUMM
CBOWCTBaMM, MO3BOJISIIOT BOCCTAHOBUTL PAHHIO UCTOPUO 3eMIIN.

(1) OpHa u3 HUX - 3neMeHTbl NNaTUMHOBOWM rpynmnbl, GrnaropogHble
meTtannbl (BM), u 190py 187Re 18818705 1 211182\ p3oTonHbIE CUCTEMBI
[Walker, 2016]. PaccmoTpum BHauvane 182 . 182y N30TOMHYI0O CUCTEMY,
KOTOpas MO3BONSAET OUEHUTb BpeMA [AEWUCTBMA WHTEPECYILMX Hac
npoueccoB (Ag; = 77.016 mnpa. net). [Npegnonoxum, 4to 84p0 3emnu
6b1no chopmMmpoBaHo B pe3ynbTaTe NocnefHero coyaapeHus Bo BpeMs lqqp
(oTcumTbiBAEMOro OT BpeMeHu opmupoBaHua ConHua), npudem
cerperaums npoxoauna npyv paBHOBECHOM pacnpefeneHnn 3SeMEHTOB
Mexay MeEeTanIMYeckKuMn U CUMMKaTHBIMU  MaTepuanamu. B xope
cerperauvu siapa npeuMmyLLecTBeHHoOe pacrnpeneneHue cugepodpunbHoro W
B MeTannuyeckue asbl NPUBENO K YBENMYEHNIO OTHOLLEHUSA 1804 1 184w g
cunukatHon 3emne ot 1.325 (3HayveHua B CornHedHon cuctemsbl, COC,
N3BECTHOrO W3 uWccredoBaHun mMeTeopuToB) go 17.28 (Habniogaemoro B
MaHTum  3emnn, MA3). 3TN 3HayeHUss U Ha4vanbHble OTHOLUEHUSA
("W W) coc = 0.86448 n ("PHfI'*Hf)coc = 1.01 x 10™ onpenensioT ;0 U3
ypaBHEeHUS,

(182\/\//184\/\/)MA3 - (182W/184W coc

+ ("HIHf)coc * ((HF**W)ooe {1 - exp(-Asz 270}
+ ("PHIHf)coc % (™ W)wuaz X exp(-Ms2 Zaze)

MopcTaBnaAA nNpuBEAEHHbIE Bbille 3HA4YeHWs W pelas ypaBHEHUe
OTHOCUTENbHO  fgpe MOAYyYMM 29 MAH. neT, - Bpemsa Hadvana
paccmaTpuBaeMbIX MPOLLECCOB.
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Hu cy6-xoHOpUTOBblIE OTHOCUTESbHbIE KOHUEeHTpauun BM, Hu
cooTHolleHNst n3otono °Pt-'’Re-"*'®Os cuctembl, HM aBcomioTHble
copepxaHus BM, Habniopaemble B MaHTUM 3emnu, He Mornu ObiTb
obecneyveHbl npoLeccoM cerperauun fgpa. Bce atM HabnwopeHus
0ObACHATCA BKNaJoOM XOHOPWTOBOrO BeLlecTBa B XO4e NO3JHew
akkpeumn.

(2) Btopas rpynna, - HenetyuMe nUTO(UIbHbIE HECOBMECTUMBbI
3NIEMEHTDI, - HECYT MHopMaLMio 0 anddepeHunaunm cunMKaTHoM 3emMru.
C?eu,m 5TUX 3NeMeHTOB 06bluHO paccmatpuBancs °Sm-"*Nd u '*Sm-
SNd OyaT, BKIHOYABLUNA KOPOTKOXMBYLLUIA 1 AONTOXUBYLLNA POAUTENBCKNE
nzotonel [Boyet and Carlson, 2006; Caro, 2011]. OpHako Bnocnencrauu
6bi10 nokasaHo [Burkhardt, et al., 2016], 4To M36bLITOK "2Nd B 3eMHOM
BELLECTBE WMEET SOEpPHO - CUHTETUYECKYD NPUpPOAY, a He SABnsAeTcs
NpoayKToM pacnaga °Sm UM He CBUOETENbCTBYET O  paHHeil
onddepeHumaummn 3emnu.  MHtepnpetauua 6anaHca “Nd* B 3eMHbIX
pe3epByapax He u3meHunacb co BpemeHu pabotbl Allegre [1997]. B pamkax
XOHOPUTOBON MoAenn 3eMnun OaHHble 3TOM CUCTEMbI CBUOETENbCTBYIOT O
CpaBHUTENIbHO  paHHerW M30onAuMM  CUMMKaTHOro  pesepByapa, He
NpYHMMaBLLEro BMOCNEACTBMU y4acTMs B MaHTUWHON KOHBEKLMWU. Takum
pe3epByapoM Morfia 6bl ObiTb NOrpy3vBLUAACA B MaHTUMIO APEBHASA Kopa
[Tolstikhin and Hofmann, 2005].

(3) Tpetbs rpynna - Haunbonee netyyne I3NEMEHTbI, K KOTOPbIM
oTHocsTca 6naropogHble rasbl (BIN). HepaBHME BbICOKOTOYHbIE M3OTOMHbIE
aHanu3bl Xe M3 MaHTUMHOro nnoma, 3nudens, 'epmanuna [Caracausi et al.,
2016] nokasanu, 4YTO B MaHTUM HaxXOAMUTCA «NnaHeTapHbiny Xe (Q-Xe),
OOHapyXeHHbI paHee TONbKO B YIMUCTbIX XOHApUTaxX. OTU [AaHHble
CBUAETENBLCTBYIOT O BKrage 6oratoro neTy4MmMm KOMMOHEHTaMX BELLECTBA
YIUCTBIX XOHAPUTOB MaHTMI0O 3eMNM Ha MNO3OHWX 3dTanax akKpeuuw.
1Caracausi et al. L2016] noeHTurumMpoBanu aenntenbHble KOMMNOHEHTbI Xe,
®xe(Pu) n Xe(U), onpefenunu oTHOWeHMe NPOAYKTOB pacnapja
KOPOTKOXUBYLLMX 129 y 24py, 129Xe(l) / 136Xe(Pu) = 3, nHTepnpeTnpoBanu
3TO OTHOLLEHUS B paMKax [ABYXCTagUMHON MOJEenu Aerasauuv, u nonyynnm
BpeMs nNpekpalleHus gerasauum  («3akpblTusi») copepxallero Xe
pesepsyapa mexgy 75 n 120 mnH. net (nocne dopmupoBaHusa ConHua).
Tolstikhin [2018] nokasan, 4To Takas XpOHOMorMyeckas MHTepnpeTauums
BHYTPEHHE MPOTUBOPEYMBA, N YTO AaHHblE O COOTHOLLUEHUN PafNOreHHbIX
usotonoB Xe cnegyer OOBACHATL NpoLeccamMu CMELUEHUs pa3HblX
MaTepuarnoB: OpPEBHEN KOMaTMUTOBOW KOpbl, B KOTOpoW (mocne pacnaza
poaUTENBCKUX U30TOMOB) OTHOLLUEHUE 129Xe(l) / 136Xe(Pu) He npesbiwano 1,
N XOHAPUTOBOrO «PEronnTa», B KOTOPOM 3TO OTHOLLUEHWE MOFJIO AOCTUraThb
10000.

N3 paHHux nccnepoBaHun nssectHo [Mamyrin and Tolstikhin, 1984] uto
n3oTonHble coctaBbl He, Ne 1 nx cooTHowWEHNe B MaHTUN 3emnun 6rmM3ku K
TakOBbIM B COJSTHEYHbIX ra3ax, UMMIAHTMPOBAHHbLIX B TBEPOOE BELLECTBO.
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Takum 06pa3oM, elle OAHUM KOMMOHEHTOM «3€MHOro peronutay» 6biniu
6oraTble CONMHEeYHbIMM ra3amMu meTeopuTbl. Kak v B criyyae ¢ Xe (CM. BbiLLe)
N30ToMHOe OTHOLEHWe “He/*He B runoteTMyeckom 3eMHOM peronnte, 4.5 x
10*, B 10000 pa3 npeBblllaeT TakOBOE B PagvUoOreHHOM renuu 3eMHbIX
nopoa, 2 x 108

Tpy 0CO6EHHOCTM NO3OHEN aKKPELMU 1 NOoCneayoLen asonounm 3emnu
TpebyeTcsa Ana 06bSCHEHMSA BCEX PaCCMOTPEHHbIX Bbille HabnoaeHuin. (1)
B3aumopencTtBme Ten, y4yacTBYHOLWMX B MO3AHEN aKKpeuun, ¢ 3emMnen He
OOJMXHO npuBoAMUTbL K Aeraszauumn Bl n dpakuymoHupoBaHuio BM. 3To0
TpeboBaHune cobnogaeTcsa Npy yCNoBMK ManbiX pa3MepoB Najalolmx Ten
[Schliching et al., 2012; Rivera-Valentin and Barr, 2014]. bygaywee
MOLENUPOBaHWE [OJIXHO MoKasaTb OyAeT N MNOTOK TakKUX «MESKMX»
06JI0MKOB AOCTAaTOYHO MHTEHCUBHBLIM NSt obecneveHnn 6anaHca BM v Bl B
MaHTum 3emnu. (2) MNorpyxeHne OpeBHEN 3eMHON KOPbl B MAHTUIO TaK Xe
He OOJTXHO ConpoBOXaaTbCs npoweccamu Aerasaumm n
pakuMoHUpoBaHMA.  YOOBNETBOPUTENbHbLIX MOAEeNen Takoro npouecca
ToXe noka HeT. Hawnbonee npoctoe obbsAcHeHue, BbiaBUHYyTOE Tolstikhin
and Hofmann [2005], ocHoBaHO Ha npeanofnioxeHny1 o6 oTCyTCTBUM BOAbI Ha
NMoBepxHOCTM 3eMnu: MNOrpyxeHne «CyxoW» MnoTHow (BcrneacTeue
MeTamMopryeCKUX NPOLLECCOB) OTHOCUTENBHO XONOAHON KOPbl HE [OJXHO
npuMBOANTbL K ee nnasnexuto. (3) YacTb Norpy3mBLLENCA B MaHTUIO KOPbI 1
peronuta 6biMM  (MOYTM  MOSHOCTbIO)  M3ONMPOBAHbI OT  MaHTUMIHOM
KOHBEKLMUN N CMELUEHNS C BELLLECTBOM MaHTUMU.
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TepMOXPOHOJ'IOFVIFI rpaHUTOUAHbIX 6aTonuToB Ll,eHTpaano-
A3unaTcKoro ckrnagyaroro nosica

TpaBuH A. B." Bnap,MMMpOB Ar" Ll,blraHKOB AAZ AHHI/IKOBa n.io.’,
Mypsvu-lu,eB H.I.', MuxeeB EN.' Xy6aHOB B.5.2

"MIrM CO PAH, Hosocubupck; >HIY, Hosocubupck; >IvIH CO PAH, Ynan-
Yns

dopmMupoBaHMe rpaHUTOUAHbLIX 6aToNUTOB B MNpedenax OpOreHHbIX
MOSsICOB MPOMCXOAMT 3a cyeT nnaBfeHuss 6onbloro obbema WUCXOOHbIX
kopoBbix nopoga npu T = 750-800°C, uto npu rpagmeHte 30°C/km
cootBeTcTBYeT H = 20 KM (CcpeaHan-HUXHSAs Kopa). [NnaeBneHne npoucxoguT
Ha TrpaHUUax MUHepanbHbIX 3epeH BO BpemsA MeTamopduama,
NPOAOIXUTENBHOCTb KOTOPOro MOXET COCTaBMAThL A0 HECKONbKMX OECATKOB
miH net [Brown, 2010; Hermann, Rubatto, 2003; Kylander-Clark et al.,
2007]. TpaHcnopT rpaHMTHOrO pacnfnasa OT MeCT reHepauuu, NOAbEM Ha
BEPXHME YPOBHM 3EMHOW KOpbl, 3amMegnsawlMicsa B npegenax 30Hbl
nepexoga oT MMAacTUYECKUX K XpPYynkum aedopmaumam, (opMUpoBaHne 13
MHOMOYMCIEHHBIX WUCTOYHUKOB (MWUIrMaTtuThl, TEKTOHN4eCKy ocrnabneHHble
KaHarbl) rPaHUTHBIX GaTONUTOB (4ECATKN-COTHU ThICSY KM°) NPOUCXOANT B
TeyeHun Heckonbkux MnH net [Brown, 2001; Coleman et al., 2004; Matzel et
al., 2006; Miller 2008]. Takum o6pasom, ob6uwasi MNPOAOIXUTENBbHOCTb
¢dopmupoBaHuss  coctasnser 10-20 mnH  netr. Bmecte ¢ Tem,
TEPMOXPOHONOTMYECKNE OLIEHKM CBUOETENbCTBYIOT, YTO OJIMTENBHOCTb
CYLLLECTBOBaHMA TPaHUTHBIX MarmM Ha rNyOUHHBIX YPOBHAX 3€MHOWN KOpbl
MoxeT gocturatb 50-150 mnH net. PaccmoTpum reonormyeckne npumepsl.

OnbxoHckni  MeTamopdmyeckuii  TeppeniH  (abuccanbHasa  dhaums
rnybuUHHOCTM) OTBEeYaeT paHHeKaneAoHCKOW KOSIM3UOHHOW cucteme
[Bnagumupos u gp., 2011; TpasuH, 2016]. MaccoBoe rpaHuToobpasoBaHue
B pernoHe npossunocb 460-475 mnH net Haszag, 4depe3 20-30 mMnH net
nocrne  KynbMWHaUMN  KOJUIM3WOHHBIX  COBObITUA.  3TOMYy  BpPEMEHM
cooTBeTCTBYET (hopmupoBaHue LLlapaHypcKoro rpaHMTOrHENCOBOrO Kyrona
(ocTpoB OnbXxoH), anddepeHuMpoBaHHOM cepuu rpaHUToOnaoB
KpectoBckoro maccuBa [MakpbiruHa v gp., 2014; Autunui u gp., 2018], a
Takxe AMHCKOro maccuBa pefkoMeTarbHbIX rpaHuToB [Bnaaumupos v ap.,
2008]. N3oTOMHBIMK cUCTEMaMMK TPaHUTOMOOB (DUKCUMPYIOTCA OAaTMPOBKMU,
CUHXPOHHbIE C 3Tanamu 3Bonouun ONbXOHCKOro TeppeiliHa C BO3pacToM
430-440, 390-415 mnH net (At,.,y = 30-80 MnH neT). B 3T0 Bpems B cBA3M CO
ckonbxeHnem OnbXOHCKOro TepperHa BAonb Kpas Cubmpckoro KpaToHa,
nopoapl pervoHa WCMbITanM HanoXeHHbIM MNPOrpeB, nnacTudeckme u
Xpynkonnactuyeckne pgedopmauumn, a Takke 3KCrymaumio nnactuH u3
rny6uHbl KOpbI.
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AHrapo-Butumckuii rpanutongHbii _6atonut, ABB (mMe3oabuccanbHas
dauna rnybuHHoctn)  [IutBMHOBCKMIA U ap., 1993] copmmupoBancsa Ha
CPEeOHUX-HUXHUX YPOBHAX 3E€MHOW KOpbl U CBA3a@H C MOCTKOMMM3UOHHOMN
reoamHamunyeckon obcrtaHoBkom (C3-P4). CpaBHUTENbHBIN aHanM3 HOBbIX U
onybnukoBaHHbIX AatupoBok U/Pb (320-280 mnH neT, umMpkoH) [LibiraHkoB u
ap., 2007], OArAr (250-140 mnH net, amcubon, 6UOTUT, NoNEBbIE LINATbI)
rpaHutonpoB ABB nokasbiBaeT gns oOHMX U Tex Xe ob6pasLoB paspbiB
Mexay BpeMeHeM 3aKpblTus U30TOMHOW cuctembl U/Pb B UMpPKOHE W
AP Ar B 6uotute Aty = 37-112 mnH  net. MaTtemaTtundeckoe
MOAEeNNpoOBaHNE OUHAMMKN OCTbIBAHUSA FPaHUTHOIO CrOsi B 3€MHOW Kope,
conocTtaBuMmoro no Macwrtabam ¢ AHrapo-Butumckum  6aTtonutom,
nossonset cornacosatb Habnogaemble 3Ha4veHusn Aty c
NMOCTKOMMM3NOHHBIM PacTAXEHUEM KOHTUHEHTanbHOW nuTocdepbl U, Kak
CNeAcTBMe, - TEKTOHMYECKUM SKCMOHMPOBAHWEM  «MOSy3aMeps3Luero»
rPaHWTHOrO CNosi Ha BEPXHWE YPOBHW 3E€MHOW KOpbl C OOHOBPEMEHHON
3po3nen Kpoenu. KanryTUHCKUIA rpaHuUTHbI 6aTtonuT (Me3oabuccanbHas/
runabuccanbHaa daumnsa rnybuHHocTn) (Cs-Jy). OTOT HGaTtonut CBAZaH C
¢dopmupoBaHnemMm opHoumeHHon Mo-W pygHO-MarmMaTmyeckom CucTeMbl
[AHHUKOBa 1 ap., 2018]. BatonuTt npopBaH BocTouHO-KanryTMHCKMM NOSICOM
pefKoMeTanbHbIX OHFOHWUT-3MbBAHOBLIX [AEK, KOTOpble COMPsiXEeHbl C
OOHOVMEHHbIM KBapLLEBO-XWUNbHO-rperiseHoBbiM  Mo-W mMecTopoxpeHuem.
TepMOXpOHOMOrMyeckoe uccneaoBaHMe MO3BOMWUMAO  PEKOHCTPYMpOBaTh
uctopuio popmupoBannsa KanrytuHckon PMC u3 5 atanos, HauvMHasa oOT
BpemMeHu (hOpMUPOBaHNSA FPAaHUTOB rNaBHOM UHTPY3NBHOMN ha3bl 1 6oraToro
MONMMOOEHOBOIO  OpYAEHEHWs,  MPEACTaBIEHHOTO  pyaHbIM  TEMOM,
umeHyembiMm  «MonubpeHoBbIi  WITokBepk» (2151 MnH  net), pno
OpMMPOBaHMA LUTOKOB JIEMKOrPaHUTOB U BHYTPUrPaHUTHBIX NErMaTuToB B
rpaHuTax rnaBHoOW WHTpPy3uBHOW pa3bl (206+1 MnH net), dopMmnpoBaHus
OoNbLUMHCTBA [aeKk, cnaralwux pankosblin nosc (202+1 mnH  ner),
3aKaH4MBasa (GoOpMNPOBaAHUEM YrbTpapeAKOMETaNbHbIX AAaeK OHIOHUTOB U
3MbBAHOB, JIOKaNM30BaHHbIX B LEHTPanbHOM 4YacTu [AaMKoBOro nosca
(195+1 MnH neT) 1 ManoMOLLHbIMYA AallKaMW OHFOHUTOB U 3NbBaHOB Ha
nepucgpepumn pamnkosoro nosca (1811 mnH net). [Ona ogHuMx m Tex xe
06pas3uoB pa3pbiB MEXAY BPEMEHEM 3aKpbITUA M30TOMHON cuctembl U/Pb B
LMPKOHE 1 OArAr B 6uoTute cocrasun Aty = 16 MnH  ner.
MaTtematnyeckoe mopenvpoBaHue opmupoBaHusa KanrytuHckon PMC Ha
OCHOBE MOAENN KpucTannuMsauumoHHon auddepeHumaumm 1M AVMHAMUKK
TennomaccoobmMeHa Mokasano, 4YTO corfacoBaHne ¢ UKCUPYEMbIMU
M30TOMHBIMX ~ cuUCTeMamMu  BO3pacTHbiMM  pybexamm 1 obwasn
NPOAONXUTENBHOCTL  PYAHO-MarMaTU4eCKUX MpPOLLECCOB  MOryT  ObiTb
obecneyeHbl TOMbKO B BapuaHTe [ABYX3TarnHOW PyAHO-MarmaTuyeckomn
CUCTEMbI, B KOTOPOW CYLLECTBYET «BEPXHUN» FPaHUTHbIN 6GaTtonut Ha
rny6uHe 8-15 KM 1 «HUXHUIA» TPAHUTHBIN oyar Ha rny6uHe 20-25 km.
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Takum 06pa3om, Ha OCHOBE TEPMOXPOHOSOrMYECKUX WCCIen0BaHUN
3HAUNTENbHLIN  BPEMEHHON paspblB  3aKpbITUA  U30TOMHbIX  CUCTEM
rPaHUTONAOB MOXET ObITb CBSAI3aH C Ype3BblYANHO ANUTENbHLIM BPEMEHEM
CyLLeCTBOBaHMNA rpaHnTHOM Marmbl (= 50-150 mnH neTt) un, Kak cneacreue,
ee rnybuHHon pudpdepeHumaumm ¢ OPMUPOBAHMEM  OCTATOYHbIX
penkomMeTarnbHbIX FPaHUTHBIX pacnfiaBoB M CBA3AHHbIX C HUMMU pyaHbIX Li-
Rb-Cs, Be-Nb-Ta, Mo-W-Snh mecTopoxaeHui.

PaboTta BbiNoONHeHa B pamMkax rocyapCTBEHHOro 3agaHus (NpoekTbl Ne
0330-2016-0003, Ne 0330-2016-0013), npu umHaHCOBON nopAepxXke
npasutensctea P® (rpaHt Ne¢ 14.Y26.31.0012; 14.Y26.31.0018),
MuHucTepcTBa Haykm n obpasoBaHua PO (npoekt Ne 5.1688.2017/M4), a
Takxe Poccuinckoro ¢oHpa dyHaaMeHTanbHbIX UCCrnefoBaHuin (NpoekThl
NeNe 16-05-00128a, 17-05-00936a, 17-55-540001, 17-05-00275).
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BospacT pynosmeLualowmx nopog MmegHonopuposoro
MecTopoxaeHus bonbLuoit Kanbmakbip (AniManbiKckoe pygHoe
nose) no AaHHbIM U30TOMHbIX cooTHoLwweHun U-Pb n Lu-Hf B
LMpKOHax

TypucbekoB A.X., Pacdukos A.M., Hyptaes B.C.

Urul um. X.M. Abgyrinaesa, r. TalkeHT

MecTopoxpeHne bonbwon KanbMakblp pacrnosioXeHo B npepenax
AnmanbIKCKOro pyaHOro nond, BKNoyaeT ydyactkm Manbih u Bonblion
Kanbmakbip, Ak4yeky, OancHee, Kapabynak, Banbiktel u [XaHblbek u
oTHocuTca K KypamuHckomy xpebTy CpegmHHoro TsHb-llana. B
reoslorM4eckoM CTPOEHUN MECTOPOXAEHUS yd4acTBYET CIOXHbIA KOMMJIEKC
WUHTPY3MBHbIX " 0Caf04HbIX obpaszoBaHui, npeacTaBreHHbIN
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KaTpaHrnHckum komnnekcom (6asanbT, aHpesuTt, nunaput) Dq. [anee
dopmupyeTca KBa3mnnaToOpMeHHbIN 3Tan NpeAcTaBiieHHbIA AOIOMUTaMU,
n3BectHAkamu, aHrmpgputamm (D-C,). BblwenepeyncrneHHble OTNOXEHUS
npepbiBaotca  Kenemumkckum  komnnekcom  (rabbpo,  AMOpuTHI,
cuenutogmoputbl) C, #n  KbI3bIICYNCKUM  KOMMIEKCOM  (FPaHOAMOPUTDI,
apamennutbl) Cs. OcHoBHbIMM (00 95%) pyaooBmelLaloWMMn nopogamu
ABNSATCA CUEHUTbI, CUEHUTO-ANOPUTLI, ANOPUTLI, rabbpo-guoput, rabopo.
K rpaHognoputam npuypo4veHo o 5% opyaeHeHus.

Mo paHHbIM  MUHepanoru4yeckuMx UuccnefoBaHUW B OCHOBHbIX
pyooBMeLLaloWwmx nopogax (CUEeHWTO-AMopUTbl, AMOPUTLI) coaepXaHue
akueccopHoro uupkoHa coctaBnset 900r/T. [pobbl pynoBMeELLAOLLMX
nopos (CMEHWUTO-gMopUTbl U rpaHoaunopuTbl) 6bimum  oTo6paHbl  Ans
M30TOMHbIX aHanu3o0B Ha dJaHrax BHE PYAHbIX 30H, MONUGAEHWUTbHI U3
pYAHbIX 30H MeHO-NOPUPOBOro MecTopoxaeHusa bonblwon Kansmakblp.

M3oTonHble aHanuabl uupkoHoB U-Pb, Lu-Hf n monnbaeHntoB Re-Os
MeToaMUu BbIMOSIHEHbI B aHanutuyeckon nabopaTopum [1E€KMHCKOro
YHusepcuteta (Kutaw).

OnbIT NpUMEHeHnsa ypaH-CBUHLLOBOrO MeToAa nokasari, YTO MosyYeHHbIe
BO3pacCTHble OTHOLLIEHUA WMElT pa3Hyl CXoAMMOCTb. [locToBepHOCTb
noflyyaemMblX BenUYMH BO3pacTa MnpoBepseTca Tem, YTO BO3pacTHble
3Ha4YeHMA N0  pa3HbiM  U3OTOMHbIM  COOTHOLUEHMAM  COBMajaloT.
Hebonbwmmn pacxoxaeHnsamu B npegenax 2-5% MoxHO npeHebpeyb, npu
y4yeTe, YTO OHM BMOSIHE AOMYCTUMbI NPU CTENEHN COXPAHHOCTU MUHepana. B
pe3ynbtate nNpUMEHeHMs ypaH-CBMHLOBOrO MeToda nNo  UMpKOHaMm
pyLoOBMELLAIOWMX NOPOA (CMEHWUTO-AMOPUTOB U FPaHO-ANOpUT-Nnopdupos)
6b110 yCT@HOBMNEHO, JTO BO3DACTHbIE 3HAYEHMA MO PA3HLIM M3OTOMHLIM
OTHOLLIEHUAM Pb/“""Pb, Pb/”"U n Pb/'U wumeloT pasHyio
CXOOUMOCTb.

Mo pacyeTHbIM AaHHbIM 6Obio JCcTaHoBneHo, 410 AOCTOBEPHLIMU
BenMYnHamMu gBngeTcd BO3pacT Mo 2 Pb/235U/, 2pp/238y  cooTHOLIEHMSIM.
CootHowenne **’ Pb/’%®Pb Henpuemnemo ans onpeaenexus Bo3pacra, Tak
Kak B HeM Habniogaetcs 3HauYUTENbHOE pacXOXAEHWe, CBA3aHHOE C
MurpaumMen pagnoakTMBHbLIX U30TOMOB M MPOAYKTOB UX pacnaja 3a Bpems
CYLLLECTBOBaHMSA LIMPKOHA.

B pesynbTate usyyeHus LUMPKOHOB PyAOBMELLAIOWMX NOPoA (CUeHMTO-
OMOPUTOB U FPaHOAMOPUTOB) PasfMYHBIMU U30TOMHBIMKM MeTogamu U-Pb u
Lu-Hf 6bIn ycTaHoBRnEeH BO3pacT CUEHUTO- AuopuToB - 337 MIIH.JIET,
rpaHoanopuToB -313 MIH.NeT.

Pesynbtatel nNo BO3pacTy MONUOAEHWTOB  MeAHOMNopdUpOBOro
MecTtopoxaeHusa bonblon Kanbmakblp no Re-Os meTtoay coctasun 309+4
MJTH.J1eT.

Hamu cpenaHbl aHanusbl U-Pb meTopom no uupkoHy B nabopatopum
BCEIMNu:
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anoputbl  KeneHuuckoro komnnekca patupytotca 32713 mnH.net (2

onpepenexus), a rpPaHOoNOPUTDI KbI3bINCyNcKoro KoMmMnekca
307MnH.NeT,4TO CcoBMagaeT C pe3ynbratamu BblLLENEPEUYNCIIEHHbIX
nccrnenoBaHun.

AHanuz HoBbIX MaTepuanoB no usotonam Re-Os B monubaeHuTax
MeaHonopdupoBoro MectopoxzaeHusa bonblion KanbMakblp nokasan, yTo
Bo3pacT monubaeHuta coctaesun 309,8 mnH.ner.

Hoeble onpegeneHva uupkoHa U-Pb metogom LA-ICP-MS no
mMecTopoxaeHunio bonbwon KanbMakblp noka3anu BO3pacT CUEHMUTO-
avnopuTa (27npo6), rpaHoguoputa (30

npob) - 326,1+3,4 n 315,24+2,8 MnH.neT cooTBeTCTBEHHO. OHM BMeECTe C
npegpiayliumMm  onpegeneHusaMn  Bo3pacTa  OrpaHMuMBaloT  BO3pacT
MHorodgasHbIx MHTpy3un ot 337 po 306 MnH. neT ang pyaoBMeELLaloLnX
nopoa bonbloro Kanbmakbipa.

Pe3ynbTaTtbl noka3sbiBalT, 4YTO MEAHO-MOP(UPOBOE MECTOPOXAEHUE
Bonbwon Kanbmakblp 6bl10 06pa3oBaHO B YCMOBUSX CBA3AHHbIX C
cybaykumen BO Bpemsi 3akpbiTus TypKecTaHCKoro naneookeaHa. [lo
CpaBHEHWO  C HEKOTOPbIMU rMMraHTCKNUMMU MegHonopdnpoBLIMU
MECTOPOXAEHNAMM  TUXOOKEAHCKOro pernoHa pyaoHOCHble  Mopoabl
Bonbworo Kanbmakbipa ABASIOTCA CyOLENOYHbIMM NMOpoAaMy  KanveBou
cepun.

N30TOMHbLIE M FEOXPOHOMETPUYECKME CUCTEMbI B
rpaHuTomaax Hukonamnwopckoro Maccusa (MpuUnonsipHbii
Ypan): HoBble faHHble

YpopatuHa O.B.1, KanutaHoBa B.A.1, Ko6n M.A.2

"Ur Komum HL{ YpO PAH, CeiktsiBKEp, ? CToHgopACKuY YHUBEPCUTET,
CreHgpopsa

ABTOXTOHHblE MacCWBbl [PaHUTOMAOB pa3BUTbl B SAEPHOM YacTu
Xo6eun3ckon aHTUKIMHANBLHOM CTPYKTypbl Ha [lpunonspHom Ypane.
"paHnTbl HMKONamnwopckoro maccuesa HabnwaaTCA B opeone MUrMaTuToB,
amMdnboUTOB N COCTaBAAIT HapsAdy C NocnegHUMK, a Takxe KBapuutamu
n MpamopaMmu 06beEM HUXHENPOTEPO3ONCKOIO HAPTUHCKOrO KOMIMJEKCa.
BospacT rpaHutonpos Hukonanwopckoro maccusa, ycrtaHoBneHHbln U-Pb
(SIMS) metomom, coctaenset 640+6.7 mnH net [Cobonesa u ap., 2005] n
606+3 mnH net [[bicTuH, MbicTnHa, 2011] n KoppenupyeTca ¢ rpaHuTamMu
canbHepcko-mMaHbxamboBckoro  komnnekca (V- €4), pa3suTbiMM B
obpamneHnmn HAPTUMHCKOro 6noka.
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Hamu npu usyyeHumn LENOYHbIX MPOLLECCOB, MPOSIBIIEHHbLIX B MOpoAax
Hukonanwopckoro maccuea, 6binnm oTobpaHbl Mpobbl AnA M3OTOMHbIX U
reoXpoHONIONMYECKMX nccrnegoBaHuin. [poBegeHbl onpeaeneHns Bo3pacTa
umpkoHoB U-Pb (SIMS, CtaHdopackuin YHusepcuteT, CLWA), nsotonHoro
coctaBa kucnopoga (TMH CO PAH, r. YnaH-Yg3) u radHua (MHcTutyT
reonorun n MUHeparnbHbIX PECYPCOB, T. TAHbL3UHb, Kutan).

B nesom 6opTty p. Koxum-Box, B Mmecte BnageHus B p. Hukonai-Wop
Habniopaetcs JepefoBaHvWe PasfMYHOM  MOLLHOCTM  KpUCTannnu4yeckux
cnaHueB c rpaHutamu. [lopogpl  cBeTnoro  UBeTa, CTPyKTypa
cpefHe3epHUCTas, TEeKCTypa FHencoBuaHasi, MUHepariormyeckuin COoCTaB:
KBapL, NONeBow LnaT, MyCKOBUT, aKLL,eCCOPHbIE LUPKOH, pPYyAHbIE MAarHeTuT.
B wnudgax HabnogaTca nenvporpaHo6racTtoBble  MUKPOCTPYKTYPbI,
nposieneHa anbbutuzaumsa. [lopogbl HaATPMEBOrO TWNa  LUEMOYHOCTM.
CopepxaHue KpemHe3ema (Mac. %) coctaensieT 77, rnuHo3ema 13.2,
okcnga Hatpusa 4.72, okcupa kanusa 1.44. WHpekc arnamtHoctm (0.71),
uHgekc rnmHozemuctoctn ASI (1.29) u nonoxeHwe Ha Auarpamme
yKasblBal Ha MpUHAAMNEXHOCTb K nepanioMmHeBbiM nopogam. o netpo-
reoXMMNYECKUM XapakKTepucTMKamMm nopoAbl OTHOCATCS K S TUMy rpaHnTOB.
CopepxaHue P33 Bbicokoe npu npeobnagaHmm nerknx P33 Hapg Tsxenbimu
(La/Yb)n- 9.45 1 yeTko NposiBNEHHbIM HebonbwuMm Eu MuHumymom (Eu/Eu*-
1.75). Ha mynbTuaneMeHTHbIX AnarpamMmax HabniopgaeTtcs npeobnagaHue
KPYNHO KATUOHHbIX 3NEMEHTOB Haf, BbICOKO3apAAHbIMKU, C HebGonbLMMM
MuHumMymamun Ta wn  P. Ha pgnarpammax pgnd  peKkoHCTPYKUMM
reoAnHaMUYeCKUX YCroBuii oOpa3oBaHUS TOYKa COCTaBa, TEM He MeHee,
nonazaet B Nosie BHYTPUMUTHbIX 06pa3oBaHni.

BblgeneHHble AnA MccneaoBaHWM LIMPKOHbI MENKWE, CBETNIO-XENTbIE,
npo3payHsble, HacbILLEeHbI BKJTIOYEHUAMMN. Habnopatotcsa (1
LUMpOKoMnpu3maTmyeckne (TabnuryaTble) C XOpOLIO pa3BUTON MPU3MON U
Hepa3BuTbIMK Nupamupamm Kpuctannsl (150-100 mkm, Ky 1:2), a Takxe (2)
ONVHHOMNPU3MaTUYECKUE C XOpPOLLO BblpaxeHHbIMKU rofioBkamm (100 mkm, Ky
1:3). B KaTOOOMOMUHECLEHTHbIX M306paxXeHusix nepBbix Habnogaercs
LWIMpOKasi YyepHasa LUeHTpanbHasi 30Ha (Hepegko TpelwmHoBaTad) M y3Kas
KalMa C poCTOBOM 30HaNbHOCTbIO (puc.1), KpucTannbl BTOPOW rpynnbl
XapakTepusytotcst 6onee CBET/IbIMU, CEPbIMU TOHAMM LLEHTPanbHbIX YacTen
n OGenbiMu KpaeBbiMM 30HaMW. B oTpaxeHHOM cBeTe MNOBEPXHOCTb
KpUCTanmnoB rnagkas.

U-Pb Bo3pact uupkoHoB onpegeneH B 11 Toukax. [lMonyuyeHbl fage
BO3pacTHble rpynnbl, U3 pacyeta ybpaHbl Bo3pacTel Tovek 1.1, 2.1, 3.1, 7.1.
Ownana3oH Bo3pacTtoB cocTtaBnseTt 1) 644-618 mnH net (4.1, 5.1, 6.1, 9.1,
12.1, KoHKopAaHTHbIN Bo3pacT 619+5.4 mnH net, CKBO 1.4) n 2) 521-517
mnH net (11.1, 8.1 - 517.6£10.2 mnH net, CKBO 0.05) mnH nert.
Copepxanus (r/T) U Bapbupytot ot 210 go 320, Th ot 100 go 190 B nepeon
rpynne n ot 35 po 235 u 25p0 160 cOOTBETCTBEHHO BO BTOPOWA.
CopepxaHusa aneMeHTOB-MPUMECEN B LIMPKOHAxX pa3HbIX BO3PaCTHbIX rpynmn
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pasnuyalrTCcs, YTO MOATBEpPXAaeT MNPEAnosiIoXEeHNE O LUPKOHaX PasHbIX
reHepauun. MogenbHaa TemnepaTtypa KpuUcTannm3auun, paccyMtaHHas no
coepXaHuto TuTaHa, BapbupyeT B uHTepBane 702-684°C pna nepson
rpynnel n B nHTepeane 795-737°C pna sBTopon 6onee Monoaomn.

B L
& - \\\ ; 2.1'/ 3.10‘

651+6 595+4 644+5 62949 W
+0.91 +0.15 -1.90 +1.76 h
1 35 | IRY) 1.49 1.29

PQ &y S:

618:*:4

525+17

Puc. 1. KaTogontoMUHeECLEHTHbIE M306pa)KeHVIF| LWUPKOHOB C HOMepaMu [aTUpOBaHHbIX
3€epeH, aHanmMTU4eCKuMmn Kpatepamu, BO3pacTtoM, AaHHbIMU MO N3OTOMHOMY COCTaBy racpHus n
MOZesibHOro Bo3pacTta nportonuTta

N30TonHbIN cocTaB rapHMA B LMPKOHAX MepBOW BO3PACTHOM rpynnbl
BapbupyeT ot -2.09 fo +6.67 n ykasbiBaeT Ha KOPOBO-MaHTUMHBIA UCTOYHMK,
MoZenbHbIN Bo3pacT npotonuTta Tpye 1.48-1.02 mnpg net. M30TonHbIN
COCTaB raHusa B LIMpKOHaX BTOPOM BO3PACTHOW rpynnbl cocTaBnseT +3.58,
MoZAernbHbIN Bo3pacT npotonuta Tpw 1.11 mnpg ner.

N30oTonHbIN cocTaB Kucnopoaa LIMPKOHOB k] rpaHnToB
Hukonanwopckoro maccvMBa umeeT nonoxutensHble (+7.31%o0) KopoBble
3HaYeHus.

Takum 06pa3oM, MONyYeHHble HOBblE [aHHble MOATBEPXAAT
dopmMurpoBaHue rpaHuToB B MHTepBane 640-520 mnH net [Cobonera n ap.,
2005, AHgpeundeB, 2010]. CeupeTtenbCTBa pa3HblX BO3PACTHbIX 3Tanos
obHapyXeHbl B OHOW BbI6GOpKE LMPKOHOB HuKonanmwopckoro maccuea (He
HOBOOBGpa30BaHHbIE KpaeBble 30Hbl, @ KpUCTanbl C pa3HbiMM BO3pacTamu).
YCcTaHOBNEHHbIE TemnepaTypHble MHTepBanbl (OpMMPOBAHUA LIMPKOHOB
yKasblBalT, 4TO uX Kpuctannusauua (620 mnH net) npoucxoguna npu
TemnepaTtype 6oree HU3KOW, YEM LIMPKOHOB C Bo3pactamu 520 mMnH ner.
M30ToMNHbIN cOCTaB KMCRopoAa LMPKOHOB CBUAETENLCTBYET O KOPOBOM
WCTOYHMKE, U3OTOMHBIA COCTaB rapHnsi 0 KOPOBO-MAHTUAHOM, MOZAENbHbIE
Bo3pacTta npotonuta coctasnsaiT 1.48-1.02 n 1.11 mnppa net. 'paHuTsbl C
NeTpo-reOXMMNUYECKUMN XapakKTEPUCTUKAMN S rPaHUTOB, CMELLEHNE TOYKU
Ha reogMHaMM4yeckux AuarpaMmmax, CBfI3aHO C  COBMELLEHMEM
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XapakKTepucTuK (PennKToBbIX U HOBOOOpPa3oBaHHbLIX) Mpu  Mnpoueccax
rpaHUTOreHesa B pasnuyHoe Bpems - 620 n 520 mnH neT Ha3ag.

Pabota BbinonHeHa B paMkax npoekta Ne 18-5-5-46 «Osonwouus
oporeHa [lpoTtoypanup-TumaHug nNO  reoflorM4yeckum,  NeTponoro-
reoXMMM4YEeCKUM MU U3OTOMHBIM SAHHBIM Y.
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2. BospacT UMPKOHOB M3 rpaHUTOB sigpa Xo6eusckoro rpaHUTO-THEWCOBOrO Kyrnona
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73-78.

PenkomeTannbHble NOpoabl MECTOPOXAEHUS YCTb-
MpamopHoe (MonapHbii Ypan): U-Pb ID TIMS gaHHble

YnopartuHa 0.B.], Kyapswos H.M.2

" yr Komm HL YpO PAH, CbikTbiBKEp; ’ru KonHL PAH, Anatutsl

Yctb-MpamopHoe  MecTopoxzaeHne ¢ komnnekcHon  Ta-Nb-REE
MUWHepanu3aumen

pacnonaraeTtcs, B cpegHemM TeudeHun p.Hemyp-tOraHw (NpoTuB yCTbs p.
MpamopHbIit), B npegenax pgoypanup Talikeyckoro 6noka Xapbei-
MapyHkeyckoro aHTuknuHopus LieHTpanbHo-Ypanbckon 30Hbl [MonapHoro
Ypana. PygHaa MwuHepanu3auusa nokanu3oBaHa B 6noke nopof
OrpaHNyYeHHOM JlOHroTbloraHCKUM U1 HemypbloraHckum pasfiomamu 1
npuypoyeHa K rpenseHonofgobHbIM peakomeTansibHblM MeTacoMaTuTam.
Bmewatowme nopogbl -  MeTacomMaTU3WpOBaHHble  MeTamMopduThbl
HAPOBENCKOW N 4YaCTUYHO HeMypbloraHckon ceuT (Ry.3). 30Ha NM3MEHEHHbIX
nopog 150-250mxpo  600m. [MpepnonaraeTrcs, 4TO pyAHble MOpoOAb
pa3BMBAOTCA MO rpaHMTam.

MeTacomaTuTuueckue nopoabl npencTaBfeHbl cpefHe-
MENKO3EPHNCTBIMU  «TPENIEHN3NPOBAHHBIMU  TPAHUTAMKY, UMEKLLUMMU
MaCCUBHYIO UK NOSOCHaTY TEKCTYPY. XapaKTepeH NenkokpaToBbli 061Kk,
oKpacka BapbupyeT OT CBETJ/IO-3€/IeHOW B MWHTEHCUBHO OCIOAEHENbIX
obpazuax Ao prmoneToBor BO On00OpPUTU3NPOBAHHbIX.

Mopoabl crnoxeHbl arperatoM 3epeH kBapua (06.,%) (ot 20 go 40),
MUKpoknuHa - (20-30), anbbuta (10-20), cnopon (cenagoOHUTOM U
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deppocenagoHutom) - (510 po 40), akueccopHble MWHepansbl
npencTaBfieHbl LMPKOHOM W TPYMNMoN TaHTano-HmobaToB, hniooputom,
BTOPMYHbIE MUHEparnbl - XNOpUTOM, KapboHaTamu. CopepXaHue cnogbl
dnooputa Hepeako gocturaet 50% nopopbl. OTmMevaeTcsa 6onee no3gHee
HanoXeHne MMUHepanbHOW accoumauumn cnogbl U Hepegko dnoputa no
NIOCKOCTAM  MeTamopdumyeckon  cerperauun. [Mopoabl  MHTEHCUMBHO
KaTaknasupoBaHbl. MUKPOCTPYKTYpbl METACOMaTUTOB BapbupylOT OT rpaHo-
" retepobnacToBbIx B OTHOCMUTESIBbHO 6e3cnoancTbix o
nenuaorpaHobnacToBbIX B OCIOAEHENbIX.

MeTacomaTutbl  XapakTepusylTcs TUMWYHBIM  ANA  FpaHUTOMAoB
copgepxaHumem KkpemHesema (Ha ypoBHe 72 mac. %) wn Kanuesown
cneupncpmkon (K,O/Na,0=1.5). B Hux ot cnabomameHeHHbIX Nopog, K CUbHO
U3MEHEHHbIM MOHMXAaeTCA CoAepXaHue KpemMHe3ema, Npu 3TOM OCTaeTcs
Ha ypoBHe 06llee cofepxaHue LenoYen ¢ coxpaHeHuem npeobnapaHus
Kanusi Hag, HaTpueM, HabnogaeTcs NoBbIWEHWE cogepXaHue Karnbuus, 4YTo
CBSI3aHO C MHTEHCMBHOW hritoopuTnlaumen n kapboHatusaumen nopon,.

leoxumna peokMx U penoko3eMeribHbIX — 3N1EeMEHTOB  MOBTOpPSAET
noeegeHve nopoaoobpasylowmx okucroB. [pu M3MEHEeHUW FpPaHUTHbIX
nopoA, Npv BO3LENCTBMU KpPEMHe-LLEeNOoYHbIX 1 ganee Top-kapboHaTHbIX
NnpoLeccoB yBenuumnBaeTca cogepxaHue Sr, Ba, Se, As, Zn, Th, U, Hf, Ta,
Zr, F, Ga Sb, uHepTHO BeayT cebsa Rb, Cs, Cr, Co, Ni, V, Cu, Y, Be. Bce
nopoapl  XapaKTepusylTcsa  BbICOKMM  cogepxaHuem P33, npwu
npeobnapgaHum Taxenbix P33 MO OTHOWEHU K JIerknum, a TakXe 4YeTKo
NPOSIBIIEHHbIW €BPOMMEBLIN MUHUMYM ANs BCEX NOPOA,

MuHepanorna pepkoMeTansfbHbIX MOPOA CMOXHAa, XapaKTepHO KpawnHe
HEBbIAEPXaHHOE W pacCcesHHOe pacnpefeneHne peakomMeTansbHbIX
MVHEeparnoB NpPeACTaBfeHHbIX TPYNMoON WTTPUEBBIX, TaHTan-HMOOUEBbIX
MWHepanoB. B3auMMOOTHOWEHMA C [OOPYOHbIMW WM MOCAEPYAHBbIMU
MUHepanamu HabnogatiTca B wnudax U nNpu  UCCredoBaHWM 3epeH
peakomeTannbHblX MUHepanoB. [locnegHue o6pa3ylTca Ha  Bcem
NPOTSXEHUN MeTacoMaTMYecKoro mnpouecca B HUX HabniogawTca B Buae
BKJIIOYEHUI 3epHa Nopofoobpasylolmx MUHEpAsoB - anbbuT U MyCKOBWT,
aKLLeCCOPHBIX - LMPKOH M BTOPWUYHBIX - KanbunuT. MuHepansl NpefacTaBneHbl
CaMOpOOHbIM OfIOBOM 30J10TOM, Cynbduaamu - caneputom, raneHuTom,
oKCMgaMuM - MUPOXJIOPOM U nftoMbBonupoxnopoM,  eprycoHuTom,
KONymbutoM 1M MaHraHkonymobutom, cunukatamm -  anbbutom,
MUKPOKJTMHOM, Fr€HTIreNIbBMHOM, IPYNMon LMPKOHA-TOpUTA,

B nocnepHve ropbl, B pe3ynbTate MNpOBEAEHUS psaa  reornoro-
CbeMOYHbIX paboT 6binM oTobpaHbl Npobbl AN onpefeneHus Bo3pacTta
nopoa [Feonornyeckas.., 2014, OcHoBHble.., 2010]. Ha ocHoBaHun
nonyyeHHblx paHHbix U-Pb (SIMS) BbigensawoTcs pBa  BO3pacTHbIX
uHtepsana 1) 536-516 mnH net n 2) 326-322 mnH net. lpoBeaeHHbIe HamMK
paHee uccnepoBaHns Sm-Nd mMeToaom pyAHbIX MUHEparioB nMMpoxsiopa u
deprycoHuT  MecTopoxzeHus YcTb-MpamopHoe, a Takxe Sm-Nd
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AaTupoBaHune BasoBblix Npob nopof, 06beAVHEHHbIX B JIOHTOTbIOrAHCKUM
KOMMJEKC, U3 MectopoxpaeHun Talkey, JloHroTbloraHckoe n HeypaudHoe,
[ano N30XpOoHHbIV Bo3pacT 477+12 mMnH neT.

Ona ycTaHoBneHus BpemeHu obpa3oBaHMSA MOPOL MECTOPOXAeHUs
YcTtb-MpamopHoe, 6bi1 npoBefeH M30TOMHbLIN aHanuaa umpkoHa (U-Pb ID
TIMS) BblaeneHHoro u3 pygHon npobel. LinpkoH (06p. 453-1) npepcrasneH
Henpo3payHbIMU KpucTtannamm M€EL0BO-KOPUYHEBOIO uBeTa C
MHOMOYMCIIEHHBIMY BKITIOYEHUSIMU, C HEPa3BUTbIMU TPaHAMMU MNPU3Mbl U
XOpOLLO Pa3BUTbIMMW FPaHSAMWN NUPaMUAbI, B KATOAONIOMUHECLEHTHbIX Jlydax
YepHble, XapakTepu3ylTCs BbICOKMMW COAepXaHuamu ypaHa. [Onsd
nposegeHua U-Pb n3oTonHbIX uccnenosaHni (pesynbTaTtbl NpuBeaeHsbl Ha
puc. 1), 6bIMM KCMNONb30BaHbl TPU HABECKW LUUPKOHA OTOOpaHHble U3
Npo3payHbIX, 6€3 BUAMMbIX BKIHOYEHMI 0BNTOMKOB 3€pEeH pasHoOro pasmepa.
AHanUTU4Yeckme TOYKM M3OTOMHOIMO COCTaBa LUMPKOHA Tpex dpakuun
pacrnonaratoTcs Ha KOHKopaMM u BONM3M Hee, Haxodscb B npegenax
aHanMTUYeCKOM OWMBKK B MHTepBarsie No OTHOLLEHWIO 20%pp/238y o1 472.4 no
475.1 MnH. net. BbluucneHHaa BenuuMHa BO3pacTa TPeX KOHKOPOAHTHbIX
dpakumi coctasuna 474+x11 wmnH. netr, CKBO=0.16, BepoATHOCTb
KOHKopaaHTHocTu 0.69.

0.079

06Pb/238U

o

474411 muH. ner
CKBO=0.16

0.077 |

0.075 |-

0.073 |~

207Pb/235U
0.071 - - -

0.55 0.57 0.59 0.61

Puc. 1. Qnarpamma c KOHKOpAMEH AN LMPKOHa U3 pyAHbIX NOpoAd, MECTOPOXAEHNS YCTb-
MpamopHoe

VccnepoBaHua BbINOMHAKTCA B pamkax roc3agaHua NeP AAAA-A17-
117121270035-0.
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1. TocypapcTBeHHas reonornyeckass kapta Poccuiickoin depepauuun. MacwTab
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2. OcHOBHble 4YepTbl reonorM4yeckoro CTPOEHUS U MUHepanbHO-CbipbeBON MOTeHuMan
CesepHoro, lMpunonsipHoro u MonapHoro Ypana / Pen. A.®. Mopo3sos, O.B. lMetpos, A.H.
MenbryHos. - CM6.: Nsp-8o BCEMEW. 2010. 274c.

reoxumMmnyeckne ocobeHHOCTU U reoXpoHOorus
naneonpoTepo30MCKUX aHae3nuToBbIX nopcdpuputos Kypckoro
6noka Bocto4yHoinn Capmatum

Libi6ynsieB C.B., CaBko K.A.

Bl'Y, BopoHex

lManeonpoTepo3onckue BYJIKQHUTBI ABNAIOTCA WHAMKaTopamm
reoAnHaMUYeCKUX PeXUMOB KOHTUHEHTanbHoW Kopbl Kypckoro 6roka
BoctouHon Capmatun. OgHUM K3 Takux NPOABMEHUN SABNSATCA aHAE3UThI
rMa3yHOBCKOW CBWUTbI B ceBepHoW 4Yactu OpnoBCKO-TUMCKON CUH(OPMBI.
BynkaHutbl npeacTaBneHbl NMPOKIacTU4ECKNMHU Tydamm n
cybBynKaHU4eCKUMU aHae3uToBbiMM nopduputamu. epBble U BTOpble
UMEIOT CXOOHble neTpoxmmuyeckne xapaktepuctuku [1]. Mpu aTom Tydbl
XapakTepusyloTcss 60nblIMMW BapuauvaMU XMMUYECKOrO COCTaBa, YeM
aHae3nToBble NOpUPUTLI, 4YTO CBA3AHO C MPUMECBID  0OCaAf04YHOro
mMaTtepuana, MO3TOMYy Mbl paccMmaTpMBaeM TONbKO CyOBynkaHU4Yeckue
obpazoBaHua. U-Pb wu3oTomHbii  BO3pacT, KOTOpbIX MO Tpem
MOHOppaKLMAM LMPKOHOB oueHuBancs Kak 211579 mnH. ner [2].

AHpe3uToBble NOpUpUTLl XapakTepusytotca cogepxaHumem SiO, = 54-
60 mac.% wn nosbllleHHOW MarHe3uanoHocTbio (Mg# = 0,45-0,62). OHu
OTHOCATCA K BblCOKOrNuHozemuctboiM (Al,O;3 = 14-17 mac.%) nopopam
kanueso-HaTpoBon cepun (Na,O/K,O = 1,1-3,2). Pacnpepnenevne REE B
aHae3nToBbiX nopduputax cunbHO pakuuoHupoBaHHoe - (La/Yb)n = 33-
46, (Gd/Yb)n = 3,0-4,4, npn aHOMasnbHO HU3KOM ypoBHe copepxaHus HREE.
AHpesunToBble NOpUPUTLI OTNINYAKOTCH BbICOKMMU codepXaHuamm Sr (660-
820 ppm), Ba (990-1260 ppm), ymepeHHbiMu Zr (120-210 ppm) wu
noHmxeHHbIMu Cr, Ni, V, Y, otcytctBuem aHomanuun Eu (Eu/Eu* = 0,89-0,99)
n oTpuuatenbHbiMn Nb 1 Ti aHomanuamu.

Hamu 6binu BbINONHEHBI ONpefeneHust Bo3pacTa LUMPKOHOB Ha MOHHOM
3oHge SHRIMP-1I (BCEMEW) (ckB. 2926, rn. 449,6 ™). LupkoHbl wu3
aHAe3UTOBbIX MNOpP(UMPUTOB MNpeacTaBfieHbl CyOGMaNMOMOpMHbBIMU, peako
naNOMOpPdHLIMN KOPOTKONPU3MATUHECKMMU KpUcTaniamm n nx obromkamm
pazmepom A0 200-400 MkM. LiMpKoOHbI Npo3payHbie 1 Nonynpo3payHble, a B
30HaX, COAEPXalUnX BKMOYEHUS APYTUX MUHepanbHbIX a3 1 TpeLuHbl,
npuobpeTaloT CBETNO-KOPMYHEBYIO OT cnaboil A0 HacbIWEeHHON okpacky. B
KaToOOHON FIOMUHECLEHUMM B LMPKOHaX OTMEeYaeTca OCLMIIAUMOHHas
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KOHLUEHTpUYeCKass 30HanbHOCTb, 4YTO npefgnonaraeT WX WCXOAOHYIO
Marmatumdeckyio npupopy. BospacTt aHpe3uToBbiXx nNopdupMTOB MO
BEPXHEMY MepeceyeHnto ¢ KoHKopamen oueHnBaeTca kak 2074112 mnH. net
(N = 15) (puc. 1),20;”02036 npegenax norpewHocTM CconocTtaBumMo Co
cpepHeB3BelleHHbIM “ Pb/“"Pb-Bo3pacTtom - 206715 mnH ner.

3NNUNcbl 0WWBOK ANA UHTepBana 20

a) - 2150 b) CpeaHee (207/206) = 2066,8 £ 5,2 [0,25%]
[NoBepuTensHbli WHTepBan 95%
2130 CKBO = 0,69, BepoaTHocTb =0,79

Ctonbubl owubok gnAa 20

2110

2090

205 pp3ay

2070 |

2050

N=15, nepecekaet B
478 £510 1 2074 £ 12 MnH. net

CKBO = 0,57 2080 1

59 8,1 63 65 67 69 T4 2010
WIppB5Y

Puc. 1. Pe3ynbTaTbl M30TOMHOMO AaTUPOBaHWA LMPKOHOB M3 aHAE3UTOBbIX MOP(UPUTOB
rna3yHOBCKOW CBUTbI

PesynbTatel npoBefeHHbIx Sm-Nd wuccnepoBaHuid  nokasanu, 4To
aHOe3unToBble nopcupuThbI XapaKTepusyTcs oTpuuaTenbHbIMU
BennumHamn €Nd(2067) = - 4,7 n MmoaenbHbiM Bo3pacTtom (no mogenu De
Paolo [3]) - 2613 mnH. ner.

OnpepeneHne  reoTeKTOHWYECKOW  06CTaHOBKM  (hOpMMPOBaHMSA
ange3utoB [4] npepgnonaraetr ux o6pa3oBaHMe B MNOCTKOSIM3UOHHbIX
ycnosusax. OTO noArBepxpaeTr M BO3pacT BynkaHuToB (2067 mnH. mert.),
KOTOpbIA  «MOJIOXE» KOJNNU3UOHHOIO CcobblTus  3adhMKCUPOBAHHOIO B
BOCTOYHOM 4Yactu Kypckoro 65oka M MapKUMpYyeMoro pervoHasnbHbIM
MeTamopunamom ¢ Bo3pactom 207217 MnH. net [5].

AHpe3nToBble NOPUPUTBHI UMEIOT TUMUYHBLIE FTEOXUMUYECKUE MPU3HAKK
afaknToB, 06pa3oBaHHbIX 3@ CYeT nnaBneHust cnaba B 30Hax cybayKLuK:
Si0,>56 mac.%, Al,O3>14 mac.%, Bbicokne Sr/Y un (La/Yb)n oTHoweHus,
Hu3kne koHueHTpauuamm Y (16 ppm) n HREE (Yb<1.9 ppm) n Bbicokue
copepxanua Sr (>400 ppm) un Ba (>900 ppm) [6]. OgHako OoTHOCUTENBHO
Hu3kue 3HadeHus eNd(t) - 4,7, onpegeneHnsa Bo3pacTa U reognHamuyeckas
obcTaHoBKa (hOpPMUPOBaAHMA pacnfiaBoB He COrnacylTcs C TakuMm TUMOM
UCTOYHMKA. ANbTEPHATMBHbIM BapuaHTOM (OPMUPOBAHUA aHOE3UTOBbIX
MarMm C «afakuTOBbIMW»  XapaKTepUCTUKaMu SBMAAETCH  4YacTUYHOe
nnaBneHne HUXHEN KOHTUHEHTANbHOWN KOpPbI, YTOSLLEHHOW U PAcCiIOEHHON B
npouecce Konnuaun [7], YTO XOPOLLO «KOpPPENMpyeTca» C UMEKLUMUCA
OaHHbIMU MO BYJIKAHWTaM Ma3yHOBCKON cBUTbI Kypckoro 6noka BocTo4uHonm
Capmatum.
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Pab6oTa BbiNnonHeHa npu ouHaHCOBOW Noaaepxke rpaHta PODOU Ne 18-
35-00058.
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"eoxpoHonorusa paHHEpPCKOro BysikaHM3mMa TaslbMUMHCKOM
BYNIKQHOCTPYKTYpbI, Oro-3anagHoe Npumopbe

YawwmH C.A., MNMonos B.K., YawuH A.A.

LanbHeBocToYHbvi reosiormdeckmi uHctutyT [JBO PAH, r. BrnagnBoCTOK,
viadpov@mail.ru

TanbMuHCKaa BYNKaHOCTPYKTypa pacrnofioxeHa Ha tore (loro-3anage)
Mpumopba B npepenax XacaHckou BnaguHbl. MOCTpOWKY naneoByrikaHa
cnaralT Knactonaebl M Ty(bl aHOe3uToB, AAUUTOB, a TakXe MNOTOKU
UrHumbpuToB pgauutoB KU Tydbl puonutoB. JlaBbl 6azanbTtoB U
aHae3nTob6a3anbToB pa3BUTbl He3HaunTenbHo. B ocHoBaHuM pa3pesa
oTMeyaroTcA BbIXOAbl TY(POKOHIromMepaTos, TycpuTos "
TycpoanesponutoB. lMopoabl  NABOKMACTMYECKOW  TOMWWM  MPOpPBaHbI
3KCTPY3UBHLIMU U AaWKOBbIMU TeNamMu aHAe3uToB U puonutos. GyHaamMeHT
BYNIKAHUYECKON MOCTPOMKU CrIOXEeH MeTaMopuyeckumn, ocagoyHo-
BYJIKAHOTEHHLIMU U UHTPY3UBHBIMW 0O6pa30BaHUSIMK NO34HENANE030MCKOro
JlaoenuH-I'ponekoBcKoro TeppeiHa [4].
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B pesynbrate  HEOTEKTOHMYECKOM  aKTMBHOCTM  ByfKaHM4yeckas
nocTpoilka Obina pas3buta Ha TeKToHWYeckue O6noku ¢ 6GonbLuon
amMnnnTyaon nepemeLleHnin cbpoco-caBUroBoro xapakrepa. orpyxeHHble
OnoKM  NepekpbITbl  MIIMOLEH-YETBEPTUYHBIMU  OTNIOXKEHMSAMM  Yexna
BnaguHol. CoxpaHuMBLUMECA W MpUNOAHATbIE 6NMOKM B BUAE KPYTbIX
CKanuCTbIX FOPCTOB M OCTaHLOB Bo3BbiwatoTca oT 30 o 285 m Hap, ypoBHEM
MopS4. opcToBble BbICTYIbI TanbMuHCKON BYJIKQHOCTPYKTYpbI
NpoTArMBaloTCA B MEPUANOHANBHOM HanpasneHn Ha pacctosiine o 30 Km
(Mpwn WvpuHe Ao 5 KM B LEeHTpanbHON yactu) oT r. FonybuHbln YTec go r.
YeptoBa ropka [4]. HecmoTpa Ha TeKTOHWYeCKyl pa3gpobfieHHOCTb U
6noKkoBOE€  CTpPOEHME  BYNKAHWYECKOW  MOCTPOMKM,  YCTaAHOBJIEHHbIE
0COBEHHOCTN €€ CTpoeHus, cocTaBa M haumanbHbiX TUNOB 3dY3UBHbLIX
nopoa, MO3BONAKT KnaccuguumpoBaTb MNaneoByflkaH KakK  CIOXHYH
(monureHHyw) MNOCTPONKY, ONMM3KMMKU aHaroramum KOTOPOW MO COCTaBy U
CTPOEHMIO ABMSAIOTCA COBPEMEHHbIE  BYJIKaHbl-ruraHTel KamuaTkm -
NunHcknii n Wnsenyu.

Mo pe3ynbTaTam MNepBbIX Feonoro-CbeMo4yHbIx paboT mMacwTtaba 1:200
000 Ha TeppuTOpuM XacaHCKOro pawoHa faHHble 06pa3oBaHWsi BnepBble
ObIlNN BbIAENEHbI KaK “TOMNwa CeHOHCKMX nopduputoB u ux tydos” [1]. B
HacTosillee Bpems BO3pacT Mopof TaNbMWHCKOM TOMWM MNPUHAT C
ONnpefeneHHon [ofen YCNOBHOCTM KakK MO3AHETPUAacoBbIi HA OCHOBaHUM
conocTaBneHus ¢ nofobHbiMu obpasoBaHnAMU Ha Tepputopum KHP (paioH
r. JlaoxeviwaHb), B KOTOpbIX Uckonaemas ¢nopa AatupyeTcs HOPUNCKUM-
paTckum Bekamu [2]. MMo3gHee, B pe3ynbTaTe reonoro-CbeMoYHbIX paboT
(rAr-200) B npepenax nuctoB L-52-XXX, XXXVI [3] TanbMuHcKasa Tonuwa,
Obina Takxe BblgeneHa B CeBepHOM 4vactu JlaoenuH-I'pogekoBcKoro
TepperiHa ([orpaHuyHbIi  paiioH) B 6GaccenHe pek KomuccapoBka,
MonokaHka, MpamMopHas u ap., rae oHa cnoxeHa addy3nsamu cpegHero u
Kucnoro cocrasa. [lo3gHeTpracoBbI BO3pacT Nopog, TOMWM NPUHAT 340eCb
Ha OCHOBaHWUM HaXx0[oK Mckonaemon dropbl y ¢. Py6uHoBka [3].

[na onpepeneHusa Bo3pacTa 3dy3mBHbIX MOPOA TarbMUHCKON TOMLWLM B
2015-2016 rr. Hamu ObII0 MpPOBEAEHO W30TOMHO-TE0OXPOHONOrMYeckoe
ulyyeHve o06pa3uUOB TUMOBLIX BYJIKAHWTOB, CraralolWMx MOCTPOMNKY
OOHOVMMEHHOIO nasfieoBysikaHa, BMNepBble MO3BOJIMBLUEE YCTaHOBUTb WX
BO3pacT Kak paHHetopckuii [5]. B 2017 r. 6bin u3yyeH Hanbonee MOMHbIN
paspe3 addy3mBHON TOMWM B panoHe xpebTta  [NprosepHoro,
obpamnstoLero ¢ 3anaga o3. Mtuube (Tanbmu); K cCeBepy OT HEro - Mmaccusa
r. YeptoBa lopka u K BOCTOKYy - xp. MpamopHoro. [Ons wn30TOMHO-
reoXMMUYECKOro K3y4vyeHuss Obinm oTobpaHbl aHAe3WnTbl U3 OCHOBaHUA U
BEPXHEN 4acTu MOCTPOVKW, a TakxXe 3aBeplualolime pa3pe3d UrHUMOGpUTHI
0AuMTOB U 3KCTPY3MBHO-OAWKOBbIE Tena puOnMTOB. AHanuTnyeckme
uccneposaHua nposoaunuck B.A. lebepeBbiM B nabopatopum M30TOMHOM
reoxumumn u reoxpoHonorun MIFEM PAH no BanosbiM npobam nopog.
CopepxaHue papvoreHHoro “°Ar B o6pasuax onpeaensnocb Ha Macc-
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cnektpometpe MW-1201 UM (CAJNIMW, YkpamHa) METOLOM M30TOMHOrO
pa36aBrieHns C MOHOM30TOMOM °Ar B KauecTBe Tpaccepa; onpefeneHue
Kanusi - MeTogoM nnamMeHHoun crnekTpocoTomeTpum. Mpu pacyeTte Bo3pacTa
UCMOMb30BaHbl  MeXAyHapoAdHble 3HayeHus KOHCTaHT pacnaga MU
pacnpocTpaHEHHOCTU M30TOMOB Kanus. 3Ha4YeHNs BO3pacToB NpuBeaeHbl C
NOrpeLLHOCTbI0E2D.

MonyyeHHble pe3ynbTaTbl Kanun-aproHOBOrO AaTupoBaHuWs (nNo Bany
nopoA) CBUAETENbCTBYIOT, YTO U3NUSHUSA YMEPEHHOKaNMEBbIX N3BECTKOBO-
LLenoYHbIX aHae3nToB xpebTa lMpuozepHoro npoucxogunu 19415 - 19014
MfH. N.H. 1 3aBepwunucb 188+4 MNH. N.H. BHEAPEHMEM MNPOTAXEHHbIX
3KCTPY3UBHO-0ANKOBbIX TEN KanuesblX puonuToB. B cneaytoLwwimii, BO3MOXHO
HOBbIA, 3Tan BynkaHuama (1826 MnH. n.H.) Ha BOCTOYHOM dnaHre
naneoBysfikaHa B npegenax Xxp. MpamMopHOro npousowsno u3BepXeHue
BblCOKOMarHe3unasnbHbiXx 0a3anbToB UM  HWU3KOKaNMeBbIX aHae3nToB. B
ceBepHoN YacTu noctponku (r. Yeptoea "opka) B aToT nepuof (18114 mnH.
N.H.) NPOAONXANNCb U3NUSHUA YMEPEHHOKANIMEBbIX W3BECTKOBO-LLENOYHbIX
aHAe3MTOB, 3aBepLUMBLUMECH 3[1€Cb BHEAPEHUEM MOKPOBHbIX UTHUMOPUTOB
0auMTOBOro cocTaBa, BO3pacT KOTOpbix coctaBnseT 17814 mnH. nerT.

Takum o6pa3om, MOMy4YeHHble K HaACTOSALEMY BPEMEHU pe3ynbTaThl
haTvpoBaHusi BYJIKaHWYECKNX nopoga TanbMUHCKOW TOonwm
CBUAETENBLCTBYIOT O TOM, YTO MX 0Opa3oBaHWE NPOUCXOAWNIO B TOAPCKOe U
nnuHcbaxckoe Bpemsi paHHel topbl (194-178 mMnH. n.H.).

Boigendetca Tpu 9Tana BynkaHu3ma, cOpMUpPOBABLUME MNOCTPOMKY
TanbM1HCKOro naneosyskKaHa.

B nepBbint atan (194-188 MnH. 1n.H.) NpoMcXoannn U3nNUaHUS aHae3nToB,
cnaralLmx OCHOBaHWe ManeoByfiKaHa, 3aBepLUUBLUMECS BHELPEHUEM
pUONNTOB.

Bo Brtopon artan (182-180 wM™MnH. 1n.H.) B BOCTOYHOW 4acTu
BYJIKAHOCTPYKTYpPbl MPOM3OLLNMN M3BEPXEHUs faB BblCOKOMarHe3nanbHbIX
6a3anbToB UM HW3KOKaNMWEBbIX aHAE3WTOB; B CEBEPHOW 4actn -
yMepeHHOKanneBblX aHAe3UTOB N3BECTKOBO-LLLENOYHOro psaaa.

B Tpetuin (3akniountenbHblin) atan (178 MNH. N.H.) pa3BUTUS ByNKaHa
NPOV30LLMN 3KCMIIO3UBHBbIE WU3BEPXEHUs KUCTbIX MarM, 3aBepLuMBLUMECS
dopmunpoBaHmeM MmoLHoro (o 100 m.) NokpoBa MTHUMOGPUTOB.
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Mo3aHeeBOHCKasA 3Moxa 30/10TOPYAHON METaNMoreHuu B
BocTouHom CasiHe: pe3ynbTathl Rb-Sr n **Ar-*°Ar natupoBaHus
OpOreHHoro MmecrtopoxaeHusa 3yH-XonbuHckoe

Yyraes AB., BboHpapb ,EI,.B.Z, BopTHUKOB H.C.! TpaBuH AB2, ApucroB
B.B.1, KwaHoBcKui B.C.4, AHukuHa E.10., NonbumaH 10.B."

"MIFrEM PAH, Mocksa; ZEaﬂpoﬁTCKMﬁ Yuunsepcurer, bavipout, 'epmarns;
SUrM CO PAH, Hosocubupck, *IAO «Bypsarsonoror, YnaH-Yas

B coBpeMeHHbIX nccnefoBaHUSX reoXpoOHONOrnyeckne AaHHble urpatoT
KMOYEBYIO POSib MpU paclingpoBKE NCTOPUN PasBUTUA METanOreHMYeCcKmx
NPOBUHLUN n BbISIBNIEHWM BPEMEHHbIX Koppenauui Mexny
pynoobpasyowmymMm npoueccamu, ¢ OAHOM CTOPOHbI, U MarmMatuamMom U
MeTamopunamom, ¢ gpyron. CasHo-EHncenckasn 30n0TopyaHast NpoOBMHLMSA
ABMAETCA OA4HOM W3 KpynHenwwmx B Poccuun. 3HaunTenbHaa pJons ee
pecypcHOro noteHuuana cef3aHa C MeCTOPOXAEHUAMU, PacronoXeHHbIMN
Ha Tepputopun BoctouyHoro CasiHa. HecmoTpsa Ha npogonxatowmecsa 6onee
noslyBeka WCCNeAOBaHUA reosiorMyeckoro CTpOEHUs TeppuTopun, a Takxe
pPYyOHbIX 06BHEKTOB, KIOYEBLIM U, MO-NPEXHEMY, OUCKYCCUOHHBIM OCTaeTcs
BOMPOC O BO3pacTe 3050TOPYAHON MuHepanu3aumi. BbonblMHCTBO
uccneposaTenen npegnonaratoT paHHenaneo30MCcK1n BO3pacT
30M0TOpYAHbIX MecTopoxaeHud BoctouHoro CasHa [BpaxHuk, 1995;
Henmapk u pgp., 1995; lMNopaueHko n gp., 2016 u pgp.]. OgHako aTu
NnpeacTaBlieHMsl OCHOBLIBAKOTCA, NaBHbIM 006pa3oM, Ha reonornyeckux
JaHHbIX U Ha eauHuYHbIX K-Ar patupoBkax. Kak cneacrtsue, npuBoasTcA
pa3Hble BO3pACTHblE OLIEHKKW, OXBaTbiBaloWMe OTHOCUTENbHO LUMPOKUIA
BpemMeHHon nHtepsan ot 450 go 350 mnH ner.

B npoknape npeactaBneHbl pesynbTaTbl MNEpBOro  KOMMIEKCHOro
reoxpoHonoruyeckoro udyydyeHus kpyndoro (>100 1, Au) mecTopoxzaeHus
3on0Ta B BocTtouHom CasiHe - 3yH-XonbuHckoe. MiccnegoBaHue BbINOIHEHO
“OAr-**Ar u Rb-Sr MeToAamMu, YTO MO3BONUIIO MPU MHTeprpeTaunn OaHHbIX
NPUMEHUTb OAWMH U3 T[NaBHbIX KPUTEPUEB [OCTOBEPHOCTU MOSyYaeMbixX
BO3paCTHbIX  OLEHOK - COrnacoBaHHOCTb  pe3ynbTaTOB  U3yyeHus
He3aBMCUMbIX U30TOMHbIX CUCTEM.
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MecTtopoxpeHne 3yH-XonbuHCKOe pacrnonoXeHO B 3anagHoW 4acTy
xpebta Kutolickne [onbubl (pec. Bypstus). B reonoro-ctpykTypHOM
OTHOLLEHMN OHO MpPUYpPOYEHO K XONGMHCKOW LWOBHOW 30He, KoTopas
pasgenseT HeoapxeWckue (T2.7 MnpA neT) rpaHuToMabl M THEWCHI
(rapraHckui KOMIMMEKC) dyHoameHTa ["apraHckon rnbi6bl n
HeonpoTtepo3oickue (T0.8 wmnpa neTt) rpaHuTOMAbI  CYHCYHYPCKOro
KOMMJIEeKCa, cnarawliMe B paioHe MeCcTopoXaeHus KpynHbii (okono 300
KM2) AmbapTaronbckuii maccus [Kyabmunues, 2004; Mopauexko u ap., 2016].
B npegenax LWOBHOW 30HbI PacNpOCTPaHEHbl HEONMpPOTEPO30WNCKUE
BYJIKAHOT€HHO-0Ca04YHbIE MOPOAbl WBYUPCKON CBUTbI, OTHOCUMbIE K
obpa3oBaHNsIM  OCTPOBOAYXHOW dopMaumu, a TakkXe TeppureHHo-
KapboHaTHbIEe OTNOXEHUS UPKYTHOWM CBUTLI, CraratwLume Yexon yHaameHTa
MapraHckon rnblbbl  [KysbmuyeB, 2004, [opaveHko wu gp., 2016].
MpucyTcTBylOLME HA MECTOPOXAEHWM OKOJSIOpYAHblE MeTacoMaTtuThbl
OTNNYaOTCA KaK Mo COCTaBy MOpoAoobpasylolmx MUHEparnoB, Tak U Mo
Tuny npotonuta. Cpean Hux npeobnagatoT mMeTacomaTuTbl 6epe3vToBoW
dopmaumm.  PygHble Tena Ha  MECTOPOXAEHWW  MpefcTaBreHbl
MWHEepPanmM30BaHHbIMU U XWUbHEIMW 30HaMW, JTOKaNM30BaHHbIMM, FNABHbLIM
obpa3om, cpegu MeTaocafou4HbiX MOpoAd U rPaHUTOUAOB CYMCYHYPCKOro
komnnekca. NMuput sBNsSIeTCA OCHOBHLIM PYAHbIM MUHEpanoM (BMfoTb A0
95%). lMpucyTtcTBylOT Takxe cdaneput, NUPPOTWUH, FaneHUT MUHepanbl
rpynnbl 6neknbix pya, MMHepansl cepebpa, camopoZiHoe 3051070 [BpaxHuK,
1995].

O6BHEKTOM TFE0XPOHONIOrMYECKOr0 U3YYEeHUst ABMSNUCL OKONOPYAHble
MeTacomMaTuTbl, MNpeAcTaBfeHHble  KBapL-CEPULUTOBBIMA U KBapL-
kapboHaT-cepuuuToBbIMM Mopoaamnu. NcxogHbIMU MpoTONMTaMu ONsa HUX
CYXMWMU rPaHNTOUABI FAPraHCKOro U CyMCYHYpPCKOro KoMmmnekcos. ‘CAr-Ar
BO3pacTHble CMEKTpbl MNoslydeHbl No 5 dpakumamMm cepuumta. [Ons
GONbLUMHCTBA M3yyeHHbIX npo6 ‘CAr-**Ar BospacTHble CrekTpbl UMetT BUf
«necTHuua BBepx». Ona AByx 06pa3oB, NpeAcTaBnsloWmMX METacoMaTUTbI
no rpaHoAMopuTaM CYMCYHYPCKOro KOMMmekca, HabnioaalTca Bo3pacTHbIe
nnarto, yooBneTBOPAKLINE BHYTPEHHUM KpUTEPUAM AOCTOBEpPHOCTU (Bonee
50% BblOeneHHoro 39Ar). PaccuntaHHble Ons Hux OarAr 0aTUpPOBKMN
paBHbl 37016 (20), 367+7 mnH net. Ona opHow npobbl cepuuuTa,
OTOOpaHHOM M3 TOro Xe Tuna MeTacoMaTWUTOB, B BbICOKOTEMMEPATYPHOW
yacTu cnekTpa Habniopgaetcs oOTHocutenbHo KopoTkoe (40% ot
BblAENEHHOro 9Ar) BO3pacTHOe nnarto, oTBevarollee Bo3pacTty 36317 MIH
net. TloflyyeHHble MO STUM MeTacomaTuTaM [ATMPOBKM  XOPOLUO
cornacylTca mMexay cobon. OArPAr BO3pacCTHble CNEeKTpbl cepuuuta mn3
METacoMaTUTOB, Pa3BUTLIX MO HEOAPXEWCKUM rpaHWTOMAAM rapraHckoro
KOMMMeKca, He WMelT MpOTSXEHHbIX cermeHToB. [lpu 3ToM Ans
BbICOKOTEMMEPATYPHbIX (DpakUMin MONyYeHHble AAaTMPOBKM OKa3blBalTCS
cuctematudeckn 6onee ppeBHumu (BinoTb Ao 450 mnH net). MMo-
BUAMMOMY, 3TO CBA3aHO C MPUCYTCTBMEM B AAHHOM TWUME MEeTacoMaTuMTOB
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yHacnefoBaHHOIO MYCKOBWTa W3 MO3QHEapXencknx nopod. BospacTHble
CMEeKTpbl TUMa «JIeCTHULA BBEPX», MOMyYeHHble Ana 6Gonblier 4acTu
06pa3uoB cepuuuTa, YKasblBalOT HaA HapyleHwe 3amkHyTocTn K-Ar
N30TOMHOWM CUCTEMbI U HA YaCTUYHYIO MOTEPI0 PaANOreHHOro “OAr yXxe nocne
Kpuctannusauum MuHepana. [Ona Tex Xe camblx npob MeTtacoMaTuToB
6binn nonyyeHbl U Rb-Sr gaHHble. MNpyu 3ToM M3y4vanucb BanoBble Npobbl,
cepuumnT, dpakuum nopoaoobpasylowmx MUHEPanoB, pa3fefieHHble Mo
yOenbHOW MfIOTHOCTU, @ TakKXe KWUCIOTHbIE BbLITAXKU W pecTutbl. AHanus
OaHHbIX C MOMOLLbI0O METOAA N30XPOHHbBIX MOCTPOEHMI NOKa3an, YTo TOSbKO
ons  AByx npob6 M3 nATM  NOMy4YeHbl W30OXPOHbI CO  CReAyLMMU
napametpamu: T = 36326 mnH net, CKBO = 6, (¥’Sr/*°Sr), = 0.713319 (20);
T = 3774 mnH net, CKBO = 5, (¥’Sr/*°Sr), = 0.7126+3. BugHo, uto Rb-Sr
M30XPOHHblE BO3pacTbl 6nu3kum mMexay cobo u coBnagalwT C
npuBeAeHHbIMU BbiLLE ©OAr-¥Ar naTtupoBkamu. PeasynbtaTtbl nayvyeHus K-Ar
n Rb-Sr mn30TONHBIX CUCTEM CBUAETENbLCTBYIOT, YTO OKOMOPYOHbIE
MeTacomMaTuTbl ObiNM  NOABEPrHYTbl HANOXEHHbIM  rMApoTEpPManbHbIM
npoueccam, B pe3ysfbTaTe KOTOpbIX MpoM30Lia YacTuyHasa notepsa (MeHee
5%) pagvorenHoro “°Ar, a Takxe nepepacnpeneneHue Sr B o6beme
oTAenbHbiXx 00pa3uoB. [aHHbI (akT No3BONSET cpaenaTb BbiBOL, 06
MHOrO3TarnHOM XapakTepe pasBuUTUS TUAPOTEPManbHOW CUCTEMbI Ha
mectopoxaeHum 3yH-XonbuHckoe. 3TOT BbIBOA He MpOTMBOPEYNT
CYLLEeCTBYIOLMM  MNPeACcTaBfeHnsaM O  MOJSIXPOHHOM  obpa3oBaHuK
30M0TOPYAHON MWHEepanu3aumMm Ha mecTtopoxgeHuu [[opaveHko u Aap.,
2016].

CornacoBaHHOCTb 0aTVPOBOK, NOJTy4YEHHbIX pasHbIMM
reoXpoHOSIOrMYeckKMMM MeTofaMu, [AeT OCHOBaHWe cpenaTb BbiBOA O
Nno3aHeAEBOHCKOM BO3pacTe MecTopoxaeHusa 3yH-XonbuHckoe. C yyeTom
UMEIOLLIMXCA TEeOXPOHOSIOMMYECKMX [OaHHbIX, pa3BuUTUE pynoobpasyoLmx
NPOLIECCOB Ha MECTOPOXAEHMM, BEPOATHEW BCEro, MNPOUCXOAMNO B
uHTepane BpemeHun 380-360 mnH net. MNpuBoAUMBIN BO3paCTHOW MHTEpBan
YaCTUYHO NepeKpbLIBAETCH C NEPUOAOM Pa3BUTUSA B PErMOHE Narie030McKoro
KOJUIM3NOHHOTO MarmaTtu3ma, OAMH W3 MUKOB KOTOPOro MNpUXOAWSICA Ha
Bpemsa 400-370 mnH net Haszapg [Punnunoa un ap., 2001; BopoHuUoB,
Cananmupos, 2010; Pacckazos u gp., 2012].

WccnepoBaHns BbinonHeHbl B pamkax HWP no porosopy Ne [1/B3-15-
0000191 mexgy MIFEM PAH u MAO «bypsiT30M0TO» UM MpW YacTUYHOW
nopaepxke rpaHta POOU 17-05-00936.
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HeonpoTepo3oickuin Bo3pacT rpaHuToMaoB KeapoBckoro
maccusa (bankano-Mynckui nosc): Hoeble U-Pb
reoxpoHosiormyeckme gaHHbie

Yyraes A.B.', CanbHukoBa E.B.2, PbILl,Ié E.}0.2, KoToB A.B.%, ®epoceeHko
A.M.

"MIFEM PAH, Mocksa, “UIT, L PAH, Cankt-lletepbypr

Bankano-Myickuin nosic BbITAHYT BAOJb HOXHOro Kpass Cubupckoro
KpaToHa OT nobepexbss ceBepHoro bankana pgo 6accertHa BuTtuma.
BoctouHbin cermeHT bBankano-Myickoro nosica npeactaensiet coboin
CNOXHOE CoYeTaHne CTPYKTYPHO-BELLECTBEHHbIX KOMMMEKCOB Pa3fiIn4yHoro
BO3pacTa W  OUCKYCCUOHHOW  reogMHamumyeckon npupogpl.  [Ons
PEKOHCTPYKUMM  NaneoreogMHaMuvkyu W UOEHTUdUKaLMM  NCTOYHWKOB
30M10TOPYAHON MUHEpanu3auum KIl4YeBOE 3HA4YeHWe 3TOro  pervoHa
KIMIOYEBOE  3HAYE€HME UMEKT  U30TOMHbIE U FeOXPOHONorn4eckue
uccrnepoBaHua mMarmMatMyeckmx nopos AHamakut-Mynckoro TeppenHa,
BKntovatoero Mynckyto «rnbiby».

O6beKTOM reoxpoHosiormyeckux uccnepoBaHun asnsnca Kepgposckun
MacCvB OMOPUTOB, KBapLLEBbIX AMOPMTOB M rpaHoguopuTtoB (nnowans~ 10
KM2), KOTOpbI BMECTe C OOHOMMEHHbIM 6Gonee KpynHbeiM rabobpo-
aHOpPTO3MTOBbLIM  MJIYTOHOM  (KEAPOBCKUWA  KOMMJIEKC) MPUYpPOYEH K
OONroXuByLlen 30He pernoHanbHbIX COBUIOBbIX CTPYKTYP,
KOHTPOSMPYIOLMX MPOMBILLSIEHHbIE 30J51I0TOPYAHbIE OOBEKTHI BOCTOYHOM
okpauHbl  HOxHO-Myiickon  «rnblbbl».  OuMopuTbl UM FpaHOAMOPUTSI
KepnpoBckoro maccusa npopbiBatoT rabbpouabl KeApoBCKOro KOMMeKca u
METaoCa04Hyl0 KeLPOBCKYH TOJILLY HEONMPOTEPO30MCKOro Bo3pacTa [PbIuk
n ap., 2001]. B cBoto ouyepenb, nopoabl KeapoBCKOro Maccusa nepeceyeHsbl
HeOONMbLUIMMM  MHTPY3MAMU TPaHUTOMOOB W [JalkamMu  OONEpUTOB U
naMmnpodupoB No3gHenaneo3oncKoro Bo3pacTta. Bmecte ¢ Tem, Bospact
3TOro MaccmBa ocTaeTcs He onpegeneHHbiM [LibiraHkoB n gp., 1998; Yyraes
v ap., 2017; Monoe v gp., 2017].

U-Pb reoxpoHonoruyeckne uccneposaHusa (ID TIMS) BbinonHeHbl Ans
YeTblpeX MWKPOHaABECOK LMpKOHa 13 rpaHoauoputoB KeaopoBCKoOro
mMaccuBa. LIMpkoH npepcTaBneH npo3payvHbiMK, MNPU3MATUHECKUMU U
OJIMHHOMPU3MAaTUYECKMMU 3€pHaMn C  BbICOKUM [BYMNpPENIOMSIEHUEM U
30HaNbHbIM  CTPOEHMEM, YKa3biBalwLWWMMW Ha €ro Mmarmatunyeckoe

374



npovcxoxgeHve. B HeKoTOpbiXx 3epHax UMpKOHa BCTpevalTcs sSapa
HenpaBunbHON ¢opMbl. Ha pavarpammMe C  KOHKOpAMEN TpW TOYKMK
M30TOMHOrO COCTaBa UMPKOHa pacnonaratTcs Ha [UCKopauu, BepxHee
nepecevyeHne KOTOPOWN C KOHKOpAMEN CoOTBeTCTBYeT Bo3pacTy 78319 mrH.
netr (CKBO=0.60). T[Ilpu 9aTOM opHa U3 HUX XapakTepusyetcs
KOHKOpAaHTHbIM 3HayeHuem Bo3pacta 780+3 mnH net (CKBO=0.85,
BepoATHOCTb=0.36).

7/
206 238,
0133 Pb/~"U {
00
Tiomy = 780 = 3 MNH neT /
0.131 /
/
0.129 750
3
0.127 2/
4
0.125 790 1
/
/ T=783+9mnuner
0.123 /
/ 207Pbl235U
ot e il o oy

1.07 109 111 113 115 117 119 121 123

Puc. Onarpamma ¢ KOHKOpAMei Ansi LMpKoHa U3 rpaHogunoputoB KeapoBCKOro Maccuea
(CeBepHoe 3abalikarnbe)

Mopdonoruyeckne ocobeHHoCTU N3y4YeHHOro LMpKOHA
CBUAETENbLCTBYIOT 006 €ero Kpucrtannus3auum wu3 pacnnaea. [Opyrumu
CnoBamu, ecTb BCE OCHOBaHWA paccMaTpuBaTb MOJyYEHHYIO OIS Hero
KOHKOpAaHTHYI0 oOueHKy Bo3pacta (78013 MnH net) kak BoO3pacT
cTaHoBneHuns KegpoBckoro maccumea.

OTa oueHka Bo3pacTa coBrnagaeT C BO3pacTOM MPOTONMTOB FHEWCOo-
rpaHWTOB uneupckoro komnnekca (78416 n 7869 mnH net [Pbiuk v gp.,
2011]), wwupoko pacnpocTpaHeHHbIXx B npegenax Mynckon bbbl ©
AHamakuT-Myitickoro TepperiHa B uUenoMm. Kpome Toro, B npepenax
aHanMTUYeCKMNX NorpeLHocTen oHa 6nu3ka K oLeHke Bo3pacTta rabbpovaos
KeOpoBCKOro KOMIeKca, nony4yeHHon Sm-Nd MeTo0M no
nopogoobpazyowmmMm MuHepanam - 735126 mnH net [Poiuk v gp., 2001].
lMpuHMMas BO BHMMaHME paHHENEpPMCKUA BO3pacT  30510TOPYAHON
MuHepanu3auun AHamakuT-Myiickoro TeppenHa [Yyraes u pgp., 2017],
HOBbIE TE€OXPOHOJIONMYECKUE [AHHbIE MO3BOMAKT UCKYUTL FpaHuTOnAbl
KenpoBckoro maccuBa, a Takke Marmatuyeckume nopofabl KeapOBCKOro
rabbpo-aHOpPTO3UTOBOrO  KOMMJIEKca u3  yucna noTeHuunanbHbIX
pyooreHepupylLwmux MarMaTMyeckmx accoumauuin  paccmaTpuBaemMoro
30J10TOPYAHOroO parnoHa.
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Pab6oTta BbinonHeHa B pamkax focyaapcTeeHHoro 3agaHusa HUP (npoekT
Ne 0136-2014-0006).
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Bapuaupm u3oTonHoro oTHowweHus 238U/2%U B
HeonpoTEepO30MCKMX META0CaA0U4HbIX Mopoaax (Ha NpuMepe
Baiikano-NMaTtomckoro 6acceiHa)

Uyraes A. B.! , UepHbiwes U. B.! Byp,ﬂKA E.2 MaanueBa I.B.", Capaciok
AC. , Fapees b. I/I

"WIFEM PAH, Mocksa, >UIrX CO PAH, Upkyrek; "UMnHITT K@Y, KasaHs

Msyqume I'IpI/IEO,CI,HbIX Bapvauui M30TOMHOro coctaBa U, a MMeEHHO
OTHOLLEHNS 2 U, OTHOCUTCS K YMCIY HOBbIX HanpasfeHnii B U30TOMHON
reoxMmMuu, pasBuUTUE KOTOPOro Hadanocb Gnarogaps nosiBNeHWo MeToaa
MHOMOKOJIJIEKTOPHOW  MaccC-CNeKTPOMETpUN C  WMHAYKTMBHO CBA3aHHOM
nnasmonn  (MC-ICP-MS). 2}§§K nokasanu pe3ynbTaTbl MHOrONEeTHUX
nccnenoBaHuin oTHolweHre 22U/2°U B npupofe BapbupyeT oT 137.26 po
137.92, To ecTb gnanasoH Bapuauumn coctasnset novtn 0.5% [Stirling et al.,
2007; Weyer et al., 2008; YepHbiwes u agp., 2014 n gp.]. B HacToqwee
BpeMsi OCHOBHOW WHTEpeC CMeCcTW/CA Ha BblABMEHMe Bapuauui B
OTAENbHbIX  FEeoNorM4yecknx  obbekTax -  Hafnpumep,  YpaHOBbIX
MecTtopoxaeHusx [YepHbiweB u pgp., 2014] u ocagoyHbIX nopopax
naneobaccernHoe [Kendall et al., 2013! OTOT WHTEpec BO MHOIOM
obycrnoBfieH TeM, 4YTO OTHOLUEHUE 28U/~ apnseTcs YYBCTBUTENMbHbLIM
reOXMMUYECKUM  UHOUKATOPOM, MO3BONAOLWNM  PEKOHCTPYMpOBaThb
OKMCINUTENbHO-BOCCTAHOBUTESNbHBIE  YCIIOBUS  MPOTEKaHUA  PasfiNyHbIX
reonorm4eckmnx NpoLeccos.

B HacTosiwewn paGOTe faccmanMBaloTc;l pe3ynbTaTtbl  U3y4eHus
M30TOMHOrO0 OTHOLUEHMSA °U B HEONpOTEPO3OICKNX METAa0CafOUHbIX
nopoaax BaMKano-I'IaTOMCKoro cknapgyatoro nosica (Brr) (Ces.
3abaiikanbe). PopmMUpoBaHNE 3TUX NOPOA NPOUCXOAWMSIO Ha NPOTAXEHUU
6onee 200 mnH neT B 06CcTaHOBKE MOPCKOro naneobacceiHa, 3anoXeHHOro
Ha okpaunHe Cubupckoro kpatoHa okofio 750 MnH neT Hazapg [Hemepos u
op., 2010; Powerman et al., 2015].

376



M3oTonHbIN cocTtaBa U npoaHanuanpoBaH B 15 Banoebix npobax nopoa,
NpeAcTaBfieHHbIX NpenMyLLIECTBEHHO TeppUreHHbIMK pa3HoCTAMU
(mMeTanec4yaHukamu, MeTarpaBenuTamu, anesponutamm un unnutTamn).
KnioyeBbiMK 3ieMeHTaMuM NMPUMEHEHHON METOAUKU U3 HEeHMS N30TOMHOrO
coctaBa U gasnanucb: 1) ucnonb3oBaHue [BOWHOrO 23y-%y uzoTonHoro
Tpacepa Ana yyeta (pakuMOHMPOBaHWS M30TOMOB ypaHa B npolenypax
XUMUYECKON NPOBGOMNOArOTOBKM U MacC-CNeKTPOMETPUYECKOro aHanmsa; 2)
TpexcTyneH4yaTas MoHoobMeHHas xpomaTorpadus gns nony4eHns JncTbix
npenapaToB ypaHa; 3) BbICOKOTOYHOE M3MepeHMe OTHoweHus 22U/**°U
metogom MC-ICP-MS [YepHbiweB u ap., 2014; MaHgxueBa n ap., 2018].
To4yHOCTb MeToAa, OLeHeHHasa Mo pesynbTaTaM napannenbHbiX aHanuM3oB
MeXayHapoaHoro ctaHgaprta ypaHa IRMM-3184, a Takxe 06pa3u0B ropHbIX
nopog GSP-1 n RMG-1, coctaBnset + 0.008% (2SD).

06Ha§>yerHb|e BapuaLMM1 U3MEPEHHbIX 3HaueHuit oTHoweHus 22U/*°U
(nnn 5° -0.37 - -0.11%0) B TpM pa3a NpeBbILWAT MNOrPELIHOCTb
aHanuMsa u, Takum o6pa30M ABNAOTCA TE€OXMMMUYECKN 3HAYMMbIMU.
I'IonyquHb|e BenuunHbl 52U He BbIXOAAT 3a npegensl gnana3soHa (—0.39 -
+0.15 %0), xapakTepHOro pand [APEeBHUX METaoCaflOYHbIX TEePPUreHHbIX
nopoa, opMupoBaHMe KOTOPbIX MPOUCXOOUIIO0 B MOPCKMX naneobaccerHax
[Kendall et aI 2013; Phan et al.,, 2018]. lNpocnexuBaeTcss U3MeEHEHMWe
BENUYMHBI 5 U B CTpaTmrpanquCKOM pa3pe3e TeppuUreHHo-KapboHaTHbIX
Tonuw, BIMI. Mopoapl BepxHMX cTpaTurpaddmnyeckmx MHTepBanoB (XynHCKas u
I0OMCKan Cepuun) XapaKTepusyloTcs cucTeMaTudecku 6ornee TaXenbim
M30TOMHBLIM COCTABOM YypaHa, YTO MHTEprnpeTupyeTcs Kak NpucyTCTBME B
HUX ayTUreHHOro ypaHa, obpa30BaHHOro 3a CYET YaCTUYHOW pepyKumun
ypaHa MOpPCKOW BOAbl. T OTNMYUA YKa3blBalOT Ha u3MeHeHue okono 580
MITH  NIeT  Ha3aj  OKUCMMTENIbHO-BOCCTAHOBUTENbHbLIX  YCIOBUMA B
naneobacceHe M Ha BO3HUMKHOBEHWE aHa3pOOHOM OOGCTAHOBKM B 30HaX
ocagKoHakonneHnss. CornacHo reoTEKTOHUYECKUM PEKOHCTPYKUMSAM K
3TOMYy BpeMeHu ccopmupoBascs U30MpoBaHHbIA 6acceiH ¢ 3aCTOMHbIMM
YCINOBUAMU W aHa3pOOHON OOCTAHOBKOM B 30HAX OCaAKOHAKOMEHUs
[Hemepos u gp., 2010; YyraeB u gp., 2018]. Mo Bo3pacTy 3aTo cobbiTne
6rM3K0 K OQHOMY M3 BaXHbIX 3TanoB JOKEMOPUICKON 3BOMOLMN 3eMnn -
«Neoproterozoic Oxidation Event», Cc KOTopbiM CBA3bIBAlOT pe3koe
NOBbILLEHNE KOHLUEHTpauMm XUMUYECKU He CBA3aHHOro Kucnopoga B
3emHon aTtmocdepe n B Bogax Muposoro OkeaHa [Lyons et al., 2014].
[aHHbin (pakTOp MOr oOKa3aTb CyLWeCTBEHHOE BIINSHME Ha CKOpPOCTb
NPOLLECCOB MOBEPXHOCTHOrO BbIBETPUBAHUSA MOPOA W, COOTBETCTBEHHO, Ha
ob6bem noctynneHnss B OkeaH CO CTOKOM peYHbIX BOA, ypaHa W ApYyrux
meTannos. Kak cnefacTBue NoBbILWEHUS COAEPXaHUS ypaHa B MOPCKON BOAE
cnepgyetr oxugaTtb W yBENMYEHWE [JONM  ayTUreHHOro ypaHa B
dopmMmupyowmnxcs ocagkax.

Pabota BbiMONHEHa B paMKax nnaHa WCCnegoBaHWMM MO FPaHTy
Poccuickoro HayuHoro doHaa (PH®) Ne16-17-10221.
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BospacT nnyToHu4eckux nopop pasnoma Buma
(LleHTpanbHasa ATnaHTuka) 1 npMpoaa ux MaHTUMHbIX
NUCTOYHUKOB

Ila6bikoBa B.B., AHocoBa M.O., CunantbeB C.A., KoctuupsiH HO.A.

TEOXU PAH, r. MockBa

XoTa <4BneHve crnpeguHra [OaBHO He Bbi3blBAET COMHEHUR Yy
BOSIbLUMHCTBA TE0NIOroB, MHOMME TOHKME OCOBEHHOCTM 3TOro SABJIEHUSI U
COMYTCTBYIOLUMX €MY Marmatu3aMa M BTOPUYHbIX Mpeobpa3oBaHuin elé
noanexart uccnegoBaHuMoo. Hackonmbko — ganeko — pacnpocTpaHsaeTcs
(rmopo)TepmanbHoe BO3JEWCTBME Ha BHOBb CCHOPMUPOBAHHLIE MOPOAbI B
CTOpPOHbI OT OCUM pUCPTOBOM [ONUHbI CPEAUHHO-OKeaHU4eckoro xpebTa,
0cobeHHO B aKTMBHOW 30He TpaHcOpMHOro pasnoma? B kakoi mepe
MOXET OblTb  FeTEpPOreHHbIM  3BOSHOLUMOHMPYIOLWLMA  BO  BPEMEHMU
MarmMaTmyecknii UICTOYHUK B AaHHOW Touke? Ha 3Tu n gpyrve Bonpocbl Mbl
OaéMm oTBeT B HACTOSILLEM MCCNELOBaHUUN Ha NMpUMEpPe KOMNMeKUUn Nopog, ns
H0XXHOro 6opTta TpaHchopMHoro pasnoma Buma (LleHTpanbHas ATnaHTuka),
nogHATbIX AparnpoBaHnem B 19-om mn 22-om pencax HUC «Akagemuk
Hukonan CTpaxoB» Ha pasHbIX pacCTOAHWAX OT OCU PUEMTOBON AOMAUHbI
CpenuVHHO-OKeaHn4eckoro xpebra.

Konnekuma Bknovana B cebsa cBexne u  meTamopdu3oBaHHbIE
rabbpouppbl, OONEpUTbl, @ TaKXe CEPNEHTUHUTbI U MEeTannpPOKCEHUTHI. M3
Tpéx o06pa3uoB rabbpo, nNOAHATbIX Ha TpPEX pasHblX CTaHUUsIX
OparupoBaHns, ynanocb BbIAENUTb LIMPKOH, KOTOpbIA 6bin nMpoaaTupoBaH
nokaneHbiM U-Pb metogom (LA-ICP-MS). lNonyyeHHble 3Ha4YeHMsa Bo3pacTa
OEMOHCTPUPYIOT CTPOryK0 JIMHENWHYK CBA3b C pacCToOsHWEM OT ocu
CpenuVHHO-aTnaHTnyeckoro xpebra, 4To MO3BOSISIET OMNPEAENUTb CKOPOCTb
cnpeguHra B 3TOM YacTu ATNaHTUKKM - NO KpanHen mepe B nocnegHue 15
MITH neT oHa Oblna noctofAHHOM K coctaBnsna 16.2+0.8 mm/rog, (puc. 1).
MonyyeHHasa nMHenHasa 3aBMCMMOCTb MeXAy BO3pacToM U reorpauyeckum
NnonoXxeHvem CcTaHUuuii onpoboBaHWs MOXeT ObiTb UCMONb30oBaHa AnA
OLIEHKN MOLESIbHOro Bo3pacTta ocTalbHbiXx 06pa3LoB Hallel KOMNeKuum, He
OaTMpoBaHHbIX HenocpeacTBeHHO U-Pb M30TOMHbIM METOA0M, HO MMEOLLMX
TOYHbIE KOOPOUHATLI CTaHUUKN AparupoBaHus.

CornacosaHHOCTb U-Pb reoxpoHOMOrmyecknx [aHHbIX MO LMPKOHY W
*Ar-“Ar no amdubony [Cipriani et al., 2009] ans nccneaoeaHHoro npoduna
npepnonaraeT HepaspblBHOCTb BO BPEMEHW Marmatuyeckux cobbiTui,
chOpMMPOBaBLLUX WUCXOAHble rabbpouaHble nopofbl, W MocrneaoBaBLLMX
mMeTamopcmyeckux npeobpas3oBaHuii. Bce 3Tu npoueccbl npoTekanu
TONbKO B MNpefjenax OCUM CApeguHra W He pacnpocTpaHanMcb 3a eé

npeapenbl. TekToHn4eckne npoueccobl B aKTUBHOW 30He Tpch¢)opMHoro
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pasnomMa Buma Takxe He noBAMANM Ha 3aMKHYyTOCTb K-Ar cuctemsl
amdumbona n U-Pb cuctembl uppkoHa.

lMpakTnyeckn Ha BCex CTaHUMAX JAparMpoBaHUs  MPUCYTCTBYIOT
NAyTOHUYECKMEe NOpPOAbl, Hecyluue criefbl TEKTOHUYEeCKMX aedopmanumin, u
ux 6pekynn. [eoAMHaMUYECKMI  pexuMm,  ONPeaenslowmnin  cTunb
TEKTOHUYECKMX MPOLECCOB B 30HE CpeauHra, cnocobCcTBYET AECTPYKUUM U
KaTaknasy He TONbKO MaHTUIHbLIX NEpUOOTUTOB, HO U HOBOOOPa30BaHHbLIX
ra66pounaos.

Rb-Sr n3oTonHble gaHHble Nokasanu, 4To B MHTepBane mexay 14.7 n 9
MIH neT B npefenax oOCU CnpeguHra wuMena MecTo aKTuBM3auus
rmapoTepmMarnbHON AeATENbHOCTU C y4acTUeM MOPCKOWN BOAbI.

Bapwnauwnn M30TOMHOrO  CoCTaBa  Heoauma BO  BpPEMEHHON
nocrefoBaTenbHOCTM MarMaTu3Ma yKasblBalOT Ha BbICOKYH CTEMNeHb
XMUMWYECKON N NIOTOMHOW reTepOreHHOCTM NOAHMMAIOLErocss MaHTUAHOMO
BellecTBa, Monagawwero B ob6nactb MnaBneHUA B 30HE CApeguHra.
BbinnaBky U3 UCTOYHMKOB, OTBEYAKLIUX NMPUMUTUBHON MAHTUN C €y ~ +8...
+9 nepemexatotcs ¢ oboralwéHHbIMM UCTOYHMKaMN B UHTepBane ot ~17 go
14.7 mMnH net n okono 8 MNH net Hasag. O6oraléHHOe BeLLEeCTBO B
WCTOYHUKE MOTJ10 ObITb MPeacTaBneHo ApeBHMM 6a3MTOBLIM MaTeprarnom.

20 T 1,/mnm ner & Hactoawan pabota

OCronotHes u ap., 2010
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Puc. 1. Bapmaumm U-Pb Bospacta nopon no umpkoHy u “°Ar/*Ar Bospacta Bpomb
NPOCTUPaHNS aKTUBHOW 4acTu TpaHC(OpPMHOro pasnoma Buma. [oka3aH eguHblil NMHENHbI
TpeHA, C YY4€TOM HblHewHero nonoxenua ocn CAX, HaK/OH KOTOPOro MOXeT oTpaxaTb
CKOPOCTb CrpefHra B 3ToN YacTu ATNaHTUKN
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U-Pb Bo3pacTt u Lu-Hf cuctematuka uMpKoHOB YWUCKOro
rpaHuTHOro maccusa (KOXxHbin Ypan)

Waranos E.C., 3aiuea M.B., XonoaHos B.B.

UrHcTutyT reonormm u reoxummmn YpO PAH r. EkarepuH6ypr

Kaubaxckuii KOMMAEKC -  rPaHUT-NEMKOrPaHMTOBbLIN,  cnaraet
BaHgbilweBCcknin, YNCKnin n KOCOropckun maccusbl, Haxoaswmeca B YNUCKO-
HoBoopeH6yprckoi 3oHe cmstus (YH3). K HUM HekoTopble nccnegoBatenm
OTHOCAT Takxe CTenHWHCKMN U1 BUpOKOBCKMI MaccuBbl, KOTOpblE
pacnonoxeHsl B cocegHen CyxTenuHcko-Apamunbckomn 30He
(OporeHHble...., 1994, WuaHoea, 2006 u ap.). Yinckuin n BaHabiweBckun
MaccuBbl HaxogaTcAa B y3ne nepeceyeHnss CTEMHMHCKOro pasfioma co
cTpyktypamm YH3. [paHnubl MaccvMBOB  Kaubaxckoro Kommniekca
nepecekarT TEKTOHUYECKNE KOHTAKTbl NIMHENHbIX 6110KOB cautoBckomn (R,?
st), 6ynatoBckow (S1-D4 bl), konanosckoin (D,.3 kp) n cocHoBckon Tonwy, (C;
ss), BaHgbileBckuin maccumB cpe3aeT CeBepHOe OKOHYaHue AMUHEBCKOro
CEPNEHTUHUTOBOrO MaccuBa. Bponb BOCTOYHLIX KOHTAKTOB MacCUBOB
HabnpalTCca Yy3KMe JMH30BMOHbIE Tena CeprneHTMHMTOB, C 3anaja
MaccuBbl KOHTaKTUPYIOT C BYJIKAHWYECKMMU U BYJIKAHOrE€HHO-0CaA0uYHbIMU
TONMwamMn Mno3gHero OpaoBUKA - AeBOHa. B Yiickom maccuBe M3BECTHbI
KCEHONMUTbI OPOrOBMKOBAHHbIX BYSIKAHNYECKUX NMOPOA N CEPNEHTUHUTOB.

Bospact rpaHMTOMA0B Kaubaxckoro KoMmniekca NpUHAT paHHENEPMCKUM
cornacHo cepuinHon nerenHge 1999 ropa. Yickun u  BanpgbiweBckui
MaccuBbl pe3K0 OUCKOPLAHTHO HanOXEHbl Ha JIMHENHYIO CTPYKTYpY YWCKO-
HoBoopeHOyprckon 30Hbl CMSATUS, B KOTOPOW CaMbiMW  MOMOAbIMM
obpa3zoBaHNAMY ABMAAKTCA U3BECTHSKM KaMOp3UHCKoM Tonwu Cq, TO ecTb,
HWXHWA BO3PaCTHOM npeden CTaAHOBEHWS MacCuUBOB He [JpeBHee
cepriyxoBus. AcHaa NOCTTEKTOHMYECKaa Npupoaa rpaHUTona0B KOMMMEKca,
«CLUMBAIOLLMX» JIMHENHbIE CTPYKTYpbl 30HbI CMSITUSA, BUAMMO, 3HAMEHyeT
OTMMpaHue 3TON NOABUXHOW 30HbI.

OnpegeneHust M30TOMHOIO BO3pacTa Nopof Kaubaxckoro kommnekca K-
Ar MeTOoAOM YyKasblBaeT Ha WX BepxHenaneo3ouWcKun Bo3pacT (Yickun
MaccuB: 25216, 204+13mnH neTt, BaHablweBckuin maccus: 26119, 243115,
241+11mnH ner).

Yilckuit MaccuB obLLeit mrowaabio okono 50kM® MMeeT 30HanbHoe
CTpOEHME: LeHTpanbHas YyacTb croxeHa JIeikOKpaToOBbIMU
paBHOMEPHO3EPHUCTLIMK TpaHUTaMu BTOpon hasbl, a nepudepudeckasn -
KPYNHO3EPHUCTBIMU  NMOP(PMPOBUOHBIMA  TpaHUTaMuM  nepeBon  dasbl.
KunbHble nopoabl - rpaHUMT-Nopdumpbl, NTEMKOKPATOBbIE MOPOAbI, anuThl.
MeTporpadpmyeckm U  MNETPOXMMUYECKM Mopoabl  YNCKOro  MaccuBa
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TOXAECTBEHHbI rpaHWTOMAAM BTOPOM M TpeTben ¢a3bl BaHablleBCcKoro
mMaccuBa. MaccuBbl KpanHe nioxo 06HaXeHb!.

LIMpKkoHbl BblgeneHbl M3 npobbl MOpPgMPOBUAHOIO PO30BOr0 rpaHUTAa,
B3ATOr0 U3 Kapbepa B 1KM ceBepo-BOCTOYHee cena Yuckoe. Kpuctannbl
KOpUYHEBATOrO0 LBETa, WHTEHCMBHO 30HaNbHble W CEKTopuanbHble,
coaepxaT peakue BKIYeHMsa anatuTa.

AHanuMTMyeckne gaHHble no m3otonHomy coctaBy U-Pb u Lu-Hf-cuctem
nonyyensl B LUKI «eocananutuk» npu UMM YpO PAH, EkatepuHbypr. U-Pb
haTupoBaHue BbiNonHeHO Ha keagpynonbHoM WCI-MC NexION 300S,
aHanu3a Lu-Hf-uzotonHon cucTtembl BbINOAHEH HA MYNbTUKOMIEKTOPHOM
MCIM-MC Neptune Plus ¢ wucnonb3oBaHWem MpuUCTaBKM ONS Na3epHomn
abnaumm NWR 213 npu guameTtpe kpatepa 50 MKM, B obBoux criyyasix;
ucrnonb3oBaHHoe 06opyfoBaHWEe pa3MeleHo B MNOMELLEHUN Kracca
unctotel 7 WNCO. Tpoueaypa W3MEPEHMSI WU3OTOMHbLIX OTHOLUEHUA W
anropMTMbl pacyeta Bo3pacTa, 3HayeHun g(Hf) m mMopenbHoro Bo3pacTa
n3noxeHol B [3anuesa u gp., 2016, 3anuesa, Botakos, 2017, Giovanardi,
Lugli, 2017].

Bce LMPKOHBLI coaepxaT MOBbllEHHbIe A0nv obwero ceuHua go 7%, B
€[VHUNYHbIX cryyasax gocturatowme 29%. Ha rpaduke W7pp233Yy 1 2%pp/28y
C KOHKOpAMen aHanu3bl 06pa3yoT Tpu knacrepa (cm. Puc.).

ZOSPb/Z38U =
Knacrep |

0.075 fiHuxree nepecevenve 289.8+4.3 Ma,
BepxHee nepeceyeHve 3513+190 Ma

data-point error ellipses
are 68.3% conf

MSWD= 0.94 e
0.065} Y //
0.055+
0.045} Knactep Il

KoHkopaaHTHbIN Bo3pacT = 265.8 +1.5 Ma
MSWD (of concordance) = 0.013,

0.035 Probability (of concordance) = 0.91

0.025! Knactep llI a]

HWxHee nepeceyeHne 198+22 M

0.015 : : .
0.0 0.4 0.8 1.2 1.6

207Pb/235U

Puc. Ouarpamma 2’Pb/2°U / 2Pb/**8U ¢ koHKopaneit Ans UMPKOHOB U3 rpaHuTa YiicKoro
MaccuBa. Ha Bpeske npuMep 30HaNbHOCTM B LMPKOHAX, MaclTtabHas nuHelka 250 Mkm
(n306paxeHne KaToAONIOMUHECLIEHLIMM NOSTYYEeHO Ha MUKpoaHanusaTope Cameca SX100, UIMT
YpO PAH)
MepBbi 06pa3yeT auckopamio (Mo 8 ToykaM) C HUXHMM MepecevyeHnem
289.8+4.3 mnH net n BepxHum nepecedernem 35131190 mnH net (CKBO =
0.94). HuxHee nepeceyeHne He umeet aHanora B K-Ar cucteme, Ho 61mM3Ko
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Bo3pacTty CrenHuHckoro maccuea (*’Pb /*%°Pb -Bo3pacT LMpKoHa n3 Bcex
pa3HoBMAHOCTEN nopofn Maccuea - 283+3mnH neT [Bea et al.,, 2005]).
Btopoit knactep 06pa3yroT HECKOSIbKO 3éPeH C KOHKOPAAHTHBLIM BO3PacToMm
265.8+x1.5 mnH netr (CKBO = 0.013, koHkopgaHTHOCTb = 0.91). 310 B
npegenax norpewHocTn cooteeTcTByeT K-Ar-Bo3pacty maccusa. Cambin
Monofon Knactep ¢ Bo3pactom 198122 mnH net. 3TO COOTBETCTBYET
cobbiTuto, 3aneyatnéHHomy B K-Ar cucteme n gatupyemomy 202+13 mnH
NEeT 1, BEPOATHO, CBA3a@HO C HEKOTOPOMN TEKTOHO-TEPMaIbHON aKTMBU3aUmen
CTPYKTYpbl, B KOTOPOW pacrnosioXeHbl MacCuBbI.

LinpkoHam YNCKOro mMaccuBa CBOMWCTBEHHbI LUMPOKME Bapualumu
HayanbHOro M30ToMHOro coctaea raHuA. eHf g6 M3MeHseTca ot -10,5 no
1,1. MopgenbHbIn BO3pacT, pacCUYMTaHHbLIN MO OLHOCTAAUNHOM MOAENN
BapbupyeT oT 859+47 po 1367+29 MNH neT, YTO COOTBETCTBYET BPEMEHMU
XM3HN Mawakckon pudToBon CTPYKTypbl. MoaenbHbIi BO3pacT MCTOYHUKA
no [ABYXCTagUMHOMN MOAENW, OCHOBAHHOW Ha BbIMMABAEHUN Marmbl U3
cpenHen KOHTUHEeHTaNbHOWN KOpbl, HECKOMbKO ApeBHee - 1233177 - 2057147
MJTH NneT.

Takum obpa3om, BEpoSATHO, YICKUIA MaccuB (U Kaubaxckuil KOMMekc B
uenom) €BnAeTcs MNPOLAOISIKEHUEM pPa3BUTUA CTEMHUHCKOrO KOMIEKCa,
pacnofioXeHHOro BOCTOYHee U 0Opa3oBaBLUErocA Mpu B3aMMOLENCTBUU
MaHTUWHOIO MarMaTM4eckoro NCTOYHMKA C OpPEBHEN KOPOW.
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paHuTOMABI LEeHTpanbHOM YacTu ['eppM3cKoro Mmaccuea
(MonapHbIn Ypan): U-Pb (SIMS) aaHHble

LWyitckuit A.C.", Ynopatuna O.B.", Ko6n M.A.2

"Ur Komu HL YpO PAH, CbikTeIBKEp; 2 CraH@opackmi YHuBepcurer,
CreHgopa

paHuTOMabl epoM3ckoro maccuBa pacrofiaraloTcad B BEpPXOBbAX P.
Wyubs Ha MNonapHom Ypane. CTpyKTYpHO MaccuB fIOKann3oBaH B CEBEPHOW
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Yyactu MapyHkeyckoro 6rnoka B nosie BbICOKOMeTamMophU30BaHHbIX MOPOL,
XaHmenxornckon ceutbl (PR1An).

MaccuB BbITAHYT B CEBEPO-BOCTOMHOM HarnpaBneHun (15x6 Km),
cornacHo o6buwemMy npoCTUpaHWIO CKnagyaTtbiX CTPYKTyp. [epamsckun
MacCuB COrnacHo nocnefHuMm uccneposaHuam [[feonormyeckas.., 2014]
cnaraloT nopofbl OTHECEHHble K CAQATasXUHCKOMY rpaHuTtoBomy (yV-€45)
kommnnekcy. PaHee BblAenANNCb NOPOAbl ABYX MarMaTuyecKnx KOMIJIEKCOB:
€BBbIOraHCKoro MWUrMaTuT-NIarmorpaHNToOBOro (mpyPR1€) n
csgaTanaxuMHCKoro rpaHuTtoBoro (yV-€48) [[eonornuyeckas.., 2009]. B.H.
OxoTHuKoBbIM  [1985] [epau3ckum MaccMB  paccMmaTtpuBasncs  Kak
A@BTOXTOHHbIN MUTMATUT-MYTOH U OTHOCWUIICA K FepAM3CKOMY KOMIMIEKCY
NoNApHO-ypanbCKkoro psga paHHeopAoBMKCKOro Bo3pacta. J1.  B.
MaxnaeBbiM paccmaTpuBanucb Kak paccnaHuoBaHHas n
anadpTopmpoBaHHas ManornybuHHaa uHTpy3ua [Maxnaes, 1996], | Tuna
rpaHnToB.

B nocnepHue ropgbl HamMu  MNOJflyYeHbl HOBblIE TEOXUMMUYECKNE U
reoxpoHonorudyeckne (U-Pb, SIMS) paHHble No CceBepO-BOCTOYHOM
[Wynckmn n gp., 2017] yactm maccuBa. CornacHoO MM pasBuTble 30€eCb
rpaHUTOMAbl OTHECEHbl MO MEeTPO-reOXMMUYECKUM [aHHbIM K A-Tuny
rPaHMTOB C MaHTUWHbIMK n3oTonmHbIMK (O, Nd, Hf) xapakTepuctukamu,
BO3pacT KOTopbIx cocTaBnseT 496.2+7.1 n cbopmmnpoBaHue nx nponcxoanso
B pU(PTOreHHbIX YCOBUSAX.

KaMeHHbIn maTepuan no XHOW YyacTu MaccuBa, NONOXEHHbIN B OCHOBY
uccnepoBaHun B3AT M3 komnekuun B. H. OxoTHukoBa (apxuB my3es Ul
Komu HL, YpO PAH).

Mopopa TeMHo-cepble  CpefHe-MeNKO3epHUCTbleE C  MacCCUBHOW
TeKCTypon. MUKpPOCTPYKTYpbl rpaHO61acToBble U NenuaorpaHobnacToBble.
Mopoaa cnoxeHa (06. %) kBapy, (25-30), nnarnokna3s (30-35) n K (10-
15), myckoBuT (10-15). B KauecTBe BTOpOCTENEHHbLIX MUHEPAroB B Nopoaax
BCTpevaeTca amdubon (1-2). AKLECCOpHble MUHepanbl NpPencTaBEHbl,
LMPKOHOM, anaTtuTOM, rpaHaTOM, TUTAHWUTOM, anfaHMTOM, pyAHble
MarHeTMToM, BTOpPUYHbIE 3MUAOTOM, Xnoputom. [lopogbl OTHOCATCA K
CEMENCTBY rPaHWTOB  HOPMASIbHOTO,  YMEPEHHO-LEeNIOYHOro  psaga.
CopepxaHue SiO, ot 71.22, no 75.8 mac.%, (Na,O+K,0) ot 6.24 oo 9.49
Mac.%, nopoabl KanveBble U HaTpoBble, KpaWHe U1 BecbMa
HU3KoTuUTaHMcTbiMK. NHaekc ASI 0.97-1.51, nopogbl nepantomuHuessble. Mo
cybcTpaTHOM Knaccudukaumm rpaHuTomabl OTHOCATCHA K |-TMny rpaHuToB.
Mopoabl XxapakTepusylTCca He BbICOKMM COAepXaHWeM peaKo3eMeslbHbIX
aneMeHToB, V - 06pasHbiM BUaoM cnektpa P33 u npeobnagaHnem nerkux
Haf TAXenbiMu, nNposiBNieHHbIM Eu-mMuHuMymom. Ha cnanpep-gnarpammax
rpaHMTonabl oboraleHbl KpYNMHO-MOHHBIMWU 3NIEMEHTaMN MO CPaBHEHUIO C
BbICOKO3apsAHbIMKM.  TOYKM COCTAaBOB Ha  ManeoreoguHaMu4eckumx
AnarpaMmmax nonagatoT B rosie OCTPOBOAYXHbIX 06pa3oBaHuii.
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LinpkoHbl M3 rpaHuToB (Npoba 178) menkue ceporo upeTa, Npo3payHble
pa3nuyHble (puc. 1):

1. ANVHHOMNpM3MaTMyecKue, Co CriaxXeHHbIMU FofIoBKaMy KpUCTansbl 1
obnomkm 300-100 mkm, Ky 1:3, KaTOoQONMOMMUHECLEHTHbIE M300paxeHus
CBET/I0 cepble, 30HarnbHbIE.

2. KOpoTKONpuamMaTuyeckne ¢ pasHONPOSABMIEHHON NUPaMUOON roroBKU
5-150 mMkmM, Ky 1:2 KaTogontOMUHECLEHTHblE U3006paxeHuss co CBEeTbIMU
LEeHTpaNbHbIMU 4YacTAMU C MNPOSIBIIEHHOW B HWX WM HE MpPOSABIEHHON
30HaNbHOCTLI. KaliMbl YepHsble.

Bo3pacT UMpKOHOB, pacCYMTaHHLIN MO BESIMYMHE OTHOLUEHUSA 206Pb/238U,
6b1n onpepeneH B 12 Touykax. Mony4dnnca guanas3oH Bo3pacTtoB oT 511 go
1620 mnH net. CpenHeB3BELUEHHbI BO3pacT MO 7 KOPPEKTHbIM
onpegenennam (4.1, 5.1, 6.1, 7.1, 8.1-8.3) coctaBnset 573.0+10.2 mnH net
(20, CKBO=4.25). CogepxaHnusa ypaHa (r/T) B LMPKOHAxX OAHOW BO3paCcTHOM
rpynnbl BapbupyeT oT 31 go 527, Topusa B npeaenax 22-134. CopgepxaHus B
OCTaNbHbIX  U3MEPEHHbIX TOYKAX pas3nU4yHble: ypaHa W Topus
cooTBeTcTBEHHO 453, 162 (1.1), 233, 270 (2.1), 192, 52 (2.2), 510, 64 (3.1),
81, 50 (9.1). CopepxaHus anemeHToB-npumecenn (573.0£10.2 mnH ner)
OnM3KK, YTO CBUOETENLCTBYET O TOM, YTO aHaNM3MPOBANUCb LMUPKOHbI
O[HOW reHepauun 1 OTNMYaTCA OT LMPKOHOB C pa3HbiMn bonee ApeBHUMU
(puc. 1) Bo3pactamu.

220 1330£14

210 1337116 #

\ . 5. . o)
.,” 3 : e 5805 : <8.lw&
70646 2 567+7 © 548+7

-5.48 i

172 100 MM

Puc. 1. KatopontoMUMHECLIEHTHbIE M306paxeHusi LMPKOHOB C HOMepamu AaTUpOBaHHbIX
3epeH, aHanMTMYeCKUMK KpaTtepaMmu, BO3pacToM, AaHHbIMU N0 U3OTOMHOMY COCTaBy radHUs U
MoAesIbHOro Bo3pacTa npoTonunTta

TemnepaTypa hopMUpOBaHUSA LUUPKOHOB, OLEHEeHHas no coaepxaHuio Ti
B LIMPKOHe, BapbupyeT B npeaenax 875 ao 798°C (¢ eANHUYHbBIM 3HaYeHneMm
653°C (7.1)). TemnepaTypbl KpucTannusauuum [pyrux He BolleAlwunxX B
€[IMHYI0 FeOXPOHOSIOMMYECKY TPynny LUUPKOHOB, pa3nuyHas 662°C (1.1),
752°C (2.1), 796°C (2.2), 717°C (3.1), 828°C (9.1).

M3oTonmHbIN cocTaB racpHMa B UMPKOHAX MO CeMU KOPPEKTHbIM
onpepeneHnam Bo3pacta BapbupyeT oT -5.84 o +0.50 n yka3sbiBaeT Ha
KOpPOBYIO Mpupody, MoAenbHbll Bo3pacT npotonuta Tpw, 1.63-1.32 mnpg
net. MNMony4YeHHbIN reoXpOHONOrMYECKMn BO3pacT COOTBETCTBYET MO3AHEMY
BEHAY.

Takum  0o6pa3om, COrfMacHO  HOBbIM  MOSIYYEHHBIM  U30TOMHO-
reOXPOHONIONMYECKMM  [aHHbIM  TPAHUTOMAbI  LEHTPanbHOM  4acTu
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epaM3cKoro MaccvMesa UMEKT XapakTepucTukn | rpaHuToB, bopmMupoBaHme
rPaHWTOB JAHHbLIX MPOMCXOAMIIO B NO34EBEHACKOE BPEMS.

Pabota BbinonHeHa B paMkax npoekta Ne 18-5-5-46 «Osonwouus
oporeHa [lpoTtoypanup-TumaHug nNO  reoflorM4yeckum,  NeTponoro-
reoXMMM4YEeCKUM MU U3OTOMHBIM SAHHBIM Y.

Jluteparypa
1. FocypnapcTBeHHas reonoruyeckas kapta Poccuiickoin dpepepaumnm macwrtaba 1:200000:
Cepus MonsipHo-Ypanbckas: Jluct Q-42-1, Il (fla6opoBas): O6bAcHuTenbHas 3anvcka /Pep.

A.N. Kazak. CN6.: Kaptorpaduueckas cabpuka BCEIMEW, 2009. 372 c.

2. TocypapcTBeHHana reonornyeckana kapta Poccuiickont depepaumn. MacwTab
1:1 000 000 (TpeTbe nokoneHue). 3anapgHo-Cubupckas cepusi - Jluct Q-42 (Canexapp).
O6bsicHuTenbHas 3anucka. - ClM6.: Msa-so ClM6 kaptdabprku BCEMEW, 2014. 315c.

3. Maxnaes J1.B. 'panutonabl cesepa LleHTpanbHoYpanbckoro nogHatTua (MonspHbid 1
MpunonsapHbin Ypan). Ekatepunbypr: YpO PAH, 1996. 148 c.

4. OxoTHukoB B.H. 'paHuToMabl n pygoobpasosanue (MonspHein Ypan). J1.: Hayka, 1985.
184 c.

5. Wyiickuin A.C., YoopatnHa O.B., Munnep E.J1., Ko6n M.. panutongbl Mepamackoro
mMaccusa ([MonsipHbii Ypan): Hoeble paHHble // B3aumopewctTBue yypexpeHun PocHeppa,
MuHo6pHaykn Poccum n PAH npu pervoHanbHOM reonornyeckum M3yyeHun TeppuTopum
Poccuinckon ®epepaummn 1 ee KOHTUMHeHTanbHoro wenbda: atepuansl V MexayHapogHowm
KOH(PEPEHLMN MOMOAbIX YYeHbIX U crneunanbcToB namaTtu akagemuka A.MN. Kapnuxckoro (28
deBpana - 3 mapta 2017 r., BCEFEW, Cankr-letepbypr) [OnekTpoHHbIi pecypc] /
MwHnpupogbl Poccun, PocHegpa, BCEMEWN. - OnektpoH. OaHHble. - ClM6.: U3g-eo BCETEN,
2017. C. 499-502.

UsotonHas *°Ar/*°Ar cuctematuka pnoronutos u3
KumM6epnutoB AKyTUU B CBA3U C NPO6IeMOI TEKTOHO-
MarmaTtu4yeckoin asonouum Cubmpckoro KpaToHa

tOavn [.C.", Anucbmposa T.A. Myp3v||-|u,eB H. F , Cneuuyc 3. B , Arawes
AM.", Moxunerko N.H.", Tpasun A.B.", Muxees E.I."

Hosocnb‘npcx M/-/cmryr reosiorvm u muHepanorm CO PAH,
yudin@igm.nsc.ruy, /I/lMpr/M AK "AJIPOCA", spetsiuszv@alrosa.ru

Ha ocHoBe W30TOMHO-reOXPOHOSIOMMYECKUX UCCNEAOBaHMN KCEHONMUTOB
n3 kumbepnutoBbix Tpybok Cubupckoro kpatoHa [Vries et al., 2013; Pernet-
Fisher, Howarth, Pearson et al., 2015; lonov, Carlson, Doucet et al., 2015;
Doucet, lonov, Golovin, 2015; Paquette, lonov, Agashev et al., 2017; Moyen,
Paquette, lonov et al., 2017] BbigenAwTCA TpWM OCHOBHbIX 3Tana
dopmupoBaHMa U nNpeobpa3oBaHUs  KOHTUHEHTanbHOW  KOpbl U
nutoccepHon mantum (U/Pb meTop no umpkoHam, Lu/Hf, Re/Os meTtogpbl):
3.1-3.4 mnpga. net - hopmMmpoBaHne IOBEHWUNBHOM KOpbl; 2.6 - 2.7 mnpa. net
- POCT OBEHWUSIbHOW HEOAPXENCKOW KOpPbl, PELMKIIMHI CaMON paHHEN Kopbl U1
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meTamopdmyeckne cobbitusa; 1.8 - 2.0 mnpa. net - KpynHomaclutabHoe
OnuTenbHoe cobbiTve Unu cepus MesnikomaclTabHbIX nocrnenoBaTenbHbIX
3MM30[0B PeuuKIIMHra Kopbl C 06pa3oBaHNEM FpaHyNMTOB U rpaHUMToB 6e3
nobaBneHns  I0OBEHWUNBbHOW  KOpbl (MO M30TOMHbIM  AaHHbIM  Hf).
®dopmupoBaHNe COBPEMEHHOW CTPYKTypbl CubMpckoro KpaTtoHa B
pe3ynbTaTe NaneonpoTepo30MCKON amarnbramaumm OTAENbHbIX apXencKux
TEPPENHOB.

MOMMMO OCHOBHBIX TpEX 3TanoB B KCEHONMWTax NMTOCepHOW MaHTuK
dukempyeTca  ele HEecKoSlbKO TepMarnbHbIX COObITUIA, CBSI3aHHbIX C
METOCOMaTN4ecKnMy npeo6pa3oBaHUSMN MAHTUINHBLIX NOPOA.

OArAr MeTOAOM ObINn uccnenoBaHbl ROronNUTbl U3 MaHTUMHBLIX Y
KOPOBbIX KCEHONMMTOB KUMOepnNuUToBbIX TPyH6ok Crubupckon nnatgopmbi.

AHanusunpys Ar/Ar  u3oTonHo- reoXpoHosiormnyeckue paHHble o
dnoronutam, MOXHO BblAennTb 4 OoCHOBHble pybexa: 1 - okono 365 MH.
net (BpemsaA BHegpeHus KumbepnutoBonm Tpybku YpaudHaa-BocTouHas,
dumkeupyetcsa Takxe U/Pb metogom no neposckuty [KOamH un gp., 2014] ), 2 -
400 - 700 mnH. neT (pacTsiHyTbIi BO BpeMeHU pybex, cornacylowmincs ¢
Sm/Nd paHHbiMK [Paquette, lonov, Agashev et al., 2017]), 3-1.5- 1.8 mnpa.
netn4-2.1-2.6 mnpga. ner.

B pe3ynbtate aHanu3a yctonumBoctM K/Ar M30TONHOM CUCTEMBI
dnoronuta B YOUHHBLIX YCNOBUSX W B pe3ynbTaTe YUCEHHOrO
MOZENNPOBAHUA YCTAHOBMEHO, YTO BO BPEMS HAXOXAEHUS KCeHonuta C
dnoronutomMm B KMMGEpnuToBOM pacnnaBe fnpu Nogbéme K MOBEPXHOCTU
NPOVCXOAWT YacTu4Hasd noTepsa paguoreHHoro aproHa. Hanpumep, 3a 40
MUHYT nipu TemnepaType 1100°C mncxogHbin BO3pacT cHM3UTcA Ha ~12%
(ANUTENbHOCTb HaXOXAEHUA KceHonuTa B KMMOEpnUTOBOM pacnnase
3aBUCUT OT ry6UHbI, C KOTOPOIN 3axBa4veHa nopoga). Mpu aTom Ha rnybuHe
(B yCnoBusIX BbICOKMX Temnepatyp v OaBneHnin) npoucxoant apeKTUBHOE
HaKonneHme pagnoreHHoro “Ar [FOamH n pp., 2017]. OaHHbIe, NONyYeHHble
“ArAr meTomom Mo droronutam, ¢ y4eToM MonpaBkuM Ha 4YacCTU4HYIO
noTeplo paguoreHHoro ©Ar XopoLlo cornacytTca ¢ TakosbiMy no U/Pb no
UMpKoHaMm, a Takxe ¢ Lu/Hf n Re/Os gaHHbiMu. ConocTaBneHne U30TomnHo-
reoXpOHONOrMYEeCKUX CBEAEHNIN Ha OCHOBe U/Pb Lu/Hf n Re/Os nsotonHbIx
CUCTEM [aeT OCHOBaHMe ucrnonb3oBathb “CAr/ Ar MeTof, B MCCIeA0BaHMAX
reoXpOoHOSIOrMY MaHTUMHBIX COBLITUN.

Ha ocHOBaHUM aHanusa AaHHbIX XMMUYECKOro CocTaBa MCCneaoBaHHbIX
dnoronuToB (kumbepnutoBble Tpybkn Mup n YaayHaa-BoctouHast) MOXHO
caenartb CriefiytoLme BbiBOObI:

1. ®noronuTbl C HU3KUMU COAEpPXaHUAMM anioMuHuA, Xenesa (<4
mac.%), TutaHa (<1.5 mac.%), xpoma (Cr,O; <1 wmac.%) u HaTpus,
XUMUYECKN W CTPYKTYPHO OTBEYAKOLWMX MaHTUWHBIM CIogaM MNepBUYHO
MeTacoMaTU4EeCKOro NpOUCXOXAEHUS, NOAXOAAT ANs 4aTUPOBaHMA OPEBHUX
MeTacoMaTU4ecKmx cobbITUIN B NIUTOCHEPHO MaHTUM KPaTOHOB.
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2. ®noronutbl ¢ BbicOKMMU copepxanusamn Al,Oz, FeO, TiO, n Na,O
Hapsay C KpamHe HU3KMMK KoHueHTpauuammn Cr,O; (Cr,0O3 <0.5 mac.%),
6nu3knuMy no coctaBsy IOroNMTaMm M3 OCHOBHOWM Macchbl KumbepnuTa,
noTeHunansHo Hauboriee npuUrogHbl [ns  OaTUPOBaHUS KUMOepnuToB,
MOCKOSIbKY  UX  MPOUCXOXAEHWEe TECHO CBA3aHO C  3BOJIOLMEN
KumbepnutoBoro pacnnaea. BtopuyHo meTacomatudeckue ioronutbl C
BbICOKMMMK copepxaHusmn Cr,O; (>1 mac.%), ccdopmupoBaslumecs B
MaHTUIHbIX MOpPoAax Ha MO34HMX METacoOMaTUYECKMX 3Tanax, Takkxe MoryT
ObITb MCNOMb30BaHbl ANA AaTUpoBaHUa Kumbepnuta. OHWM MMeoT Manbii
pa3Mep U, COOTBETCTBEHHO, Mpu TemnepaTypHoM Bo3genctsun ux K/Ar
M30TOMHasi cucTeMa 4acTo MpeTeprneBaeT epeypaBHOBELLMBAHME,
CNeLCTBUEM YEro SIBISIETCA «OMOJIOXEHME» UCXOAHOro BO3pacTa BMnsoTb A0
KumMbepnuToBoro.

PaboTa BbINonHeHa B paMKax rocyfapCTBEHHOro 3agaHus no npoekty Ne
0330-2016-0013 n npoekta PO®DI Ne 18-05-00211.
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Planetary Science Letters. 2017. V. 457. P. 149-159.
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2017.V. 301. P. 134-144.

Pernet-Fisher J.F., Howarth G.H., Pearson D.G., Woodland S., Barry P.H., Pokhilenko N.P.,
Pokhilenko L.N., Agashev A.M., Taylor L.A., 2015. Plume impingement on the Siberian SCLM:
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Wiggers de Vries D. F., Pearson D. G., Bulanova G. P., Smelov A. P., Pavlushin A. D. and
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MepcnekTusbl U-Th-He patuposaHua cynbpunaos
AxyboBuy 0.B."2, Bukentbes U.B3, "OpOXOBCKMiA B.M.', Kotoe AB."

"Urr PAH, Cauxr-lerep6ypr; Cr16IY, Carxr-lTerepbypr; *VIFEM PAH,
Mocksa

M3oTonHbIE CUCTEMBI, OCHOBAHHbIE HA pagMOreHHoOM renuu Ao
HelaBHEro BPEMEHM CUUTaNUCb HENPMMEHMMbIMW ANA pelleHusd 3agad
reoXpoHosornn. 3To CBA3AHO C TEM, YTO refiMin OYeHb NErkO MUrpUpyeT u3
KpUCTaNNYecKon pelieTkn 6osMblUMHCTBA MuHepanoB. OAHako HepaBHWE
uccnepoBaHua HO.A. LlykonokoBa nokasanu, YTO B CaMOPOAHbIX MeTannax
yoepxaHue renua B TeYeHMe T[eosIorM4eCcKoro BpPEMEHU BO3MOXHO
[WykoniokoB u ap., 2012]. B panbHenwem BbICOKas COXPaHHOCTb renus
Oblna nokasaHa pnA CNeppwunuTa, ABMASIOWErocA apceHuaoM nnaTuHbI
[Aky6oBuy n pgp., 2015]. 3OT0 no3BonAeT NpepnonoXuTb, YTO CXOXUe
XUMUYECKM U KpucTannorpaguyeckn cynb@uabl TakxXe MOryT COXpaHATb
pagvoreHHbl renuin B TeYEHNe reonormyeckoro BpeMeHu.

Cynbcmabl n nx aHanoru (B KOTOpbIX aHWOHbI NpeacTasneHsl As, Sb, Se,
Te, Bi nnu ux kombuHauuemn c cepon) LUIMPOKO pacnpocTpaHeHbl B Mpupoae.
OHy BCTpeyvalwTCAa MOYTM BO BCEX M3BECTHbIX TWMAaX 3HAOMEHHbIX
MECTOPOXAEHUA W ABMAIOTCA [MaBHbIM UCTOYHUKOM MHOMMX MOJIE3HbIX
KOMMOHEHTOB, Takux kak Cu, Ni, Co, Zn, Pb, Ag, Mo, Bi, Sb, Hg, Re, Cd, In,
Tl, Ge, Ga, Se, Te n pp. ViccnepoBaHue npouLEeccoB, MPUMBOAALMX K
obpa3oBaHNi0 TaKMX  MECTOPOXAEHWUA, HEeBO3MOXHO 6e3 peTanbHbIX
N30TOMHO-TEOXUMUYECKMX W TEOXPOHOSNOMMYECKUX [AaHHbIX. Moatomy
BOB€YEHNE elle OAHOW MW30TOMHOM CUCTEMbI, B [OOMOfIHEHME K
npuMeHseMbIM ¢ pa3nuyHon pgonen ycnexa Re-Os, Rb-Sr, Sm-Nd n Ar-Ar
cuctemMam, ABMAETCHA aKTyanbHOW 3afadel, pelleHue KOTOpOoW Mo3BOnuT
nony4nMTb AONOSIHUTENBbHYI WHMOPMaUuio O TemnepaTypHO-BpeMEHHOM
NCTOPUN NCCreQyeMbIX NOpoa U pya.

B cynbcdumpax M3 cpeamHHO-oKeaHUYeckux xpebToB cofaepxaHue ypaHa
coctaBnseTr 2-11 wmkr/r [Melekestseva et al, 2014]. 310 OTHOCUTENBHO
BbICOKME KOHLUEHTpauuu, [OOCTaToyHble AN TFeHepauuM WU3MepsieMoro
KONn4ecTBa pafMOreHHOro renust 3a nepeble MUNMMOHBI. Takum o6pa3zom,
cylwiecTByeT BO3MOXHOCTb onpefeneHusa Bo3pacTta cynbdpugos U-Th-He
MeTo[oM, B criyyae ecnu OyaeT AokasaHa BbiCOKash COXPaHHOCTb renusi B
HUX.

Llenbto  aToi paboTbl 6bINO  cucTeMaTuUyeckoe  UcCcredoBaHue
COXPaHHOCTM TenuMa B HEKOTOpbIX cynbdugax (MMpuT, XanbKonupwr,
NUppPoTWH, cdaneput) n cynbdoconsx (6OpHUT, TEHHaHTWUT), a Takxe
onpepgenenne U-Th-He Bo3pacTta nuputa, Xanbkonuputa n NUPPOTUHA M3
KonyefaHHblx MectopoxaeHus KOxHoro Ypana (Y3enbra, Nan). Bospact
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3TUX MECTOPOXAEHUN HaAeXHO YCTaHOBfIEH HEe3aBWCMMbIMW METoAamMu
[Chernyshev et al, 2007].

MurpaumoHHble  nmapameTpbl  renust  onpejensnMcb  MeTOAOM
CTYNEeH4YaToro OTXWUra Ha Macc-CnekTpomeTpuyeckom komnnekce MCY-I-
01-M (UI'T O PAH). O6paboTka gaHHbIX Benacb UCXOAst U3 NpeacTaBneHui
opHockavkoBon mogenu murpauumn [Shukolyukov et al, 2009]. B obwen
CNOXHOCTM Oblfla U3yvyeHa KMHETUKA BbIAENEHWS pagMOreHHoOro renus u
paccuuTaHbl MUrpaLMoHHble napameTpbl Ans 39 o6pasuoB cynbhuaoB K
cynbdoconen n3 15 MeCTOpO)KD,eHVIVI KOHLJ,eHTpaLl,VIﬂ rennsi B U3y4YeHHbIX
obpasuax BapbupyeT oT 2x107 - 1><10 CM /r O6bl4HO rmp,pOTepmaanble
cynbduabl cogepxaTt nopsaka 10%-10"° cm®r 3axBauenHoro *He [Zeng et
al, 2015]. Takum o06pa3om, KOHLEHTpauum renus B cynbdugax u
cynboconax u3 rugpoTepmasnbHbiX MECTOPOXAEHUN, Kak MpaBuio, Ha
HECKOSIbKO MOPSIAKOB  MPEBLIWAT  KOHUEHTpauuW, TUNWYHblE  ANA
3axBadeHHoro renudA. CnepgoBaTenbHO, nNpeobnagawowas YacTb renus
ABNSAETCH paAnOreHHon. OKCNEPUMEHTbI MO CTYNEeHYaTOMy OTXUry nuMpuTa,
Xanbkonvputa U NUPPOTMHA MNO3BONAOT MPOrHO3MPOBaTh  BbICOKYHO
COXPaHHOCTb pPaAMOreHHOro renua B KPYMHOKPUCTamNNMYECKOM nupuTe
(3Heprns aktTuBaumm > 80 KKan/mMonb) U HU3KYK COXPaHHOCTb renus B
nuppoTuHe 1 xanbkonupute (T20-40 kkan/monb).

Ona onpepeneHna U-Th-He Bospacta o6pasubl cynb@uaoos U3
MecTopoxaeHun ["an 1 Y3enbra nepef MamepeHnem renusa 3anaveanuchb B
KBapLEeBYyto amnysny, 4YTobbl UCKNIOYMTE NOTEPU YpaHa BO BPEMSI BblaeneHus
renusa. KoHueHTpauum ypaHa, Topua B cynbuaax w cynbgoconsax
U3Mepsnucb  MeToooM  M30TonHoro pas3baBneHua Ha ICP  macc-
cnektpomeTpe ELEMENT XR (UI'TO PAH). Mony4yeHHble gaHHble Obinu
ucnonb3oBaHbl Ansa noctpoeHua U-Th-He wn3oxpoHbl (puc.1) no metony
[Vermeesch, 2008].

BospacTt onpenensercs, KaK

["'; LE7.E
£= , The P_(B 1.'1333‘1 2R -

— Aaas) [U1 46 1030 [TH.

128.BB

BospacT, onpeneneHHbln No TaHreHcy yrna HaknoHa U-Th-He n3oxpoHsbl
ON1A NupuTa U3 MectopoxaeHus Y3enbra coctasnsaeT 424+31 MIH feT, 4To
HaxoAWTCA B XOPOLIEM COOTBETCTBMM C UMEKOLLMMUCA re0osIormMyecknmm
haHHbIM (385-397 MnH neT). Bo3pacT onpefeneHHblin N0 XanbKonuputy 1
NMUPPOTUHY CUSIBHO 3aHWXEH, YTO COMNacyeTcsa C Nosly4YeHHbIMU LaHHbIMMK O
HU3KOW COXPaHHOCTM renimsa B 3TUX MUHepanax.
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Puc. 1. U-Th-He u3oxpoHa no cynbcmpam. Py~ nuput us mectopoxzaenust Y3enora (Dy);
Po - NMppoTWH U3 MecTopoxaeHnsn Y3enbra (Dy); Ccp - xanbkonuput u3a mecrtopoxaeHus an
(D12). Ona Bcex 06pa3uoB KOHUEHTpaUMW renus CyLWeCcTBEHHO Bbile doHa Macc-
cnekTpomeTpa

Pe3ynbTaTbl NpOBEAEHHbIX WCCNEAoBaHWA CBUAETENbCTBYHOT o}
nepcnekTuBax ncnonb3oBaHua nuputa kak U-Th-He reoxpoHomeTpa.

PaboTta BbinonHeHa npu cduHaHcoBoW nopaepxke npoekta PODPU 16-
05-01010.

‘He x 10" ar
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OnutenbHocTb opmuposaHua u usotonHsie (Nd, Pb)
XapaKTepUCTUKMN TMraHTCKux 6atonutos LieHTpanbHon Asun
(Mo AaHHBIM reOXPOHONOrMYECKMUX U N30TOMHO-FEOXUMUYECKUX
nccnepoBaHui XaHranckoro 6aronura)

Apmoniok B.B.1, Kosnosckui A.M.‘, CaBaTeHkoB B.M.2, TpaBuH A.B.3,
Canbhukosa E.B.%, Kuprososa T.W.*

"MIrEM PAH, Mocksa; U4 PAH, CarkT-lTetepbypr; *MIM CO PAH,
Hosocubupck; ‘rEOXW PAH, Mocksa

B nosgHem naneo3oe u paHHem Me3030e B LleHTpanbHOn As3un
BO3HWKNM TPpWU KpynHenwmx 6Gatonuta mupa - AHrapo-Butumckui,
XaHramckum n  XSHTENCKUA, WHAMBUAOYalnbHble O0OBbEMbl  KOTOPbIX
oueHuBatotcss no 1 MmnH km®. Ha npumepe XaHraiickoro Gatonuta
paccMOTPeH BOMPOC O TOM, Kak, Koraa u no4emy Mpomucxoausio CToflb
MacLuTabHoe rpaHuToobpa3oBaHue.

XaHranckuin 6aTonut gBnsetca  kpynHenwwumm (> 150 ThIC. KM2)
CKOMIEHNEM TpPaHUTHbIX MNIYTOHOB, BO3HMKWWUX B LleHTpanbHon A3un B
no3gHen nepmMu - paHHeM Tpuace B UHTepBane Bpemenn 270-240 mnH net
Ha3zag. batonut obpasyeT sapo Gonee KpynHOM XaHrarckKon 30HanbHO
MOCTPOEHHON Marmatuyeckon obnactu, KoTopas BKAYaeT Takxe
obpamnsiowme 6aTonuT pudTOBbIE 30HbI C XapakTepHbIM Af1s  HUX
6umopanbHbIM - 6a3anbT-TPaXUpPUONIMTOBBIM U LLIENIOYHO-TPaHUTHBIM
Marmatuamom. batonut cnoxeH rpaHMTamMuM  HOpMasnbHOro  psaaa
LLLENOYHOCTK, CyOLIEeNnoYHbIMKU rpaHuTamu, 6onee pepKumMu LLENOYHbIMU
rpaHuTamun. B cTpoeHun 6aTonuTa y4acTBYIOT Takke Madmnyeckme nopopbl,
NPEVMYLLLECTBEHHO  MNPEACTaBfIEHHbIE  CUHMMYTOHUYECKMMW  TENamMu,
Hepeoko C MWHITIMHIOBbIMU rpaHuuamn. batonut BO3HMK B npegenax
XaHranckow rpynnbl AOKEMOPUACKMX TEPpPenHOB, BKIOYaloLWen 6roku
paHHepnokembpuickon kKopbl (O3abxaHckuii u TapbaraTtaickuil), a Takxe
paHHe- M NO3OHEHeOoNpPOTEePO30MCKNe Komnnekcbl COHrMHckoro 6noka.
OceBasi 30Ha 3TOW rpynnbl TEPPENHOB OCIOXHEHA XaHramckum nporubéom.
Paanuunsa B coctaBe KOpbl XaHraCKon rpynnbl TepperHOB OTpaxXeHbl B
pasnunuusax U30TOMHOro cocTasa KX Nopoa.

Nd nsotonHasa cuctematuka. M3otonHble coctasbl Nd nopopg pudToBbIX
30H W CUHMMYTOHMYeckux 6a3uToB GaTtonuTa TAroTET K AuanasoHy
€ng(260) = -1.. +3. Bbicoko-Ti 6asanbTbl rpynnupyoTcs BO6AM3W BENWUYMHBI

€ng (260) = +1.+42, oTpaxalowein coctaB MaHTUMHOMO WCTOYHUKA
mMarmatmuama. [lapameTpbl KOpbl, BMeLLAloLWen rpaHuTbl, ONpenenstTcs
3HaveHuAMU €py(260) = -3.-20 M BapbupyloT B 3aBUCMMOCTU OT ee

NPUHAANEXHOCTN TOMY UM MHOMY 610Ky XaHranckow rpynnbl TEPPENHOB.

392



Takum obpasom, rpaHuTonpoB 6GaTonuTa XapakTepusyeTcsi U30TOMHbIMU
ctaBamu Nd, cBugeTenbcTBylOWMMU 06 ux obpa3oBaHWM B pesyrbTaTe
B3aMMOJENCTBUS MaHTUMHBIX U KOPOBBLIX UCTOYHWUKOB.

Pb wu3oTonHaa cucrematuka. Pb wu30ToMHble COCTaBbl [PaHUTOB
XaHrawckoro 6atonunta BapbMpyOT B 3aBUCMMOCTM OT JIOKanu3auum Maccus
B npeaenax TOro unu uHoro 6rioka XaHranckomn Fp}ll'll'lbl TeppenHoB. Ha
M30TOMHbIX AuarpamMmmax 200pp204pp 207 204ppy |y 25pp2%pp-208pp 2P
durypatmBHble TOUKM 06pa3yloT TpeHabl, CBMAETENLCTBYOWME 06 yyacTum
B MX 06pa3oBaHMN KOPOBbIX UCTOYHMKOB C Pa3HOW reofiorMyeckon MCTopuen
W €AMHOr0 MaHTUNHOro UCTOYHMKA. Koppenauusa M30TonHbIX coctaBoB Pb u
Nd nokasblBaeT, 4YTO KOpPOBble WCTOYHUKU T[paHUTOB [l3abxaHcKoro,
TapbaraTtanckoro wu CoHrmHckoro OnoKOB XapakTepu3ylTcs MeHee
pafMoOreHHbIM  M30TOMHbIM  cocTaBoM Pb, a oBeHUSbHbIN  Gornee
paguoreHHbiM. [py 3TOM napameTpbl KOPOBbIX MCTOYHMKOB COrfacyTcs C
N30TOMHOW 3BOSOLMEN HUXHEN KOHTUHEHTANbHOW KOpbl C Pa3fU4YHbIM
BpemeHeM ee o6pasoBaHus. Tak, B o0bOpa3oBaHWM rpaHUTOUAOB
TapbaraTaiickoro 650Kka ydacTBoBana HMXHAS Kopa C W30TOMHbIMM
XapakKTepucTnkamu, COOTBETCTBYHOLWMMM €ee Bo3pacty 2.5 wmnpg ner.
NcTtouHmkom rpaHuTongoB CoOHrMHCKoOro 6rnoka cTana HWXHSiA  Kopa,
obpazoeaBwasica 800 mnH net Hasaa. Pb u3oTonHas cuctema HUXHen
Kopbl [3abxaHckoro MWUKPOKOHTUHEHTA 6bina n3MeHeHa
Kopoob6pa3zytowmmn npoueccammn 2.5, 1.9, 0.7 n 0.5 mnpg net Hazag. B
rpaHutTonpax XaHramckoro nporv6a oBeHUnbHbIA (Mo Nd) UCTOYHUK MeHee
paguoreHHbln (No Pb), 4yem KopoBbIA. 3TO NO3BONNUIIO FOBOPUTbL, YTO KOpa
XaHranckoro npormba kK MoOMeHTy dopmupoBaHna 6aTtonuta 6nuska K
HeanddepeHUNPOBaAHHON OBEHUTLHOWN.

OnpepgeneHbl napameTpbl OOLWEro MaHTUMHONO WMCTOYHWMKA ANA BCEX
rpaHuTOMgoOB XaHramckoro 6aTtonuta. OH Bblgendetca 6naropaps
nepecevyeHnio TPEHOOB BapuaLMi M30TOMHbIX COCTABOB [PAHUTOB U3
E)Oa63Hb%4 yyacTKoB XaHranWckou rpynnbl TeppenHoB %16 rpga0 Mkax Tuna

Pb/""Pb - €n4(260). Ero mn3otonHble napameTpbl: Pb/~"Pb 18.1,
A7pp2%pp ~ 155 ¢y End | *t2 coOTBeTCTBYKOT OOOrawéHHOM MaHTuu,
obnapatowen 6onee BbICOKMUM oOTHoweHnem U/Pb n 6onee HU3KUM
oTHoweHneM Sm/Nd no cpaBHEHUIO C AENNETUPOBAHHON MaHTUEN.

LmrensHocTe popmupoBarHns 6arormmra. Ha ocHoBe 25 aBTOpCKMX
onpegenenuii Bo3pacta nopopg 6Gatonuta U-Pb un  Ar-Ar metogamu
0aTMPOBaHUs U onybnMKOBaHHbIX AaHHbIE U YCTAaHOBMEHO, YTO B npeaenax
6aTonuTa BblaenseTcs Tpu BoO3pacTHble rpynnbl nopoa. Koppensums aTux
rpynn C reonorn4yeckumMmn cobbiTUAMKU, MNPOUCXOAMBLLUMMU B PETUOHE,
nokasana, YTO paHHsAs rpynna BKIIOYAEeT rPaHUTOMAbI, KOTOpPble BO3HUKIN B
uHTepsane mexay 302-283 mnH net Hazagn. OHY TAroTelT K 3anagHoMy U
IOXHOMY obpamnenuto 6Gatonuta w  oTBevaloT parMeHTaMm  [AByX
MarmMaTuMyeckmx MosiCOB, KOTOpble Mepeceknun Tepputopuio 6yayLiero
b6aTonuTa, yxoas paneko 3a ero npefgensl. Hanbonee monopgas rpynna
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MarmaTtudeckux nopog (230-200 mnH neT) pa3Buta N0  BOCTOYHOM
nepudepun  BGaTonuta U OTBEYaeT KpaeBOM  4acTu  KPYMHOM
paHHemMe3030ickon MoHrono-3abankanbCko Marmatuyeckon obnacru,
KOTOpasi pacrnosioXeHa CyLeCcTBEHHO BoOCTO4YHee. CoOGCTBEHHO OGaTonuTy
OTBEYalT MarMaTMyeckme KOMIMMEKChI, BO3HUKLLIME B nHTepBane 273- 238
MiH neT. OHKM cocpefoToYeHbl B Npefenax komnakTHon obnactn 350x400
kM’ W NpeAcTaBNeHbl  MopojaMu  OBYX ~— accoupauumii.  rpaHuT-
rpaHOANOPUTOBON N FPAHUT-NENKOrPaHUTOBOW.

O6pasoBaHue ruraHTckux 6aTtonutoB. ConocTaBneHue XaHrawuckoro
6atonuta c pgpyrumn  Batonutamu-ruraHtamu - AHrapo-Butumckum  m
X3HTENCKMM BbISIBUNIO WMX CXOACTBO MO OCOOEHHOCTSIM CTPOEHUS] U
pa3BuTus. Bce OHM cnoxeHbl OnM3KMMKW  accoumaumaMu  MOPOA,
COMocTaBMMbI MO pa3Mepam U BO3pacTHbIM MHTepBanam (opMMpOBaHWSI.
Tak, AHrapo-Butumckuii 6aTonut B OCHOBHOM pas3BMBaJiCs B MHTepBarsne
305-275 MnH net, a XaHTelckuh - B WHTepBane 229-195 MnH nert.
MMonyyeHHble OUEHKM NPOAONXUTENBHOCTU KX opmuposaHua ~ 30 mrH
neT, No-BuauUMoMy, cnegyet pacCMaTpuBaTh Kak BpeMsi, Heobxogumoe Aans
OCTbIBaHWUA TaKMX MMraHTCKux obbemoB marm (T1 MIH. KM3) B rnybuHax
3emnu.

dopmupoBaHve 6aTONUTOB-TUIAaHTOB CBA3bIBAETCA C BO3AENCTBUEM
MaHTUIHBLIX MIIOMOB Ha nuTtocdepy MONOAOM cKrnagdaton obnactu,
BO3HMKLUEN B pe3ynbTaTe akKKpPEeLMOHHO-KONM3UOHHbIX CODbITUI B KpaeBoOW
yactn Cubupckoro naneokoHTMHeHTa. [pegnonaraeTcsi, YTO MaHTUIHbIE
NSOMbI CIYXWUIM UCTOYHUKOM A1 MOPOZ, LWEeNoYHO-6a3UToBbIX U LLENOYHO-
canuyeckmx accouuauuMi B pas3fMYHbIX y4YacTKax KpaeBOM 4acTu
KOHTUHEHTa. B y4yacTkax, noABepXeHHbIX CTPECCOBbIM BO3AENCTBUAM,
KOTOpble TWMWYHBbI [ANA aKTUBHbIX OKpauH, MaHTUWHble pacnnaBbl He
NOAHMManuChb Bbille HU30B KOpbl. VIX TennoBon BKMag, Bbi3biBas aHaTEKCHC
KOpbl, @ B3aMMOOENCTBME MaHTUNHBLIX WM KOPOBbLIX Marm onpegensno
KOHEYHbI COCTaB pacrnaBoB, y4acTBOBaBLUMX B 06pa3oBaHuMu 6aTonMToB
N HECYLUUX METKM KaK MaHTUNHBIX TaK U KOPOBbIX CBOMX UCTOYHMKOB.

Pabota BbinonHeHa npu dUHaAHCOBOWM noaaepxke Poccuickoro
HayuHoro ¢oHfa (npoekt N216-17-10186).
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K npobneme pgatnpoBaHus MeToaamMu U30TOMHOM reonorun
nopoa u MuHepanoB Koykapckoro pyaHoro nons

PoHkuH 10.11.}, Fepaec A2

"urr YpO PAH, r.EkarepuHbypr; 2)/HMBepCMTer um. U.B. ete, r.
@parkpypr Ha MaviHe

B cooTtBetcTBUM C wumelowmMuca npeactaBneHuamu, Koukapckoe
MECTOPOXAEeHNe 30Mn0Ta MNNYTOHOreHHO 3050TOKBapueBoe dopmaunu,
oTpbiTo B 1868 rofgy, mocne HaxoAkKuW KOPEHHbIX 30M0TOHOCHbIX XMW B
nnotTuke oTtpaboTaHHOM pocchinu. ABNAeTCA OAHMM U3 KPYMHEemwunx
MUPOBbLIX 305m0TopyAHbIX 0b6bekToB. Ha 01.01.2014 ropa ©6anaHcoBble
3anachbl 30510Ta MO MECTOPOXAEHUIO COCTaBNANU: pa3BeAaHHble (KaTeropumn
A+B+C1) - 9.6 T, npu cpegHem copgepxaHun 3omnota B pygax 11.6 r/T,
npeasaputenbHo oueHéHHble (C2) - 9.7 1. B 2013 rogy OAO
«HOxypansonoTto pynna komnaHun» n OAO «BocToyHasi» Aobbinn Ha
mMecTtopoxaeHun B cymme 0.6 T 3onoTa.

B reonormyeckom nnaHe Kouykapckoe MecTOpoxAeHue 3050Ta
COMNpsiXeHo ¢ AankoobpasHbiM [11acTOBCKMM MHTPY3MBOM, OJIMHOW OKOSO
30 km. WHTpy3uB nepeceyeH MHOrOYUCINEHHLIMW AavkamMu rpaHuToung-
nopcunpoB, MUKPOONOPUTOB M CMECCapTUTOB, a 30/I0TOHOCHbIE KBapLeBble
N KapboHaT-KBapLeBble XWUbl U LUTOKBEPKN MPOXUIIKOB TOFO Xe COCTaBa
CONpoBOXAAaTCA opeonamu 6epe3nTU3MPOBAHHbIX-
NUCTBEHUTU3UPOBaHHbLIX nopoA. HOro-sanagHbin 6M0K  MecTOpoXAeHusA
BK/lOYAeT [Ba Yy4yacTkKa, 3anagHbll M BOCTOYHbIA, BCKpbITbIE LUaxTamu
TpudoHoBckas (xuna TpudoHoBckaa wn pgap.) u [llaptusad (xunbl
AHppeeBcKkas, YcneHckad u gp.), COOTBETCTBEHHO. Pypabl toro-zanagHoro
6noka 06bl4HO yMepeHHO cynbduaHble (3-8 %), apceHonupuUT B HUX
npeobnapaet Haja MUMPUTOM, OHW OTHOCUTENbHO 6efHbl LIeenuToM U
raneHuTom u oboraweHbl cdaneputoMm. Ha MecTopoXaeHun W3BECTHBbI
bonee TbICAYM 30MO0TOHOCHBLIX KBapLEBbIX WM KapboHAaT-KBapLEBbIX XWUI.
Kpome TOro, B npegenax Koykapckoro MecTOpOXAEHUS 30510Ta LUMPOKO
pacnpocTpaHeHbl CBOoeobpa3Hble MenaHoKpaToBble Mopoabl - "Tabalku,
CNoXeHHble arperatamu 6uoTtuta, am@uboONoB 1 3NMAO0Ta U NOYYMBLUNMU
Takoe cBOe0obpa3Hoe Ha3BaHWe 3a arperaTHoe COCTOsIHME, HanoMUHaKLee
Tabak.

Coobpa3Ho ¢ macwTabom KoykapcKoro MeCTOpOXAEHUs 3050Ta U
OOCTaToOYHO [ANUTENbHbIM BPEMEHEM U3YYEHWUsl, Ha MECTOPOXAEHMU
npoBeAeH  OrpoOMHbIN  OObEM  pa3HOMMIaHOBO  OPUEHTUPOBAHHbIX
uccregoBaHun. Tem He MeHee, Uenbll psf  BOMPOCOB, Kacakwwumxcs
pernoHanbHONn MO3UUMKN, CTPYKTYpbl MECTOPOXAEHMUSA, T€HETUYECKMX
npobsiem opyaeHeHus 1 T. A, A0 CUX NOpP, OCTAETCA ANCKYCCUOHHBIM.
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He meHee ocTpas nmonemMuka CywecTByeT U OTHOCWUTENIbHO BpPEMEHU
dopMNpOBaHMA MECTOPOXAEHNS, B TOM YUCHE, BO3PACTHbIX COOTHOLLEHUN
«Tabawek» n pyaHbix xun. K Hactosiwemy BpemeHu, Ana «Tabawiek»
nonyyeHol cnegytowme K-Ar n Rb-Sr gatmposku: 340 mnH. net [1], 320 mnH.
net [2], 29848 mnH. net [3] u 265£3 mnH. net [4]. Rb-Sr (27112 mnH ner,
26513 MnH net, ona MuHepanos 13 rpaHuta) u U-Pb ID-TIMS (358123 mnH
NeT, UMpKOH M3 rpaHuTompa) lNnactoBckoro n BopucoBckoro maccusBoB
cooTBeTCTBEHHO [5]. He mMeHee cnopHas KapTuHa, CroXunacb ¢ M30TOMHO-
reoxpoHosniornyeckon akTypon usnoxeHHom B [6], roe aBTOpPbI,
OCHOBbIBasiCb, Ha Hall B3rMs4, Ha HeBanMAHOW aHanuTuke [7], nybnukyoTt
"Rb-Sr Bo3pacT (354.9 + 4.5 MNnH neT) rHencos, 06pa3yloWmx KynosbHble
CTPYKTYpbl M BMeLLaWUX No3gHenaneo3onckne rpaHntel B Koukapckom
aHTUKNMHOpuK".  AHanorMyHas  cuTyauma  obpasoBanacb UM C
aHanutunyeckumun U-Pb LA ICP-MS gaHHbIMK Anst ULMPKOHA BblAENEHHOro 13
rpaHoguoputa (k178) n tabawkn (k1852) lNMnactoBckoro maccuBa [8]. Ha
rpacdmke C KOHKOpAMEN B KoopAauHaTax ppoy - ppiy,
durypaTuBHble TOYKW, XapaKTepU3yemble 3HAYMTENbHBIMWU MOrPELIHOCTSAMMU
(oo 20% OTH.), NOKann3oBaHbl 3HA4YMMO "Bbille" KPUBOW COrNacoOBaHHbIX
3HayeHun, B CBA3M C 4eM, Habnogaemas AWCKOPAAHTHOCTb AoCTuraet
BennumH "—425.3", a COoOTBETCTBYIOLWMA BO3pacT, MO OTHOLUEHUIO
205pp207pp, COOTBETCTBYET OTpuUaTENbHbIM BENUYNHAM, K MpuMepy
"—204.3 mnH net". B nepBoMm npubnuxeHun, Habnogaemas KapTuHa
HaBOOUT Ha MbICIIb O BEPOATHbLIX NpobnemMax, CBA3aHHbIX C HEKOPPEKTHbIM
BBEJEHWEM [MOMPaBOK AfA CBMHLA, O 4eM, Kcratu, onybnukoBaHa
obwwupHas nutepatypa [9] v ap.

M3noxeHHble aprymMeHTbl CTUMyNUpOBanuM HacTosiwyl paboty, B
koTopon udyyanacb U-Pb LA ICP-MS wn3oTonHas cuctematuka LMPKOHa,
BblAEMEHHOTO W3 THENCOBUOHOIO  MENIaHOKPAaTOBOro  MrarvorpaHuta
(tabawku) TlMnactoBckoro maccmBa. Mecto otbopa - oTBan LWaXThl
"LleHTpanbHana", koopauHaTbl - 54022’49.83”N; 60%°48'36"E.

N3y4yeHHbIN LMPKOH NpeAcTaBfeH MHAMBUAAMU, COLAEPXaHWs ypaHa u
TOpWS B KOTOPbIX BapbupyeT OT NepBbiX AecATKOB (42) o coteH (798) ppm,
a OTHOLWIEeHMs ypaHa K Toputo, B nopasnstowemM 6onbwmnHcTBe, 6onee 0.5.
KoacbdunumneHT, cOooTBETCTBYIOLMIA OTHOLIEHUIO AJIMHLI KpuUcTanna K ero
LUMPVWHE, paHXupyeTcst auana3oHoMm oT ~1 po 2.6. Habniopaetcs Hanvune
penukToBbiX fgep W 6onee no3gHux obpacTaHui B BUAE  CHOXHO
YCTPOEHHbIX KanM.

MonyyeHHble U-Pb LA ICP-MS paHHble Ans LUMPKOHA, BbIAENEHHOMO U3
Tabalku, 06pa3ytoT Ha rpacduke ApeHca-Besepunna, pag, CTaTUCTUYECKU
Nno pa3HOMY MPEACTaBEHHbIX, KNACTEPOB, JIOKANM30BaHHbIX BOOJSb JIMHUK
COrNacoBaHHbIX 3HAyYeHWn B JAuanas3oHe BO3PacToOB (BblYUCIEHHbIX MO
OTHOLLEHMIO 2°6Pb/238U), oT 212 mnH net go 540 MnH neT, 4TO CBSI3aHO,
BEPOSATHO, C MOJSIUTEHHOW UCTOPUEN (DOPMMPOBAHMA LMPKOHA «Tabaluek».
Haubonee npepcraButenbHeiM (N=8), B TOM 4WCNE M HaA OCHOBAHWM
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U3y4yeHns  MUHEpanormyeckux OCOBEHHOCTEN WU3YYEHHOTO  LIMPKOHA,
ABNSETCS KnacTep OTBETCTBEHHbIM 3a Bo3pacT 332 MIH  JieT,
WHTEpNpeTauusi KOTOporo, Bbi3biIBaeT HEOAHO3HAYHbIE PELLEHNS.

Tem He MeHee, B UenoM, Habniogaemas KapTuHa, cornacyetcsi C
npeacTaBfeHNEM HEKOTOpbIX uccnegosatenen, u B yactHoctu [10], uto
pyAHbI 3Tan Ha Ko4ykapckom pyaHOM nosfe otaeneH ot pasbl CTaHOBNEHUS
[MnacToBCKOro MaccmBa OTHOCUTESNIBHO ANMTENbHBIM NEPUOLOM BPEMEHU, B
Te4YeHMe KOTOpOro MpOU3OLLIO BHEOPEHME CEPUM MyNbTUMIETHbIX AaekK,
NnoAaBeprwinMxca B JanbHEWWEM B YCMOBUSIX  3eNIeHOCNaHueBOro
MeTamopdurama paHHel «Taballukusauumy» 1 NnacTuyecknm aedopmaumsam.

BbisiBneHHble, Hanbonee ApeBHME 3HAYEHUA BbLIYMCIIEHHOrO BO3pacTa
COOTBETCTBYIOT YyHaAcnegoBaHHbIM S4paM, SCHO [MarHOCTUPYEMbIM MO
KaTOAONIIOMUHECLIEHTHBIM U306paxeHusim n napameTtpam U-Pb nsoTtonHom
cucTeMaTUuKu.
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PesynbTaTthl U/Pb SIMS pgatupoBaHus LmpkoHos u °Ar/*Ar
BO3pacT Nnarvoknasa 13 nopog, co6CKoro KoMnneKca
(MeTponaBnoBCKoe 30510TOPYAHOE MECTOPOXAEHHE,

MonspHbIin Ypan)

Co6ones W.0."%, BukeHtbes U.B.!, Co6onesa A.A.%, TpasuH A.B.*

"MIFrEM PAH, Mocksa, °I'VIH PAH, Mocksa; >V Komu HL| YpO PAH,
CbIKTbIBKap, ‘UrM CO PAH, Hosocubupck

B HoBorogHeHckoM pygoHOM none, Ha ceBepe Bolkapckon 30HbI
MonapHoro Ypana, 6nn3kKo pacnonoXeHbl MECTOPOXAEHUA - KpynHoe Au-
nopcuposoe lNeTponasnosckoe (26 T Au) n cpegHee Au-Fe-ckapHoBoe
HoBorogHee-MoHTO, CBA3bIBaeMble C MarmMaTU4eckumu Tenamm cobckoro u
KOHFOPCKOr0  KOMMJIEKCOB, COOTBETCTBEHHO [Soloviev et al., 2013;
BukeHTbeB u ap, 2017]. PanoH otBevaeT ManoypanbCKoin naneo3onckomn
ocTpoBHow ayre [A3eBa, boukapeB, 1984] n npencraBnsaeT coboi KpynHyto
BYJIKAHO-TEKTOHUYECKYID  OEMPECcCuio, CINOXEHHY0 BYJIKQAHOTE€HHO-
0CaZl04HbIMM nopogamu " NOKann3oBaHHYyo B KpoBsne
cpepHenaneo3omnckoro Cobckoro nonudgasHoro 6Hatonuta [MaHcypos,
2009]. ABTOpamm YTOYHEH BO3PaCT 30SIOTOHOCHbLIX MNarnorpaHNToOMaoB
nosgHen asbl M OMOPUTOB NaBHOW pa3bl COOCKOro Kommiekca:
nposegeHo U/Pb  wnzotonHoe Ztu,aTvlpOBaHl/le LMPKOHOB ©3  [aiiku
nnarvorpaHnToB 1 onpeaeneH °Ar/*°Ar Bo3pacT nnar1oknasa 13 MopuUToB.

U/Pb (SIMS) paTtupoBaHMe © aHanu3 SMEeMEeHTOB-NpumMecen B
WHOMBMAYANbHbIX  KpUCTannax UupKOHa MpoBOAWINCL HA  MOHHOM
MWKPO30HAE SHRIMP-RG, npuHagnexawem CT3Hdopackomy
yHuBepcuteTy un Neonornyeckon cnyxbe CLIA, no metoauke, onvcaHHoOW B
[Barth et al, 2017]. KoHueHTpauuun Ti, Fe, Y un pepkosemensHbix (P33)
3fleMeHTOB ObINMM  paccyMTaHbl OTHOCUTENIBHO COCTaBa TOMOIMEHHOrO
umpkoHa Maparackap [Ipun (MAD) [Barth, Wooden, 2010]. Onsa
VHTEpnpeTauum WCMob30BanuCL M30TOMHbIE OTHOLIEHWS W BO3pacTbl,
CKOPPEKTUPOBAHHbIE MO U3mMepeHHoMy “'Pb. LinpkoHbl 6biniv oTobpaHbl 13
nopdupoBUAHLIX nnarvorpaHuToB (06p. S69-15, pacunctka 309, M-Hue
MeTponaBnosckoe, N66°48'44.9"°, E66°27'37.0""), cnaralowmx panky
MOLLHOCTbIO0 0.3 M, OTHOCSALLYIOCA K NO34HEN MHTPY3uBHOWM ¢ha3e cobckoro
komnnekca. [Janka umeet cybmepuanoHanbHoe NpocTupaHne n npopbiBaeT
anopuTbl rnaBHoW ha3bl cobckoro kKomnnekca. [popatupoBaHo 10
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UHOMBUAYaNbHbIX KPUCTanfoB UUPKOHa. B Tex xe 3épHax onpeneneHsbl
CcofepXaHusi aIeMeHTOB-NPUMeCeN.

B npoxopdwem cBeTe LUMPKOHbI MNpeAcTaBneHbl  UAUMOMOPQHLIMU
6unupamupgansHo-npuamatndeckumn  (Kyyn - 2.5-8)  npospayHbiMu
6ecLBETHbIMU, pexe CBETNO-XENTbiIMM 3épHamu pa3mepom 40-110 mkm.
BHyTpu 3EpeH BCTpevaloTca HebonbluMe 4YEpHble BKIIOYEHWUs, @ Takxe
6onee menkue (oo 20 MKM) maMomopdpHble KpuUCTannuMkuM UMpkoHa. Ha
KaTOOONMOMUHECLIEHTHbIX ~ M300paxeHnax  (puc. 1, A)  LMPKOHbI
XapaKTepu3yTcs YMEPEHHbIM, pexe cnabbim CBEYeHUueM,
NPEeMMYLLLECTBEHHO CO Cnabo- U YMepPEeHHO-KOHTPACTHOW OCLMIIISILLMOHHOM
(4acTo pa3mbITOM) 30HANbHOCTBK, KOTOpas B HEKOTOpbIX 3épHax
coyeTaeTcd C CeKTopuanbHOMW 30HanbHOCTbI. B  eguHu4YHbIX cnabo
CBETALMXCA 3épHax 30HaNbHOCTb MOYTW HE BUZHA.

Bonbwas yacTb  MCCNEQOBaHHbIX  LMPKOHOB  XapakTepu3yloTcs
YMEpEHHbIMKU  KOoHUeHTpauusamm U u Th - 82-729 wn 25-216 r/T,
COOTBETCTBEHHO, MPU AO0CTAaTOYHO BbIAEPXaHHbIX 3HAYEeHUSAX Z2Th/38y -
0.25-0.38. CymmapHble KoHueHTpauum P33 B 9TuUX uMpKOHax B LENOM
6nu3kn - 423-882 r/T, a ANA XOHAPUT-HOPMUPOBAHHbIX CNEeKTPoB (puc. 1, A)
XapakTepHa XOpowo BblpaxeHHaa pguddepeHumaumss € CUIbHbBIM
oboraweHnem TaXENbIMM P33 oTHocutenbHo nérkmx (Yby/Lay - 6270-
125473). OTmeuvaeTca 3HauuTenbHaa No BenuuuMHe nonoxutenoHas Ce-
aHomanus (Ce/Ce* - 15-90) n Hebonbluas oTpuuaTtenbHas Eu-aHomanus
(Eu/Eu* - 0.21-0.39). Mo copepxanuno Ti B uupkoHe [Watson et al, 2006]
OLEeHeHa MofenbHaa TemnepaTtypa KpucTannu3auuu, KoTopasi Bapbupyet
ot 608 go 816°C (npu asio2=1 u at02=0.7). [1Ba unpkoHa (6.1 n 8.1) nmetot
CYLLECTBEHHbIE OTAIMYMA MO CPaABHEHUD C OCTaNbHbIMU U3YYEHHLIMU
3epHamMu. [nAa 3epHa 6.1 xapakTepHbl cywecTBeHHO Gonbliasi cymMmapHas
KoHueHTpauma P33 (2135 r/1), 6onee cunbHO NpOSABMEHHas UepueBas
aHomanusa (Ce/Ce* - 113) n meHbwun gedpuumnt esponua (Eu/Eu* - 0.13)
(puc. 1, A)z. OcCHOBHbIMU OTNMYMAMU 3epHa 8.1 aBnsatoTca 6onee BbiCOKUe
3Hauenns “2Th/®U - 0.77, cywectBeHHO MeHbLume - Yby/Lay - 961 (puc. 1,
A) n Ce/Ce* - 4. Tonbko B 9TOM 3epHe OTMeYaeTCsa BbICOKOE coAepXaHune
Fe - 102 r/t. 3Tv pgBa 3epHa MpUHUMNMANbHO He OTAu4YalTCa Mo
MOpPdONoOrMn U KaToAoNMOMUHECLEHTHBIM CBOMCTBaM OT APYrMX LMPKOHOB
n3 AgaHHoro obpasua, HO, yYnUTbIBas CYLLECTBEHHble OTINYMSA MX COCTaBa,
MOXHO MpeanonoXuTb, 4To B LmpkoHax 6.1 n 8.1 U-Pb nsortonHasa cuctema
mMorna OblTb HapylleHa B peaynbTate MeTamukTuzaumm w/unu 6onee
No3aHNX TepMalbHbIX COBbITUNA.

Ona 10 3epeH UMpKOHa nonyyeH auanasoH 205pp 238 BO3pacToB - 385-
412 mnH net. Haubonee monogon UMpKOH (3epHo 6.1) umeeT BozpacT
3855 mnH net, ana octaBwwuxca 9 3epeH, BKo4yasa 3epHo 8.1, monyyeH
BO3pacTHoM wuHTepBan - 388412 MnH neT CO CcpefHEeB3BELUEHHbIM
3HaveHnem - 403x4 wmnH net (95%, CKBO=1.55), koTtopoe bl
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WHTEPNpPETMPYEM KakK Bpems (hOpMMPOBaHUA Mo3gHen (pankoBown) dasbl
cobckoro Komnnekca.

“Ar/Ar paTMpoBaHMWe BbIMOMHEHO METOAOM CTYNEHYaToro MpPOrpeBa
[TpaBuH n ap., 2009].

Ona 40Ar/égAr 0aTMpPOBaHUS U3 AMOPUTOB rnaBHOM pasbl cobCKoro
Komnnekca Obina nonyyeHa MoHodpakuma nnarnoknasa (obp. 309-15,
pacuncTtka 309, m-Hue lNMeTponaenoBckoe, N66°48°'42.4", E66°27'35.3"). B
Bo3pacTHoM cnekTpe (puc. 1, B) BbigenaeTca nnato ¢ Bo3pactom 414130
MIH neT, xapakTepuayiolleecsi 49% BbigeneHHoro FAr. HecmoTps Ha
6onblyto owmMOKYy onpeaeneHus Bo3pacTa Mfarvuoknasa, nosfyyYeHHas
[AaTUPOBKa XOPOLLO COrflacyeTcs C JIOXKOBCKO-MpaxXckmum Bo3pacTtom (41012
MITH FeT) LUMPKOHOB M3 AMOPUTOB rnaBHOWM pasbl coBCKOro KOMMmekca,
YCTaHOBMEHHbIM Takxe B npefenax [leTponaBnoBCKOro MeCTOPOXAEHUS
[BukeHTbeB u gp., 2017].

Pabota BbinonHeHa npu cduHaHcoBoM noadepxke [lporpammbi
Mpesungnyma PAH Ne55 wun Poccuiickoro ¢oHpa dyHaameHTanbHbIX
uccnepoBanun (npoekt 17-05-00936a).

ABTopbl 6naropapatr M.A. Kob6bna, BbinonHuswero U-Pb SIMS
hatvpoBaHue umpKoxos N aHanms B HUX snemeHTOBanmmeceﬁ.
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Puc. 1. Pe3ynbTaTbl M30TOMHO-T€OXPOHOMOrMYECKMX M TFEOXMMUYECKUX UCCRefoBaHui
MuUHepanoB COBGCKOro Kommnnekca. A - KaTOAOMNIOMUHECLEHTHble U306paxeHns ¢
pacnonoxeHWeM 1 HOMepaMn aHanUTUYeCKUX KpaTepoB u rpadvkn pacnpegenenus P33 ana
LMPKOHOB M3 [aliKn MNnarmorpaHUToB MO3AHEN WHTPY3vBHOW a3bl COBCKOro Komnnekca.
HopmuposaHo k xoHgputy Cl, no [Sun, McDonough, 1989]; B - pe3ynbrathl “OAr/Ar
[aTUpoBaHWSA Narmoknasa us AMopuToB rnaBHow hasbl COBCKOro KoMnekca.
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